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CANALS

Canals of tn® Ancients

— Man-made rlvers t or canals, played a leading role 

in the development of the civilisation wbicto aprang up around 

trie Mile, for tt&e drainage of lands and irrigation of crops 

i»ere of fundamental necessity* Later thss® wfttemays built

for drainage and irrigation were improved to sarvo a no re ad­ 

vanced need | t&at of crater transportation* and in time, canals 

devoted primarily to navigation wer^ constructed. unfortunate­ 

ly most of oar information of these early works near ttte Mile 

is non* Egyptian in origin. Bero^otu© tells us t&at Henes

(3£QQ &*C«) banked up the !&le at a bend belotf :40mphis t laid

tr*0 ancient channel dry» and dug a new cours© for the stream
2

half-way between t&« two lines- of hills* strabo noted taat

between AlexanflPl* and Canopus the canal was loadaet itilth boats

of revellers day and night. The ?bs@tta stone found near it»rt
3 

3t« Julian by isoussard in 1799 revealed that r

(175 ®»C.) used seven and orj® half years to clean out and re­

new taa canals of %ypt*

Although ancient historians may not agree as to the time 

and place of a waterway between the lledit©rr *n and t&© Bed

Sea, tue evidence given 'nould indicate that EOSJQ such canal
4 

existed prior to Homan times, Herodotus claimed that a canal

navigated in four days between the ?$ile and Hed Sea was begun 

by Nfeoho ($16 U.U.) — n&o lost lgO t CX)0 men in the attempt-- and 

completed by Darius (312 is. CO* Sesostris began work on tne
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canal before the Trojan Var, according to Strabo, but the

writer admitted taat some held tue work to be taat of the son 

of Psaramitichus (i.e. Mecho). Darius 1 also took up tne job, 

said 3trabo» but ae, too, ab<*auon6Ci it <,?heri it was near com­ 

pletion, convinced taat trie Hod 3ea was higner than iSgypt and 

that if the intervening isthmus were cut all the way througu, 

3gypt would be inundated by the sea. However, continues Strabo,

the Ptolemaic icings succeeded in cutting it through and in
6 

making the strait a closed passage. Diodorus Siculus stated

taat tne <#or& abandoned ^y Mecho and Darius was completed by
7 

Ptolemr Philadelpnus (8bG B.C.) and Pliny maintained taat the

canal had been "bontemplated" by 3esostris as well as by Dar­ 

ius and Ptolemy II (Pniladelphus). xae latter, he aaid, built 

a canal 100 feet in vtidth and 40 feet deep, extending a dis­ 

tance of 37$ miles as far as the Bitter Springs. Ptolemy did 

not proceed further, said Pliny, becausa of tine alleged dif­ 

ference in elevation between the -Ked Uea and J^sypt.

Tfoe kilometer, a measuring pillar* played a v©ry impor­ 

tant part in tho lives of the ancients living in and around 

Cairo. VJaon tnw watera of the Mile rose to a certain mark on 

tne Milometer tiie Kfcalig, or grand canal, was opened to admit 

the water which then proceeded to flot^ tnrough numerous smaller 

canals to reservoir?? and cisterns from whicU it vms distributed 

among fields and gardens, whereas the ancient 3&gptians sac­ 

rificed a youn^ girl annually to the Nile, Caliph Omar (seventh 

century A.D.) substituted a pillar of earth at tne opening of 

this canal. Tne Niloraeter whicti nas survived was completed on 

toe island of Rhoda opposite Old Cairo in A.D. 715 during the



reign of Uraaiyad Calipn Sulaiaaan.

No great technical skill was ex&ibited by the Egyptians 

in the construction of their canals, for t&ey ware simply 

large ditches w&ich directed the flo?v or level reaches of water.

It is probable, nowever, that tne sluice or flood gate was in-
9 

vented b; the Egyptians after the tima of Alexander, an inven­

tion waich was mode independently by the Chinese and wihica 

known to the later itomans.

'i'na, H5MANS — Very little in the way of tangible evidence, 

either archaeological or historical , concerning Hotnan canals 

aas been uncovered to date* mere was probably little economic 

or military justification for the creation of monumental nav­ 

igational waterworks in most of tneir territories, altnougn 

their aqueducts for fresh water supply would indicate trisir 

engineering ability to accomplish such feats*

Kven before the time of the Momans tne Jtruscans had been 

engaged in improving the valley of the po witii tne Fossa -nil- 

liotina (great canal). At a later date .^u gust us drew a canad 

from z orancr* of the FO, the n>ssa Ascon, across the city of 

Ravenna. Nearer worne the drainage of th® Pontine Marshes was 

of prime importance during many administrations* A canal serv­ 

ing the dual purpose of drainage and navigation Had been com­ 

pleted from tn® itorura Appia across the pontine .marshes to a 

point near Terracina in 162 £.c» A century later this canal 

had fallen into decay, and Caesar propae^d to renew it. Still 

later, workmen under xrajan took ten years to restore the drains 

of the Marsaes, a job wfcico was again taken up by theodoric in



the fifth century .w.
Camillas 3oaurus is reputed to have drawn navigable canals 

from Placentia to Parma in the second century B.C. Claudius 

in A.D. 52 caused a canal to be built to carry off the danger­
ous rainy season iloodwaters from Lafce J^cinus to trie Hiver Liris.

10 
This channel, according to Pliny, was cot tarouga a mountain at
a cost beyond calculation by a "countless multitude 1* of men wao 

worfced for "many years. 1* other Boman canal projects met witi* 
even less success* Gaftsar, Caligula, and Nero all tried un­ 

successfully to split the iitnraus of Corinth. A snip canal 
from Ostia to Lake Avernus near the Bay of Naples was left un­ 
completed by its engineers Severus and Celar.

Historical references are few and time has acted to cover 
most of tae canals wtiicb tn© Asians did build* Comparison, 
therefore, with surviving monumental works sucft as roads f bri 
and buildings is difficult. Most important , however, is the 

fact tuat Boman canal construction iiad very Iittlo 3 if any, in­ 
fluence on tne subsequent development in this field.

— The construction of canals in China is so interwoven 
\tith mytn and legarxa that it is difficult to find a starting 

point in the subject. It appears that some worte of this nature
was done during tho Han reign (C02 B.C. - A.D. 880} when a gen-

out 
eral revival was evidenced through/the country. New areas were
opened up and trade flourished. As the centuries passed, dy­ 

nastic wars acted to bring about a shift in capitals and hone®, 

a shift in trade routes. . Rurally sucn shifts brought about 

a demand for more navigational facilities. After th© fall of
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the House of Han tae country plunged once more into disunity, 

not to be reunited until the advent of tiie Sul (A. I). 559-61s) 

arid Tang (A.D. 6Itf-907) dynasties, during this period w$ learn 

that many old canals were enlarged and some new ones were opened, 

especially from tha Yellow HLver to tae Kiang. XQUQ of taese 

canals viere faced wita stone and those running from norta to 

south—tae main arteries—were made particularly broad. By 

the middle of tae eleventh century tae Yellow iUver toad been 

turned into tn© 3ulf of Leao-Tong, and In 1359 we find tae 

founder of the King dynasty, Hung «u» repairing ttie \iaten?ays 

neglected by nis predecessors.

Most renowned of t^o Cuinose canals ^ras tbe Great Canal 

traversing a distance of about 9OO miles from Canton in tao 

soutft to Peicln in tae north. Some writers maintain that it

took 30,000 men forty-tare® years to construct, boing com-
11 

pie tea in 980, but ;!arco Polo writing from Tartary in 1278

spoKe as if the ean&l..were then in the course of construction. 

Further accounts maintain tbat it was completed during tb& lling 

Dynasty (156b«-1644). Regardless of its date of completion we 

do tcnow taat it consisted of two major strstcues, one from 

Peicin to tus Yellow Hiver, and the otaer from the Kiang Hiver 

to Canton. 1*0© first mentioned stretca waa known as tae Imper­ 

ial Canal, so-callad because of the preponderance of tae Stapor- 

or's barks upon it. A caa, a type of sluice of vmicb taere 

were 45 on tais canal, rogulated navigation by penning up a 

slug of water waicb was released beaind a bargs to enable it 

to pass safely over an ordinarily sUallow spot. Louis le Compte, 

tae early Jesuit missionary, reported that tas canal witb its
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breadth of 50 feet and depth of 9 feet ordinarily accommodated 

GO- ton barges. From the Yellow Hiver to the Kiang Hiver cer­ 

tain dytces were required, and the waterway from the Kiang to 

Canton was brofcen only by a 30-mile portage spot across the 

mountains* Differences in elevation as much as 15 feet were 

overcome by cumbersome inclined lifts of stone. Vessels were 

simply dragged up or lo?<ered down these stone faces, and thus 

«ere enabled to continue their journey despite the differences 

in water level •

Suca was China's contribution* The cha, ttie crude inclined 

plane, and great physical labor were tne nallmarKs of canals 

and canalized rivers in China, and progress beyond that level 

remained static until the present day*

— Small irrigation di tones uad exist eu A,, various 

parts of India from earliest times, but it was not until tne 

fourteenth century that artificial canals appeared to any ex­ 

tent, and these were confined largely to tft© Punjab. Ttie 

country between Delfti on the Jumna, a branch of the Ganges, 

and the Punjab on tne Indus was frequently without water, a 

situation which led Feroz III in the middle of tho fourteentn 

century to undertake a series of improvements vmich were pur­ 

sued—according to some ancient accounts--for thirty-seven 

years* These projects ware designed to aid commerce as well 

as to stimulate agriculture* A few miles north and west of 

Delhi the prince built a city bearing his name and had two 

canals drawn to it. One canal was drawn from the River 

lej and the other was an extension of a 60-mile canal



ntretching from the Jumna to his hunting lodge. Tne latter 

canal, 4 yards in breadtli, thus reacned a total lengtn of 114 

miles. A new canal from tne sito of the lodge to Deltii was 

made in the seventeenth century by Shah Jan an wiio is best re­ 

membered for that marvel of Indian architecture, the Taj riahal,

Apart from tnis period there appears to nave been little 

in the way of canal improvement until tne Britisn tooK over 

tne tasK in the nineteenth century. As had bean the case with 

•ost of the older civilizations, nothing of particular value 

in the art of canal building was passed on by tne Indians to 

posterity.

European Developments Prior to the 17th Century

TH3 LOW COUNTRI33 — The canalization of Holland and the 

Low Countries nas been a slow, steady development, dating 

from the pre-Christian *%>raan era. From Tacitus we learn tnat 

the Canal of Drusus, exterxiin^ from the Rhine to the Yssel at 

Daesbur^, was executed about IE B.C. The Riine and rieuse were 

joined by a 23-mile canal excavated under tne direction of tne 

Roman general Corbulus, and a river now called the Leek was 

formed by Claudius Givilis. Following the Boraan occupation, 

work stj.ll continued. In the middle of the fifth century the 

channel of the Merwede from the Meuse to the Waal at Dordtreciit 

was improved by Meroveus, King of the Franks, and in the tentti 

century a canal from Ghent to the sea was cut by the iSmperor 

Otbo.

Draining and reclaiming of land from ttte sea was of prime



importance from earliest times. Too plassen or plasnes were 

surrounded by dykes, on tne outside of wnicu aere run ring- 

slooten or surrounding drains. Toe water was raised irora the 

interior polder by ^indmi^l to tae ringsloot, conducted from 

ttiere to larger canals, and taence to tne sea* uy ta@ end of 

toe seventeenth century most of northern Holland uad been ra­ 

cial coed in tais way. In time it became apparent trial tries e 

drainage canals could serve for navigational purposes as well, 

and designs were altered accordingly»

A jurisdiction of canals of the Bbinelana is Known to iiave 

existed prior to 1253, trie year in which William, Harl of Hol­ 

land, granted a charter for tno Canal of Spaarndara. Of partic­ 

ular note is toe Vaartscne Hayn, a &-raile canal from UtrecUt 

to tae Lectt at VreeswycK, constructed in 1375. me IOCK at 

Vre@s*yc& dates from this period and may be tae oldest lock on 

record* uruges owed its early position of supremacy as one of 

tne tnree leading cities of Ilurope to trie canal built in tae 

tftirtedntn and fourteenth centuries connecting it wita tue 

North Sea* Another early canal of importance was tae lt>-mile 

Canal of Brussels (1550*61) built by the engineer George Binaldo 

for tne use of coasting sloops. It overcame a fall of 50 feet 

by means of five locks. Thus gradually, tae tiny drainage 

streams developed into broad navigational canals, promoting 

prosperity and trade and enrlcalng the cities whica bordered 

them.

ITALY — Canal development in Italy began at about tae same 

tine as in tae Low Countries, but aero tae accent viao more on



irrigation tnan on drainage, altnou^n tae latter was necessary 

to some extent. In Lorabardy tae !«raviglio Grande, an irrigation 
canal dating from 1177 or earlier, commenced at Tornavento on 

tne Ticino and was gradually exterjded a distance of over 30 

miles to Milan by 1257. It was enlarged in 126y, varying in 
depta from 45 to 15 feet, and in breadtn from 75 to 160 feet. 
Also active at an early date were tne Venetians wao in 1201 
drew a canal from tae River Baccbiglione to allow passage for 
tne stones of Venice. Jrora tae River Adda near Concessa tae 
Milanese constructed tne I4artensena Canal» ^4 miles in lengtn, 
and sustained in some places by tnick walls and eartaen mounds 
110 feet above sea level. Tne wortc iias been variously ascribed 
to Louis XII, Francis I, and Francis Pbrza I, but it is cer­ 
tain tftat tne latter appointed a commissioner of tne worics in 
1457 wao was responsible for rendering tne canal navigable a<- 
round Milan. In Piedmont large irrigation canals sucn as tae 
20-mile Caluso Canal (1556*60), and tUe 4b-nile Ivrea Canal 
(146b) played an important part in developing tae agriculture 
of ttie action. AS in tne low countries, tnougti not to tne 
same extent, tne canals of Italy gradually developed so that 
one prime purpose was joined by anotner—first irrigation tuen 
navigation.

Lifting Devices on Canals

THS LOCK — tve nave noted tnat tn@ forerunner of tbe locfc, 
tne sluice or flood gate, was known by tne early Egyptians 8 
Romans, and Cninese, but even trie simplest form remained until



modern times. 3uca a device—composed of V.no abutments of 

stone, one from each bantc with space between wide enough for 

the passage of a vessel—was snut by timber bars dropped into 

grooves. Tfte Hazards of tending a sluice in trie nineteenth

century were ably remarked upon in the following passage from
12 

the Minburga ^cyclopaedia: *-—or if one beam be placed

across at top, and a sufficient sill at bottom, the planKs are 

placed upright so as to bear against the crossbeams. To open 

this kind of sluice, tne lock-Reapers place themselves on the 

crossbeam, and take up, one after another, the paddles or 

planks, not vdthout a great deal of trouble and danger; r?r 

frequently when the plank nas been cleared of tae lower sill, 

the current carries it away with such force as not unfrequently 

to pi tea the lock-Keeper into the water.** While- t»ie sluice 

was useful in getting a vessel over shoal waters it cannot b© 

strictly classed as a device to lift a vessel from one level 

to another sucn as tne loctc, wnicn made its first appearance 

in au>ut tae fourteenth century.

Wtiile rival claims for its discovery have been advanced 

by both countries, it would seem, on tae basis of present ev­ 

idence* tnat the lock was known in Holland a century before its 

independent discovery was made in Italy. It is possible tnat 

tae sluices of Spaarndam (1853) were in tne nature of a lock, 

altaougn not necessarily so. To all intents and purposes tne 

Basin of Leidsendam with stop gates at eituor end was a com­ 

plete loctc, it being a part of the canal from Delftland to 

Leyden completed in 1255. tiada in nis history of Utrecrit states
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tbat tno aquaduct from taa Hivar Leek at vreeaayck aas deep­ 
ened in 1371 and that double stop gates of timber were placed 
at tae bactc of taa Lack* Trie addition of a tnird gata during 
the same century turned trie device into a doubla lock. Writing 
in taa lata sixtaantn century 3iraon Stevin, in "tfieuwe ifaniere 
Van Steretebou door 3pUsbuysen*(Botterdaffl, 1617) stated taat 
modern locks nad been known in Holland from earliest times* 
tie then proceeded to describe a new sea lock vehicb would admit 
masted vessels, and gave credit to two carpenters, Adrian Jan~ 
ssen of Ptotterdara and Adrian Dirrictcsen of Dalft, for inventing 
and improving upon a locset for lock gates*

In Italy Petentino, arcnitect of Mantua* nad made an at­ 
tempt at lockage in Ild6 wben ne constructed nis dykes on tne 
Sfincio at (jo/ernolo* Honever, we nave every reason to believe 
taat tne result «as merely a weir and single flood gates t for 
isertazolo in bis discourse on tne sluice of uovernolo (Mantua 
1609; proposed a lock vvitn a chamber as a new tning. Lecctii 
in nis **Di Cannali ^avigabili H gives credit for introducing 
tno lock (1420) in tne navigation of Milan to i»iHippo Maria 
Visconti. T&e Hydraulic engineer vanturi is in essential 
agreement noting taat Visconti erected a double-gated lock 
about I44u. in tne building of tne Duomo of Milan tne marble 
from tno /dpine quarries nad to bo unloaded at tne suburbs of 
tne city until Visconti solved tne problem of raising tne 
laden barges by means of a IOCK.

Zendrini, the matnematician, in nis "Delle acque corrente* 
(Venice 1746) mentions tvio clocknajcors, tae brotners Denis and 
peter Domenieo, as being the inventors of a lock at 3tra near



Viterbo, tftey having obtained a patent for its construction 

from tae Senate of Venice in 1461 • According to ;enarini, 

"To these taen, at least witnin tne Venetian States, we may 

ascribe tne honor of tnis invention, not finding anyone else 

wao nad conceived or put into practice the idea—— -without 

traction from one water level to another »" Frisi, a Milanese , 

in a work on navigable canals published in 1762 and 1770 agreed 

witn Zendrini, but in 1788 he stated tnat tne staircase IQCK.S 

of Venice, &ologna, and Milan, toe most ancient icnown to aim, 

had been invented by ijaonnrdo da Vinci about 1464. In nis 

booK on the antiquities of Milan *timagalli claims three firsts 

in lock construction for da Vinci, (1) gates on Hinges, (2) 

gates meeting at an obtuse angle, and (3) the insertion of 

small doors in gates. It is not clear from da Vinci's notes 

and writings as to wnetner ae considered his contributions in 

tnis field wholly original or simply the modifications of toe 

wortcs of previouo inventors.

From the evidence we may conclude that the modern locK, 

whicn by impounding and releasing water can float a vessel to 

a higher or lower level, was definitely known in Italy by the 

fifteenth century, having been Known in Holland a century be­ 

fore* It was this invention wnicft made possible the great 

navigable canals of succeeding centuries and so influenced the 

destinies of nations and of men*

TH3 IMCLIlsLiD PLARi — While the inclined plane had been used 

extensively to overcome differences in level in China from 

earliest times, its use in the Western world is comparatively



recent. In many parts of Huror>* "rolling bridges" similar to 

the Chinese planes came to be used to prevent the transference 

of water from one tract of country to another where jealousy 
of drainage was an important factor* The probable parent of 
the Western inclined plane can be traced to Lizzafusina near 
Venice, but its use in high lifts was unknown until introduced 
by William Reynolds of Shropshire in 1788. Mis plane with a 
rise of 73 feet was put into operation at the Ketley Iron 
86rtcs to convey coal t iron, and stone.

*

Aside from the primitive method of simply pulling a barge 
over a slippery stone incline, three raa^or methods came into 
being* Barges with wheels attached were used with some sue* 
cess in Isolated cases—-as on the 3ude Canal—but traffic was 
limited to small flat-bottomed boats about 2O feet in length* 
A cradle on wheels supporting the barge was used with consid­ 
erable success on the early nineteenth century ilorris Canal in 
New Jersey* Here 70-ton barges were carried on eight-wheeled 
cradles running on steel rails with a gauge of 12 1/3 feet. 
There were twenty-three of these inclined planes f varying in 
length from 500 to 1500 feet, and in lift from 44 to 100 feet. 
Engineers calculated that the expenditure of water on these 
planes was only one twenty-third of that required for a flignt 
of locks with the same lift. The 0borland Canal (1U44-61) was 
built by the engineer Steentce between Gibing and Osterode in 
Bast Prussia to accommodate 60-ton barges 80 x 10 feet in a 
like manner* It was essentially this scheme, a ship-railway, 
which Captain 3ads 9 of St. Louis Bridge fame, urged at Tehuan- 
tepec in lieu of a canal at Panama or Nicaragua*
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A third method of using the incline, that of a wheeled 

caisson filled with water supporting a barge, was introduced 

on the Chard Canal in Somersetshire about Ib40. Its caissons, 

28g by 6j feet, were soon surpassed in 1850 by those on the 

Monicland Canal measuring 70 by 13 1/3 by 2j feet. With a total 

rise of 96 feet the caissons were arranged in pairs so that one 

would ascend while the other aescerjded. In 1876 a still larger 

caisson, HE by 161 by 7 5/6 feet, made its appearance on the 

39-foot high Georgetown incline connecting the Potomac with the 

Caesapeafce and Ohio Canal* Th© total weight of 390 tons \uas 

supported on three trucKs, each having twelve wheels running 

on four steel rails. This arrangement was used for a year, but 

it was found that a badly damaged road had resulted, and so the 

water in the caisson was eliminated from tnati time on.

THIS LIFT — Apparently the earliest vertical lift of any sig­ 

nificance vias erected in Id09 at TardablggQ on the Worcester 

and Birmingham Canal. It consisted of a timber caisson weigh­ 

ing 64 tons vtihen filled with water, and was counterpoised by 

heavy weights on a timber platform. The lift of 12 feet could 

be accomplished in three minutes by two men turning winches. 

On tho Grand Western Canal (1834-36) between Wellington and 

Tiverton seven lifts viere installed, smaller than tne above 

»entioned t but acting in pairs and lifting to a height of 46 

feet.

A significant advance was made in Ib75 when the hydraulic 

lift connecting tne River Weaver and tha Trent and Mersey Canal



at Anderton was introduced. Here barges up to loo tons rcere
13 

lifted a height of 50 1/3 feet in two and one-half minutes*

The water-filled caisson, 75 by 15g by 5 feet, was raised anu 

lowered on a hydraulic ram 3 feat in diameter, the total oper­ 

ation of getting a barge througn taking about eight minutes. 

The advantage of tuis device is readily seen when compared v&n 

the locking through of barges at Huncorn, where the time con­ 

sumed in attaining the same height amounted to about one and 

one quarter nours.

Si rail &r to the Anderton lift was t&e one erected in France 

at Fontinettes (1553-tttO on tne Neuffosse Canal near 3t. Qmer. 

An even larger caisson was used lifting 300-ton vessels a 

heigat of 43 feet* This lift was tnen surpassed by tne lift 

completed at La Louviere, Belgium, in 1386 on tne Canal du 

Centre, aere 400-ton vessels could be raised over 50 feet in 

two and one-naif minutes. ^ single rani, over 6$ feet in diam­ 

eter and almost 64 feet long, acted to lift the caisson, water, 

and barge—a total weight of over 1000 tons. This caisson meas­ 

ured approximately 141 by 19 by t* feet, and was constructed for 

tne Belgian government by the Societe Cockerill of Seraing.

For almost half a century the J3elgian lift remained supreme

in its field until the opening of the Niederflnow Barge Lift
U 

(1926-34) on the Hoaenaollern Canal between merlin and Stettin.

Here tue trough size had bean increased to a length of 273 feet, 

a width of 40 feet, and a water-carrying depth of 3* feetc Thus 

tae 1000-ton barge lift had become an actuality. Weighing ap­ 

proximately 4200 tons, too steel trou&a was designed to ascena 

116 feet in five minutes—a considerable saving over tne two
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hours requirod for ascandiu* through the four locks wuicia it 

replaced. Since the trough was counterbalanced by huge con­ 

crete blocKs, only fqjr 75-tiP electric motors were required to 

drive tne trougu up and down.

— Though tae incline and vertical lift nave been 

used successfully in the raising of small barges, tnese two 

types seem to nave reached their economical if not physical 

limit. Assuming tao continued use of present materials in 

the construction of ships and lifting devices it is difficult 

to envisage a radical increase in the size of lifts beyond that 

of tne Niederfiriow type* ^el&tive costs of construction and 

operation seem to favor toe lock over tue lift and piano vnuen 

one gets out of tao small barge field. To date tne lock ap* 

pe&rc capable of increasing in size wiUi tua vessels it uas to 

servo, as testified by tuo 1350-foot locks at 5ault Saints 

Marie* It would appear therefore, that tag lock, tuougu ante­ 

dated by tne plane and antedating tne lift, nas tue best cnance 

for survival and development in the commercial world of today.

£arge Canal Development from tae 17th Century to tao present

— Tno first name in history connected wita tue canals 

of France is that of Lucius Verus, comrnarxiin^ general of tue

fbnans in Gaul in toe time of Kero t who undertook to join ttie
15 

Moselle and the Hnine. Vernon-Harcourt notes that the ^t. Jul­

ian Canal was constructed to work a mill in the t^elftn century, 

and tnet it was extended for irrigation in t&e tnirteentn



century and later. In lbt>4 tne engineer Craponne started a 

canal, 6§ feet in deptn, from tae Durance—»a canal -mica in 

later years was extended a distance or 90 miles. Tne first 

canal in -Stance witn locfca, novuever, was tu0 .briare, 3b miles 

in lengta, connecting tne rivers L6ing and Loire and taus unit­ 

ing two of the tnree great river valleys of France, tne Ceine 

and tne Loire. Construction was ba&un during tu© reign of Henry 

IV (1605) at t&e urging of Sully but was suspended in 161u waen 

Henry was assassinated* :HorK was resumed in 163b and was com­ 

pleted ia 164E under orders from Hicnalieu, acting for Louis 

XIII. Executed by tne engineer Huto aes Gromior, tne canal var­ 

ied in breadtn from 25 to 3£ feet and boasted of locits varying 

in lengta from 124 to 164^ feet, witti a widtti excoociir;g 14 arid 

a deptn exceeding 5 feet. *ais work was particularly signifi­ 

cant for it was tne first canal outside of China to surmount 

a watarsned*

Cutting across tne Iberian Peninsula a short distance norta 

of t&e Pyrenees, trie Languedoc Canal, or Canal du Midi, con­ 

necting tae Bay of Biscay wittt tne Mediterranean,was tua engin­ 

eering wonder cf its day* Leaving tao ttaronne at Toulouse tae 

canal rose 207 feet in 83j miles to the summit, aryi taen de^* 

scended gradually by way of Carcassonne anci i>eziera scr.io 620 

feet to the Golfe du Uon at Site. The 14b-mile canal was 

built viitn over one Hundred loctcs varying in rise from 5 to 12 

feet, fifty-five aqueducts, and ninety-two road bridges. One 

of tne outstanding construction feats was tne drilling of tbe 

Malpas tunneli over 5uu feet in lengta. Designed to accommo­ 

date vessels o5 fast in lengtn carrying lou tons, tne canal
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was made 64 feet wide at the surface, 34 fast vdde at the 

bottom, and almost 6g feet deep. -Vltti the backing of Colbert, 

x>aron Paul Hiquet de iionrepos (1604-80) transformed this dream 

of Charlemagne, ?fancis I 9 and Hicaelieu into a reality. It 

appears that the Italian engineer, General Francois Andrepssy, 

worked on the preliminary plans for the canal from about 1660 

until 1664, but actual construction was not begun until 1666, 

and the first stone not laid until 1667. Tne success of triis 

great work y&s due almost entirely to the untiring efforts of 

the project manager * Hiquet, who died six montns before its 

completion in 16ttl. In the eighteenth century trie canal was 

extended down tne Garonne Valley to ;^ordeaux s rnafcin^ its total 

lengtft over 300 miles*

Departing from ttte Loire at Pijon and ending in tne Saone 

at Cnalon » tae Canal du Centre, or wt*arolois g completed tiie 

water route from trie ISnglisti Channel to tne Mediterranean. 

Taougfc conceived in about 1555 by tae first I«V0ncu cranal build­ 

er, Adam de Craponne, most of tue work on this 71-niile canal

was accomplished between tia© years 1783 and 1792 by a large
/ 

soldier force veortcing under ttie engineer I3miland Marie Qautaey*

Ascending 240 fe©t by means of ttiirty locks from tn© Dijon 

side and tnen descending 400 feet by fifty locks, tnis canal 

was sligntly smaller tban ttie Languedoc Canal, utilizing a 

depta of only 5^ feet witn IOCKS 100 by 16 feet.

3ven earlier in the eighteenth century fine results nad 

been achieved in canal construction. Completed in 1715, the 

Canal of Kardlck had been cut by M. Le iilanc to discharge su­ 

perfluous waters after the demolition of the fortifications at



*w *J j «

Dunfcerque. Cut to a deptn of Cl feet, its loc& was trve finest
16 

in Europe, being composed of tiso passages, one 47 fast wide and

ttie ctaer 27 feet, and aaving & length of 295 feet. Hegimorte 

had completed the canals of Picardy and of Orleans in tne first 

tialf of tne century, and on tne reduction of tne artay and navy— 

in order partially to solve tne unemployment problem—construc­ 

tion was begun in 1792 on trie Canals of Denune, .burgundy, and 

Neufbrissac.

Tremendous interest in canals continued until about 1630, 

when the railroads became a serious rival. Although there ^ere 

a few exceptions sucn as toe 51g-«aiie llarseilles Canal (1637- 

45), the waterways of France were neglected until 1^60. At 

about tnia time a neva interest in the waterways arose \iitu a 

view toward Keeping do^n railroad rates and fulfilling commer­ 

cial treaties. Tne Franco-Prussian War brougat a temporary 

suspension in most oanal activity, altciougii the Verdon Canal — 

noted for its use of siphons in crossing several valleys—was 

built during tae years 1663-75. Interest was aroused again 

in 1676, resulting in the uniformity laws of 1679, applicable 

to all canals of France and specifying the following minimum 

dimensions for locks to serve 300-ton vessels: length 126 1/3 

feet, breadtn 17 feet, depth 62 feot, and neadway !£& feet. 

Snlargemant of sub-standard canals was soon undertaken by tbo 

State and tolls were abolished in 1380. jiy 1893 France uad 

29S6 miles of canals, exclusive of improved waterways and 

canalized rivers.

Construction of new canals as nell as raaintanance of tue 

old uao continued into the twentieth century. iVnong the more 

noteworthy additions is the Marseilles-Rhone Ship Canal,
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traversing the distance of 46 miles to Arias viith a depth of

almost 10 faot, a bottom widtn of 75 feet t and possessing 

ttiree locks measuring 525 by 58 feat. Another canal of note 

is tne Canal du .'ford, begun in 1907 and connecting tne Sensee 

and Oiae Qanals» a diatancfc of 58 miles* It accommodates 300- 

ton barges, aaving a dept&jgreater than 3 feet, a Dottom widthi
of 33 feot, arid using a total of nineteen IOCKS. A comparison/' 
of modern figures with thotse of tna a art lest canals reveals a

steady trend toward wider and deeper canals f and larger and
»

fewer locks vUth greater lifts. While it is true taat auto­ 

motive transport and the railroad nave ta*cen from the barge 

canal the near monopoly on! inland transport it once rield, it 

still is not a fact that 14e.se new modes have rendered the 

c&nal obsolete in

/\ GR&VT BRITAIN — As in trance, canals in Great Britain date

back to Boman times. Urns arid mediils &ug up noar the

Car Dyke running from the ^i'ver Nyne to the Hiver Witham givei
rise to the belief that th^ cut dates from tne first century

A.D. Camden in his liritan^ilji states tnat the Fosse Dyke B also
i i

of Honan origin , was widened and used in 1131. On a survey in 

17 62 Smeaton and ttrundy found; its depth to be 2 feet 41 incites t

and in 1?3£ Smeaton deepened i^he navigation to 3^ feet by rais<
17 

ing the sides* In Ib40 Staveruson joined the Dyke to the nav­

igable channel of the -itham, widening it to 45 feet and deep-
\

ening it to 6. '
1 \/ ;. 

One of tae earliest iSngliisn canals on record dates from

1566 9 a 3-mile ditch from Bxeier to Tops bam f executed by John
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Trew of Glamorgansnire* altnougn various monarcns Uad ap­ 

proved Acts of one sort or anotner and a few attempts sue a as 

Tree's nad been made, artificial navigation did not be&in un­ 

til tne time of tne Stewarts. ine i^utcnraan, Sir Cornelius 

Yerayden, invited by Janes I to come to Jn&land to solve cer­ 

tain drainage problems, stemmed tne breach in the i'names em­ 

bankment near Dagenuam in 1621 and later drained ttie Fbyal 

Park at Windsor, t/nder Charles l in 1686 ne built "Mlsterton 

Sas" in tne River Idle, possibly ttie first lock witu a coamber 

in England. Vermyden's greatest work was the drainage of tne 

Fens, a job which ne pursued until tne middle of the century* 

This work was essentially drainage and not navigation* itowever* 

Until the middle of the eighteentn century, canalization was 

confined to tne dredging of streams and rivers already present. 

With taia system, gravel and sand swept down stream and de­ 

posited in banks and suoals below, resulting in a still-crookad 

stream, laborious to navigate*

First to depart from tne traditional canalized river or 

ditch was the Sanfcey Canal, autnorlzed in 17Sb and constructed 

in 1760. A separate out paralleling Santcey brook, from tne 

Mersey River to a point near 3t* Helen's (lu miles east of 

Liverpool) was made, but this was more the rectification of a 

brook tnan the construction of a canal proper* It remained 

for Francis, Dttke of iiridgewater, "Father of tfritisn Inland 

Navigation," to bo the first to bacK a canal project wnich 

strucK out boldly across dry land.

Tne Duke, disappointed in love f turned tils energies to­ 

ward commerce, and witn the aid of nis engineer, James Brindlty



(1716*72), succeeded in producing a canal 10$ miles in lengtu 

from his coal mines at Wbrsley Hill to Manchester. Planned 

and constructed by Brindlay, t&e i>uke of Bridgewater's Canal 

(1759-61) was particularly noted for its Mcastle in tne air," 

the barton aqueduct 9 2OO yards long and 13 yards wide, running 
39 feet over the River Irwell on three semi-circular stone 

arches. Extension of tne canal was begun almost immediately 

and by 1767 the 2t*~mile level stretch frora Longford Bridge Just 

outside of Manchester to the upper part of Buncorn nad been 
completed. Ttie 82-foot drop from upper Buncorn to tno Mersey 

River was overcome by ten locks whica were opened in 177E, tans 

completing tne Liverpool to Manchester waterway* Tne immediate 
result of the Duke's canal was to naive the price of coal at 

Manchester, of great significnace in the subsequent development 
of toe city as an industrial center. This taen opened "ttglish 

eyes as to ttiQ possibilities of still-water navigation, and 

ushered in tne golden age of canal building which was only 

nalted by Uie railroad some seventy years later* By 1830 2400 
miles of sucft artificial waterways had been built in -tingland.

It might be well to pause here a moment to speak of Brind- 

ley t first of the British canal engineers. Born near Maccles- 
field in numble circumstances* ne had little or no formal ed­ 

ucation and was early in life apprenticed to a wheelwright* 

His mechanical genius was soon apparent, and by the time he 
entered the Duke's service his reputation as a civil engineer 

was well known* Following his initial success at canal con­ 

struction ne went on to build raore than 350 miles of inland
Ib 

waterways and to give his advice on many more. One of his



basic principles was to avoid locks if at all possible—soca 

as he did with the carton aqueduct—and to go around an el­ 

evated object rather than througn it* His canals were charac­ 

terized by their long level reaches and concentration of locks 

in as few spots as possible. His favorite formula for stopping 

the leakage of any canal or aqueduct was to "puddle it, 1* a pro­ 

cess which was essentially the working and chopping Kith spades 
of a mixture of we11-tempered clay and sand reduced to a semi­ 

fluid state. Three or more strata were built up to a total 
taickness of about 3 feet, and a layer of common soil was placed 

over the top course.

Another of Brindley's triumphs, a success also shared by 
the engineers John Smeaton, Hugh Hen snail, and John Bennie, was 

the Grand Trunk Ganal (1766*71') connecting tine Mersey, Trent, 
and Severn riverj, and thus uniting the ports of Liverpool, 

Hull, and Bristol. It was the most formidable attempt of its 
kind in England, being 139& miles in length, and possessing 

seventy-five locks, five tunnels, one hundred and sixty minor 

aqueducts, and one hundred and nine road bridges* The Hare- 

castle tunnel, 2638 yards in length and 7Q yards below the sur­ 

face of the earth, was a magnificent feat in itself, being 9 

feet wide and 12 feet high. Minimum dimensions of the canal 

proper were Ett feet at the surface, 16 feet at the bottom, and 

44 feet in depth. One of the earliest effects of this canal 

was to enricn and enlarge the pottery business in which Josian 

Wedgwood was the leading figure*

Canals followed one another in rapid succession, encourag­ 

ing trade and enriching the kingdom* To Thomas Telford fell the



task of directing a great portion of tnis work in the early 

nineteenth century* His Slleamere Canal (1793-lbOb) was a 

series of navigations proceeding from the ^ver Dee in tue 

vale of Llangollen, extending for a distance, including tno 

Chester Canal, of 112 miles* Of particular note on tais work 

were two aqueducts, the Chirk Aqueduct and the larger Pont- 

Cysylltau Aqueduct, crossing the Dee* The water in tne latter 

was carried, not in the usual puddled stone trough, but in a 

cast-iron trough which rested on nineteen arc ties extending to 

a length of 1O07 feet. A towing path took 4 feet o incnes off 

the 11-foot lOiineh waterway whose level stood l£7 feet above 

the lowest part of the valley. Truly a monument to rival the 

achievements of the Romans, tnis aqueduct toOK eight years to 

build.

In Scotland Telford embarked on tne tremendous job of 

cutting the Caledonian Canal (lbU4-££) which united the Atlan­ 

tic Ocean and the North £ea* A government project, the canal 

was constructed to allow vessels of war to pass quickly from 

one sea to another, to afford merchantmen protection from pri­ 

vateers, and to spare sailing vessels the arduous passage a- 

round pentland Firtn. Serious plans for such a canal had long 

been considered, for the area had been surveyed in 1773 by 

James Watt and again in 1793 by John Hennie* In 1801 Telford, 

accompanied by )ttlliara Jessop, commenced uis surveys, and con­ 

struction began in 1804, The canal was opened in Id22 before 

it had really been completed, and parts of it fell into decay. 

Construction was resumed after a group of experts fcad examined 

it in 103S, and it was opened once more in Xb47, in a total



length of over 4G miles only a little ovor 30 miles had to be 

made artificially. Twenty-eight locks (170 to ItJU by 40 by 

feet) were installed to allow vessels to surmount the 102-foot 

summit level at Loch Oich. Althou&n constructed and classed as 

a skip canal i this woric in Id49 was only able to accommodate 

vessels vita a length of 160 feet, a beam of 3& feet, and a 

draugnt of 17 feet* -Vnila costs amounted to almost double the 

estimates t the canal was still a fine engineering worfc worthy 

of Telford and His resident engineer, zfataew Davidson; but it 

never was a financial success, for ocean going vessels soon in­ 

creased in size all out of proportion to what could be fore­ 

seen wnen t&is canal was planned, privateers disappeared from 

the seas, and steam replaced calls rendering Pentland Pirtti 

muck less hazardous than before*

At an earlier date (17^0) the 55*mil® Forth and Clyde 

Canal aad finally been completed after a long and stormy car­ 

eer, ftaving been proposed to accommodate men-o-war over a 

hundred years before in the time of Charles II* Smeaton was 

engaged and viiftrk was begun in 1763, only to stop because of no 

funds in 1775. In 1777 the wortc was partly finis nod to Glas­ 

gow and in 17d5 full work on the canal under rbDert Whitwortu 

was again resumed* Possessing tairty-nin® locks and excavated 

to a normal depth of 7 feot t tnis canal was the largest in 

Scotland until Tel ford's Caledonian Canal was built* Relative*
s • :

ly few canals were built in Scotland, however, due partly to 

its pastoral nature and mainly to the fact that it is accom­ 

modated by numerous arms of the sea*

Consideration was given to inland navigation in Ireland



as early as 1703, and parent laws were established in 1715 
for the draining and improving of bog» as well as for making 
the River Shannon navigable. In about the middle of the eight­ 
eenth century woric ras begun under Thomas orrae on the Hoyal or 
Grand Canal from Dublin to the Shannon, with a view toward pro­ 
moting agriculture in tne fertile interior, creating trade where 
nono had before existed, ana furnishing employment for the poor. 
Worfc on the project continued sporadically for several decades 
and was finally completed, meeting the Shannon between Lougu 
Derg and Lougn Bee. On the whole, relatively £ittle was done 
to canalize Ireland, British financiers preferring to invest 
in England first, and tiio government interesting itself in 
other matters.

Sfrora 1760 to IdSQ—- from the Duke of Bridgewater's Canal to 
the emergence of the railroad—artificial navigation flourished 
in Britain—it was the Canal Age. Countless advantages, real 
and supposed, of this new type of transportation were loudly 
claimed. Among others J. Phillips in "A General History of 
Inland Navigation 11 published in 1792 offered the following: 
(1) fewer horses needed to haul produce, thus more oxen could 
be raised and tha price of meat would be cheaper; (2) manu­ 
facturing encouraged because of lower price of materials; (3) 
now sines and quarries opened; (4) work provided for old sail­ 
ors and a training ground for sailors~to~be; (5) landed es­ 
tates aided, more settlers encouraged; (6) charity to the poor, 
for living expenses were reduced, promoters and speculators, 
engineers and industrialists, were all involved in the great 
scramble to cover the kingdom viitti canals, and by 1B3Q there



was not a plaoe south of the River Dee more than 15 miles away 

from a navigable waterway. The tremendous construction was ac­ 

complished almost entirely by private planning and witn private 

capital, and as a result, suffered greatly frora a lack of stan­ 

dardization. Thus, barges making a long journey were limited 

in size by the smallest lock on trie route and were subjected to 

varying tolls as they moved from one canal company's property 

to another. It was the uneconomical non-uniformity of tne #rit- 

isb canals wnicn assisted the railroads in eliminating them as 

a serious competitor in tne transportation field* Tne last ex­ 

tensive barge canal was constructed in 1&34, a slow decline 

setting in from thenceforward. The Report of th© Select Com­ 

mittee on Canals (1S63) showed tne existing canal system of 

Great Britain to be 224O miles long* In thin distance were 

19O1 locks (one for every 1.37 miles of canal) t of rahicn 931 

were dO feet or more. Although a small amount of commerce con­ 

tinues on some of tne canals of the present day and many of tnem 

thrive by selling water, there seems no probability—especially 

bow that the automobile has entered the picture—that canals 

will ever again achieve a portion of the prominence they held 

in Britain during the great Canal Age of the eighteenth and 

early nineteenth centuries.

RUSSIA — Fired with ideas he had acquired on a trip to West­ 

ern Surope, $etar the Great returned to itissia in the latter 

part of tne seventeenth century determined to modernize nis 

country. He engaged Colonel iirecicell, a German, in 169b to 

connect the Don and the Volga, but the colonel was much better
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at building fortifications than He was at canals. His first 

sluice was a failure, so tie quicicly and quietly left the coun* 

try and was never heard from again * That sa-ne year Captain 

John Perry, induced by Peter to leave England, began his first 

canal job in Bussia in the province of <4Stracan* where he vrortced 

for ttiree summers with a large conscript force. Perry was re­ 

called from the project in 1701 for the aiore urgent Job of con­ 

structing docfcyards and other war-tima structures at Veronise. 

Thus, the effort to naita the Don and Volga «as abondoned the 

second time, having first failed with a Turkisn attempt in the 

sixteentn century* Though taKen up again in 1771 in Kiapress 

Catherine*s time, the uniting of these two great rivers Has 

not accomplished until the end of tne century*

Perry was later engaged in surveying three different pos­ 

sible canal routes from the Volga to 3t. Petersburg from 1707 

to 1710. The 30f-raile Canal of Vishnei-Voloshofc was then com­ 

pleted during Peter's reign and remained until the end of the 

eighteenth century the only connection—imperfect though it 

was—»between the Volga and St. Petersburg* Actually this canal 

united the Shlina, waich conamunicates with the Baltic, and tne 

Twertza, which flows by the Volga into the Caspian Sea. Also 

begun in Peter's tirae (17ia) but completed under his successor 

(1731) was the Ladoga Canal. Navigation on LaKe Ladoga itself 

had proved too dangerous for small craft, so this and otaer 

canals aggregating 104 miles were dug at this time. Th^ main 

canal had a regulating loc& at each extremity, a breadth of 70 

feet, and was excavated to a depth varying from 7 to 10 feet,

Later, from 1061 to Ibo6, 101 miles more of canal vsere const 
ructed in the same area along the southern snore of tne lake,
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uniting the mouths of the rivers Volkhov, Syas f and Svlr with

the Neva at Schlusselburg.
19 

J. Phillips writing in 1792 paid tribute to Hussian inland

navigation with the following: "There is no part of the world 

where inland navigation is carried to such an extent of country 

as in itossia, it being possible in that empire to convey goods 

by water four thousand four hundred and sev©nty-two miles, from 

the frontiers of China to Petersburg, with an interruption rf 

only about sixty miles; and from Astracan to the same capital, 

through a space of one thousand four hundred and thirty-four 

miles; a most astonishing tract of inland navigation, almost 

equal to one fourth of the circumference of the earth.**

Extensive, construction continued well into the nineteenth 

century* Connecting the Baltic to the Black Sea by 40tt miles 

of waterway—105 miles being canalized—was the Beresinsky Canal 

(1797-1805). Tho Marie Navigation, an excellent waterway, was 

formed from works commenced in 1799 9 uniting the Caspian and 

Baltic by connecting the Volga at Rybinsk with the Meva south 

of Lake Ladoga. In the 25O7 miles from the Caspian to St. Peters­ 

burg (Leningrad), 66b miles were formed as part of the Harie 

Navigation, 200 of these miles being canals. Locks 1050 by 42
\

feet were constructed in the latter part of the nineteenth cen~ 

tury and the summit level was lowered to 480 feet above sea 

lavel (1882~b6). Designed to accommodate 655-ton vessels, 

the minimum depth on the route was cut to 6g feet and whirty- 

seven locks were installed*

As in other countries the railroad acted to curtail barge 

canal construction in Russia and little was done other than to
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enlarge existing navigations and to canalize certain rivers 
during the rest of the nineteenth century. Burins this per­ 
iod the l.los&va Biver was canalized from Moscow to its conflu­ 
ence with t&e OKa, a tributary or the Volga* Tne twentieth cen­ 
tury saw a ship canal evolve from this effort, the Mosfcva-Volga
Canal, SO miles long and representing tne greatest excavation

20 
(SOI | 900, QUO cubic yards) ever made next to Panama* Completed
in 1937 this navigation contained eleven locks, 951| by 9t*g by 
16 1/3 feet, ten on the canal proper, capable of serving vessels 
615fi feet in length and d&g ?®at *« breadth. Throughout their 
history barge canals in Bus si a were created almost solely to 
connect the great navigable rivers* a policy wnicn has Kept a 
great portion of them open to tais day*

SWifiDBN — Old laws and regulations for canal cutting in Sweden 
date bacfc to the fourteenth century, and subsequent construction 
has been devoted mainly to th® task of cutting across the King­ 
dom, thereby connecting Goteborg on the Kattegat witn Stockholm 
on the Baltic and making Swedish trade independent of the Sound. 
Today ttiroe ship canals, tfca XrolTihattan, the Gota, and trie 
Sodertalie, nave evolved to form that lintc* having developed 
more or leas as individual units at different times, ^n early 
exponent of a canal across the Kingdom was the Catholic Bishop 
lrasKf who brought forward in 1526 a plan to join LaKe Vaner 
with the Baltic. The plan made little headway for tho uishop 
was expelled from the country for his opposition to th® Refor­ 
mation, and no vigorous canal enthusiast arose to tafce his 
place. During the next century sporadic attempts at canal



building were made but little of real value was accomplished. 

John III in 15ttl issued orders for the construction of a canal 

near Trollhattan, Charles IX began a oanal at the commencement 

of the Hiver Gota, and Duke John of Ostragothia who died in 

1619 brought forth a plan to unite the Vatter and the Baltic.

The first major construction to be accomplished was the 

ATboga Canal -Joining Lakes Malar and Hjalmar, a distance of 8 

miles. Ordered by Quatavus Adolphue in 1631 shortly before uis 

death, the work was completed in less than two years. It was 

reconstructed by a Dutch engineer from 1691 to 1701 and again 

in about 1768 by a company of merchants. The fall of almost 

tfQ feet was overcome originally by twelve locks but this number 

was later reduced to eight, Another early work was the Strom- 

sir.ol.-n Canals extending $Q miles from the province of Dalente to 

the Malar with a fall of 936 feet. Plans were produced in 1765, 

but work was not begun until 177? and it was not completed until 

1795. The twenty-five locks varied in length from 66 to 80 

feet, had a breadth of Ib feet, and had a depth over the sill 

of 4 1/3 feet.

At an earlier date, However, the scheme for cutting a 

navigation across the country had caught favor again and the 

engineer Christopher Polhem was engaged by Charles XI and 

Charles XII to cut the Trollh&ttan section from Goteborg to 

Laxe Vaner. Polhem*s scheme to dam up the Gota River and sur­ 

mount the rise of 114 feet at Trollhattan Falls with three 

sluices was approved in 1746 and work was carried on from 

1749 to 1755. Polhem's sluice was not successful, and the 

death of the monarch brought a temporary end to the project.
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A fresn attempt over what was largely a n«w route was begun 

under the engineer 3ric .iordvoll in 1793 and was completed 

successfully with eight IOCKS in ItfOQ. Considerable improve­ 

ment of this SE-raile section was done during the years 1541 to 

Ib44 under ^ils Jriossoa, art an elaborate building program 

completed in 1916 enlarged it again, tho rise of 77 feet being 

a«*e»plisued by three continuous IOCKJS, each measuring 321s by 

45 by 50 feet.

3ishop Brack's plan for crossing the Kingdom had been some-* 

waat revised by Polhern, and in 1767 M* thoraberg produced a sim­ 

ilar scheme ?micn advocated connecting La&o Vaner with the 

Baltic by way of La£e Vatter* Xhomberg*& scaam® lay dormant» 

aowever, until Count Platen t encouraged by tno opening of tae 

Trollhattan Canal > published A pamphlet in 1^06 recommending 

Tfcomberg's scaera»i* At the request of Platen, Telford journeysd 

from JSngland to survey tha line in 1305 8 loaving his plans with 

the Count. .<ortc was begun in lblo t but th poleoaic Wars 

delayed its completion until 1632^ a saort time after the doatns 

of both Teiford a^id the Count. AS planned.by Tdlfoi-d, the 

navigation extended for 120 miles, of \itiich artificial canals 

composed 64 3\»edisti or 55 Hinglish stiles* From the Baltic to 

tno summit the height of 307 feet was overcome by fifty-six 

locfecs, 120 by 24 by 10 feet. The Got a Canal 9 as this work is 

called, now affords two alternate routes, the Vastgota and the 

6stgot a.

providing th« interior link with Stockholm is the 36der- 

talje Canal which extends from Lafce Malar to tne Baltic. Al- 

taough attempts Gad been made in the fifteanta and latter 

eignteenta centuries, it was not until Io07-19 that



>construction was successfully completed* At this time a sur­ 
face breadth of 60 feet and a depth of 11 feet were attained, 
but extensive rebuilding waa done in 1984 to accommodate ves­ 
sels of 80-foot draught, the one lock measuring 450 by 67 by 
27 feet. What may be considered ttie final snip canal link at 
Stockholm is the Hamraarby Canal completed in 1926, its one lock 
measuring 35tt by 57 by 20 feet. Thus trie History of canals in 
Sweden is essentially one of connecting the Baltic and toe 
North Sea wita larger and larger canals until at last what may 
be considered as one large ship canal has resulted*

GTHBR BUROPHAW COUNTRIES ~- The prime position of canals in 
the life of tne Low Countries, especially in Holland, has con­ 
tinued from medioval times right up to the present. Typical 
of old Holland canals was the Ib-raile Haarlem to Layden Canal 
completed in 1657, while modernity is well represented by the 
canal connecting Amsterdam to the Merwede, completed in 1693. 
Running for 42i niles, tine latter canal was constructed with 
a bottom width of 66 feet and a depth exceeding 10 feet, its 
lock measuring 393| feet in leagth and 82 feet in breadttt. At 
tne beginning of the twentieth century Holland had in the 
neighborhood of 2534 miles of canals and canalized rivers, a 
density of twenty miles of waterways for every hundred square 
miles of area. The relative largeness of this density is 
better seen when compared with other countries such as Belgium

with eleven, ifrigland nith six, and France with three and one
21 

Half miles per hundred square miles.

Barge Canals as well as ship canals have also played a
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large part in the development of Belgium. Antwerp is pervaded 

fey several canals whicn, since trie destruction of its trade, 

have been arched over and nave become Known only as sewers* 

The Lieve was made navigable from Dam to Ghent in the thirteen­ 

th century, and in 1613 the Canal of Albert and Isabella was 

begun irora t&e Lieve at Venderhout to Bruges* From Bruges to 

Ostond a 10-mile canal capable of handling vessels of 500 tons 

was enlarged and deepened in 1663, 1725$ arid in more modern 

times as well. The Canal of Louvaine, connecting the 10-mile 

distance be two an Louvaine and !4echlin with a depth of 10 feet 

dates from 1750, Other projects wore begun in Bonaparte 1 s 

time, but with little effecttual result* By ttio beginning of 

the twentieth century Belgium possessed approximately 454 miles 

of large canals and 145 miles of small canals, all playing a 

vital part in the Belgian economy.

Canal building in Germany roughly paralleled that of other 

Suropean countries, the earliest in Prussia being the Muhlrose 

Canal from the Spree to tho Oder, completed in 1638* Built* 

originally with tan locfcs of wood by the engineer Philip de 

Chiese* the canal extended for 23 miles with a depth of 11 

feet and a width of 60 foot. The number of locks was later 

reduced to eight mhiea were made in stone under Frederick I. 

Among improvementa along the Bivar Havel mado by Frederick II 

during the years 1743 to 1745 were the Canal of Plauen, from 

the Lafce of Plau to the ^Ibe, and the Canal of Potsdam, de­ 

signed to shorten the navigation of the Havol* Work on the 

Canal of Finaw» connecting the Havel and the Oder, was also 

carried on during this period, having been started in 1605.
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It was finally completed in 1751, tha falls of 130 feet being 
overcome by thirteen locfcs. Shortl" thereafter Frederics the 

Oreat f s engineer Beoicenfiaff dug th© 16-mllo Bromberg Canal 

(1772-75), using nine loctts to overcome th© fall of 57 feet. 

In general, canais in Germany were built mainly to oonnact 

rivers, and at the end of the fcinetaenth century the follow­ 
ing had evolved as tha principal routes—rjudrrlg*s Canal from 

the l!aln to the Danube, the oder»Spr«o Ganal, and th© Rlii ae- 

Marne Canal. Depths varied from 5 to 7 feot and locfc lengths 

varied from 70 to 213 feet, much the oama as barga cr - " 
elsewhere In Europe.

In Spain the Moors had been active in the eighth and 

ninth centuries and had opened a canal from Oranada to tue
da

GuaJLqulvlr, thus forming a coamunication with the Gulf of 

Cadis. Nothing on such a large scale was attempted until 
1528 wnen Charles V began the Imperial Ganal of Aragon* main­ 

ly for Irrigation purposes. During the years 1770 to 1790, 

under the direction of the ecclesiastic Don Bamcn Plgnatelli, 

It was enlarged arid made navigable for 100-ton vessels drawing 

6£ feetj running a distance of almost 55 miles from Tudela to 
5aragoasa. Another route of importance was the Castile Canal, 

cut from Alar del Hey tc Valladolld v^itii a branch from Serron 

to Bio Seco, a total distance of 130 miles* uork on this 

Canal» which could accommodate 34-ton barges s was carried on 

from 1753 to 1300 and from X831 to 1849, The result was a 

waterway 6& feet in depth vdth forty-nine locks averaging 

lifts of 10 feet. By and large, however, barge canals in 

Spain have placed a much less Inportant role than in any of
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the countries proviously discussed.

Brief mention should be made of modern Italy vihere, as 

in early times, irrigation is ranch more a prime function of 

canals than is navigation* An outstanding example of the for­ 

mer is the Cavour Canal (1868-66), which irrigates 490,000 

acres of land in Its 53<-«il6 lournay fron the Po to th© Ticino.

TH3 UNITSD STATUS — Plans for constructing artificial water­ 

ways wero made during the Colonial period, but little in the 

viay of tangible accomplishment was realized until the country 

was able to settle down in comparative peace, /Along the early 

canal enthusiasts was George Washington, wno bacama particularly 

interested in a passage from the Cbesapeafte to the Ohio, Fol­ 

lowing the Bevolutionary $ar he actually obtained a charter to 

form a waterway between the Great Lafc«~ and the Hudson Hivor. 

The earliest American canal of any size however, Quartered in 

1786 and constructed from 1793 to 180O^ was the 22-raile Santee 

Canal in South Carolina. It was built from the Cooper Hiver 

at Moncfc's c->r^^r .to ^'hite oafc Bli?ff on the Santee River, thus

connecting the largest city t Charleston, viittt the oapitalf
2g 

Columbia. Built by a private canal company under the chief

engineer of the state, Colonel John Christian 3anf 8 a Swede, 

the canal was 35 feet wide at the surface, 2Q feet wide at 

the bottom| and 4 feet deep. It possessed thirteen locks of 

brick and stone with wooden gates, and accommodated boats up 

to 22 tons* The canal was finally abandoned in 1550 due to 

the changing economic conditions of the area as well as to 

railroad competition.



Of int.r.at are three small canals wnico came into use
ff >

during the construction of the Santee Canal in three widely 

separated parts of the country. In 1787 work was begun on

the Dismal Swaraf Canal from Norfolk, Virginia, to Albemarle
/

Sound in Mortn Carolina^ but by 1794 only a portion was nav­ 

igable for small boats, often referred to as the "first Am-
i 

erican eanal, H 'th4 South Hadley Canal on the Connecticut

in Massachusetts Idates from 1793 or 94. Three man, Christopner

Colles the surveyor, Benlamin Prescott the engineer s and Ariel
i 

Cooley the contractor, wers responsible for this work, which
I

extended for a distance of over 8 rail as and surmounted a fall
•j

of 50 feet by fiv4 or six locks* Also dating from 1794 was 

the Carondelet Canal» a shallow ditoh 2 miles long and 15 feet 

wide, cm-meeting ^»w Orleans with Uvke Pontchartrain. When 

the land was ceded to the United States in 1503, the canal was
; ('

enlarged and has been in use ever since. Mow in a position to'i 
do the job tiiis e^nal was originally designed for, is ae Hew

!

Orleans Industrial Canal, completed in 1923. Connecting the 

Mississippi River sjiith Lake Pont char train, this 5g—nile canal

running through iJe^ Orleans is a true sftip canal, with a sur-
i 

face breadth of 30i feet, a bottom breadth of 150 feet, a

depth of 30 feet ? ^nd an entrance lock whose usable measure** 

ments are 640 by 75 by 31 feet.

The next project of consequence was the Middlesex Canal
/ 

(1794-1603) which i connected the Charles Hiver at Boston with

the Merriraac Hiverf a short distance above Tjowell. Built pri* 

marily for the tr^nsnortation of timber and firewood from

New Hampshire to Bipston, the oanal extended over 27 miles in
\
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length, varied from 12 to 30 feet in width, from 3 to 3£ feet

in depth, and possessed an average of nearly one lock (90 by 18 

feet) for every mile of navigation* It was built by the English 

engineer reston for private interests, but it paid no dividends 

until 1819. By 1B46 the competition of two railroads had 

forced it out of business.

Suggested by William penn in 1690 and roughly surveyed by 

Rittenhouse in the latter part of the eighteenth century, tne 

Union Canal of Pennsylvania connecting' the Sctouylkill Hiver at 

Seeding with the Susquehanna at lliddletown did not become an 

actuality until a quarter of the nineteenth century had passed. 

Three chief engineers i^ero employed during the construction per­ 

iod 1521-27, William tveston f Laorarni Baldwin, and Canvass White* 

the first two baing tremendously hampered from lack of funds. 

The railroad also took its toll here arxi this 82-mile canal 

was later abandoned*

Of particular interest among early American works was the 

Morris Canal (1025-31), noted for its twenty-«three inclined 

planes varying in length frora 500 to 150O feet and in lift 

from 44 to 1OO feat. Designed by James Henwlck—an English­ 

man by birth and tuen professor at Columbia College—tho canal 

ran 103 miles from the Delaware Hiver opposite ISaston, ^onn- 

sylvania, across Nevi Jersey to Jersey City on the Hudson, thus 

connecting the coal of Pennsylvania with New Jersey industry 

and the tidewater at New York. In addition to its inclined 

pianos this canal possessed twenty-three ordinary locks which 

in the period 1341-45 were enlarged to a size of 9b by 12 feet. 

Originally designed with a CO-foot width at the bottom and a 

4-foot depth to accommodate 50-ton barges, the canal was



1enlarged in 11360 to suit 60-tor* vessels, i>ut it ceased to be
important in 1370 vmen leased to the Lehiga Valley Hallway 
Company.

While the Jtow York State iterge Ganal is basically tiie ex- 
tonsion and improvement of five older canals, its main section, 
the ^rie Canal, so overshadows the other sections that their 
name3 are scarcely Known* Extending from Troy, tfew York, on 
the Hudson River, the original a»rie Canal ran over 350 miles 
across Iteu YorK State to Buffalo on Lake iSrie, thus becoming 
the first commercially practicable waterway from New York City 
to taa Great La&es, Purveys were begun in IbOb and construc­ 
tion commenced in Ittl? under the engineers James Geddes, Ben­ 
jamin bright, and Charles Bradheed, all Americans without for­ 
mal engineering training* Completed in Io35, the canal had 
surface and bottom widths of 40 and 28 feet respectively, and 
a depth of 4 feet, thereby allowing the pavaage of 60~ton ves­ 
sels* Two aquetiuct^ constructed on this job received favorable 
comment in tneir day, one extending &G3 feet across the Genesee 
Hiver at Rochester, and the other which carried trie canal 40 
to 50 feet above the river at Little Falls* The effect of this 
new waterway was summed up by J. Sweet in the Transactions of 
t&e American Society of Civil Su^in$®rs for 18B4 thusly: *Tfce 
is'rie Canal, conceived by the genius, and achieved by trie energy 
of De tVitt Clinton, was, during the second quarter of this cen­ 
tury tne most potent influence of American progress and civili­ 
sation. It developed the northwest, by giving an outlet to trie 
commerce of the great lakes, and it made Nev^ York the 3mpire 
State, and New York City the imperial mart of the New World."
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Also begun in 1S17 was the Champlain Canal, bra*)Ching 

frora tne Brie Canal and running 63 miles northward to ,;fhitefcall 
at ttie foot of Lafce Cnamplain* Completed in 1622 under the 
engineer Geddeu, it was in reality a part of the ISrie Canal 
system. In the period 1635 to 1862 enlargement and realignment 
of not only the Brie and Cnamplain Canals tooK place, but of 
the Oswego to Lake Ontario, the Gayuga and Seneca canals as 
well. A 7-foot depth was obtained, a depth which remained stat­ 
ic for fifty years, allowing 840-ton vessels to pass.

Altnough a period of modern improvement was begun in 1664, 
great political agitation in tne eiirly 190G»s forced still 
greater improvements to be started in ly05 under trie State 
Sineer, a. A. Van ^Istyne, Various considerations came into 
play but tfto opening of the rival 3t* Laurence waterway to 
LaKe Ontario undcabtedly had consideraole influence in tne 
final decision to deepen the canal to IX feet and increase 
bottom widtti to 75 feet. Trie standard lock lengta adopted was 
310 feet along ttie center line, vntn a widtti of 4b feet and a 
deptn of IK feet over tae sills. In tae resulting construction, 
distances between loc&s varied, the least being 336 feet, while 
individual lifts ragged from 6 to 4Q& feet. In all, tnere were 
thirty-five locks constructed on the Brie Brancci, eleven on tae 
Champlain, seven on the Oawego, and four on tne Cayuga and stn- 
eca. At iVaterrcrd a re marie able series of five locks was in-

varying in lift from 3Eg to 34g feet* giving an ag-
23 gregate lift of 169 feet 8 the greatest series in the world.

'i'ae first locics went into operation in 1910, and in 191t> tae 
canal, now under State Engineer F.&, Williams, was opened
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throughout its entire lengtn. ^hus, not all canals fell vic­ 

tims to tne railroad In the nineteenth century rusn» ntate 

control and foresignt saved tnis magnificent vx>rk for future 

useful service and it has easily fitted into tne modern econ­ 

omy.

The lead taken by the State of New York was soon followed 

by Ohio, ^fticri joined Cleveland to portseioutn and Toledo to 

Cincinnati aith public canals large enough for 30-ton barges. 

Indiana and Illinois soon followed until at one time there 

were over SOOQ miles of canal linos in operation built at a 

cost exceeding |150 t000 9 OOO* Snthusiasra for canals reached 

such proportions that in the middle of the nineteonth century 

the legislatures of some states enacted prohibitive laws again­ 

st railroads in favor of canals. Among tne more importunt 

works of tnis period was tae Chesapeake and Ohio Canal, 6 feet 

in depths and completed in Id51, connecting tne potomac and 

Otiio rivers and piercing the Allegkeny mountains vjitia a tunnel 

3116 feet in length. The longest abandoned line of the period 

was tne 379-aila Wabash and iirie Canal, constructed during 

the years Id32-51 to connect Svansville t Indiana, and the Ohio 

3tate line* In ttio last deoade of tne century the famous Drain­ 

age Canal of Chicago was constructed from Lake "licnigan to the 

Desplaines River at Lockport, taenco to the Illinois r?iver t a 

total distance of 3d miles* Varying in aeptn from 22 to 26 

feet, it was given a bottom width of 160 feet in rock and 802 

feet in clay. The final linking of the Great Lakes to the Miss­ 

issippi was accomplished by the 7-foot Illinois and Michigan 

Canal, running a distance of 97 miles from Chicago to La Salle



on tao Illinois Siver. - •" - v
In the western part of the United States tue need for 

irrigation caused tua settlers to begin canal operations 

about i860. Lar^-i scale operations data from about 167£ when 

the large canal starting f rora the Ittver :Fraano in California 

was dug. Though it was built primarily for irrigation, being 

d feet in dopth and £Q feet in width, some navigational bene­ 

fits did result. Following closely was the 33-^iile Galloway 

Canal begun in 1&75 from the Biver Kern, also in California. 

Slrjce that titae irrigation canals have steadily increased in 

size and number in the West, wnila in the ISast many small nav­ 

igation canals have been relegated to oblivion by the railroads. 

Those n&vigation canals which have remained nave been improved 

and deepened at the public expense, and give promise of con­ 

tinued valuable service to the country as a uhole, and espec­ 

ially to tnoso local communities through which they pass.

HAULAGK ~~ From earliest times raanpower, aiid later animal 

power, has been used as the pri&e-movar in towing barges along 

canals. Pottery taken frcm the Car Dyke and dating frora the 

first century A.D. has roliofs showing men toeing barges by 

means of long lines, and even today in parts of China such a 

system is us<id» Development beyond the horoe or oxen stage 

was impossible, however, until th© steanj engine could be adapt­ 

ed to the purpose. The steam tug experiments at Vforsiey by 

Captain Shan Its H.M. of Deptfcrd failed during the period 1796 

to 1799, but in 1802, on the Sbrth and Clyde Canal, a tug boat 

fitted with steam engines by ft, Symlngton drew V,so barges



miles in six aours in tiae toeta of a strong n^sch'/ind. Tha ' 

advance is more readily appreciated mien it is raalizod that 

t.ue $verago isa aorse of too time could draw one narrow 

canal boat 2 wiles per aour loaded! or 3 miles per aour un~ 

loadedf under normal weatfter conditions* The first systematic 

ateam tug service from Paris to ^nntorau (65 milos) was finally 

inaugurated in Ic346» Later in the century towing by means of 

cteam locomotives was tried briefly in France* Germany, and 

iSngland, but was abandoned for ocoijcraic reasons. Electrical 

towage, as exemplified by the cars at the locks of tne panaraa 

Canal, lias found its placa in special circumstances but ft as 

nover bscome widespread* Today tae steaci t«£ and, to a lesser 

extent, the horse remain the principal prime-movers for taose 

bvirges niovlng tarou^n canals not under taeir own power.

Otner variations in aaulage syster/is came into use during 

the eighteentti and nineteenth centuries, on tfte illba in 1720 

a nempen rope nas fastened to a point on efcore and was tnen 

wound up by manpower on taa boat, propelling tno vessel lor- 

'.vartJ* Messrs* Tourasse and Courtoaut in I8fi0 designed special 

tugs vsitn horse capstans; subsequently tnese norce oapst^is 

were replaced by S-H? steam engines. GUains tnen replaced 

Uompen ropes on tao 36in@ between lu^O and 1630, and in lb£5 

M« de ^eseil, a Belgian, introduced wire in place of ctiain. 

A submerged towing chain, operating over a distance of 45 

miles, was introduced on ttaa lower S@ine in 1856 f viiiil© a 

similar project on tUe £lbe f 407 miles fron Hamburg to Aussig f 

was laid down from 1669 to 1574. Bndless ctiain systems were 

experimented witft on the BliSne in tiie latter nineteenta



century t but no practical rosulta ^ere obtained* an a 

travelling wire cable—first tried by M. Hiche on the Sarabre 

at Maubeu^e in 1374—^as f however, finally establisaed in a 

practical form In 1594 for aauling barges turough tha tunnol 

of Mont-Hie-Billy on the summit level of the Alsne-Harne Canal. 

Of particular interest weru tae grappling vmoolo used on tae 

Hhone, such as the "grapin,* an Iron wheel £U feet in diameter, 

weighing 17$ tons, fumiafced vaita projections or pictes arid fixed 

in a well-tiolc amidships* It was viortcod by a cnain attached to 

the paddles of the boat and was loured whenever a tough ascent 

had to be made* Most of these developments» however, nave had 

limited application, ,oday simple towing linos of fiber or of 

siire are used by tugs or tow pat a animals or raacninap, and e- 

systems have passed from the soen^.

Ship Canals

No hard and fast rule obtains for the distinguishing be* 

a bargo and ship canal other than tne fact that saip 

usually accommodate larger vessels. AS ocean going 

vesselj increased in si^e, the original ship canals were not 

always increased in proportion and so dropped from the ship 

to barga carial category. Today very few canals v*ith less than 

£0 feet of depth are called ship canals, and so s in th© inter­ 

ests of simplification, it is at this depta that w© shall dis- 

tinguisn between the two types»

TORCH HOLLAR SKIP CARIAL — Amsterdam ? following tho



Napoleonic Ware, fauna that sho was In danger of losing her 

cviuiuwi w for her only outlet to the sea was via tao l^uider Zee 

vmich had an available depth of llg feet, and vessels had begun 

to increase greatly in sise. To remedy this situation the en* 

fcineer Jan Blanfeen (1755-I63&) was employed to cut a canal from 

Lake Y, opposite Amstwrtiais » over 50 miles north to Nieuwediop 

adjoining Trexol Jtoads. When completed after eight years of 

vsorfc (1817-84), the canal had a surface width varying from ISO 

to 125 feet, a bottom width of 33 feet ? and a depth varying 

from 18 to 20 feet, It contained a tidal lock at either end 

plus three intermediate locks » vuicb were made double to ac­ 

commodate large and small lx>ats economically* Half a century 

later it vms rendered obsolescent wd&n riK)St of its 

trade switched over to the na\v Amsterdam Ship Canal »

C5ISNf-TBaN3U2BN CAMAt* — Connecting Ghent to the s@a with a 

substitute run of approximately SO miles instead of on© of 105 

miles by tna circuitous 3cheldo s this canal U^itl its beginnings 

in tae sixteenth century. A canal from Ghent to SaB-de*(jand» 

v;uere it entered a tribut&ry of the Scheldt » was opened in 1561 1 

wu,- it was closed in 1646 by the Treaty or ifunster and remained 

closed until 1315* In the years 1&85 to 1827 the c . mas ex- 

tonded from 3as-do-Gand to Terneuzen \vith a depth of 15 feet 

for purposes of navigation and drainage* An enlargement was 

offected in 1879, malcin^ uu^ wottom vaiutii aiwos'U D6 feel, fc,nd 

increasing tha depth in th© Belgian aection to 21 1/3 feet, 

and in the Hollar*! section to SO feet. Another enl&rgensnt 

took place from 1091 to 190b when the depth was increased to
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27 feeti and in 1911 when the depth was increased to 2tt feet.

In such a manner the canal lias kept pace with toe increases in 

snip sizes, and thus continues to shape the commercial destiny 

of Ghent and the territory surrounding her.

SUEZ CANAL ~ Long after Egyptian and iSoman canals uniting 
the Felusiac branch of the Mile with the Bod Sea had silted up, 
the Arabs were successful in cutting another canal across the 
Isthmus of 3uez* The last attempt to unite the Bed Sea to the 
Nile was made by Araru ibn el Aae f general of Caliph Omar, who 

tootc Sgypt in the seventh century A.D* When a great famine 
threatened Mecca 9 Amru was ordered to get Egyptian grain there 

as quicfcly as possible, a problem he solved in 639 by following 
Trajan's Canal to a great extent and cutting through to ttie 
Mile at Cairo* However, the canal was destroyed in 767 by 

Caliph Abou Giaffar el Mansour who wished to prevent insurgents 

from receiving food at Medina* ^osert sands and the passage of 

time completed the Job of destruction*

From tne fifteenth century onwards various schemes, mostly 

commercial, were advanced for uniting the Mediterranean and the

Bed Sea, but nothing concrete was accomplished until a French
a

company under Ferdinand de Lesseps (lt>05-1894), a retired dip­ 

lomat, undertook construction in the middle of the nineteenth 

century* At the end of the proceeding century when the Freacn 

were occupying %ypt, Napoleon ordered a survey to be made, a 

hurried job under M« Lepers wnich indicated that the Bed Sea 

was approximately 30 feet above the Mediterranean* This in* 

formation caused Napoleon to drop the canal project, but later 

surveys in 1847 under Bobert Stephenson showed that the levels
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of the two bodies of water were practically identical* rbr- 
tified with this knowledge de Lesseps gained support for His 

sea-level canal proposals, and obtained concessions in 1554 
and in Ib56 from the Viceroy of iSgypt, Jaici Pasha, for tae or­ 
ganization of the Compagnie Universal de Canal AT at an de Suez* 
Preliminary work was begun in 1556, construction in earnest 
commenced in 1359, and the canal from Port Said to Suez was 
officially opened in 1U69.

Construction until 1364 was largely a primitive rffair, 
most of the work being done by the forced labor of twenty-five 
tnousand natives furnished by the Viceroy* When 1email pasha 
came to the throne in tais year, forced labor was discontinued 
and the company turned to Europe for labor and machines* Start­ 
ing rrcm Port Said the canal v*as dredged from the beds of lakes 
ilenzaleh and 3 all ah, and then pierced the lower part of a ridge 
some 54 feet above sea level (deepest cut). From here it passed 
through Lake Tirazah, through tae Serapeum ridge to ttie Bitter 
Lakes, and on to Suez, an approximate distance of 100 miles* 
The present canal is 87$ miles long from Port Said Lighthouse 
to the Junction with Suez Bay. Of this length, 66 miles is ac­ 
tually dug channel wnile tne remainder consists of dredged 
channels through the lakes. The size of the undertaking can be 
better appreciated when it is realized that one of tae side jobs 
was the digging of a small canal to carry fresn vsatar 132 miles 
from Cairo to Suez, *hile the name of de Lesseps was immortal­ 
ized as the promoter of this tremendous engineering feat, no 
less credit is due the chief engineer, Voisin Bey, or the con­ 

tractor, M* Lavalley, botu of vmom played a great part in
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making tne venture a success*

Originally cut to a depth of 264 feet, the canal das been 

enlarged so that at no place is its deptn less tnan 34 feet. 

Tne surface width, in general , varies between 40O and SCO feet 

while the narrowest bottom width is 146 feet. The maximum 

speed allowed by the canal company is seven and a half knots, 

meaning that the average peace time transit is about thirteen 

hours, eleven of which are actual steaming time*

The importance of the Suez Canal on the political and eco­ 

nomic history of the world is too long and involved to discuss 

here, although its commercial advantages are evident with one 

example, on a voyage from London to Bombay the route by way 

of th© canal saves five thousand five hundred and twenty miles, 

or 44 per cent of the mileage over the Cape of Good Hope route* 

In the original agreement the company was to hold the conces­ 

sion for ninety-nine years, at the end of which time possession 

of the canal was to pass into the hands of the Egyptian govern­ 

ment. Bgypt also received company shares waich were sold by 

the bankrupt Kadive Ismael in 1675 to Disraeli, acting for the 

British government. It gave the British, for sixteen million 

dollars, 7/16 interest in the project they had denounced only 

a few years before and which was to have a profound effect on 

their policy of Smpire from that time to the present day.

M SHIP CANAL — The construction of railroads through­ 

out 3urope brought an increase of trade to the ports ^outh and 

east of Helder and awakened the merchants of Amsterdam to he 

fact that they would have to provide a better communication
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with the North Sea than was provided by tne North Holland 

Canal. As early as 1629 a proposal had been made to cut an 

east-west drainage canal from Amsterdam direct to the r&rtu 

Sea, and in Ibl7 a similar proposal was rejected as imprac­ 

tical. Between la52 and 1663 a great number of projects were 

proposed, a concession being granted in 11*63, The Amsterdam 

Snip Canal Company got tne concession in Ib6b, and work was 

begun in tne same year under tne chief engineer Jonn Hawksuaw, 

an 3nglisnnmn, and his resident engineer 3 J* Dirks of Amster­ 

dam« Work on tne 16-mile canal was completed in 1676 at which 

time tne depth was 23 feet* A set of locks was installed at 

both ends of the canal» the gates at the seaward ends being 

of malleable iron and those at the inboard ends being of wood, 

originally the largest of the three locks at the Zuider Zee 

end measured 315 by 59 by 14 feet, while the larger of the two 

Ymuiden locks measured 393 by 59 by £3 1/3 feet*

Almost immediately following its completion the canal and 

locks were enlarged* The first decade saw the depth increased 

to £5£ feet and the next decade saw it increased to 23 feet* 

By lygb the canal had the largest lock in tne world f measuring 

1315 by 164 by 50 feet. $hilo the original work cost much more 

than had been anticipated, much land was reclaimed and sold at 

a profit. The immediate effect of the canal was to draw sea­ 

going trade away from the Mortu Holland Canal and to increase 

the trade at Amsterdam* Over the period of years it has kept 

Amsterdam in the front rank as a maritime city and gives every 

indication of continuing in that rolo in the future.
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MANCHBSTBR SHIP CANAL — The merchants of Uancnester, to a-

void aii;h doofcing and railroad rates from Liverpool, had early 

in the nineteenth century listened to proposals to form a canal 
from tne city to an estuary of the Dee, and, indeed, a company 
was formed in Id25 but no results were obtained. In lo?7 tne 
Chamber of Commerce strongly urged a canal and by ItsdB two 
schemes bad been submitted. An Act authorizing tne work was 
passed in 1685, construction under chief engineer 3* Leader 

Williams was begun in 1657, and snips began to pass regularly 
through in January of 1894. From Manchester the canal descend­ 

ed 60$ feat past Run com along the ?&ver kersey to ISastham 
where it joined the Mersey 35& miles away*

Upon completion, the canal had an average width of 172 

feet at the water line* a minimum width at the bottom of 120 

feet, and a minimum deptn of 26 feet* Tidal locks were in­ 

stalled at *astham and double lift locks at Latchford, Irlara, 

Barton, and Mode Wheel, tne largest measuring 6OO by 65 by 88 
feet* This, taen, became the first large ship canal to nave 
locks other than the tidal regulating type at the end such as 
were present in tne Amsterdam Ship Canal* The number of em* 
ployeea averaged 10,500 a year although as many as 17,000 men
were at wortc at times. In all, 223 miles of railway were laid

24
in or alongside of the canal bed* Among the victims of mod­ 
ern progress was Brindley's Bridgewater Canal stone aqueduct 

which was replaced by a owing steel tame 90 by 19 b; 6 feet* 

A0 in the case of most other ship canals the estimated cost 

was less than half the final cost of •£ 15,OOO,ooo, but the 

benefits, real and intangible, to Mancnester in having this



outlet to the sea nave Justified trie expense in tne eyes of 

most of its citizens.

FOUT1LOPF CAtfAL — &itn a view toward converting St. Peters­ 

burg into a port a commission reported in 1»7£, tne plan was 

adopted in It574» and construction began in 1&77. Also Known 

as tne St. Petersburg and Cronstadt 3hip Canal this work began 

at tne Neva below St. Petersburg and continued 17$ miles to 

Cronstadt on the Baltic* Constructed by the government it was 

in operation by 1»84 with a surface widtri of 426 feet, a bot­ 

tom »idt& of 27S feet, arti a depth of ZZ feet.

CORINTH CANAL — As early as 60O B.C. Peri and er proposed to 

unite the Gulf of Corinth with the uulf of Aeglna by a canal 

cut turougb the Isthmus of Corintn, and worK on the project 

was actually begun in Nero's time but abandoned on his aoath* 

The modern effort dates back to lt*70 when a concession was 

given to Haxime Chollet and his engineers tterster and Kaueer. 

Little was done until 1381, however, when tne Hungarian general 

Jftienne xurr, having relinquished his concession at Panama to 

de Lesseps, obtained the one at Corinth. Construction was be­ 

gun in Itttt2 tout «ras stopped in 18b9 from lack of funds. A new 

company was formed, the Soci^te Hell ani qua du Canal de Corinthe, 

which completed the job in 1»93. Cut tnrougfc oolid rock the 

deptu of the cutting averagea 190 feet* tne maximum cut being 

287 feet. Slightly over 3 miles in length—6937 yards to be 

exact—the canal was given a bottom width of 72 feet and a depth 

of 26* feet, sea level throughout, the canal continues to play
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an important part in tne Mediterranean trade, especially where 

ureece is concerned.

KIBL CANAL »- The first waterway of importance to cut across 

Sehleswig and unite the Baltic and North Seas was the 26-mile 

Sider Canal, begun in 1777 and completed in 174*4. It connect­ 
ed tne Baltic at Ho It en au near Kiel with tne River ^ider flow­ 

ing into the Nortti 3ea, and enabled 120-ton vessels to make 

* ICO-mile transit. Possessing three double locics, all measur­ 

ing 100 by 27 by 10 feet 9 tne canal had a rise of 23 feet and 

surface arid bottom width of 100 and 54 feet respectively.
Construction of the present canal was primarily a Uerraan 

naval sememe originated after the separation of Schleswig- 

Holstein from Denmark in 1'364 9 but the wars of 1666 and 1670 

postponed activity. Investigations were resumed in Id78 f the 

plan was approved in 16b6, and construction by the government 
began the following year* A force varying in number from 3000 
to 6000 men worked for eight years excavating some 105»OOGt OQO 
cubic yards of material* As completed in 1595 the canal varied 

in surface width from 217 to 263 feet, hod a bottom width of 
72 feet, and a minimum depth of 29 feet. It ,vas one level 

reach throughout, with t\io regulating lochs side by side measur­ 

ing 492 by 62 by 33 S/3 feot at eacn end. A ship starting 

from Ho It en au on the Jbaltic would pass through tnree latces, 

Iflemhude, Rachel, and Kucton, arid enter the Kibe near nruns- 

buttel 61 1/3 miles away after ten to tieiva hours steaming 

time.

During the years 1*07 to 1914 the canal was enlarged and



deepened to strengtnen Germany's naval position for tua corn- 

in,; conflict. Surface and bottom width were increased to 355 

and 144 feet respectively, tne depth was extended to 36 feet, 

and the loc&s were increased to a length of 1062 loot, a width 

of 147 feet 7 incnes, arid a depth of 45.9 feet* A quick glance 

at tna nap will show the strategic value of the canal in any 

naval warfare involving Germany a for it would enable her to 

transfer fleets quickly between the Baltic and Ifortu Seas with­ 

out subjecting them to the delay and danger of traversing the 

Kattegat and Skagerrak. In like manner the canal has been a 

boon to private vessels where time is money in the commercial 

world.

SAULT SAIMTIi MAHUH CANAL — Uniting Lake Huron and Lefce Super­ 

ior at Sault 3te. Marie are two canals, one with four locks on 

the American side, and the otaer with one lock on the Canadian 

side. Tne first lock in Canada was built here during the years 

1796 to 1798 by the Hudson iaay Company, but that lock naa long 

since been replaced. #y 1894 in Canada a 3500-foot cut through 

3t. Mary's Island at a depth of 22 feet had been completed, in 

addition to the modern locfc measuring 900 by 60 by 204 feet 

over the sills.

On tne United States side the 3tate of Michigan too it an 

early interest, authorising a survey in 1637, issuing an ap­ 

propriation in 1338, and commencing construction in lt*39. Dif­ 

ficulties with the federal government concerning jurisdictional 

rights held up progress for a few years, so authorization for 

recommencement of the work was not obtained until 1353. i'he



canal was finally opened in 1855, its locks measuring 350 by 

70 by 13 feet. In ludO the federal government took over tae 

canal and began improving it almost immediately• In 1631 toe 

leitzel lock, 515 feet long, was constructed f followed in 1696 

by the 800-foot voe lock. In 1914 and in 1919 the Davis and 

3abin locics were completed, measuring 1350 by 80 by 24g feet, 

and giving a maximum lift of 21 feet* Although only open seven 

months of the year, this canal» less than a mile long, has 

carried for many years the most tonnage of any canal in the 

world* Of prime importance in traffic on the areat Lakes, it 

has played a groat part in t&e development and enrichment of 

tfte Middle West*

WBLLAlO CANAL -- To date there have bean four Veil and Canals 

in Canada joining Lake Brie to Lake Ontario, tna original 

Having been built by a private company during the years ld£5 

to 1631. Traversing 274 miles, this first nor* possessed forty 

wooden locks, the smallest being 110 feet in lengtn and 22 feet 

in width* Bougnt by tne government in Iu41, a new and larger 

set of works was constructed during the period 104£ to 1649. 

A still larger canal was constructed from 15372 to Ittdl, branch-* 

ing off from the old canal 19 miles from Lake Srie and rejoin­ 

ing it again at Lake Ontario* A difference in level greater 

than 300 feet was overcome by twenty-five locks with lifts 

varying from 12 to 16 feet* These locks, measuring 270 feet 

in length and over 40 feet in width 9 had sides of limestone 

ashlar, floors of pine, and gates of white oak. The 12-foot 

draugnt of the canal was increased to 14 in 1387*
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Begun in 1913, the present canal was opened to navigation 

in 1931i being 25 miles in length and Having a total lockage 

of 325* feet* To overcome this differential four single locks, 

one flight of i-aree double locks, and a guard lock were con­ 

structed, measuring a20 by 60 by 50 feet, and giving individual 

lifts of 46 feet. Surface and bottom widths were made 310 and 

200 feet respectively, while the depth was cut to vary between 

25 and 26s feet at low water t with a provision for deepening 

in the future. A3 has been the case with the "3oo" Canal, 

this work has been instrumental in developing traffic on the 

Great Lakes and has reacted to the benefit of Canadians and 

Americans alike*

PAHAMA CANAL — Jour hundred years were to elapse from that 

day in 1515 wnen Balboa* standing on a peak in £arien, first 

gazed upon the Pacific Ocean until tnat ocean was united witft 

tne Atlantic some 50 miles away* Though men were seeking an 

already existing waterway through the New World to tae Indies, 

It was not long before plans for a canal at Panama were dis­ 

cussed* According to the Portuguese historian Antonio Galvao, 

the first proposal for such construction came in 1529 from 

Saavedra de Ceron, a lieutenant of Cortes, who had previously 

served with Balboa in Darien. Charles V in 1534 ordered the 

governor at Panama, Francisco de Barrionuevo f to conduct a 

survey with a view toward determining whether a eanal could 

be cut to the Chagres River. Throughout the rest of the six* 

teenth and seventeenth centuries the tnriving trade between 

Spain and Peru brought wealth and prosperity to the Isthmus



and stimulated thoughts for a oanal* Scientific parties from 

all nations of the world explored and surveyed up and down the 

coasts of >forth, Central, and South America in an endeavor to 

find the most liKely site for such a canal. Freoh attention 

was focused on Panama when the gold rush in California in the 

middle of the nineteenth century prought Bast Coast adventurers 

across the Isthmus in an endeavor to beat tneir competitors 

travelling tne difficult overland route in the tlnited States, 

The first concrete step toward construction was taken in
X '

Paris at the Congres International d f Btudes du Canal Inter- 

oc/anique in 1879. Here 74 year-old de Lesseps, fresh from 

his triumph at Suez and possessor of the most celebrated name

in France, convinced the assembly, over two-thirds of whom
25 

viera not engineers, that the construction of a sea-level canal

at Panama was a practical venture for a private company, pre­ 

liminary worfc at Panama was begun in I860 and the company, tne 

Compagnie Universelle du Canal Interooeanique, was formally in­ 

corporated in Paris in 1681. During tae first period, which 

lasted until 1583, all work was done under one general con­ 

tractor. The desired results not being obtained § the company 

acted as its own general contractor until 16d5, but that sol­ 

ution was equally unsatisfactory. In the third period, cover­ 

ing 13b6 and 1687, work was let out to six large firms. In 

the final period these firms continued to act as before, but 

tne scheme was changed, at the suggestion of Phillippe Bunau- 

Varilla, from a sea-level to a locfc canal for financial reasons. 

The change had come too late, however, and the company went 

into the hands of the receivers in 1888.
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A fresh attempt to revive the project was made by tne

Compagnie Mouvelle du Canal de Panama which lasted from 1694 
to 1903, tout its worfc was largely confined to preserving what 
had been left by tne first company* In tne meantime* agitation 
for a canal waich had been growing in the United States was 
given greater impetus in 1&96 by the dramatic 13,OOQ-mile ciasii 
of the battleship Oregon in sixty~eight days from £an Francisco 
to Key West via the straits of Magellan* How commercial and 
military interests of th» country viare truly allied. Difficul­ 
ties in negotiating with Colombia led the United States to give 
official recognition almost immediately to the new Republic of 
Panama which came into being in November 19O3* From this new 
government the United States received a strip of land ten miles 
wide in perpetuity! excluding the terminal cities of Panama and 
Colon, and in return the United States agreed to pay £10,000,GOO 
on exchange of ratifications and an annuity of $250,OGO to com­ 
mence nine years later.

Within three years, from 1904 to 1907, President Itoosevelt 
found himself obliged to appoint three different commissions, 
tne first under Bear Admiral J.G, Walker USN, tno second under 
Theodore ?* Snonts, and the third and final under Major George 
#« Goetnals. The first cuief engineer, John F. Wallace, stayed 
only a year, until 1905, and his services were largely concerned 
with preliminary investigations* John F* Stevens succeeded him, 
remaining in office until his resignation in 1907* During his 
tour Stevens did a fine job in developing plans for excavation 
and in solving rail problems, but he had no great desire to 
etay to tho end. Tirod of resignations, the President decided 

to put tne project »in charge of men who will stay on tae Job



until I get tirsd of Having tfcern tbere, or til I say tney may
26 

abandon it* I snail turn it over to tfce Army.'1 Accordingly

Major, soon Colonol, Goetaala took over tne Job as cuief en- 

gineer and remained in tnat post until tae eanal was completed 

in 1914.
The personality of tfeat Pointer Goetnals ao completely 

dominated tne construction period of tuo last eevan years taat 

tbe names of His c&ief technical aides, to ^uom ae would be 

t&e first to give full credit» are often forgotten* All were 

civil engineers f three from trie array, Hodges* 3ibert f and 

Gaillard; one from tne navy, Bousseau; and one from civil life, 

Jillia-iison, practically all tao -^ork was done by trie govern­ 

ment itself, only a fen items sue ft as locit gates and emergency 

dams being lat out to contractors* During some years the force 

at work averaged almost 5? t OUO man, a considerable increase 

over tue maximum of 19,000 employed by tue Froncu twenty yeara 

earlier* Tiiou^n ais worfc was not actually concernea wita con­ 

struction} tne contribution of Colonel Uorgas of tae Amy Mad* 

ieal Corps in stamping out yellow fever and malaria cannot be 

over-estimated* His men transformed tne pest-bole tnat was 

Panama into a model tropical community.

An international board of consultants in 1905 recommended 

a sea-level canal, but tne Minority report of tne .American en­ 

gineers re commanding a lock canal was adopted in 1906* As 

finally constructed, tne canal extended 47 miles frora tne At* 

1 antic entrance in Limon Bay, tnrougti a abort oaannel at sea 

level, up t&e triple fligbt of Gatun locKs to tne 35-foot sum­ 

mit level of ttia artificial Gatun Lafte (164 square miles in 

area) across tne lake to tne outlet of tne Cnagres at Gamboa
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n tua 10~raile Gull lard Cut to tfce pedro Uigoel LOGIC, a-

croas ttie artificial Mirafloree LaKe, down tae double flignt 

of locKa at isiraflores, arxl out tlarougii a dredged channel in 

Panama Bay to deep water in tiie Pacific* All IOCKB were made 
in pairs for two~v«ay traffic, eaofc lock measuring 1000 by 110 
by 40 feet* During trie construction years some 887,750,OUO 

cubic yards of material were excavated 9 an amount never before 
nor since exceeded*

wnile full credit is due American engineers for carrying 
tnis greatest of engineering projects to completion* due re­ 
gard Bust be bad for tfte Frencu legacy* Plane arid surveys 
were especially useful , and of tue 60,000*000 cubic yards ex-
oavated by the French almost 30 9 000»000 representing about

27 
of tUe total '^eoQssar utera useful to tiie Americans*

Quantities of macninery and material f tnoagn aoused and in 
good condition, bad become obsolete 9 but Qoro than naif of 
Frencti buildings were usable after repair* Many reasons Have 
been advanced for the French failure, extravagance* corruption , 
incompetenod, and disease, but tftese points nave been over- 

da* For example, even tuougu at the time it was not 
tnat a mosquito was tfte deadly bearer of yellow fever 

and malaria, tao deata rute frooi disease on tae Istuiaus as 

computed by tna FTenca for ttie period lbfcl-88 was S9*7 per 

1UOO, and Gorgas' calculations for t^e same period stroked 63*1. 

during tke Compur^ie Nouvelle*s period Gorgas calculated the 

rate to &ave averug^a ^^.5 per louo; scarcely the 60 per cent 

elaimad by sorae extremists but considerably uiguer taan the 

American average wUicb descenaed from a peaic of 39 to 7 per
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10OO. 1'nere was some corruption and incompetence in trie
jflrenoh project, to be sure, but one great cause of tne failure 
was tne insistence of de Lasseps on a sea-level canal. orking 
with private capital with an obligation to make money for the 
backers was a handicap miicn raigtit have been overcome nad he 
changed sis plans earlier to the less expensive lock canal, but 
nis success at 5uez had influenced &&s decisions to the detri­ 
ment of the whole project. Pernaps even the lock canal pro­ 
ject tioulti aave proved too costly for a private company. Cer­ 
tainly the American success can be attributed to the fact that 
it was a government project which did not need to reap a fin­ 
ancial reward to be successful, and one wnich was noaded by 
men like Ooetnals and Oorgas to whom the motto of the Panama 
Canal was not only a challenge of the moment but a dream of 
tne future, *Tae Land Divided, the ,?orld united."

Summary

Canals for drainage and irrigation Decatae identified with 
the early prehistoric civilizations wnich sprang up in the 
neighborhood of rivers and their tributaries, and, in time, 
tne use of tnare canals was extended to navigation as well. 
Jgynt, in tuo pre~Ctiristlan, and Borne and China in tae pre- 
and post-Christian eras built extensively, as did trie Arabs 
in tue Dane Ages, but no real legacy was banded down by these 
people to their successors, the medieval Europeans, witn no 
examples from tne past, sucti as was tne ease with roads and 
bridges, to influence tneir design these early Europeans may



be considered the originators of canal design as w© fcno% it

today*
Tha urgent need for drainage in Holland and th© Low Coun­ 

tries caused the* people there to become great canal Guilders as 

early as the tairteenth century, and possibly earlier. The ad­ 

vantage of navigation on these drainage canals was soon apparent, 

a factor waich brought about the discovery of the greatest single 

advance in the history of canals, tae lock. No longer was it 

necessary to build a level stretch or not build .at all f canals 

could be built over mountains if necessary. It was taese nav* 

igation canals which fostered trade and enabled a few Dutch and 

Flemish cities to become the foremost in medieval Europe* The 

discovery of the loofc in Holland dates baclc at least to tae 

fourteenth century, probably a hundred years before its use in 

Italy, where irrigation had given the original impetus to canal 

building.

Prance was a^a&ened to the advantages of navigation canals 

early in the a« maiaanth century, and much progress $as made 

under the prodding of such ministers as Sully, Biehelleu, and 

Golbert* Construction in France increased in tempo in ta© next 

century, trie on© in which a rash of eanal building was to break 

out all over th$ world. In Bus si a it was Peter t&e ureat, in 

3ngland the Duke of *3ridgesater t in Sweden Count platan, $ho 

fired the minds of their countrymen with visions of extensive 

systems of canals stimulating and enriching their lands. Al­ 

most every civilised country in the world embartced upon canal 

projects during the latter naif of tha eighteenth and first 

third of the nineteenth century. Canals of tae period were 

characterized by shallow drains usually varying from 4 to 6



'* r--9 4 feet § many small loc&n, and animal t tns.
In about ItfSO tlie railroad made its appearance as a com­ 

mercial carrier and all but rendered the small bar&e canal ob­ 
solete in every part of th® globe. While tno small bargo canal 
did not GO out of existence entirely, it suffered a blow from 
which it never recovered * 3rl«f afforts 8 suoc ul in spots, 
in the latter half of the nineteenth century to bolster th© 
•mall canal in order to Keep the railroad in line were made, 
but subsided with tho passage of time*

Canal history entered a second era with th# completion of 
the Suez Canal in 1869. The clamor for large snip canals to 
unite the world»s great bodies of water became more insistent 
now that de Lessens had shown that such a feat was possible. 
Though these canals mould serve commercial interest^ t.iair 
strategic value from a ailitary standpoint booame more evident 
as the world grew ©mailer ana nineteenth century nationalism 
became more manifest* the opening of the Panama Canal In 1914 
signalized the* coraplotion f at least temporarily, of imperial­ 
istic dreams to unite the world by water.

Coincident with the interest in inter-oceanic ship canals 
was the rifle of ship canals for ports, a revival of the com** 
mercial schemes of the Middle Ages* Tbougn otners had come 
into being before it, the Amsterdam Shi^ Canal of 1U76 marked 
the beginning of the modern movement which has continued to 
the present. Ocean transport for bull?: commodities still re­ 
mains the most economical form of transportation, and until 
air power can replace it s cities will clamor to be sea-ports.

Though still in use in some parts of the world, the



small "barge canal fc&s bowed to progress by simply fading out 

of tftd picture or by increasing in size until it resembles tae 

ship canal of yesteryear* Tftis tendency to become larger or 

die is a familiar pattern in tbe history of all canals. As 

machines Have developed to create and drive larger snips so 

have tney developed to dig deeper canals and to make larger 

and nence, fewer locks. T&is development in t&@ canal has 

been reflected in the development of world affairs as well. 

«ot only aas modern strategic warfare^ aM thus aiodern ais* 

tory t been closely allied %itft canals, but so &&ve trade 

commerce, and tUerefort tue prosperity of all ages»
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TUNNELS



TUMMSLS

Ancient & Medieval Tunnels

IN NATURE — In past times botn rocfc shelters t 

formed mainly by weatnering at the surface, and caverns, formed 

by tne action of percolating water tnrougn limestone, dolomite, 

or marble rocfcc nave served as refuges for primitive man and an­ 

imal . Still to be seen, these natural excavations abound on 

tue west coast of Ireland, in tiie western Hig&lands of Scotland, 

and in certain limestone districts in Asia Minor and in tne 

Araericas. For example, in southeastern «0w ^exico tn© Carlsbad 

Caverns extend down to a deptn of more tnan 1300 feet and in­ 

clude one cnamber 4OUO feet long, 625 feet wide, and 350 feet
1 

nign. AS civilisation advanced, man substituted artificial for

natural excavation, putting nis worfts to a variety of uses sucn 

as dwelling places, tombs, and tunnels for mining, water supply, 

drainage, transportation, and services.

30YPT — About 10O feet belovs tne base of tiie Great Pyramid 

(c 2900 B.C.) at Gizen is a subterranean cnamber cut out of rock 

wita a sloping cfcamber leading to **»• Presumably tfcis excavation 

was accomplished during tn@ time of tne erection of tne pyramid, 

meaning, of course, taat tfte art of tunneling can be traced back 

at least 5UOU years. Evidences of ottior man-made excavations in 

existence as early as 52000 B.C. are available at various places 

in riigypt today. Remains in tue grottos of ^amoun, tne tombs 

near T&ebes and Mempnis, tne catacombs of Alexandria, and tne
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temples of Ipsamboul all serve as mute testimony to tne skill 

of the engineers of a bygone age. A tomb hewn out of solid 

rock at Abydos probably elates back to tne Twelfth Dynasty 

(c 2000 B.C.) and the temple of Abu Sirabel built by Ramses II 

dates back to tne thirteenth century B.C. At Thebes a tunnel 

Has driven at a slope for 550 feet into a bill, at vmicn point 

a shaft was sunk and the tunnel continued &r for another 3OG 
feet* At the end of this excavation tne tomb of ^ineptan was 

made by enlarging the space into a chamber.

To do this work the Egyptians had the ordinary ttand tools 
such as the hammer ana chisel, and, wnen working witia granite, 
used saws of copper either fed with emery powder or set t?ith 

teeth of that abrasive. In removing rock they cut grooves 4 

to £0 inches in thickness on four sides of the block and in­ 
serted wooden wedges in the grooves* Water was then poured on 
the wedges with the result that the block was broken out by 

the resulting swelling action.

GRBBCis — r4ear Lake Kopais in Boetia a series of sixteen shafts

exist, 2OO to 10OQ feet apart 9 6 to 9 feat wide, and reaching a
2 

maximum depth of 1OO feet* • It is commonly supposed that these
shafts were made by tfca Ifinyae sometime around EOOO B.C. in order 
to ventilate a drainage tunnel which was probably the enlargement 

of a natural watercourse. On Samoa a tunnel o feat by 6, extend­

ing *7 furlongs* through a mountain of limestone rock W 150 fath-
3 

oms ni^n* was described by Herodotus as the work of the engineer

itapalinus (6th century B.C. or earlier). Apparently the sep­ 

arate lieadlngs driven from either side of the mountain did not



quite meet the first time, for wnen tnis work was rediscovered 
in lbtt£ an S-bend near tUe middle was found. Dating from ap­
proximately tne same time was the Babylonian tunnel under tne

4 
Supnrates described by the Sicilian, Diodorus Siculus. He
notes that upon orders from *uaen Jerairarais tne river was tem­ 
porarily diverted and construction carried on in tne dry. Area- 
aeology Das revealed notaing concerning tnis "first subaqueous 
tunnel," but according to Diodorus the side walls of tne passage­ 
way were made twenty bricks thick and tne vaulted chambers were 
coated witn a waterproofing of not bitumen. Tne tunnel measured 
12 by 15 feet and extended for a distance of over 3000 feet, con­ 
necting tne Royal palace and a large temple*

INDIA -- Underground wors in tae pre-Christian era in India was 
almost wholly confined to tne construction of cnapels or monas­ 
teries, of which about a thousand are now known. Tne construe- 
tion imitated contemporary wooden types, the columns sloping 
inward in tne early worics suon as tne Sudaraa or Migope (£6O B.C.) 
and tne Jassick (129 B.C.) caves. In later works tne columns of 
tne nave were made plumb, as in tne Karli caves (76 B.C.) and 
subsequent works up to tne Gwalior caves of tne fifteentn cen­ 
tury A.D.

PRS-HI ac BRITAIN — During tne Meolitnic Age, wnicn 
in Britain about 2500 B.C., specialists engaged in supplying 
flint tools were obliged to adopt not only quarrying but tun­ 
neling raetnods as well to obtain tneir flint. In soutnern and 
eastern airland pits were suntc tnrougn tne c'aalk to depths as



great as 5O feet, and in many oases, underground gall ^ies were 

made to follow up ricn seams. It was not uncommon for a good 

seam to nave several nundred snafts sunk into it upitfc a vast 

number of interconnecting galleries underground. Several ex­ 

amples of tnis type of excavation may still be seen in tne 

bribing region and at tne famous site of Grime's Graves in 

Mo r folk.
In Cornwall, subterranean galleries Known as fogous date 

from a mucn later period, but may well be pre-ftoraan. T&ese tun­ 

nels were lined witft perpendicular slabs and were also roofed 

over witn slabs. Archaeologists conclude tnat taey were appar­ 

ently used as Hiding places against attack*

HOME — Bemains in Italy« France, Switzerland. Portugal» Spain, 

Algiers | and Constantinople give ample evidence as to tne skill 

of tne Boman tunnel experts «no embarked upon a far more ambi­ 

tious program of construction tnan aad any of tneir predecessors. 

ibereas previous civilizations nad employed tunnels largely as 

dwelling places or burial spots, tne Romans used tnera widely for

drainage, ^ater supply, mining, and passage* As early as 3b9
5 

B.C. Lake Albanus, 13 miles from Home* was tapped for its water

supply by a tunnel some 6UUO feet long, nlgn enougti for a man to
6 

walk tnrouga and varying in widtft from 3g to 5 feet* Strabo

mentioned tao road tunnels built in tne latter naif of tne first 

century B.C. by Agrippa ( s engineer, L. Cocooius Actus. The first 

ran from Avernus to Cumae and tne second tnrougia Posilipo Hill 

from Dieaearouia near Baiae to Naples, Tne latter extended "many 

stadia* in lengtn and was wide eitougu to allow teams going in
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opposite directions to pass with ease* Another groat under­ 

taking nas ttie tunnel completed by Claudius in A.D. 52 

which aided in draining Lake Fucino, 75 miles east of Borne. 

Sxtending under Mt. Salvino for a distance of over 3 miles it 

was driven from shafts, some of which exceeded 4OO feet in deptu. 

When opened in 1U62, the work in many places measured more tfcan 

19 by 9 feet in cross-section.

Also of note| dating from the early Christian days of Borne f 

were the catacombs, still ranking high among the places of in­ 

terest seen by modern visitors to the Sternal City. Some early 

writers held that the catacombs were originally excavated by 

tne Romans for the extraction of sand and other building mater­ 

ials, but more recent research indicates that they wore, from 

the first, designed as burial places. It is quite possible tnat 

the earliest catacombs were excavated in the first century B.C. 

by Jews wno were opposed to the ftoraan rites of burning tnoir 

dead, but tne greatest number of these excavations were made by 

the early Christians. Apparently these excavations were started 

as small Individual burying places and connected by tunnels at a 

later date when persecutions increased. The tunnels were cut in 

the granulated, grayish breccia or tufa which abounds in tho 

neighborhood of Borne. In the catacombs which can be explored to­ 

day main corridors vary from 3 to 5 feet in width, but lateral 

passages often afford room for only ona person to pass. Heights 

will average about 6 feet, altuougn some go as low as 5 feet and 

otners extend to 15. The guiding principle seems to nave been 

to secure ttie greatest amount of space for graves with the least 

excavation, probably no one Knows the extent of tnese -aorks, but
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reliable astiiaates uava placed t&e total length at several hun­ 

dred rail 03.

Mining adits in Boraun Spain uauiag from tne early Christian 

era tarow more lignt on tne versatility of taese engineers of 

antiquity* For tUe most part tnase tunnels were small in cross- 

section! one typical work being 5 feet niga, 16g to 56 incnes
7 

wide! 1650 feet long, and reaching a maximum deptti of 165 feet.

Timber supported sections were found measuring o feet by 1 foot 

1 Inch in trie clear. let anoimer major accooiplienment was 

tbe so-called Hadrian Aqueduct ( A.D. 115-130} waicu aidod in 

supplying tne ancient city of At&ens witu fresu viator from tbe 

streams of Mount Pentolikon and ;'ount Parnes* Tnis tunnel be* 

came forgotten during tna Xuricisa occupation and was not re­ 

discovered until It34u. In 1925 Vmerican contractors partially 

reconstructed tae work and corrected it in wita a new system* 

£getaods usod by tae Bo mans to make tueir openings varied 

little from t&ose used by tneir predecessors* Tuo . --^^ ..^'^

acconplisaed by cnipping, ciianneling 9 wedging, and fire setting.
o 

Tne latter motbod, still popular in tne Middle Ages, consisted

of abating a surface by fire and tften suddenly cooling it r-itn
water, tnus cracking tUe stone and expediting its removal. lue

9 
use of vinegar as tae cooling agent was mentioned by Pliny* and

10 
Livy attributed Hannibal 9 s conquering of the Alps in part to nis
use of fire-setUng and vinegar. This idea of vinegar probably 
came from some owaalod idea in Livy's mind about tbe effect of 

acids on limestone. Tbat sucn vast quantities of it snould be 

used in tnis way seems very unlikely. /JLiaost invariably tkie 

Bosons drove ttieir tunnels tnroagii self sustaining material so
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that elaborate bracing and lining was unnecessary*

TH3 J&DDLS AQHS Am H3NA1 : — AS in most other branches 

of engineering, tumbling oee wae a Io t art aftor tae decline 

of tfcme, but it was revived to a certain extent ill the subter­ 

ranean drains and watercourses of medieval establishments. MDT 

exanple* in the thirteenth century;tunnels were cut in the rock 

which underlies much of the city of Sxeter* In seme places the 

rooK was left exposed, but to a large extent the walls were lined 

with red breooia, red sandstone, and various other local stones* 

A coarse jointed rutsfcte masonry was then used in vaulting trie 

courses over* though this use of tunnels under cities was not 

oonsjon* 8ucn a practice was not uncommon under monasteries of 

the period. Generally speaking, tney were constructed by the 

cut and covQr method and were, but modern standards, very modest 

works* History aas recorded by few major attempts of the per­ 

iod to drive anything larger than the moderate water tunnel or 

drain. In 1450 a road to pierce the Maritime Alps under the 

Col di Tende, and thus connect Mice and Genoa, was begun by Anne 

of Lusignan, but the project was soon dropped* It was revived 

again in 1732 by Victor Aaadeua III but was abandoned once more, 

twelve years later* after some ttOUG feet Had been completed, 

r&poleon finally solved the problem by building a carriage road 

over tno 6UOO»foot pass* Twentieth century construction workers 

on the Moscow subway discovered another bit of early work, tue 

dungeon tunnels of Ivan tne Terrible dating back to about 1565*

Taougn tne subject of raining is beyond the scope of this 

wortc, it oust be reaenberod that it was mining vmioh inspired



of trie early modern progress In tfte excavation of tunnels 

for water supply and for communication* Witb tue Benalssanco 

came a revival in the Interest in mining, but it was not until 

1556 tnat toe first important boafc on the subject appeared* 

'Written by a German, Georg Bauer, wuose name was latinized to 

Georgius Agrioola, "Da Be Metallloa* stood as tue technical bible 

on mining for two-Hundred years* Among otner important subjects 
he described tne tools in use at tne time such as crowbars, pikes, 

stiovels, tioesi and aamraors—little advance over £foman practice. 
Agricola simply reported tae practice of &is time, and tnere is 
little doubt ttint tunneling in European mining existed long be­ 
fore tie wrote. A significant advance did occur in tr*o first 
quarter of tae seventeenth century, aov¥over 9 wnen Martin Welgel 
introduced tue use of gunpowder in mining. Becords indioate 
tuat ponder was purchased for tue Harz mines in 1S54, drill 

noles were reported at Dull on in 1637, anu blasting was intro­ 
duced in tne Freiberg district in 1643*

larly Hodarn Band Driven Tunnels

OAliAL TUMNI3L3 — Modern oomnercial tunnels appeared as a 

neaessary adjunct to canals waen it became more economical to 
go ttiroaga a mountain rattier ttian over or around it* First of 
tbese tunnels to be built on a large scale was tfte rial pas Tunnel 
(1579-31) on Riquet's Languedoc Canal. Driven a distance ex­ 

ceeding 5OU feet througb a soft liraostone, tue tunnel bad a 

minimum neigut of £7 feet and a widta of 2£ feet. Subsequent 

French canals followed in a 11 ice manner, tne boldness of tne



enterprise increasing with tho years4 In 1770 the Hive de Gler 

tunnel, 1656 feet in length, was Holed through on toe Givors 

canal, only to be exceeded by the Center Canal's 3970-foot Torcy 

tunnel in 17b7, and the 39,400-foot Nbirou Tunnel on the St. 

^uentin Canal in 1882* Also of note on tne 3t* Quentin Canal 

was the Tronquoy tunnol (13O3), probably the first tunnel to 
use timbering and arching to hold back the loose ground* Con­ 
struction continued at such a pace in France that by the middle 
of t&e nineteenth century some twenty canal tunnels totaled 

93,500 feet in length*

In JShgland the impetus given tunnel construction by tae 
Canal Age was the same as in France. Thus it fell to Brlndley, 
the first of the Snglish canal builders, to lead tn0 way in com­ 
mercial tunnel construction* The mile-long cut driven on his 
Bridgewater Canal can hardly be classed as more than a mining 
tunnel, so his Harecastle Tunnel on the Grand TrunK Canal (1766- 
77) may be regarded as the first real canal tunnel in ISngland. 
Cut through a mile and a naif of solid rock its height of 18 
feet and width of 9 feet often made it necessary for bargemen 

to lie on their backs and propel tnelr barges through by shoving 
their feet against the sides and the top of the tunnel* Traffic 
increases soon rendered Brindley's tunnel obsolete so it was re­ 
placed by a slightly longer tunnel, 8926 yards in lengtn, par­ 

allel to the original* Built by Telford during the years 1624 
to 1827, tho new work was bricK-lined and measured 16 feet in 

height and 14 feet in width, 4 feet y incnes of which were taken 

up by a tow patn. Other hand*drlven tunnels of note constructed 

at this time included the 12,500-foot 5apperton Tunnel on the



Thames* Med* ay Canal (1733-89), the Bliswortu Tunnel on tns 

Grand Junction Canal (1793-1505), and tae Ma red en funnel ex­ 

tending for ov^r three miles of the Huddersfield Canal north­ 

east of Mancnester. 3y lb§6 over forty-five canal tunnels in 

England totaled some 220,000 feat in lengttu

In trie* United States tne first tunnel of consequence was 

also built as part of a canal — the Auburn Tunnel (lblS-21) at 

orwisburg Landing on taa Scnuylicill Navigation In Pennsylvania* 

Originally 18 feet tilga, 20 feet wide and 450 feet long, it ran 

under a bill wtio.se summit was only 40 feet over tne top or the 

tunnel. The years 1334-37 and ia45~46 saw the tunnel snoruenad, 

and during 1B55-56 tne waole taing was finally converted to an 

open cut. Following closely was tfte "Summit Level"1 or Lebanon 

Tunn©l on ttie Union Canal near Lebanon, IPennsylvani&f built under 

ttte direction of Canvass waite and Simeon Guilford, and dating 

from about 1527. JJxtending a distance of 720 feet f its cross- 

section measured 15 feet in neig&t and 15 feet in wldtn, aid it 

stands today tfte oldest tunnel in existence in tne United States.

O A:ID H TUNMSLS — Many lon^ mining tunnels wer© drilled 

by Rand tools before machine drills made tneir appearance, one 

of tne more prominent in early days was tlae Tiefe Seorg otollen 

(1777-9V) in Saxony wnose main tunnel turougn graywacico was 

34,519 feet in lengtfc and waose branctiae added e5,31v feet moro. 

About ttie same time (c 1762) tne Joseph II Stollau in Seneranitz, 

Hungary t was drilled 10»27 miles for mine drainage, measuring 9 

feet 10 inches in neight and 5 feet 3 incnos in widtn. 

drilling and black powder were used until Ib75 on the

iic



flotnsc&oanberger 3tollen (1644*77) wnicn was built to drain 

tne mines of Freiberg, Saxony. Averaging 9 feet square in cross 

section tne main portion of tnis tunnel extended for a total 

lengtn of 95,149 feet. Below tne Xiefe Georg Stollen a new 

tunnel, tne jjrnst August 3tollen» was constructed during tne 

period labl-64 to increase tne drainage deptn 31b feet* .Jso 

built by nand drilling and black powder, its main tunnel meas­ 

ured 34 ? 21b feet in length, the total amounting to 74,458 foet. 

81to a cross section of 11 feet in neignt arid 5g feet in widtU 

it was driven at a rate of 5u feet per ntontn when tne men were 

on seven nour siiitts, a rate wtiicn was increased to 7a.7 feet 

per montn wden tne stiifts were shortened to four nours* Tne 

first lar^e worK in tne United States was tne '•Hacicelbernie 1* 

tunnel (le24-27) near Maucn Cauntc, Pennsylvania! drilled tnrougn 

nard conglomerate. Measuring o feet in neignt and 16 feet in 

widtn } it was stopped at 720 feet* but was resumed again in 1346 

and reacned a lengtn of 8Ouu feet. Also belonging to tuie per­ 

iod was tne Taillades tunnel (1639-46) driven from fourteen 

snafte on tne ufarseilles Aqueduct.

HAXLftGAD TUNNELS — ;,s canals tiad before tnem, railroads pro­ 

vided tfte necessary incentive and capital to send tunnel con­ 

struction into a new and advanced pnase. Probably tne first

railroad tunnel wortny of tne name was tne Terra Moir tunnel
/

near St. ^tienne t France, on tne rtoanne-Andrezieux norse rail­ 
road. Begun in 1^86 tuis worK measured 16.4 feat in ueigut, 

9.6 feet in widtn, and 4y20 feet in lengtu. it was soon rol- 

lowed by a tunnel on tue Liverpool and Manchester



(Io26-30), tae first wuniial tor a strata railroad. £ae United 

States was represented early (1631-33) bv; tne Allegheny Port- 
Age railroad 9 & tunnel &t Staple Bend on ta<? Gc iuga Hiver 
near Jounsto*n, Pennsylvania, It nad a maximum aeignt or 21 
feet, a widttt of 25 feet, was lined «itn la incnes of masonry, 
and extended Tor a ctistouG© of 901 feet*

Belgium followed in lo3S wita tae Cusaptien tunnel on tae 
•Cneiiiiri aa l^tat 1 , and France's first ateam railway tunnel ap­ 
peared on tna 3t« 3ermain line in Ib37. Germany's firsL, tna 
i,7v©rau tunnel on ttie L«ipsic-Drt>aden line in Saxony » was built 
in 163'j* otaer Jngiisu tunnels gained great prominence during 
taese early years of taa railroads, notable among tnem being 
Brunei's 3ox Hill tunnel for tae ^reat Western Bail^say near 
Bata, and Stephen son's mile and a naif Kilsby tunnel on tao 
London and ^imingaarn Hailivay soutn-east of xtugby. Xae extent 
to vial on railroad tunnels a ad multiplied by tae middle of tue 
nineteenth aax;tury is apparent fro. a some of tae following fig­ 
ures. Taa United States nad forty-^igat tunnels by 1650, ana 
in loS6 France aad one aundr^a and t\ienty-2ix tunnels totalling
65,106 meters; Austria nad fifty tunnels totalling 13,&££ meters,

11 
and Italy's total ca;ne to 10,lol meters. Xftis progrea^ t it
will be reaefflbered, nas tne product of aand drilling, ouly a 
beginning, .aicn was to be greatly surpassed by n&cnine work of 
tns second ualf cf tna nineteenth century.

Macnine Driven BOCK Tunnels 

ALPINE TUNNJKLS -» Piercing tne northern spur oi tne Cottic Alps



several miles west of the actual mountain it was named for, 

tne Mount Cenis tunnel (1»57~71) was tae first of a long line 

of brilliantly executed Alpine railroad tunnels. A peasant of 

Piedmont, Giuseppe Medail, as early as 163d, proposed tne line 

wtiictt was finally taken between Modane in Frencn Savoy, and 

Bardonnecn in Italian Piedmont. A Dutcn engineer, Mauss, and 

an Italian geologist, Sismonda, were employed by piedmont in 

lo*45 to draw up preliminary plans f but it was not until the 

Frencn and Italian governments agreed to snare expenses witu 

trie Victor Bnmanuel Railway Company ttiat actual construction 

was begun, witii tue Italian government in cnargo, in Iob7. 

Tne chief engineer, uermain Sommeilor, nad little precedent to 

go on for the largest railroad tunnel than existing was England's 

l«d-ciile J3ox Mill tunnel (1837-41), and triis new wortc was to 

atretca to a distance of 7,97 miles tftrougn tou&n granitic ma­ 

terial a mile below trie surface at some spots. Hand drilling 

was used until Io61 wften Sommeiler introduced mis improved ma- 

caine drill, an innovation \vuicn allotted ten times as mucn work 

to be accompli sued as formerly. Drilling only from ei trier ©nd 

witn no intermediate shafts between proved an arduous tas&, rock 

temperatures reaching 65° F., but tne tunnel was finally com* 

pleted in 1»70 and opened to regular traffic in Io71. As final­ 

ly completed tne tunnel averaged silently under £$ feet in ueignt 

and sligatly over 26 feet at its widest point. Taia work was 

tiie first in waicn coiupressed air equipment sucn as tne drill, 

aspirator, air compressor, and turbine, was put to extensive 

use, and its completion encouraged subsequent successful attempts 

to pierce tae mountains anica dad once appeared impregnable*
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Soon to follow woe tne $«8««il* St. GottUard tunnel ( 

in Switzerland, connecting Goscnenen and Airolc. 

ation of tue vertical piano for the meeting of tua aeadings noc- 

essitateci a fine job of tri undulation by Otto oolpko in 1669, but 

it was not until a joint treaty nad been signed by uermany, i?Yance, 

and Italy in 1372 tnat actual construction was begun. i:.L. ravre 

of Geneva posted a bond of £1,600,000 guaranteeing completion of 

the work in eigUt years* a deadline wuicn was not met tuou^u tne 

tunnel was tioled tnrougo by I860. In all» elgnt hundred men, In­ 

cluding Favre fcitnself , lost tnoir lives in pusning tnis great 

work to completion* Maximum rocK temperatures rescued 00° F* at 

a distance of 5575 feet below tfte surface, and cave-ins and wasn- 

outs from underground springs \sere not uncommon* Tftougu ttio same 

feixe in cress section as ttie Mont Genis tunnel and ovor a mile 

longer, the St» Gottaard job progressed at a rnuob greater rata 

because of tkie use of improved explosives and machinery $ suco as 

Ferrous and licKean drills » and because of the added exporienco 

of ttie engineers.

96rk was still going on at ^t* QottQard when tna tnird great 

Alpine tunnel, tue Arlbergy was le^inu Connecting Innsbruck to 

Bludenz in ttaa Tirol it na& tue direct result of Austria'8 desire 

to ftave a straight railroad to France, passing neitnar tarougU 

Germany nor Italy. Witfc a widtti of 25i feet and a length of ap­ 

proximately 6 1/3 miles it *ms completed in a little over tares 

years (lubQ-aS) at a rate of advance practically double trmt at 

St, Gottnarcl. Tfco Ferroux percussion air drills and Brandt ro­ 

tary aydraulic drills played a large port in rusiiin^, triis job to 

it& quicK, successful conclusion.



In Ib9b tao longest railroad tunnel in ta© world, tne 

Simplon, aas begun under tne direction of Alfred Br&ridt, tue 

inventor of tfte rotary nydraulic drill. He did not live to 

gee tna completion of t&© lob, nowever, for tte died in Ib99 f 

and ttie tunnel, finished in 1905, was not opened for service 

until 1906, Two parallel single-track neadingu* 56 feet apart 
from cantor to center and connected at intervals or 660 feet 

by oblique galleries, nade up tfea work whicfc extended a dis­ 
tance of 18 1/3 miles from Brig, Switzerland* to Iselle, Italy* 
One heading was cut full size* 19 feet 6 incnes ftiga by 16 feet 
5 in en as wide, anile tao otaer, muob smaller t was used to fac­ 
ilitate drainage and aid in ventilation* Tiie second bore was 
enlarged to full size during tiio years 1912 to 19£1 arid put into 
service in 195J2* Ataon^ tae many problems facing t&e constructors 
was tuat of dealing wlta enormous underground springs* Gold 
water springs at times gave off as muck as 17,GOO gallons per 
minute, \uaila aot water springs, reaching a temperature of 116° 
P., yielded a total of 4330 gallons per minute. In some spots 
tbe eartn pressures were so groat tnat tae roof and sides could 
only be ueld in place by ramming quietc-setting concrete between 
Heavy steol I-bearas. In all* sixty men lost taeir lives on tae 
project, an Indication taat ^Ipine tunnolers were progressing 
certainly* but still bad a great deal to learn.

Tne last lintc in tne Swiss railroad system between Berne 
and Brig was finally completed wit;i the Loetscftberg tunnel, first 
discussed in Ibb6, proposed in Itftt9* end constructed from 1906 

to 1911. Originally designed to be approximately 6£ miles in 

lengtn, tae tunnel ended up sligatly in excess of 9 miles between



Kandersteg and Qopperstsin, for uncontrollable waters forced 

a detour inside of the mountain. The Harder Hiver, rioting 

through a valley 600 feet above the tunnel t drained tnrough a 

sand*filled crsvics into the original bore and almost stopped 

the work until the detour «as found feasible* Myers drills and 

Inger soil -Band drills were used in giving this tunnol a better 

average daily beading advance rate than had been made by any 

of its Alpine predecessor s,

-SAHLY DRILLS A3D BLASTING AGENTS -- Drinker in his admirable
1 oX. (*

work, "Tunneling*, set forth in detail the history of blasting 

dfents and raacaine drills, a subject of prime importance in the 

study of tue development of mountain tunnels. Only a £•» of toe 

Uigaliaats recorded by 'aim aro noted ftera, Experiments in 164d 

by J«J. Couca and J.w. Jbwle of Philadelphia led to the patent 

of tne first percussion rock-drill in 1849 by tae former, and 

to the patent of tae first direct-action percussion drill in 

1851 by t&a latter. Cavo in Paris obtained his patent for a 

percussion drill in 1551, and still anothor percussion type was 

produced by Schumann at Froiborg in 1354. Sotameiller invented 

a rock drill in ls5? for use at Mont Genlst, but it was not until 

1(561 that he produced his improved drill waicn spoodod up the 

work so considerably. During this early period of development 

Fowls sold his patent rights to Charles Burldigh vmo produced 

in Ia6o a compress ad -air drill lihicn was used isith success at 

the Hoosac tunnel. "5any Improvements have, of course, coae about 

in the drills since that day, and two main types, the nytiraulic 

and electric drill, have come along to challenge the supremacy of



the pneumatic type.

In tbe blasting field gunpowder was the original agent. 

In Ib47 Jobrero discovered nitroglycerine, and its use as a 

blasting agent was first tried by Ifobol in 1663. The frequent 

fatalities from the premature explosions of nitroglycerine made 

workers cUary of its use, however* A solid, raoro inert explosive, 

sufficient in blasting power yot convenient to handle was needed. 

Nobal supplied that naad when tie went on to invent dynamite in 

1867, patenting it in America in 1868.

OTH3H RAILBQAD MOUNTAIN TU .,~.:,3 — First to use power drills 

and high explosives in the United States were the engineers of 

tho Hoosac tunnel in Massachusetts. In 1819 proposals wero made 

to connect Boston with the Hudson River by a canal — surveys being 

run in 1825—but the project went no furtner. A revival of the 

scheme in the form of a railroad appeared in lb&0 wnen surveys 

from Greenfleld to williamstown were run by the Troy and Green- 

field Railroad Company. The 4f-mile tunnel, begun in Ib5b, was 

not completed until lb?4 and almost bankrupted tne State of Mass­ 

achusetts wnich had underwritten its construction. r;non tne sec­ 

ond contractor gave up in Itf61 the State, with Thomas Doane as 

chief engineer, toofc over the construction work. Hand drilling 

was continued until 1666, at which time Burleigh drills were 

introduced, and within a year nitroglycerine was substituted 

for black: powder. Dogged by financial and political troubles, 

the State in lbS9, with the work one-tnird completed, turned 

it over to the Shanley Brothers of Toronto who saw tne job to 

the «nd. The final noling-througn blast was made in Ib72 and



trains began using ttie tunnel In la?5* It Gad been an ex- 

pensive project* iauca moro costly t&an any of tao contempor­ 
ary railroad tunnels in ot&er countries* so it is not sur­ 
prising tfoat pairjptilstoars criticised tU@ mounting state costs 

wit'a such offerings as "Tfte Last Agony of tae Groat 3or©.* 
Nevertheless tas introduction of po^ar tools and algft explo­ 

sives represented a step fonward in American, and world, tunnel 
practice and considerably eased tfte task of succeeding tunnel 
engineers.

Since the pioneer attempts,tliers iiave been many success­ 
ful mountain railroad tunnels built in all parts of tho world* 
Peru gained t'ao distinction of Having tae &iguest railroaci 
tunnel in t&e world waon tue Ualciera tumiel, 9S40 feet in lengta 
and 15*775 feet above sea levol f w^s opened in 1^93. Anotuer

of distinction^ tue "Britlsfc Jmpire*s longest tunnel, M was 
Otlra tunnel, connecting tae east and west coasts of South 

Island, Me9 Sealarad. Begun in 1908 and completed in 19£3 ta@ 
job was talcen over from tfcta contractor by tbe government in 1912. 
Concrete-lined and wlta an official Isngta of 5 miles 445 yards* 
its cross section, measuring 15$ feet above tne rail and 15 feet 
across, was designed to accommoclato a single standard 
l&ncl tracK of 3 feet 6 Incaas* Dot^e^n Bern© and Scenic in 
Washington State tne Great Nortiiarn i^ilro&d built tne 
tunnel (19B5-29) witn a force of eighteen nundred men under cnief 
*n t̂ ineer J*B.W. Davls. atretcaing a distance of 7.79 miles it 
tuus gained t&e distinction of being tne longest railroad tunnel 
in tae United States. Possessor of a more doubtful nonor* taat 

of encountering more trouble taan any other tunnel in aistory, 
probably goes to ttie Tanna tunnel (1918-34), a 5-»raile double-



*'*•
tracK job between Tofcyo and Kobe built by tne Imperial Govern­ 

ment Railways of Japan* Here the engineers encountered tougn 

rocK, underground springs, slides, cave-ins and all of tne rost 

of tna difficulties ever encountered by tunnel engineers, per­ 

sistence and engineering sfeill finally prevailed, nonever, and 

tne tunnel took its place along tsitn otnar monuments to man's 

progress*

2SZNZM6 AND «AT3R TOflHSLS — First broached by ^tfolpn Sutro 

in Id60, tne tunnel to drain tn® mines of Virginia City (the 

Cora stock lode) 9 Nevada, was not begun until 1669. Drilling 

was done by nand until Id? 3 wnan diamond drills were tried* 

Pneumatic Burleiga drills were introduced in Iti74 and used 

successfully until tn«-Borfc t extending SD#OOO feet norizoiital- 

ly and 1932 feet vertically, was completed in Ib7o. Progress 

on tne tunnel, wnica measured 10 by 14 feet in cross section, 

varied from 19 to 417 feet per montn, averaging 19S.3 feet per 

montn.

Another interesting nortc was tne Big Bend funnel on Fo a trier 

Hiver in lJutte County, Calif ornia, (laas-a?) designed to divert 

tne river and leave tne bed dry for gold mining. Its original 

cross section of IE by 13 feet was enlarged to 1» by 14 feet in 

1907 ~Qt$, and its original lengtn of 3 miles was increased an- 

otner 3400 feet by tne poraer company wliicn bougnt it.

Tae original scneme for tne drainage of Mexico City, for­ 

mulated by tne Viceroy Martin Bnriquez, was based on a 4-mil®

tunnel, 11s by 14 feet, drilled tnrouga tne nill of itocnistengo-
13 according to one authority — by 470,Quu Indians in t^o years.



Neglected and then restored, the tunnel afforded only partial 

relief. To solve the problem completely a canal starting at 

tne city gates was led gg miles to the new tunnel which dis­ 

charged the water into tne Valley of Tequizquiac. Built under 

the direction of J.F. Toomer § tne major construction period ex­ 

tended from laQb to Ib9§» during wnicn time tne greatest ad­ 

vance was 1U2 feet in one month. Brick-lined, with an ovoid 

section wriose greatest dimensions were 14 feet in height and 

13 feet 9 inches in widtn, tne tunnel was driven 6£ miles 

through sand, mud, and soft calcareous limestone.

Tunnels drilled through rock for water supply can hardly 

be classed as a modern innovation as evidenced by tne ancient 

mater tunnel south of Seleucia in Turkey in Asia. Measuring 

23 feet in height and £0 feet in width the excavation was car­ 

ried through rock so hard that the chisel marks can still be
14 

seen, though the work is probably more than 1600 years old.

However, many modern machine-drilled works tiave achieved a cer­ 

tain prominence for their boldness and utility* Among them may 

be classed the Kelty tunnel (1567-59) on tne Glasgow Waterworks 

System, 9 feet square and extending a distance of 2*6 miles 

through material ranging from soft snale to uard conglomerate. 

During tnis same period Neva ¥onc City was building its "New 

Croton" Aqueduct (Iob5-91) from Croton Lake to the Central 

Park Reservoir, a distance of 33 miles. Moat of tne work was 

done by tunneling, 30| miles of tne work being lined wita brick 

masonry.

N*w Xork City f s growing population demanded a more adequate 

water supply, however, witn the result that *ans were drawn for



tne construction of toe Catsfcill .^ter Supply System* Tne first 
stage of tnis worfc (1907-17) was concerned $itn drawing on tue 
Ssopus siatorsfcad and included tne boring of tno la-mile "City 
Tunnel Mo. 1.* Tae magnitude of tn© task may be Judged from tne 
fact tnat over 17,000 men were engaged on tite line in 1911* The 
system was extended and tue aqueduct completed during tae second 
stage (1917-87), a period wftica saw tne completion of two famous 
Ib.l-raile Saandaken tunnel (1917-H4), 4u miles southwest of Albany, 
Concrete-lined and bored through from seven intermediate soafts, 
it was cut in a oorse-snoe section measuring 11$ feet in ueigiit 
and 104 feet in widta* Seven pressure tunnels running beneath 
river valleys were cut on this line, tn® deepest being the one 
between Storm King and #reakn®cfc Mountain, 1114 feet belov» sea- 
level, 14 feet in internal diameter, and running for a distance 
of 3O82 feet between saafts* By 1927 almost 2QQ miles of works, 
most of whicn were tunneled, tiad been completed and another con­ 
struction period nas begun, designed to connect tne waters of 
t&e Delaware Hivor to trie system witn over 100 additional miles 
of cuttings. Outstanding during tais period (19SO-36) was tae 
20-mile concrete lined **City Tunnel Mo, S w extending from Yonfcers 
to Brooklyn. Host of tne ^iork measured 17 feet in diameter and 
all of it was bored tnrouga at a low level, some parts being as 
mucn as 766 feet below tbe surface. Also begun at tills time was 
tne 4b-mile Delaware Aqueduct, destined to be ttie world's longest 
tunnel•

San Francisco's 25-mile 3ast Bange tunnel, measuring 13j 
by 14| feet unlined is yet another example of long modern water 
tunnels, of interest, too, is the Hove canal tunnel (1911-86)



on tne Marseill©s-ffcione Canal. Jo red over 4g miles tnrougn 

limestone , it gained tad distinction of being tne largest 

tunnel ever excavated from ttio total volume stand point, naving 

a cross section wnicn measured 5O feet 6 incnes in aeignt and 

72 feet 2 incnes in width (leos two side patns standing 10 feet 

above trio bottom and extending 6 feet 6 incnes in widta). TLe 

Boulder Dan tunnels (1931*32) give some idea of progress tbrouga 

rock witti twentieth century methods. Here 18CX) pounds of dyn­ 

amite were used for eacft blast in trie main Reading * 4& aoles 

being drilled to a distance of SO feet in tne rook facing* 

Using 15 delays eacft blast broice out 21 6O tons of roctc and ad­ 

vanced tne heading 16 feet*

liAGHIHjg$ — Man aas not been content to merely drill 

and blast tftrougft rocK, rie aas also endeavored to bore uis way 

through »7itu various types of tunnaling raeobines, Tne earliest 

on record was constructed at Boston in IttSl for use in tfte Hoocac 

tunnel* Weighing 70 tons, it was designed to cut a circular 

groove in tna tunnel face 13 inches wide and £4 inciies deep by 

means of revolving cutters* It proved unsatisfactory, aowever, 

and was abandoned after a cut of 10 fe@t dad been made* Snortly 

thereafter (lu$3) tne Talbct tunneling machine, design^u x,o make 

an annular cut 17 feet In diameter leaving t&@ cylindrical core 

to be removed by blasting, was tested unsuccessfully near Harlem, 

New Tone.
Success did come witu trie 6f foot diameter Beaumont macnine 

invented by M»5or oiglish but developed and operated by Major 

Beaumont* T&ough patented in 1864 it was not completed until



Ibd3. Used only in soft rock it bored through 6UUO feet during 

tests with a maximum rate of 40 inches par hour and an average 

rato of 50$ feet per day over a period of fifty-three days. An­ 

other success was the Brunton tunneling machine , patented in 136&, 

and designed primarily for driving in the chalk formation under 

the English Channel. This machine could bore a 7-foot tunnel and 

load cuttings on a car at a rate of advance of 30 inches per nour. 

Over two miles were bored under the channel with this cutter be­ 

fore the British Parliament called a halt to the tunnel *s construc­ 

tion* The problem of cutting easily througn any kind of rock re­ 

mains unsolved, aowever, a gentle reminder to the engineer that ne 

has not yet achieved a complete triumph over the forces of nature, 

despite the amazing progress he has made in rock tunnel construc­ 

tion during the past century.

Sarly Tunnel Shields and Compressed Air

FIRST THAMjfS TUNWSL — As we have previously noted, tunneling 

through rock was accomplished in ancient times, but subaqueous 

tunneling in soft materials was a problem which was not really 

solved until the advent of the shield in the nin6teenth century. 

Ralph Dodd brought forth a scheme in 1799 to burrow under the 

Thames from Gravesend to Tilbury, but nothing ever came of it. 

Then, in 1607 fd chard Trevituick was engaged by a promoter named 

Vasey to make a second attempt. Trevi thick did manage to bore a 

tunnel about 5 feet high and 1046 feet in length, only a few 

hundred feet short of his goal, but his efforts were ended in 

ISOtJ when the works were flooded.



a&ortly tkareafter Marc Isambard Brunei, Frenchman turned 
Snglisn, devoted ais thoughts to the problem and, after observ­ 
ing the marine borer, the Teredo Mavalis, conceived the idea of
a shield, a "casing or cell intended to be forced forward before

15 
the timbering which is generally employed to secure tne WOFK."
In ais patent of 1&13 Brunei snowed a circular snield and a cast 
iron shell, but in the actual construction of the tunnel, begun 
in Ia25, he used a rectangular group of cast-iron frames forming 
36 cells, and a lining of bricK. His first snield remained in 
use until 1&2&; it was removed and replaced by an improved snield 
during the final period of construction from 1535 to 1&43. The 
second shield had a width of 3?a feet, a depth of g2| feet, and 
a length of y feet, and its maximum rate of advance never exceeded 
14 feet in one vseeK. His frames formed a temporary root* over tne 
beading and were a means of supporting tue breasting boards used 
to brace tfte soil of to® beading face. »vnen completed, tne tunnel 
(its top 13 feet below tne rivur bed) was made into two parallel 
tiorseance passageways measuring 16 feet in freight and 13| feet in 
widtn, separated by a tnick brick wall* Connecting Wapping and 
Botnernitue, the tunnal was constructed in nine ^orfcing years, 
and nad, until ttie construction of Germany's Jim Railway tunnel 
in 1913, tne greatest cross section of any sniold constructed 
tunnel. Inouga the tunnel was a magnificent feat of engineering, 
gaining a Knigntuood for its builder, it was in its early years 
more of a curiousity than anything else, and was devoted simply 
to pedestrian us© until bougnt by the ^ast London Railway Com­ 
pany in 1865.



SHIELD PAT3MT3 WW8 BHJNEL TO QRSATHiiAD — Brunei's success, 

startling though it was, brought forth no great wave of sub­ 

aqueous tunneling) though various plans for shields gradually 

appeared. In lo4y Samuel Dunn of Doncaster patented a tunnel­ 

ing machine for sand and soft mud. Though his device was never 

used| it assumes an importance for his was the first suggestion 

that thQ shield sUould move all in one piece. <dong tao same 

lines :*. Giubel in 1557 devised a vertical shield for use in 

running sand. A patent similar to Brunei's, with the exception 

that the shield moved forward in one piece, was taken out by 

the Englishman Peter <v. Barlow in 1564. Two years later Barlow 

described his improved shield which incorporated the following 

features; (a) a cast-iron lining to the tunnel, witn cement 

grouting behind it, (b) a cylindrical overlapping skin of the 

shield, (c) the use of screws or presses to move the shield for­ 

ward, and (d) a transverse escape partition and diapnragm. Be­ 

tween these two patents cam® one in 1&66 by H. Morton of Stockton- 

on-Tees, but his work was destined to remain in obscurity. It 

was not until Io69 that a device, incorporating the essentials 

of the modern shield, was used in actual practice in both London 

and New York.

Promoting the second Thames or Tower tunnel in 1669 was 

Peter Barlow (Itt09-b5), but it appears that ae left th© actual 

construction details to the contractor, James H» Greathead 
(1044-96) of South Africa. To accomplish the lob Greataead de­ 

signed and used a shield similar to that described in Barlow's 

provisional patent of Io66. It is difficult to judge just what 

part Barlow's ideas played in this work, for Greatnead later



16
stated that he was unaware of Barlow's Ib66 patent until 1»95.

At any rate, the engineering world seems to tiave given the major 

portion of the credit to Greathead for it is his name and not 

Barlow* s which nas come to be associated with the shield. The 

tunnel itself, lined with cast iron, was completed in eleven 

months, measuring 7 feet in diameter and 1350 feet in length. 

Used at first for passenger-carrying cable-cars it was later 

turned to pedestrian use until the completion of the Tower Bridge 

in 1B94, at which time the tunnel was converted to carry water 

lines.

In the United States Alfred 2, Beach (1626-96) working in­ 

dependently of the English inventors* designed his shield in 

Itt65, put forth a working model in Ib6tt, and started full scale 

work under iiroadway in New York in lt*6S. His brick-lined tunnel, 

roughly 3GO feet long and a feet in diameter was designed to 

demonstrate the practicability of constructing a subway from 

the Battery to Harlem. The shield, similar to the one described 

in Barlow's patent of 1864, was the first to use hydraulic rams* 

One car, propelled by air and sucked back, was demonstrated In 

the tunnel, but with no franchise forthcoming the project was 

bricked up and abandoned. It was finally destroyed in 1912, 

nearly half a century later, by contractors excavating for 

subway which had now become a "practical* venture.

U3ji OF c £> AIR — ihile repairing the foundations 

of a bridge over the Hiver Tyne in 177o Smeaton used, for tae 

first time, a pump to inject fresh air into the caisson. Tne 

use of compressed air in tunnels, however, was a long time in



coming, altaough, as the result of observations in Ia26, Dr. 

Co Hod on of Geneva is reputed to have recommended its use to 

Brunei in 1328. The year lo3G mar KB tae first complete scheme 

for tue use of compressed air in mining in subaqueous or water* 

bearing material, for the wording of Sir Thomas Cocnrane's pat­

ent of that year covered all the essential features developed
17 

since.

First to put Cochrarie's ideas into actual practice was 

Frenchman, M« Triger, \»ao sank a pit s&aft at Chalonnes on tue 

Loire in Ib39, Compressed air cam© to be used in many stiaft 

and caisson sinkings shortly thereafter, and by tne early six­ 

ties its use was quite common throughout Europe* It was not 

until 1679, nowever, that compressed air, as a means of ao lei ing 

in check soft material and vsater, was used in a tunnel* M. 

Hersent, pioneering the metnod , drove a small rectangular tunnel 

at Antwerp in that year*

Later in the same year Dewitt C* IlasKin, an jonerican rail­ 

road and mining man, commenced tfta first Hudson tunnel between 

Uevi York City and Jersey City. The idea had been conceived in 

Io71 and a shaft had been sunk in lt*74, but legal difficulties 

prevented actual tunnel construction until Ib79. Here vias the 

first use of compressed air in a large tunnel, and it was also 

tne first and only attempt to build a large subaqueous tunnel 

in sand witnout a shield. Ihougn trie project failed under 

Hastcin, it was later revived and driven to a successful con­ 

clusion early in the twentietn century.

With t&e introduction of a corapressed air working atmos- 

p tie re a new industrial malady was born, "caisson disease, 1* a



sickness wnicn ranged from giving its victims a slignt case 

of cramps to violent deatn. In early works t&e affects of com­ 

pressed air had been noted by M* Triger and others , but a sol­ 

ution to tne problem did not readily appear. In 1366 Dr. J ami net 

wrote tne "Physical Effects of Compressed Air" (published 1671), 

as the result of ais observations on tae St. Louis bridge, tee 

largest scale compressed air job (50 pounds per square incu) up

to tuat time. Tnis was followed snortly by "Compressed
mainly 

(Iao6) written/in tr*@ early Io70»s by Dr. Smith of Brooklyn

Bridge fame* Among otner tnings Dr. Smitu recommended a prac­ 

tical remedy for caisson sickness--ta© lock cnamber Hospital -~ 

a device whicn was first built and employed successfully on the 

Hudson tunnel by S«.W* Moir in Ioo9. Tne conclusion was reached 

tnat tne sickness could be attributed to four main factors, (1) 

excessive pressure » (Z) impurity of atmospaerd, (3) too prolonged 

an immersion | and (4) too rapid a decompression. In Paris in 

1876 Paul liert in nis *La pression #aroraetrique* struck at the 

core of tne matter, noting tnat tne mecnanical effects of air 

compression are negligible and that the symptoms after decom­ 

pression are due to bubbles of nitrogen in tae blood § the for­ 

mation of vmicci can be prevented by lengthening tae decompression 

period. Subsequent standard practice was adopted w aero by slow 

decompression would be used for all exposures to pressures ex­ 

ceeding go pounds per square incu gauge, working periods were 

steadily decreased witti tho rise in pressure, stopping at the 

practical limit of on© hour under 50 pounds pressure.



*** .
Tae Subways

L: - Coincident tsita trie development of modern suield 

and comprassea air construction came taa underground railways, 

or subviays, though many of tnem were constructed without the 

aid of sciiold or compressed air* Mainly "cut and cover** was 

London's first Underground, the "Metropolitan", largely the 

idea of Charles PeaT3on f a city solicitor. Authorized by parl­ 

iament in Itt56 § the first section» 3| miles in length from 

Bishops Road to Farrington Street, was opened in Ia63. It 

consisted of a single brick-arca tunnel carrying four tracks* 

each of wfticii had three rails to accommodate both standard 

(North Western Railway and Great ijortuern Railways) and broad 

gauge (Great Western Bailway) trains* The third broad gauge 

rails were removed in lti£9» Progress continued wit a tfie open­ 

ing of tne first section of the London wl>istrict 11 Bailway in 

Ia6o and the "Inner Gircla," connecting tue District and the 

"Metropolitan,* in Iba4.

The original London tubes of th© City and 3outh London 

Railway* autaorized in ltt&4 and constructed during the years 

I8b6 to 1&9Q, provided the first large scale test of the Great- 

head shield* Here tae first uae of compressed air it* con June* 

tion wito a shield was made, a practice wnicti became standard 

for all wet^ground tunneling thereafter. Sir John Fowler acted 

as consulting engineer and Mr* Greathead as contractor on tue 

twin tubes extending 3 miles in length and passing under tno 

Thames at London Bridge* Tais line gained another distinction 

when its original cable drives were discarded and it became tae



first electrically operated system in the world. Time added 

miles to the system* During the period 1922-23 the original 

twin tubes wore enlarged from their 10 feet 2 inches and 10 

feet 6 inches (internal) diameter to 11 foot S£ inches, thus 

bringing them into line with the standard size of the other 

tubes. By 1937 the London system had grown to include 157 miles 

of single track lines.

QLA300* — A system including two miles of tunnels underneath 

Glasgow was built for the Glasgow City and District Bailway from 

18&3 to It*tt6, and this was soon augmented by a second subway, 

the "Central Low Level** (lats9-96)» Constructed by cut and cover 

methods almost entirely} it was built to accommodate steam loco­ 

motives. A short time later tt;e world's second tube railway, 

the Glasgow District Subway, went into operation. Proposed in 

1390 and constructed from le>91 to 1697, the system consisted of 

a 69-mile loop of double tube* While attempting to burrow under 

the Clyde the construction forces Had ten serious blow-outs in 

the first ou Jf^et, a major factor in the contractors decision 

to give up the job* George Talbot then took over and succeeded 

in placing a parallel tube 41O feet long in three and one half 

monthsi woere it nad tatcen his predecessors five months to pro­ 

gress 60 feet* His success was due mainly to his insistence 

that the work never be allowed a char.ee to rest, so work pro- 

grossed day and night, Sundays and holidays, until its comple­ 

tion. His attention to details included varying the air pros- 

sure to balance the depth of the water in accordance with tr.e 

tides. Only about two miles of route siere actually constructed



by saield, altnou^n In all, sixteen sftieldg were used. In some 

oases the top of ta© tunnel was as rnucti as 155 feet below ground, 

and rarely did tae deptn ever get less taan 20 feet. Sections 

varied from semi-liquid mud to solid rock* providing a real test 

of engineering skill for ttiase men ratio were still pioneers in 

subway construction.

BOSTON ~* Following Budapest f s 8-raile cut and cover tunnel 

for street cars (11394-96) was ttie doubla-tracK Boston 3ubway 

(1895-9a), ttie first underground railroad built outside of 

Europe. It extended ovor 1$ miles, mostly cut and cover, witii 

a ateel beam and concrete roof, tfcis project represented tfcm 

first successful us® of tae roof shield in tne United States 

inasmuch as t&e earlier attempt in 1892 by tiie Baltimore Belt 

Bailroad had proved unsuccessful. At auout tao same time as 

Boston's success Hew Orleans constructed a series of sub-sur­ 

face canals, 9 by 82 feet, to carry off flood waters and sew~ 

ago.

PAHI3 — Proposals for a subway in Paris nad been made as 

early as 1655 and nad been revived again in 1&71 9 but actual 

construction did not begin until 1B98. Tfta original section, 

from Porte Haillot on ttte west side to Porte de Vincennes on 

ttie east side, was completed in 1900, a distance of 8| miles. 

ISost of tae original route was accoaipllsned by cust and cover 

construction, only 13 par cent being done under a snield. 

Under cfcief engineer F* Bienvenu and contractor L» Ctiagnaud 

tae street was excavated to trio tunnel roof; tne roof was



then built, tho street replaced above it, and the rest of tao 

construction proceeded under the roor. Walls were tnen excava­ 

ted for and erected while tue roof was supported by underpinning, 

i^xt carao tho main excavation and finally the floor. The Paris­ 

ian lines were extended at intervals, mainly in saallow cuttings, 

until triers were 62 miles of double track in t>lace in 192Q.

3IRLIN -• The initial Untergrundbahn or *U-baan" in Berlin

was the east- we at line from Potsdamer Plats; to the 

Zoological Garden. By 1957 the city nad 39 miles of underground 

construction i all of it being cut and cover*

YOHK — Forerunner of tho modern subway, New York's Park 

Avenue tannel enjoyed a conspicuous place in the city's develop­ 

ment* The 12g-raila New York and Harlem Railroad began operation 

in 1837 front City Hall to Ford ham along a right-of-way wnic& was 

mostly open cut, though the line did include a 3~block tunnel 

bored through rocK at 91st »*traet. Mortnward expansion of tne 

city brought about pressure from the offended citizens to cover 

over a large section of tao open cut* resulting in th@ "Murray 

Hill Tunnel*1 of 1850.

The first section of the sub v ay system, wnich had expanded 

to 136 miles by 1937, was begun as a city project in 1900 by 

contractor John B. McDonald under chief engineer William B* 

Parsons* Begular operation was started in 1904 on the Bronx- 

Manhattan line from Brooklyn Bridge to 145tn Street and Broad­ 

way. Other sections were soon under way, the type of construc­ 

tion varying with conditions encountered. In snallow cuttings



a flat roof near the surface consisting of I-boiras and con­ 
crete was tho rule. Reinforced concrete was largely used in 
all places except under the rivers where cast-iron lined tub­ 
ular tunnels were run*

Naw problems and experiences confronted the constructors 

every day. The unique experience or being blown up through 
the tunnel roof and on up to the river's surface, and coming 
out none the worse for it* was the lot of one Hicaard Craegan, 
wno was repairing a leak under the Brooklyn shield in 1905. 
The force of the compressed air in the working space forced 
him through the 5-foot roof of raud w&lcu was topped by a 15- 
foot depth of water. For the first time a sale lei tunnel was 
built on piles #non in 1907» twenty pile foundations were sunk 
from lo to 50 feat to bedrock to support the JSaat JUver tube,s. 
Tfte extent to waicu tuls underground construction expanded eon 
be appreciated by considering tfce intersection at Broadway« 
6tn Avenue a and 33rd Street, inner 0 five levels of transporta­ 
tion resulted, an elevated railroad, the regular street, and 
four sets of tomnels in tm*ee layers*

CHICAGO — Compared witn tne subways of otner large ©ities 
Chicago's rapid transit subway is still in the experimental 
stage* Little known but well developed, however, are tue city's 
freight subways running at least 40 feet below the streets* A 
franchise was granted to the Illinois Telephone and Telegrapb 
Company in 1599, and construction from 19O1 to lyo3 resulted 
in some 20 miles of tunnels. Tho original company failed in 
1903, its place being taken by the Illinois Tunnel Company,



whion extended toe system until 1909, It found few customers, 

however, and ownership passed to trie Chicago Tunnel Company in

T&e tunnels were constructed under a very low precaution­ 

ary air pressure and viere lined witn a foot of concrete, measur­ 

ing approximately 7s feet in neigat and 6 feet in widta eacfc 
tunnel was provided witn a 2-foot gauge tract;. Just prior to 

tforld Var II tfce system oad ona nundred and fifty locomotives 

and tnirty-tnroe nundred oars whica were used to carry fraignt, 

excavations* demolitions, and other pay loads.

PHILADELPHIA — Tne original franchise t granted in 1901 and 
acquired by tae Union Traction Company in 1908, provided for 

ar> elevated line and not a subway. However, in tne business 
district tae line did go underground for about 24 miles, being 
known as the Market Street Subway. Some interesting excavation 
was done on tuie section, for it brou«;at to ligut somo uo?nloc;K 
logs of 6-inctt bore wtiicft carried water as early as 1799* From 
1915 to 1919 tfte expensive 750-foot Broad Street Subway near 

t&e city ftall foundations was under construction, soon to be 

followed by an increased construction program in 1924.

MOSCOW — Construction of Moscow's first subway was carried 

on from 1931 to 1955, tnougn talfcs for tue project bad begun 

during t&e Csarist regime in 1908* Progress bein^ poor at first, 

Lazar H« Kaganovitcla, Commissar of Hallways, changed tne con­ 
struction set-up by bringing in a tremendous number of state- 

conscripted workers wnose ranks at times included as many as



75,000. Wltn this large cheap labor pool trie Hussians were 

able to complete 6 miles of th© subway within one year, a rate 

which surpassed that of any othor city's underground* As a 

oatter of comparison, it took between seven and eigBt years to 

complete 13 miles in Mew York, five years to do 6 miles in Puila* 

delphla, two and ona ualf years for 4 miles in Tokyo, and twenty- 

one montns for 4* miles in Buenos Aires. Moscow's first section 

extended over 7 miles, and in 1937 a second section, exceeding 

9 miles in length, vi©nt into operation.

Construction conditions were varying and adverse, trie cieptns 

varying from shallow cut and cover to lit* feet below the surface. 

Underground mining methods accounted for 55 per cent of the work, 

less than 3OOO feet being accompllsned by Bnielde* dottier 25 

percent was open-cut and cut and cover » and a small amount was 

accomplished by sinking pneumatic caissons. Almost two miles 

were made by tfce "Parisian** method \iftereby tlie side walls were 

excavated for and constructed first. To get turou^fc soupy quick 

sands t&e engineers resorted to Hfreeling" tne material by tne 

injection of sodium silicate followed by calcium culoride, or 

conpon salt and cement, tnrougti l"»incti pipes varying in lengtu 

from 15 to 3O feat. In tnis manner ta© material» hardened to a 

tinicknoss of 3 feet in fifteen or twenty minutes^ was prevented 

from oozing into tbe needing and excavation could proceed* Ttie 

project was more than just a subway* it tsas a monument of national 

Importance to the Hussians who took great pride in pointing out 

that all equipment used on tae job, except one Dritisn snisla, 

was Russian produced.



Subaqueous Tunnels «? £

UNDiSH f — Carrying tae Great western Railway 

under tiie estuary of the Severn Rivor from Jngland to south 

Wales, tae Severn tunnel (1373-66) was tae first long suuroarine 

tunnel tarougn rock* Charles Richardson had conceived tne idea 

as early as Io62, but ten years were to elapse before an act 

authorizing construction Has passed. Bunning 4*35 miles tarough 

a variety of strata ranging from limestone to sand and gravel, 

construction of tiie doubla-tracK tunnel WAS delayed for long

periods by inrusaing waters waica were pumped out at rates
16 

reaching 2ti 9 vQQ gallons por minute. The contractor, T.A*
19 

.Valker, later reported taat for over a year it was necessary

to pump £4,GOO,QOG gallons per day, four of eleven snafts being 

utilized for tnat purpose alone* Sir John Hawksnaw, seventy- 

six years of age nmen ttie tunnel was completed, served as chief 

engineer on tne project and was ably assisted by uis son and 

by A*G* Luke, tne resident engineer. At its maximum depta ttie 

tunnel ran 14S feet below tlie water line and 50 feot under tiie 

river bed. It measured 84* feet in neignt and 26 feet in vsidtii, 

and was brictc-lined to a ttiickness of 3 feet, ovor tairty-six 

nundred men were engaged at one time on tais project, wulcu at 

last provided tne saortcut between Bristol and Newport.

During this samo period ttie Mersey Railroad tunnel (1680- 

b6) aad a comparatively easy time of it tarouga sound red sand­ 

stone, £4 feet beneath the river bed. Tae aeading advanced as 

much as 3O feet par day in 1563, a rate of progress wnicu soon 

made saort work of trie taree-fourtas of a mile submarine
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portion of tao tunnel*

ST. CLAIH aiVgB TV .:, — A> 11 owing the formation of a cotn- 
pany in Io86 8 v?ork was conducted from laoo to 1690 on tiie 3t. 
Clair Hiver tunnel between Lattes Huron and irie* Designed to 
carry the Grand Trunk Railroad just below Sarnia and Port Huron, 
the project undor chief engineer Joseph aobson consisted of a 
tunnel 21 feet in outer diameter and 6OUO feat long pi as open 
cat on botrt American ana Canadian sides. Cast-iron lined and 
oonatructed with shield and compressed air it was the xirst ex- 
tensive completed subaqueous tunnel in America*

TU^fHL — Hrst extensive work in mass concrete 
carried out by means of a soield was tne 4^oO-foot tunnel (1901- 
03) connecting idoston and Ja@t ttoston near Sumner Street. More 
elliptical taan circular in shape, tne tunnel maa^ured EOg feet 
in height and g3 1/3 feet in width, and was built with its bot­ 
tom 90^ feat b@low mean high water, tnougn tae first of con- 
aider able size, this tunnel was not th® first built entirely in 
concrete, for in 1697 a small circular tunnel, 6 S/3 raet in 
diameter, uaci been constructed as part of a drainage works near 
Paris. It is also interesting to note at this point ttiat tne 
Frenon were tae first to deviate from the circular shield as 
devioua by areatnead. Typical was l$* Cuagnaud's main sewer of 
Paris, tue Collecteur de Glichy (1695-99), which had an ellip­ 
tical roof, a aorizo ital floor, and was masonry-lined.

HUDSON £UBiS8 — «• aave previously noted briefly tne



attempt made by D«C* Haskin to pusn a tunnel under trie Hudson 

River at New York by usiny compressed air. His two oval tubes 9 

formed by an outer snell of tnin steel plate and lined witn 8 

feet or more of briciaiorK, each measured 1$ feat in height end 

16 feet in widtn. Luring the course of t;ie work construction 

engineer Anderson developed tne "pilot tunnel" scheme, wnoreby 

tne preliminary saell of tne main tunnel was braced against tne 

pilot tunnel snell t&rougn w&icft tno initial excavation was car­ 

ried out. Work seemed to be progressing nicely under cnief en­ 

gineer General William Sooy Smitn until it was stopped for lack 

of funds in 1562. #itn trie New Jersey nortnern tunnel nearly 

one-third completed, work was resumed for a snort time tne next 

year and again in 1667, In 1588 Bfitisn capital was invested 

in tne project wnen tn© firm of Fowler and Baker, builders of 

the Fbrtn 3ridge f took over. In 189O 3. Pearson brougnt over 

a Greatnead sliield, cuangeu from a masonry to cast-iron lining, 

and enlarged tfta tunnel to a 192-foot diametar* Y*it& tne pro­ 

ject almost 7O per cent completed \tork was again stopped for 

want of funds in Ib91 9 and in 1599 tne assets of tne company 

ivera sold*

A syndicate of business men under William G. MeAdoo was 

formed in 1902 witfc tfte purpose of completing the work for ttie 

New York and New Jersey Railroad Company. Directing tae final 

construction period, wnicft was essentially ended by 1905» were 

tne engineers Ctiarles M. J«^cobs and J. Vlpond Davies. on oc- 

caoion* rock at the bottom and silt at tne top of tne beading 

were encountered, a problem wnicn Jacobs solved by using com­ 

pressed air and kerosene blowpipes to *bake" tne silt and



Harden it to the stiffness of dry clay. Ihus progress was ac­ 
complished by alternately baking, drilling, blasting, and ex­ 
cavating. Progress under such conditions was bound to be 3low, 
but Jacobs and Davies showed that an excellent advance could be 
made under favorable conditions. In some places the silt was
pushed aside b--r the shield, and as much as 72 feet of progress

20 
was recorded in a twenty-four hour period.

OTH3H N3$ YOHK TUNNJ3L3 — A "mixed vforteing factf* was no novelty 
to Jacobs when he took over the job on the Hudson tubes, for he 
had encountered a similar problem in constructing the Havensnood 
Gas tunnel (1092-94) from the 3ast Hiver Gas Company's plant in 
Long Island City to Manhattan. Prior to Jacob 1 s appointment to 
the job pressure^ up to 52 pounds per square inch (since pro­ 
hibited) were used in a section through disintegrated rock. 
Measuring 8j feet in depth, 10 feet in vdcHh, and 8516 feet 
from shaft to shaft, the tunnel was bored to run from 114 feet 
to 127 feet below mean tide level.

Another famous gas tunnel was the Astoria Bronx tunnel 
(1910-16) which was driven 250 feet below the river surface. 
Measuring: Id feet in neight and 16| feet in v?idth it extended 
a distance of 4662 feet.

Extensive developments were carried on by the Pennsylvania 
Railroad Company under the Hudson arid Bast Rivers during trie 
first decade of the twentieth century. Contracts were lot and 
the ground was broken in 1VO4 by the 0*aourke Engineering Com­ 
pany of New Tone for the Hudson Hiver lob, and by 3. Pearson

t
and Son of London for the Saot Hiver work. Actual construction,



begun in 1905, was completed in 1906 on the Hudson rfcver and 

in 19O9 on tae Sast Biver. At the time the design was made, 

little was known as to the movement of tunnels in silt, 30 

plans were made to rest the tubes on piles going to bed rock. 

Only one experimental pile was put down for it was discovered 

that the movement was less than that experienced by a bridge 

undergoing ordinary temperature changes. It was found tnat the 

tides caused a rise and fall of 1/d inch, that the tunnel would 

rise slightly over 4 incn in tha summer and fall the same amount 

in the winter, and that a slight gradual settlement set in vmica 

finally became negligible*

Typical of work of tha period was that done under the Sast 

River where the shield designed by £i«£'« Hoir wus us ad. Measur­ 

ing 23 feet 6& inches in outer diameter, the shield possessed 

two air locks near the bottom and one at the top, 6 feet in diam­ 

eter and 2O feet long, and a one inca pipe, 30 feet lon&, witfci 

a gate valve at either end. As the tunnel progressed, bulkheads 

of brick or concrete were erected at intervals not exceeding 

1000 feet to prevent an unexpected break-through from flooding 

the wnole works. When aoled tnrough, tfce tunnel extended 1760 

feet from the Manhattan side and 2148 feet from the long Island 

side.

Altnougn the shield method of construction was most satis­ 

factory on this job, freezing was tried as \vell. A few briel 

words concerning the origin of the freezing method aiigUli be of 

interest, probably tne first use of freezing was made by P.A. 

Poetsca, a German engineer, who used tne metaod to sink a shaft 

at the Archibald lignite mine of 3ctinaidlinger iq lo83-84.



Shortly thereafter (lt>o4-86) in Stockholm, Captain Lindraark 

built 50 feet of his 758-foot tunnel for pedestrians by freez­ 

ing the material vsitn a dry air machine, vniicri reacned a tem­ 

perature of -55 C. The tunnel, measuring 1£ feet o incnes in 

height and 13 feet Z incnes in widtn, was driven tnrough a coarse 

gravel whicn contained large stone and some clay.

; 'GUSH CHANNEL TUNNBL — Many a channel passenger suffering 

from mal-de-mer would be surprised to learn that th& cause of

tiis misery might nave been eliminated in the nineteenth century
21

had it not bean for a decision of the Britisn parliament. pro­ 

posals to bridge the gap between France and England with a tunnel 

navo been eagerly made ever since the mining engineer, M. Mathieu, 

pointed out its possibilities to Napoleon. Thome de Gamond, hydro- 

grapuer and mining engineer, made extensive investigations in Io34 

which were followed by fresh proposals in 1638-39 and again in 

Ib57. One Hector Horeau, Paris architect, advanced tne idea of 

laying an iron tube on the channel floor. Sir John HavsRsnaw be­ 

came interested in tho project in 1665, and surveys taiten during 

that year and the next indicated that the chalfc visible at Dover 

continued in the bed. a* enlisted the aid of the Southeastern 

Bailway in England while the Bot^schild brothers lent support to 

a Prencti company.

Finally the Channel Tunnel Company was incorporated in 1672 

and its French counterpart in 1^75. vVork was be&un under the 

-nglisn engineer, Francis Brady, in 1&B2 but was stopped the 

following year when the J3ritisa Parliament found that such a 

tunnel was not in accord vsitn interests of British security.
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been made, for wnen trie work was stopped the English heading 

stood 6200 feet from the Dover shaft and tlie French heading 

reached 6O27 feet from the Sangatte shaft. The bores, remark­ 

ably water-tight, were later sealed to await more favorable ac­ 

tion at a future date. Plans and consultations were held to no 

avail in 1916, and in 1924 the forces of insularity won out once 

more. The prospect of making the venture pay proved the stumb­ 

ling block in 1930 and placed the channel tunnel once more on 

the list of "unfinished business.*1

Sarly "Trench M Tunnels

SARpf PROPOSALS — Prior to 1665 schemes for various types 

of pre-formed tunnels lowered into place were ridiculed in most 

quarters as being "visionary* and "wild" ideas. Probably tae 

first serious proposal for such an undertaking was *Miller»s 

Submarine Avenue rt pamphlet published in 1654 which described 

a cast-iron shell lowered as a unit and anchored to the bottom 

of a river bed. In the April 4th issue of the "Scientific 

American" (Iti57) Joseph de Sendzimir of Long I si and, ivlev* York t 

proposed a "submarine thoroughfare" made of iron pipe, and in 

1667, in "The Engineer" of London, J.J. Morris claimed that he 

had published a plan eleven years earlier in wnien sections 

were floated into olace and then pumped out.

J.L. Haddan, Director of Public Works at Aleppo, North 

Syria t proposed in 1670 to float a tunnel 30 feet below tne 

surface of the Bosphorus and anchor it to the bottom under 120



feet of water and 3U feet of soft mud. The tunnel was to be' 

of heavy wrougnt-iron plate, 10 feet in diameter and 1200 feet 

longi but the dream never materialized. &hen the eminent en­ 

gineer, Jo tin 0. Trautwine, tooK out his patent in 1576 describ­ 

ing trenching in a river, the idea of a pre-formed tunnel no 

longer seemed so visionary. His plan involved constructing tae 

tunnel on a wooden platform above the water, sinking the pre­ 

cast tunnel into a trench in trie river, and then covering over 

witn tne excavated material.

3ARLT CONST HUCTIO.i — Almost ten years elapsed before tne first 

"built and sunk 11 tunnel became a reality. In 1565 Hayden H. Hall 
laid 1230 feet of neavy cast-iron water main across Sydney Harbor 

by assembling his tube sections in a travelling box, or caisson, 
which was jacked forward along the bed. This was followed by H. 

A* Carson's first subaqueous "trench w tunnel in io93-y4 in tae 

outer portion of jsoston Harbor. Sections 52 feet in lengtw and 
Weighing 210*000 pounds were constructed on snore, floated to tae 

site, and sunk in a trencn. Designed as a portion of tne metro­ 

politan aewer outlet, eacn section was 9 feet in outer diameter, 

and was made of brick and concrete witn a wooden skin.

HAHLJM BIVBH TUNNJBLS — Construction of the Mew York rapid 

transit tunnels under tne Harlem Hiver (1904-Ob) brought fortb 

anotaer variation to tne trenching method. As finally completed, 

tne two tabes were approximately 15 feet in internal diameter, 

and tt.o surrounding cast-iron shell was, in turn, encased in 

concrete, giving an outer width of 33 feet, D.D. McBean, a



subcontractor, used two methods to complete the job, the sec­ 

ond method proving tne more satisfactory. Here ne excavated 

tne trench, drove sheet piles and cut them off at the mid-height 

of the tunnel. He next lowered the pre-fabricated roof into 

place on the piles, covered it over, and proceeded to pump out 

and excavate underneath the roof.

D3TRGIT RIV3R TUNN3L — A board of consulting engineers neaded 

by Colonel William J. Wilgus found tnat the lowest bid to pro­ 

vide a double-tube tunnel for the Michigan Central Railroad under 

ttte Detroit River was that of tho Jdutler brothers Construction 

Company, who proposed a trench tunnel. Accordingly they con­ 

structed the tubes in ten sections, each 262 feet long with a 

"closing" section of 64 feet in length. Tne sections, built 

side by side in wooden boxes open at the top and bottom, were 

sunk in a trench 4o feet in width and varying from 50 to 50 feet 

in depth. Concrete was then poured into tne boxes and the whole 

was covered over with the river bed* When all sections had been 

sunk and concreted on the outside, the tubes were pumped out and 

concreted on the inside. The successful conclusion of the work 

(1906-10) thus marked another milestone in the progress of trencu 

tunnels.

Modern Motor Tunnels

SARLY VEHICULAR TUNNELS — Although the twentieth century auto­ 

mobile nas brought a great demand for a new type of tunnel, some 

vehicular tunnels did exist in the nineteenth century. For



example, tne first vehicular tunnel in the United states, tne
•^

Wasaington Street tunnel under tne Cnicago River at Cnicago, 

dates back to 1666. It was constructed by cut and cover means 

in a cofferdam. Tnree tunnels, two venicular and one foot, were 

bored under ulasgow Harbor from 1890 to 1&93 by the contracting 

firm of Hugh Kennedy and 3ons. over 700 feet from snaft to shaft, 

the main sections were 16 feet in diameter and lined with cast 

iron. Another early work of this type was Sir Alexander uinnie's 

filackwall tunnel (1392*97) under the Tnatnes, built by S. Pear son 

and Sons. It was 3116 feat long, had an external diameter of 27 

feet and an internal diameter of 24£ feet, and possessed a 16- 

foot roadway and two 3-foot sidewalks.

HOLLAND 7UNNSL —» First of the long tunnels to be specifically 

designed for heavy motor traffic was the Holland tunnel (1980-87)» 

named for its first chief engineer, Clifford 34* Holland. Au­ 

thorized by y*\t tork and rtew Jersey in 1919, the tunnel was built 

by shield under the Hudson as two tubes, one for east bound and 

the otner for westbound traffic* The iron snells, 59 feet from 

center to center at mid-river and 29g feet in outer diameter, 

were lined with concrete, extending 54bQ feet under the river 

and a total of £463 feet from portal to portal. Sach roadway 

was made 20 feet wide with a headroom of 13$ feet. An outstand­ 

ing feature of this work proved to be the operating ventilation 

system wlta its "vertical transverse flow*? The system was so 

designed that fresh air, after being forced into large ducts be­ 

low the roadway, would be led to expansion chambers from wnica 

it could be released gently at intervals just above the curb
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level* Hera it would mix with exhuast gases and float to the 

ceiling into anottier duct from which the mixture would be sucked 

into the open air. Engineer Holland was succeeded on His cteata 

in 1924 by IC.H. Freeman! engineer of construction, but Freeman 

died the following year and was succeeded by the engineer of 

design, Ole Singstad, «ao saw the work to completion,

OAKLAND - ALAMBDA TUBS — Known also as the Goerge A. Posey 

tube, this tunnel was constructed over a three year period under 

the guidance of chief engineer Posey, and had, on its completion 

in 1928, the largest diameter of any subaqueous trench tunnel* 

It was built in twelve cylindrical sections, each 203 feet in 

length and weighing 50OO tons. The tubes, their tops 42 feet 

below water level, were of reinforced concrete, 37 feet in outer 

diameter, 30 inches thick, and enveloped in 3-ply water-proofing, 

Steel plates on steel frames were coupled together by divers 

when all units were in place and the tube was then pumped out. 

The resulting tunnel was put into operation complete with side 

walks, two lines of tracks, and a 23-foot roadway for vehicles.

— In 1931 Antwerp began two shield tunnels under the 

Scheldt, one a 31-foot highway tunnel 5t>01 feet in length, and 

tne other, a half a mile away, a 15&~foot pedestrian tunnel 1750 

feet in length. The lowest point reached by the constructors was 

116 feet below the river. Tais work is of significance in view 

of the use made of freezing to hold back the ground water. Here 

6 incb pipes encompassing 2-inch pipes were placed in the soil 

around the shaft to form a ring 100 feet in diameter.
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Refrigerated brine was run down the smaller and up the larger

pipes until the adjacent soil was frozen to form a ring of ice 

10 to 15 feat thick. The center core of soft earth was then ex­ 

cavated and the work was enabled to proceed*

QTHSR AMERICAN TUNNJSLS — Another California project of note 

was tue Groat Island tunnel, a part of the San Francisco Bay bridge 

development. Though only 54O feet long, it became famous for 

its large cross section, which measured 76 by 56 feet in the 

rough, and 66 feet in height and 52 feet in width witn its con­ 

crete lining. Other outstanding American tunnels worthy of men­ 

tion are the Detroit-Windsor tunnel (1928-30) built by the trench 

system, the Boston Traffic Tube (1931-34), and the Lincoln tunnel, 

begun in 1933 to connect Mew York City and feehawken, New Jersey. 

One shield on this latter tunnel, 31 feet in diameter, pushed 

ahead at the phenomenal rate of 1040 feet in twenty-five work­ 

ing days,

— At the instigation of Sir A. Salvidge a committee 

was formed in 1922 to determine which would offer the best solu­ 

tion to crossing the Mersey between Liverpool and Birkenhead, a 

bridge or a tunnel. The report from Sir u. Fitz Maurice, Sir B. 

Mott, and J.A. Brodie favored the latter, which was begun under 

Mott 1 a direction in 1985 and completed in 1934. Shafts, over 21 

feet in diameter, were sunk to a depth of 190 feet on either side 

of the river and two exploratory headings measuring 12 by 15 feet 

were advanced. A shield was used, but the cutting was througn 

sandstone rock. The upper half of the tunnel was lined first >



and while It rested on rocK, the lower half was excavated. 

Lining the work were cast* iron segments 6 feet long, 2 to 

feat wide, and 13£ inches in flange depth, weighing slightly 

less than a ton each. Possessing inner and outer diameters of 

44 and 46| feet respectively, the tunnel was thus provided with 

a 36-foot roadway and a headroom of 23 feet. Ventilation was 

provided for toy th® supplying of fresh air from two ducts be­ 

neath toe roadway, whose lowest point reached 143 feat beneatu 

the river. In all, the main tunnel measured 3751 yards in length, 

and the branch tunnels, 26 feet in diameter, brought the total 

up to 5064 yards. The bottom half was built so that if future 

demand should warrant it, a second roadway could be built.

Summary

At some early period in his existence primitive man found 

the rocfc shelters and caverns provided by nature suitable for 

dwelling places. As his Knowledge grew and crude tools made 

their appearance, he was able to improve somewhat on nature's 

excavations to increase his comfort. As civilization developed, 

the cave-dweller disappeared, but tunneling, after a primitive 

fashion, still went on to provide impressive burial places for 

the dead. Such man-raade excavations may still be seen in 3gypt 

and India today. Evidences of early tunnels still exist in 

Greece as well, but it was the Boraans who developed ancient tun­ 

nels to tneir greatest extent, using them for water supply, drain­ 

age, raining, and passage. Such tunnels were bored througn self 

sustaining material, usually rocK, and were accomplished, of



course, with only simple Hand tools and a great deal of back- 

breaking manual labor.

Upon the eclipse of Home, tunneling, with a few isolated 

exceptions, became a lost art. It was revived again in medieval 

times for the purpose of providing drains and watercourses under 

certain towns and monasteries, but projects of this sort were, 

for the most part, very modest. Relatively large-scale oper­ 

ations were commenced during the Renaissance in the field of 

mining, the first important writing on the subject coming from 

Georgius Agricola in the sixteenth century. Steentially the 

same tools and methods which had been used by the Bomans were 

used by the central ISuropeans in Agricola 1 s time and continued 

in use until the introduction of gun-ponder as a blasting agent 

early in the seventeenth century. Later in the same century 

the first commercial tunnel of modern times, the Malpas tunnel 

on the Languedoc Canal, was successfully completed. This work 

was only the first of many canal tunnels vaiich were to be bored 

througn nilIs and mountains for the next century and a half.

The emergence of the railroad over the canal simply brought 

on a fresh wave of tunnels, for the same conditions, such as the 

avoidance of steep grades, vmich had made the tunnels necessary 

for canals made them necessary for railroads as well. The sec­ 

ond half of the nineteenth century saw not only a tremendous in­ 

crease in railroads but a corresponding increase in railroad 

tunnels, made possible by the introduction of machine drills 

and tiigti explosives. The Alps served as pioneer ground for the 

long railroad tunnels which, by the early twentieth century,



were familiar sights in every part of the world. Mining and 

water tunnels also kept pace ?;itti tueir railroad counterparts, 

far surpassing any accomplishments of proceeding ages.

While tunneling through self-sustaining material had been 

accomplished by the ancientsj subaqueous tunneling in water­ 

bearing material was a problem which was not solved until the 

nineteenth century. Brunei and his shield produced the answer 

vsita the first Thames tunnel, and later engineers, notably Great- 

head, improved Brunei's concept of tha snield and introduced tne 

use of compressed air. The snield and compressed air than made 

the extensive subway systems of large cities like London and 

New York feasible, and the early decades of the twentietn cen­ 

tury saw the remarkable growth of these underground railroads. 

Soon to follow were the modern motor tunnels, some built by 

shield, others by blasting through mountains, and still others 

in the *built and sunk" form. As canals and railroads had in 

the past, automobiles were destined to once more give added im­ 

petus to tunnel construction.

Throughout their long history tunnels have been dirty, ftard, 

and dangerous work reaping their creators more illness and death 

than fame. Hidden beneath tha earth these works, monumental in 

character though they might be, have earned the appreciation of 

favs and the acclaim of still fewer. They are perhaps more sym­ 

bolical of the engineer than any other of his woncs, for they 

are the unspectacular public servants, doing their job quietly 

and efficiently, taken for granted in the avery-day bustle of 

life where the true appreciation of their worth could only be 

made by removing them from the scene, to the detriment of society
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Chapter VII

SURVEYING



SUFV3YIW

Ancient Purveying Instruments

U Hd', ,i ,T — From earliest times man was accus­ 

tomed to measuring oft distances in arbitrary units cnooen 

from parts of tae body, in order to lay out boundaries and to 

estimate crop yield* Just Uow early ue began marking boundar­ 

ies is difficult to ascertain » but we do know that trie practice 

was known in ancient Egypt. One evidence is trie surveying 

party depicted on tae walls of tiie tomb of Menna, a land over­ 

seer and inspector of boundary stones of <unon (c 1400 B.C.), at 

Sfteikb Abd el -oirna in T&ebes. Here two "rope- stretchers" or 

"caainmen* are measuring a field of corn ftitfo a cord knotted 

at intervals, waile taree officials and a boy carrying writing 

materials look on. Mecftanical measurement of distance was to 

come mucft later , tne invention of tne land counter often being 

attributed to Hero of Alexandria. Ttiougii probably not a con­ 

temporary, ne may be said to date from tne same Historical per­ 

iod as Vitruvius wiio wrote about sucft a counter in trie first

century B.C. In ais work on architecture Vitruvius described
1 

tae aodometer, (called a "^ay wiser* in its early modern devel­

opment) a device \inicn, by a serieo of cogwueels and o trier 

aee&anisms attacned to a cart wbeel y would drop a stone into 

an urn beneatn tne carriage at tno end of eacti mile traversed. 

Vitruvius made no claim to Having invented tne nacnine nor dia 

tie name tno inventor, so all taat we can say with certainty is 

tnat a mecttani cal device for measuring distance was used before



the Caristian era. ^J

— Also dating back to prenistoric times is the 

plural) level, consisting of the suspension of a plumb line from 

the apex of an isosceles triangle. Two sucn examples from an­ 

cient Sgypt may still be seen in the Cairo Museum, atone and 

bronze were used by early peoples for tne weight or "bob", and 

tries* viere replaced by lead (Latin for lead, "plumbum," hence

derivation of expression *to plumb 1 ) during Homan times. Vit-
2 

ruvius, in writing of the levelling instruments used by the

Romans, regarded tne dioptrae and water levels as deceptive and 

favored tne choreoates, a Kind of super-piumb-1evel* This latter 

instrument was a straignt-edge 20 feet long, with perpendicular 

legs at eitner end, to which were attached vertically marked 

cross-pieces. A plumb line at either end hung from the straight­ 

edge and marked tne inclination on the cross-pieces. For use 

in a wind the instrument had a groove in the top of tne straight­ 

edge, 5 feet long, 1 "digit* wide, and lg "digits* deep* wnich 

was filled with water and levelled by observing the water line.

ANGL8 &3ASUR3MBNT — Primitive notions of direction were pro­ 

bably derived from celestial observations, as indicated by the 

orientation of many ancient temples. The antiquity of the plum­ 

met as a sighting appliance for determining the direction and 

time is illustrated by the Sgyptian merknet, used by the astron­ 

omer-priests to determine the meridian line, and it is quite 

possible that the Chaldean gnomon was derived from the merkhet. 

In its simplest form the gnomon was an upright rod placed in a



circle on a horizontal section of ground* j&y observing tae 

shadow's patn acroos the circlo tae ancients wera able to deter­ 

mine tae meridian line and latitude* i'ais instrument was intro-
3 

duced from Babylon into Greece by ^naxiraander (c 611-547 ii.C.},

wbo is also reputed to have made the first map ana to wave dis­ 

covered the obliquity of tne ecliptic. Vitb the gnomon Pythias 

(326 13.C.) calculated within one minute* tne true latitude of 

Marseilles, if we exclude his oraraission of tae effect of tne 

sun*s semi-diameter*

Aristarcnus of Saraos (310-830 #,*;.) improved on the gnomon 

with his scaph—an upright rod in the* middle of a hemispherical 

bowl—the first type of instrument vsith a divided circle for 

measuring angles* iiipparchus of Ilicaoa (c 160-1E5 B.C.), tae

father of trigonometry, is the first vmose name is associated
4 

with tha division of the circle into 360 degrees, altnough it

is probable tnat the Babylonians used this system centuries be- 

foro. He found it possible to measure small angles, such as 

tne diameter of the sun and moon, with an early astrolabe which 

resembled Hero's aioptra. Essentially the aioptra was a sight 

rule miich rotated over a circular plate set in any desired 

plane. It was used to mark off similar angles and to solve prob­ 

lems of heights and distances.

The Boraan groma, or surveyor's cross, was an instrument 

used to lay out rigat angles, it consisted of tsio si^ut rules 

crossing at right angles with plumb lines at trie four extrem­ 

ities, and the whole was supported by a single pole at taa cen­ 

ter where the rules crossed. Ine carving on the tombstone of 

a Boman "Mensor* L. Aebutius Faustus (c A.D. 100) at the municipal



Iguseum in Ivrea, Italy, shows a crude representation of ttiis

device. In the excavations in the Via Abbonanza at I'ompei (1912),
b 

under the direction of Cav. 11* Delia Qorte, several fragments of

a grorna aere found arid pieced together to give us one of the old­ 

est surveying instruments in the world. The instruments %hey used 

and the results tney obtained indicate that tne Horaans relied on 

tne direct measurement of the sides of triangles and the use oi 

right triangles, supplemented by a tnaory of similar triangles. 

Much of the early development of surveying came as the re­ 

sult of advances in astronomy and astrology ntiioh played suet* an 

important part in the lives of the ancients. An important astro­ 

nomical instrument which soon found its way into surveying

the astrolabe, an early form of which was reputedly invented by
6 

Hipparcnus. Tnis instrument in its simplest version included

a rotatable rule or alidade carrying sight vanes, the position 

of v?hich could be read by a circle of degrees hun^ in a vertical 

plane from tne thumb of the observer. Ptolemy *s planisphere, on 

which the plani spheric astrolabe of the *rabs was based, rind in 

turn been derived from the instrument of Mipparchus. Two early 

treatises on the astrolabe have been preserved for us, one by 

John Philoponus (c a.^. 685) and th© other by Severus Sabokt 

(c A.D. 650) of Syria. In th© Athens National Museum is a piece 

of apparatus whica might be a ureefc astrolabe (c A.D. 250), having 

been dredged from the bed of the sea off .uvticythera. However, 

the earliest known undoubted astrolabe is Persian, made uy Aoraaa 

and Mahraud of Isfahan (A.D. 984), on display in ta® Museum of 

the History of Science at Oxford, dntil the middle of the six­ 

teenth century the astrolabe was used almost exclusively in the



vertical position, the change to a horizontal position with 

tae inclusion of a specially fitted mariner's compass was pro­ 

bably done at the suggestion of ueruma varyslus (or Frisius) of 
Louvain.

i>OST«*HDMAN SUHVKYING — Tfte lay-out of public buildings in 

ancient dreece and jiom© illustrates one phase of the surveyor's 

work whica was not apparent in tae early post-i-toman years. 
Nevertheless the surveyor at the beginning of the I>ark Ages

still occupied a position of respect, as noted by Casslodorus
7 

(A.D. 468-566) minister to tae Ostrogotn, Iheodoric tae ureat;
"The professors of this science are honored by a more earnest 
attention than falls to tae lot of any otaer philosophers. 

Aritamstic, Theoretical ueometry, astronomy, and &!u8ic are dis­ 
coursed upon to listless audiences, sometimes to empty benches* 
itut tue land surveyor is lik© a jud^e, tae deserted fields be­ 
come nis for urn, crowded with eager spectators. ——-no shows 

v*hat he is saying; he proves what he has 1 darned; by his steps 
ne divides tae rights of aostile claimants; and, like a mighty 
river, he takeo a.vay tiie field of one side to bestow them on 

the other. Wnerofore, acting on our instructions, choose such 
a land surveyor, whoi,e authority may be sufficient to settle 
this dispute, taat the litigants may aenceforta cultivate tueir 

lands in peace*"

Arabic astronomers and mathematicians enlarged tueir know­ 

ledge and improved upon tae instruments and methods vmicU they 

Qaci inherited from ureece and Home, and were thus able to play 

a great part in influencing the revival of scientific knowledge



in western Europe, i'ueir development of trigonometry and of 

portable astronomical instruments such as tne astrolabe and 

quadrant led to a modification of surveying methods. An in­ 

creased substitution of angular for linear measurement was 

brought about, with the subeequent evolution of various instru­ 

ments which could measure angles in any plane.

European Beginnings

j$AHLir MAP3 — #lrst of the maps in a modern sense were the 

twenty-six included in the manuscripts of ptoleray»s geography 

(A.D. 140). Xa« oldest surviving of t .ese manuscripts listing

tne latitude and longitude of various places data only from
6

tne eleventh century, but the view is held that they are des­ 
cended from contemporary maps originally part of tne work. 

Taese maps .ver® engraved in several editions before tne end 

of tne fifteenth century, the finest probably being the copper 
engraved Borne editions of 1478 and 1430. V.'ith new discoveries 

in the world modern maps were added to the original, the Stras­ 

bourg edition of 1513 having twenty for a start. Deriving from 

Ptolemy t but with additions, was the famous map of al-Idrisi 

made for noger of Sicily about 1150.

Other maps t non-Ptoltmeic in origin and dating from this 

period, have been discovered in various parts of tne world. 

One Chinese example dates from 1137, being engraved on both 

sides of a stone. Tnere is a possibility that much remains 

to be discovered in the Arabic world, for the Arabs were skilled 

geographers. Among tneir best known savants was ^bu 1 ! rida



(1273-1331), whose Geography, "Takwira al-buldan, n was published 

in 1321. Single parts of it were published in itorope by 1650. 

In trie Leyden Library is a copy of the woric (;i.S. Mo. 727) cor­ 

rected in ais own hand.

itou^ia maps of the country, noting roads, rivers, and towns 

mere drawn up in many medieval monasteries to aid tho pilgrims 

of the tiiaa. 3uch a map was tnat mado by Hathew Paris and nis 

pupils of taa English senedictina Abbey at St. Albans about 1E50. 

It was probably not meant to be accurate, for no scale was as­ 

signed it and obvious distortions indicate that it was designed 

primarily as a schematic map. Of particular interest is th@ 

fact that this map was oriented to tho north, whereas most con­ 

temporary foreign maps were oriented to the east. Also worthy 

of mention as belonging to this period—though grossly unscien­ 

tific—is the circular map of the world belonging to Hereford 

Cathedral. Drawn by HI chard of #elleau in Lincolnshire in 1E5Q, 

tho map was made on parchment with the details picked out in 

fine colors and gold, X&e northern part of Africa and most of 

Burope and Asia appear in distorted form surrounded entirely by 

a circular ocean, and blanfc spaces have been filled in &itu gra­ 

phic pictures and written descriptions of marvels and monsters. 

Playing an important part in the early Renaissance period 

were tne Portolan charts of ttte Mediterranean and Atlantic 

coasts* The earliest dated of tneee charts Known (1311), the 

work of petrus Vesconte of Genoa, now rests in tae Archivio di 

Stato in Florence* A good example of tho type still extant is 

the l£sto -orld Map (c 1400) at the Biblioteca ^stense in Lfodena, 

and tae series culminates in the map of Fra Mauro (1459) at



Venice* Tnese were mariners 1 maps 9 based on estimated bearings 

and distances between principal ports and capes. Cnlef of ttieir 

characteristics were trie numerous lines of loxodroraes or compass 

bearings, tue faint coast lines, and tne lack of inland geogra­ 

phy. Xtie magnetic compass bearings are particularly interest­ 

ing for it was at about tnis time tnat tfte compass cam® into gen­ 

eral use. Tae magnetic properties of lodestone—a crystalline 

oxide of iron found as a mineral (ye«o^)»-were known at an early 

date, but it is doubtful tnat eitner it or steel rubbed by it 

were used for compass wortc before tne Curistian era. Thales is 

reputed to nave stated in tae sixtn century B.C. that *tft«i magnet 

&as a soul because it draws tne iron,'1 but we have no evidence 

tnat jae knew anything of its directional properties, Though it 

is possible taat tne Chinese knew its properties several cen­ 

turies before Christ, the oldest Gainese compass to be definite­ 

ly established dates only to A«D« 1295 p tare® centuries after
V 

its use by tlae Aroalfi*

Degree lines on maps followed tne translation of Ptolemy in 

Latin by Jacobus Angelas de Soarparia (1410), and terrestrial 

globes first came into general us© about tne tim® of Columbus. 

Probably tne last representation of tne world witUout tiie in­ 

clusion of ttie Americas was the Nuremberg globe of Martin Betaain 

(c 1492), smilo tae earliest surviving work including tne :tew 

World is tne manuscript map of Juan de la Cosa (15OO) in the 

Naval museum at Madrid* Tfce first really new atlas to appear, 

apart from Ptolemy's, was ttiat of ortelius of Antwerp (1570), 

t&e "Tneatrura orbis Torrarum.* nercator's projection—wuicti he



introduced about the middle of tne sixteenth century—was used 

in ais world map of 1569 and in his atlas, tne first to use tue 

name ("Atlas sive Cosmographicae Meditationes*) ? which was pub­ 

lished in its completed form in 1595.

3AHLY ilUHOPBAN MATHEMATICS — The astronomy, geography, and 

mathematics of the Arabs uad a great influence in tne creation 

of ttje early European maps, an influence which was still to be 

felt men geodetic surveying arose in tne seventeenth century. 

Sarly translations of Euclid from Arabic to Latin made by 

Adelard of Bath (11SO) and Gerard of Cremona (1166) foreshadowed 

tne flood of knowledge which would soon flow from last to West. 

In tae early thirteenth century Arabic numerals were introduced t 

and by 1250 Euclid, ptolemy, and scant parts of Archimedes and 

Apolloniue, were accessible to western students*

From these beginnings knowledge was not only expanded but 

new mathematical concepts were evolved. Tne long story of tue 

development of medieval and renaissance mathematics cannot be
»

told uere, but a few points particularly significant in tae 

development of surveying deserve comment. In 1614 Napier of 

Merctiiston (1550-1617) made known his discovery of logarithms 

which he had developed as early as 1594. Logarithmic tables 

were taen calculated and first published in 1617 by Henry Briggs 

(1561-1631)* Shortly thereafter (1620), i&mund Gunter (Ibtil- 

16fc6)» who had brought out his? first table of sines and tangents, 

invented a straight logarithmic scale. William Ougntrad (c 16^1) 

slid two of Gunt*r's rules along side by side and thus developed



o
the slide rulo. with tnese developments, along witn ttiose of '. ^ 

more accurate instruments, tne riee of geodetic surveying 

possible*

IfflASUaSKSNT — From the earliest days of surveying 

some standard of langta, ^r neoersnltv, prevailed. Usually it de­ 

rived from a part of the body as evidenced by the name assigned 

to units suca as di^it, palm, and foot. In IdSQ tne 3ar,i<ere*i 

Tablet, possibly dating back to £500 ^.w. was Discovered in a 

small Arab village on the site of the ancient city of Larsam or 

Larsa. Jow in tae British museum, it affords a great deal of 

information as to early Babylonian measures and jaetaods of com­ 

putation. In taeir turn various civilization® used varying stan­ 

dards, often determined by trio physical measurements of tae sover­ 

eign. Until 3>ell into tt*e nineteenta century a great diversity 

of systems existed t separate and distinct wita each principality, 

free city s and kingdon. Today two major systems are in use t tae 

iSnglisa and tae metric systems*

Tae standard of l@ngta in tne ^n^lioa system aas scarcely 

changed from Anglo-Saxon times; indeod, the surviving standanie 

of tn@ time of Henry VIII and I&izabetu do not vary more than a 

hundredtn of an incti from tae present imperial yard. Tradition 

states taat ttid early yard was fixed by tu© longth of tti® sover­ 

eign's arm* Tne earliest English standard of lengtu, tue ^xcueq- 

uer standard yard of aenry VIIJ (1496)„ /ias a brass rod of octa­ 

gonal section, divided into incnes and also into sixteen dif­ 

ferent parts. It was replaced in 15&& uy tna &}j&i>et,aan stan­ 

dard yara v^aica served as a standard until tne nineteenth century.



In 175o a Committee of trie House of Commons prepared a standard 

yard which was described as *tne first scientifically constructed 

measure or length in this country* 11 i'his standard «sis legally 

adopted by Parliament in WiA » out was destroyed in a fire in 

1S34. It was replaced by a bar of Bailey's metal (copper, tin 

and ainc) VHU.CU was legalized Uy tue atanaarts act of 1355 ana 

confirmed in tue «eights and leasures Act of 1376.

A more "natural" system of weights and measures had been 

urged by various men of science and commerce for years, out it 

via3 not until the end of tha eigateenth century tuat any concert­ 

ed action was tatcan. Upon decree of the French National assembly 

the Academy of Sciences at Paris took up the v?oric in earnest in 

1790* stfter a committee had adopted the decimal system for a 

start, another commute composed of jjorda, I^agranges Lapl^ce» 

>ionge 9 and vjonaorcot recommended as a uasis for tuy system the 

quadrant of a great circle of meridian* After an arc of a mer­ 

idian had bean measured, tue length of a quadrant could then De 

computed, ana one t»en~millionth of its length (tue meter) could 

be taken as the base or fundamental unit of length* Xhe most 

important of the operations, the measure of the arc from Dunkferque 

to ^arcelona, was begun in 1792 and carriaa out under difficult 

political conditiona by ^ecaain ana ^elambro. In 1739 nuen 

calculations had been mads, a platinum meter, constructed by 

Lenoir, was adopted as tae "true meter" ana aepositod in tue 

nTCuives of ^tata*

With the growing use of the meter for scientific work, not 

only in ITrance out in otaer European countries a^ well, tue ac­ 

curacy of its fundamental units became a matter of interest to



geoaesi3\*s ana raa uutunatioiane in several countries. Tue cal­ 

culations of Bessel (c 1641) saowed ttiat the adopted motor Mas 

not l/lv>f OOO|OOOta of tue distance from the equator to tuo polo 

•s originally planned ana was not tnerefore, tue "natural" unit 

for wuioU tue scientists aad aimed* His figures suowea tuat 

lw s uvX^,u6j of tuo official motors represented Uie true qiaaurant 

distance, but it was uocidod to loavo tu© length of tue official 

motor unciiangod in tteo intarosts of practicability.

aoouotic ^

— ueouusy s tuo scionco wiaicU troats of investiga­ 

tions of tue form ana ui menu ions of tUo oarth*s surfaco f Uao 

ovolvod undor four main ^oa4inga» (1) arcis «ina astronomical 

positions, (3) measurement of leagtUs ci siaacs of trianglus, 

(3) taoasuremont of variation of gravity, and (4) systematic al­ 

lowance for tfce earth 1 s curvatura. The first authenticated Uy- 

potaesis of tu« spherical form of tue oartu was advanced by 

Pytbagorus (b. c 5d2 ^.G.) t and tfte first determination of tud 

eartn*s circumference is attributed to Eratosthenes (830 B.C.)» 

who deduced tne size of tae e^rtu from a moaeured meridional arc. 

Another famous arc measurement was tftat done by teie Arabs in A.D. 

627 , who motisured directly vsitu wooden rods along 8° of the mer­ 

idian* Joan Fernel (1497-155a; counted the numoer c>f revolutions 

of bis aarrlftge wuuel from Paris to Amiens in 15£5 t and by an 

astounding series of compensating errors computed trio circum~ 

for ©nc a of the eurtu to bo only on® tenth of one per cent in ox-
10

of its true value. But it vuas tuo development of tne



general science of measurement viliich brought about the rise of 

geodetic surveying in the seventeenth century•

8ARLY 5 — TUa first account of the method of tri- 

angulation appears to aave been published by the Iftomish math­ 

ematician and eosraographer, Gemma Phryslus (b. 150$}, in a 

"libel lus*1 bound op with the 1533 Slemish edition of pater Apian*a 

"Cosmegraphia, w In this work Phrysius claimed to have produced 

an entirely new method of surveying a large ar@a without having 

recourse to direct measurement* In uis &u£*-v@y ud u@ed a raaKe~ 

suift aorizontal circle and alidad® arrangement—apparently a 

novelty in its time. Later ills nephew, Qualterius Ar^amiuy, was 

among the first of tUe instrufiicnt-makers to construct aota^olabes

compass inset t opeoially adapted for plane-table survey*. .

True geodetic surveying faay properly be said to aav® begun

Sfillebrord 3nell van Itei len (1581-1626), a Dutoti professor 

of matfceraatics at ttie University of Leyden, wiao aas tlie first to 

use, on a grand scale, th® principle of tricumulation. In 1615, 

with tftrlty-tar@Q triangles t no triar^gulated some bU miles be* 

tween ^\licmaaT and i^ergen op Zoom, using a chain for tae base 

maasuramont s and a sector for ttie angles* i^on tne meridional 

arc of 1° II 9 a© computed a circumference of tne earta abicb 

wao 3*4 per cont too small, but nis \iork will be rernorabered as 

tna first in waicU scientific geodotic owtUotle were ui*wu ior 

determining tiie size of the earth.

Bichard Itorwood (c 1590-1675), a London "reader of nathem* 

aticks,'* made the next prominent attempt in 16:; . He measured 

directly along the road from York to London, 180 miles, with a



99-foot chain and paces. Taking the meridian altitude of the
11 

sun at both places he determined trie length of a degree "witnin
a scantling of tti© truth. 11

A more significant contribution was made by Jean Picard 
(1620-82) who in 1669 triangulated a distance of approximately 
70 miles from a point near Paris to a point near Amiens, He 
measured his angles with a sector of 10-foot radius upon which 
tie placed telescopes with spider lino cross-hairs* ids trian- 
gulation* starting from a base line of nearly 7 miles.* covered 
an arc of approximately 1° 23* and enabled him to calculate the 
most accurate degree length thus far given. It was tnis measure* 
ment which was later used by Newton In his "principia" of 1687* 
j*Tom 1636 to 1716 Picard's trian&ulation was extended each way 
from Paris by J. and P. Cassini, wfoo thus established an astro­ 
nomical basis for tiie government survey of France.

GOVERNMENT SUBV3YS — A third member of the Cassini family, 
Cosar Fran9ois Cassini (1714-84), continued viuere his grand- 
fatner and father left off* covering the country witn a trian- 
gulation system of eighteen bases and four-Uundred triangles. 
After publishing a skeleton map of the country in 1744, a© con­ 
tinued with the wor&, assisted by his son, who nad almost com­ 
pleted it when the i-Vench involution broke out.

Largely tne result of the suggestions of the fourth Cassini,
Jean Dominique, England*s triangulation was begun in 1733 under

12 
tn& direction of Major-general William -Hoy (1726-90) in order

to CG«CK the relative astronomical positions of the observatories 

at ureenv?lett and Paris, However, official mapping in Britain, tne



Ordnance Purvey, dates rrom trie titno of tae rebellion in the 

Highlands (1745), when Lt. General Watson, Deputy Quartermaster 

General, made an elaborate compass sketch of tho territory for 

military reference. This work was afterwards extended over the 

whole of Scotland, General toy playing a largo part in the de­ 

velopment . Triangulation had been contemplated as early as 1763, 

two years before Boy became Surveyor uoneral of Coasts, but an 

unsettled state of affairs prevented the start of the work for 

twenty years* In 1784 a base of over 5 miles was measured on 

Hounslow Heath near London* from which the trianguletion was ex* 

tended toward Dover* A ti@~in with the tfrench system was accom­ 

plished by 1787. on rioy»s death in 1790 the Duk® of Kichmond, 

Master General of Ordnance, determined that the trigonometrical 

survey should continue, and accordingly appointed two artillery 

officers in 1791 to carry on the work. The initial result was 

the map of Kent and southern J£ssex, with a scale of 1 inch to 

the mile, published in 1301.

ueodetic work had, in the meantime, been goin& on in other 

parts of the world, i'o settle the question of the earth*s shape, 

international bodies, predominately French, had gone to measure 

an arc in Peru in 1735 and another in Lapland in 1736. It was 

the Peruvian arc along with the French arc from Dunkerque to iiar- 

celona upon which the meter was based* in America the idiglish 

astronomers, Mason and Dixon, fixed a parallel of latitude form­ 

ing tne southern boundary of Pennsylvania. They then made a 

measurement with wooden rods for a degree determination, extend*
ing over 100 rail as from tae southwest corner of Delaware well

into Pennsylvania.



Other names which became well known in America were those
/

of David i*ttenbouse (1732-36) and Andrew tfllicot (1754-1820), 

remembered for tfteir contributions in fixing state and national 

boundaries. A Coast arid ueodetic Purvey was authorized in the 

United States in Id07, but l&ck of funds and war prevented little 

from being accomplished apart from small detached surveys until 

1U32» The initial surveys were begun in 1511 by a Swiss mathe­ 

matician and instructor at ^iest Point, Ferdinand H. hassler (1770- 

1843)* Upon nis death ne was succeeded by Alexander D, liacae 

(1806-67), a military engineer, w&o groatly enlarged ttio work of 

the eurvey, The accuracy achieved in these early surveys may be 

gauged by the fact that in a 500-raile networK containing tuirty- 

tv?o triangles, the second measured base differed from its calcu­ 

lated length by only 4 inoneo.

the French example soon made its Mark on the rest of Europe. 

Joseph de Kerraris, an army engineer, mapped tft© Austrian prov­ 

inces in the Low Countries during the period 177Q-75 S turning 

out tvo-hundred and seventy-five sheets in color, Jeodetic work 

was begun in Id02 by von ::aca in Prussia, and thi® was soon fol­ 

lowed by extensive operations in Switzerland and Italy from 1611 

to 1832. aissia followed with work by Tenner and F.GU Struve 

during tao period 1317 to lddi»« irom 1S21 to 1644 Qauss labored 

in Hanover, later extending uis ^ork, aixi being tao first to 

apply the method of least squares to the adjustment of triangu* 

lation. the second quarter of t&e century saw the connecting up 

of tae various systems. In IttSl >*»W« vessel and ^>«*yer began to 

connect the trianfittlations of France, Hanover, Denmark, j-ruesia, 

Bavaria, and rtussia. From 1B47 to Id&l tne it»ssian and Austrian 

cnains were connected, as were the Swiss and Lombardian chains.



o •
•>

1653 saw work coaraonco in Spain under Colonel Ibanez, and by" 

1561 Jngland and Belgium had bean linked together* Also de­ 

serving of mention is tue worfc in India of Lambton, Sverast, 

and 'Jalker (1300-dO) vmo &ad, by th© latter date, largely com­ 

pleted a system of trian^ulation «hich, for extent and accuracy, 

was not equalled until well into the twentieth century by tae 

United States and Hussia.

Though much work was done around Japan by American and 

liritisa seafarers in tae middle of tho nineteentn century, it 

is interesting to note taat surveying had long before been in­ 

troduced to the Far ISast. Legend attributes the oldest map of

the country to a civil engineer priest, uyogi (c 7th or dth cen-i •*u. •*>
tury .*«iv,)» but history records taat toe western method of sur­ 

veying was introduced during the Kwan-ei era (1634-43) by a 

Dutc. i named Casper, who taught the fundamentals to Gon-emon 

Higuchi of MagasacKi. This knovsled^e was passed on from one 

generation to the next, and culminated in the vsork of the astro­ 

nomer , fadataKa Ino (1745-1616) known as Japan's greatest sur­ 

veyor. His geodetic survey, begun in 180O and continued after 

his death, resulted in tae great map of Japan (somewhat inac­ 

curate), published itt 16E1.

ioese great strides in geodetic surveying were reflected by 

increased precision in plane surveying, where tae curvature of 

the earth was ignored* x'his latter type of measurement, suf«* 

ficiant for tae needs of the average engineer in locating lines, 

became, essentially, a method of filling in the geodetic frarne- 

wortc. increased precision resulted from tae development of the 

instruments whose story represent the core of the history of



surveying

Modern Development of ^urveyin^ Instruments

DIR3CI? M3AaL- r OF DISTANCE — Little progress in distance 

measuring devices had been made from early Egyptian times until 

the early seventeenth century when iSdraund punter of Ghrist 

Church, Oxford, introduced (c 1620) his famous 100 linfc chain, 

4 poles, or 22 yards, in length. Though the most popular, nis 

cnain was not the first metallic type to appear, as evidenced 

by tae illustration of a M wy©r line" in Cyprian Lucar»s treatise

of 1590. AS early as the seventeenth century we find a descrip-
14 

tion in «». rjturmy's, "the mariner's Magasine," of th© common

practice of the leading chainman carrying ten arrows, and placing 

one in the ground every timo the chain is laid to insure a cor­ 

rect count at the end. Snell's introduction of the method of 

triangulation from a fixed base (1615) brought new emphasis to 

the need for accurate distance measurement,, for tne accuracy of 

the whole eurvay could be no greater than that of tha initial 

baso line* Toe problem resolved itself into two parts t (i) tae 

distrubance of ono unit when the next wns placed in contact, ana 

(2) the effect of temperature on tne length of measure. An early, 

but unsuitable solution «sas made b; Picard (c 1669) * who used 

wooden rods tipped with brass. Xhe "contact " portion but not 

the H temper at ure w portion of the problem was solvod by .noscovitch 

(1750; who, in measuring t&y Rimini base in Italy left space be­ 

tween successive rods avl measured tne difference with a beam 

compass* -hon measuring tae base on tiounslow neatti in 1764
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aeneral noy used glass rods whose expansions wer@ checked by a 

"microscopic pyrometer*"

In 1792 .uorda utilized tua principle of the unequal expan­ 

sion of two dissimilar metallic rods to measure more exactly the 

temperature of either rotf, and thus calculate tua true lengta. 

^ajor ueneral Uolby of the Koyul engineers also made USQ of the 

principle in constructing his Compensation liars, which were used 

to measure a base in nortaern Ireland (lo£7-£a) and on tn@ Salis­ 

bury plain (1549). JL'WO reference aarlce on metal tongues attached 

to tae bars (one of iron s ttio other of brass) remained an unvary­ 

ing distance apart regardless of th© temperature. tie used double 

compensating microscopes to gauge ttie distance between success­ 

ive bars imleft lay 6 inches apart* Using 10-foot rods ae was 

able to average an advance of six bars an hour. The ^metallic 

thermometers" used by uauss and vessel on the Hanoverian and 

Prussian arcs of 1620 and 1530-35 were similar to the device of 

florda, ana tae "bimetallic" juru'nnor apparatus simply made inde­ 

pendent measures of tue base -ith each rod. Dr. ,,.u. uuillaume's 

invention (Io96) of "invar, 0 a nickel-steel alloy with a low 

temperature coefficient (l.Q x 1Q~ J par \*}» marked a signifi­ 

cant step in tU& endeavor to solve the "temperaturo w problem.

Traditionally, precise neasurements viore laaci® viitu rigid 

rods until the end of the nineteenth century* An exception was 

General Say's us© at Ffornrjey Marsh (17o7) of Bamsden's 100-foot 

flexible steel chain supported at intervals. The first patent 

for a steel "tape" was granted to James Cnestorman and John 

ok>ttom f "mecaanists" of 3aeffleld 9 Jingland, in la42» but tais

not designed for measurements of geodetic precision* Jaderin



of Sweden introduced (1&55) the net nod of using two independent 

lignt metallic wires fraoly suspended under constant tension, a 

system wnlcn iaas now been iraproved by tne use of "Invar tt wires.

INDIR3CT lOASU ..; OF DISTAJiJJ — 2bales of Miletus in tfce 

sixtii century B.C. is reputed to aave used geometry to sauge dis- 

tances v and Hero described tne us© ot uis dioptra in range- 

finding* Computing distances wltb angle Instruments was a well- 

known practice during tne Middle Ages, and will be discussed 

later, but tnis section will deal witfc tne relatively modern 

optical methods of gauging distance. Tne instrument known as 

tu© rangefinder was, and is, primarily military, being directly 

connected wit.n gunnery, on© o,f tae earliest of rangefindern to 

use two view finders waff made by tne optician Magellan in 1775, 

arid a similar instrument was developed by General GlarK in 165$. 

T* Adie, an jJnglisnman, who made trio first coincidence range- 

finder in 1660 by rotating one of tne end reflectors, was fol­ 

lowed closely by Stelnuiel of Germany and Tavern!er of France » 

Probably tne first use of pentagonal prisms was mecle by Colonel 

Gouller in 1864 9 wbile Barr ana stroud added a furtner improve- 

ment in lodb Uy interposing a deflecting prism between t&© cen­ 

tral telescope and tii© end prism, Foundations of tne stereo­ 

scopic rangefinder were laid by vvueatstone in 1052 and by Helm- 

hoi 2 in 1355-56 3 but it was not until Id93 that de Grousilliers 

brougnt out tae first Instrument of Uils wyps vaiicu was subse­ 

quently developed by Seiss.

An instrument «nicia, at one setting, would give distance,

(by measuring a very small angle), altitude, and azimutci was, 
of course, eagerly sougnt after by tne early surveyors. An
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Jfriglisnraan, Gascoigne, in 16^ litted a movable micrometer dia­ 

phragm of metal threads in nis Keplerian telescope, but tois 

improvement vias little known to scientific men until 1667. 

Hooke's suggestion of hairs was tatcen up by Montanari (1674) » 

who used twelve to fifteen hairs in his telescope and a vertical 

staff of constant length in terrestrial aorfc. The metnoa was 

not generally Known to surveyors t however, until the publication 

of a book by William Green in 1776, wherein tie described uis 

stadiometer• A similar contrivance nad been used by Jajaes t^att 

in 1771 vnian tie was surveying for tae Tarbert and Crinian Canals. 

Porro introduced an "analytic* telescope in ld£3 wuicu reduced 

tae calculations waicr* Uad fcitttc*ri»to been neces«^rv for tacny- 

oiaetry. A variation to tfte scneme was provided in 166d by an 

Austrian an^ineer, A* Ctenxilli, rmo devised a short play between 

vertical stops. Subsequent developments tended to simplify the 

operation even more. Modern stadia surveying is carried out 

witn a transit and rod, and distances from tne transit to tUo 

rod are computed from tne interval observed on the rod between 

two horizontal crossfires in tue telescope. It is a useful 

and economical method of surveying in worfec wnere a precision of 

1 in 500 or less is sufficient.

THS QUICDHAl^T — Arabian in origin was tne survey or »s square, 

or quadrate, a square Doard ? mar&oa with oorizontal and vertical 

lines, used for measuring heights and distances. By signting 

along one e4ge of the board and observing tne position of tUe 

plumb line from tne top corner on the cross-hatcned section, 

tne surveyor was able to read off immediately tangents and



cotangents of trie angle observed* In tine a circular arc was 

struct from one corner to tae opposite, forming a quadrant of 

a circle, and rendering it possible for the observer to road 

off ttie angle in degrees* 3ome versions cf tne quadrant found 

tne cross-hatcned square inscribed within tno arc* Such a de­ 

vice was t&e quadrant of Leonardo of Pisa (1220), w&lcb had a 

circular section divided into sixteen parts and a square with 

ten parts to a dlde.

3tarly among European treatises on tne sub.lect was tb© four* 

teenta century translation of tae second part of a WOFK of Bob- 

ertus Anglicus entitled rt Ars metrica.* Tais period was particu­ 

larly marked by contributions of tae Merton school of mathema­ 

ticians wulcu included such illustrious names as Hictiard of Wall- 

ing .fores and Johannes llauditu. Further writings, improvements on 

tae original, continued to appear in tae sixteenth century. In 

his "Novo ^cientia Invention©" (1537) Piccolo TarXaglea advocated 

elongating trie leg carrying tae sigut vanes, and Dr* William 

Gunningnafa (1531-06) of Norfolk described f*A Mew Quadrat, by no 

man ever publisued** in tne first booh, written in Miglisu on 

surveying* M A Geometrical Practise, named Pantoraetria" (lt>71), 

Tho.%as Digges described and illustrated tiie geometrical square. 

In Paris Jean de Merliers added to tn© literature on the subject 

witu his "L'Usage du Quarre Georaetrique^ (1S73).

One of tae most interesting of tne early quadrants still 

extant is George Purbach'f? (c 14*:3-6£) "Quadratum geoneticunfi,* 

wi*icti tie dedicated to John, Archbishop of Gran, Hungary. Con­ 

taining scales known as latus vorsun and latus rectum, the sides 

were divided into 1300 parts, each division being equal to one



in addition to tne usual plumb line tn© instrument 

i-.vi3 providea with an alidade isita sights fixod at tue apex arid 

swinging free over tn© scales. Another early instrument, the 

geometer's quadrate of ^nristophorus 3cniesler (157^5, operated 

on tny» same principle as Pur bach's. Earned in a series of ro- 

liafs of geometers engaged in surveying, tne working portion of 
tu© instrument vs?as designed for observation and for roady r©ck-

JOINT RULES — Tne origin of ttie measurement of angles by two 

sticks to obtain similar triangles and thus deduce heights and 

distances is lost in til© pagos of time, but we do Know tiiat 

mataeraaticians of tae sixteentn century wera familin^ with the 

raetaod* Daniel Speci-da in 15o9 described a pro}x>rtional com­ 

pass and sector, and in tao following year Jonn Blaferava of

Dy Heading, CJeritlernan and 'well wisher to tue 

, publisaod in London rtA I3ooKe of tno maicin^ and 

use of a ^taffo, newly invented by tne Author, called the ram- 
iliar 5t»ffe.-4 Tnis instrument consisted of a pair of compasses 

s*ita le^s 5 f@@t in length, one or tae legs boing graduated. By 

tas eignteentu century tao sector in general us© was simply a 

pair of graduated rulers about a foot long joined at one ©nd by 

a sviivel . wita ttiis device tn© surveyor could mark off propor­ 
tional distances on tae scales and on t&e ground and thus could 

easHy calculate longtus> heights, areas, and volumes.
Xaree-ruled instruments, known as Ptolemy •& rods or trique* 

truiii, vere also used briefly to measure heights ana distances. 

In 16^4 Hobert J?ludd of St. Joan's and oi Unrist uaurcn, Oxford,
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invonted tfce baculus geonotricus, a davice witn a erosspiece 

wnicn moved up and down a vertical graduated 6-foot roa, wa 

a ttiira stick, swivelled at the top of trie vortical rod t acted 

as the inclined si gat. i1ludd*s parallelogrammura of tne same 

year vias tfte same instrument but in a different form* Similar 

to a sector* but having three arms, was tae trigonoraetre of '.,!• 

jobst ijurgi, illustrated uittt engravings by Joe n Jam in. iararaor in 

1664.

OTHliH STICK INSTHU^mS — Similar to trie trintuetruK* 

tfte caord of an angle was measured on a linear e&aX& 8 

cross-staff or Jacol»*s staff. Tnouga Lev! ben Person of 

in Catalonia dedicated a description of tnl^ instrument to pope 

Clement VI in 134S, it does not appear to nave bad much use 

aft^ng land surveyors nor to nave b©sn used commonly by seamen 

for sun siafcto before tlie sixteenth century. It was mentioned 

by Nunez in 1537 but was not mentioned by Columbus or a Oa&ia. 

It was a simple instrument in which the observer sighted along 

a graduated horizontal rod and moved a vertical crrssspiece along 

it until trie sun, or otnar object, w&s visible over tno cross- 

piece*
To avoid tue necessity of looking directly into tia© sun 

Captain wohn Davis o* Llmoaouse improved on the *crosse~staffe rt 

and produced (c 154O) tae "bacfc-staffe,**' in vmicfc tae chord 

shadov? and horizon lino had to coi icida, 3 of the earliest 

representations of nis invention was shown in a woodcut in 

Davis« "Soaroen's j-j'-rot.^" of 1594*

belonging to tae same class of instruments was trie cumbrous
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*crosse-bow w with waica tae altitude of tae sun could toe deter* 

mined by on® reading of tae position of a raovable eyesight on 

a grauuated arc* i'ais instrument was described, alonto wita tae 

croese-staffe, sector and quadrant, in *Tbe -orics of Jdraund 

uunter" puullsnad in 1624,

M?^ Ai-JD — Trie transition from tae quadrant and 

stick instruments to tae modern sextant tooit several centuries, 

altnougn an early relative of tne modern sextant was used by

tae Arabs as early as tae tentft century. In A«D. 998 Ci
15 

erected a nuge octant— said to nave a radius of 6Q fe©L — nea

in order to rn«asur@ ta» obliquity of tr*a ecliptic. 

Tycno ^rane (1546-1601) constructed several sextant o 4 one of 

wnicn &a-a a &i-foot radius and turned na a vertical axis, v*aiX« 

one eiKl radius was fcept aorizontal.

Too modern origin, aowever, clatas from 1666 waen Hooks found 

tnat tr*e use of a reflecting mirror in a quadrant iaade it possible 

to see two objects s between ^nicn tae angle was to be measured, 

superimposed on eaca otner. A serviceable reflecting octunt was 

finally produced by Joan Hartley of jjritain in 17^U am described 

by aim in tne following year, -it about tae same time i'aomas 

Godfrey of Pui lad el phi a invented, quit® independently, a 3 extant 

waica was remarkably li'co tn«i one in USQ today, ruo invention 

of Hadley rauat nave been better tcnown at tae tim©, aowever, for 

octants dominited trie field during ta© next tairty years. Had- 

ley's original defjcription included telescopes, but pin-aole 

signts were lon^ used. Since tue reflecting mirrors doubled tue 

angle swept tarou^a on tae instrument, an eigatti of a circle



was all tnat wao necessary to acco^unodate aiigitts formerly meas­ 

ured by tn« quadrant. Xmus, in tue original instrument, ^n© oc­ 

tant was often referred to as tno quadrant. To increase tua

available arc measurement from 9u D to 130° tne sextant came into 

iavor, probably at tos suggestion of Captain Campbell, about 

1757. Toouga reflecting device^ uuvw ^cabled tae a«"i|bl&& swept 

tnrougn, tlio names 'octant* and •sextant* still remain to desig­ 

nate tne actual angles of 45° and 60° bet\vetiu ttio two legs of 

tbe instruments.

Primarily f tu& 3extant and its predecessors aaa y^^n used 

to measure vertical angles, arid were, tnerafora, more concerned 

vnit.a astronomical observations than wita plane surveying 

l@ms. ^y rotating tae instrument into a uorizontal plane 

observer could, of cowrsj©, mea&ure Horizontal angles, a practice 

still often used witri tu@ aeistiint by coastal survey parties op­ 

erating from '5»ne moving deck of a small boat*

^ TH30DOLIT3 — In the modern sens© ttia quadrant was the 

forerunner or no^ only tiie vertical angle measuring instruments 

but of trie iiorizontal types as moll* Unfittingly, liicolas J^ion 

in "Toe Construction and Principal Uses of Mataematical Instru- 

fnents tt (1723) , traced ttie early developfaent of ttie modern tueod 

elite by describing .ttoe principal surveying instruments in use 

at tna beginning u* in® eigat^enta century* Tae nuadrant, uo 

described aad sigiit vane© along one straight edge and on tus 

alidade attached to its apex 9 vulca permitted tao observer

measure an angle up to 90° in tae Uorizontal, as well as in ti*e 

vertical plane- His "semi-circle H extended tne quadrant f s arc
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to lo(P and became primarily a Horizontal instrument. An ali­ 

dade witu sigDt v*nes and a raa&natic compass aa4e tiie ^seui- 

circle* essentially naif tne "theodolite" no described. This 

theodolite consisted of a sinlple telescopo wtiicri rotated turough

over a ^r^duated circular plate, fie also 

vaying cross which suowea little difference from the 'Fbnan groraa 

previously mentioned, TUOJ^U -*ion did not opeaic of tae clrcum- 

ferentor, nis JSnglisr* translator, Stone , did describe it in a 

soparata section. Ttiis instrument, very popular throughout the 

eighteenth century, vias anotaer variation of ^ion»s "theodolite*, 

where a si^htin^ alidade was mounted directly over a .etic 

corapass, and readings were taken by maasurin^ tae angle botaoen 

an oujact and magnetic nnrtu.

tae instruments described by ^ion viora by no IT^MIS n0T8 most 

of them dating back a century and more. Tha theodolite, most 

important of all the instruments to «a^ ,rwaorn surveyor^ dates 

bacic to tae sixteenth century at least* An old woodcut accom­ 

panying a tract written by a:ald3*e;auller and painted in th$ 1512 

(3trassaurg) edition of Heisoii's "^ar^arita Philosophica" depicts 

a n?oli,netrum f tt an instrument c arable of giving a conbinod alti­ 

tude arjd asimuth. Closely resembling faldseeiuuller's woodcut 

nas the instrument attributed to Leonard Digger (c 1550) of 

University College, Oxford, jy his son Thomas in ta® book en- 

titlQd W A Geometrical Practise, named Pantometria* (London,' 1571). 

In this woric tae name ^Theodelitus-' (tvace mi sprint ad i'-aaodolitus) 

was give.i io a gradu&tad circular plate which carried an alidade 

with sight vanes (the «a;ne instrument called a theodolite by 3ion), 

Toougu the "Taeodelitua" gave its uame to tae nK>dern theodolite, 

it was tho Topographic all instrument 11 of Digges which was the



truo ancestor of the modern instrument, ' -

To form the ^JL'opogr&phicall instrument* lieges simply joined 

a double "Quadrant Geometrical 1 M in the vertical pluna vjith a 

"Geometrical 1 Square 1* am t\ "i'heoclaiituB" in the Horizontal plane. 

The earliest known e;: :@ of this instrument, ana tnerefore prob­ 

ably tne oldest tuocdolito in tne worla, now rests in tne nu^eum 

at Greenwich. It is dated 1574 and r*as inscribed upon it the 

name of its siafcar a. Cole, tne foremost instrument-maker of the

. Jthan period* xhe instrument coincides in detail vdta that 

depicted by £igges and is in an excellent state of preservation. 

So well preserved* in fact, is the instrument that it may never 

nave boon used in the field at all*

A slightly later instrument § saowing more of tuo ravages of 

time and possibly of use, is located at the j;,useua of thu History 

of Ccienc© at Oxford. Clearly inscribed on its upper section 

are nam® and £&te, Hunphrey Gol© and 15^6* Although tne horizon­ 

tal circular plate is missing, uolding dovin brackets on either

side definitely indicate tnat toey clamped to a horizontal, In-
o dicator vihicii rotated tiorough 360 . At tue same level wita the

aolding down brackets on tuo vertical oenter-line of the instru­ 

ment is tho compass box f directly above which hangs a small plumb 

line about an inch in length* Above the plumb, swivelled to a 

graduated vertical bar, is a graduated semi-circle wita a radius 

of sligutly less taan 3 incaec f vmich can rotato through 160 

in the vertical direction, .'.Vituin the semi-circle is a modified 

geometrical square containing Umbra Versa and Umbra H@cta scales. 

The actual sigating bar runs along the flat part of tus inverted 

sei«i-circl« at a height of about 6 inches above tno svvivol base. 

approximately 9 inches long, the bar contains open and peap



?**
signts, and is too long to be transited, ^part from tae longer- 

sight bar wnicn extends beyond the ends of ta@ semi-circle, this 

instrument of Cole 1 a appears in every way to have been the instru­ 

ment described and illustrated in Digges 1 work, and, aside from 

telescopic eights, this device contains all the essential elements 

of the modern theodolite.

Almost a hundred years later Blaeu's Atlas of 1664 described 

practically the same instrument as tno one devised by Digges* A 

much more modern version of tn® theodolite appeared in the appen­ 

dix of John Hammond^ "Practical Surveyor * (1749-50). Made by 

Heath of London, this instrument possessed four levelling screws, 

a telescope with cross-tiairs, a level bubble, and vertical limb. 

The era of modern precision theodolites dates from about 1763, 

tae time of the instrument matte?* Ham 3d en, whose instruments were 

used by General Bay in tne first trigonometrical survey of England.

PLANS TABLiS — Laying out angles by direct observation and 

mapping in the field probably goes back to the Greeks, but tue 

first description of a completely fitted out plane table goes 

back only as far as th© sixteenth century. An early stage of 

tnis instrument was described by Abel Sbullon in nis "L'Holo- 

metre" (Paris, 1551)- The table, imicn could be turned horizon* 

tally on a ball and socket device, tiad one edge divided into 

1000 equal parts. At eitner end of tnis scale were placed grad­ 

uated si^rit rules, one pivoted and tne other able to travel along 

the base scale* Sacn of tae side rules was furnished with a ver­ 

tical semicircle mounted on a vertical rod (with sights and plumb 

line)* and in the middle of tue board was a compass inset.



In about 15yQ ciyprian Lucar in nA Treatise named Lucar 

described the plane table of Jean raatorius (1537-1616), a raatn- 

eaatiCttl professor in iVittenber^. This table ^as set on a port­ 

able tripod and was equipped with a magnetic compass, two alidades 

with sigats, a plumb lin®, a pi u tab level, a levelling staff, a 

vertical scale for altitudes, apparatus for measuring a base line, 

and drawing instruments .

Similar to the table of Praetor i us was trio graphometr® in­ 

vented by Philip Danfrio of Paris in l&y?. It possessed two ali­ 

dades, one fixad and the other movable, both with slit and pin* 

nole sigats. Tue device wa@ mounted on a portable* tripod, pos- , 

sessing a ball and socket loint and ainge, and could bo inclined 

to give vertical as well as uorizontal angles. By tae seventeenth 

century standard works on surveying included trie plane table in 

vath tue dascription of otiier regular instruments. £n early ex­ 

ample wae Aaron Hathborne's w Tae Surveyor, in Fours Boofces" (1616) 

in waicu ae described tue "playne table"1 along with toe "taeod- 

elite" and

LSV1LLING /aiD ALTITUDE lUiASURSMSNT *- During the sixteenth and 

seventeenth centuries normal surveying instruments vier© adapted 

to the measurement of angles in any plane, a factor which en­ 

couraged indirect methods of calculating differences in elevation 

ratner than direct levelling. With the rise of canal and aque­ 
duct construction in the latter part of the seventeenth century, 

however, more precise measurements became necessary, and elabor­ 

ate levels and telescopes were aeveloped. Until this time some 

form of plumb line w^s sufficient to level an instrument. In
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1661 rielchisedacb Taevanot described a compact "air bubble in 
water 1* type of level, but his invention remained in obscurity 
for years because of the difficulty of accurate manufacture. 
HooKe in 1666 produced a new type of air-bubble water-level 
whicn vitas sealed at bota ends. In ais "Ctoometrie pratique** 
(1702) A. 14. Mallet described several air levels, and Bion f s 
work of 1723 was among tne first to recommend tne use of wine 
or spirit "not subject to freeze" in an air level* In the eight­ 
eenth century tna air bubble rapidly superseded tne cumbersome 
plummet and water levels* and in the following century, canal 
and railroad work saw the introduction of an instrument, not 
part of a tneodolite, used purely for levelling.

A less precise method of levelling nas resulted from the 
development of pressure measuring instruments* Five years after 
Torricelli invented tne barometer Pascal used it (164o) in the 
Puy de Dome area, to investigate the diminuition of atmospheric 
pressure wita the increase in altitude, but the exact law was 
not determined for a aundred and fifty years* A slightly dif­ 
ferent approaca to tne problem was taken by *o 11 as ton wuo in 
1317, devised a boiling point thermometer. Oay-Lussac and Fortin 
produced important modifications to adapt Torricelli *s instru­ 
ment to the determination of altitude, but it was Vidie (Ib47) 
who finally developed the portable aneroid barometer.

OPTICS — Though it appears tnat tne first man to use tale-

scopes for surveying was Picard (c 1666), it was tiie earlier in­
vention of a special eyepiece by trie German astronomer, Johannes

r (lt>71-1630), whica made tue telescope 'part of the survey-
Of course, the tslescope was no longer a new 

ing instrument.



by Pi card's time, turning gla«aes a ad been used by tfte 

ancients, and Hoger #acon in "Opus majus" (c 126b) indicated

tnat ne fcne- tne principle of tne telescope. Tuoraas Diggas in
16

"Pantoraetria" (1571) told of nis fatner»s use of lenses for tele­ 

scopic purposes in tne following words: "«—, my fattier by uis 

continual paynfull practises 9 assisted witn demonstrations 

MATttftlATlG/iLL, was able, and sundrie times hatn by proportionall 

Ulasses duely situate in conuanient angles, not onely discouered 

taings farre off, read letters, numbered peaces of money with 

tne very coyne and superscription tnereof, cast by some of nis 

freends of purpose uppon Downes in open field®s, but also seuen 

myles of declared wftat nata been doon at tnat instante in priuate 

places: M

Despite tne claims of Digges, However, it is generally re~ 

cognized tnat tna first commercial telescopes originated in 

Holland early in tfte seventeentn century. Tnree names, ^acb- 

arias Jansen, James Iietius, and Joftn Lippersuey, are associated 

witti ttie origin of refracting telescopes witti concave eyepieces, 

and conflicting evidence raafces it difficult to ludge just wiio 

was first ftmon^- tnem. Undisputed is ttie fact tnat Lippersney 

of Hiddleburg received 9OO florins for one telescope on October 

6, 1606. Information of tne Dutcn work became known to Galileo 

(1564-1642), wno constructed a crude talescope witn tvso lenses 

and a lead pipe in 1609, turned it toward tne neavens, and 

broutfnt about a revolution in astronomy.

Altnougn ttie use of telescopes in astronoray became univeraal 

snortly after Galileo's discoveries, it was not until the eight- 

eentn century tnat telescopes replaced si tt'nt rules in surveying.



The use of the telescope restricted the field of vision, and 
brought about vertical movement, in addition to the horizontal 
movement to which most theodolites aaci been limited previously. 
The latter half of the century saw a great increase in instru­ 
ment precision which accompanied tne tremendous interest in geo­ 
detic surveying • In the nineteenth century the trend was toward 
reducing tne size of instruments without reducing their preci­ 
sion, and it W<AS this period which saw the development of the 
transit princile in small and medium-sized taeodolites.

AUXILIARY D3VIC33 -* The precision realized as tna re*"** 
optical advances depended primarily, of course, on the mechanic al
measuring devices on the Instruments* Mecnanical improvements, 
whicn were spread over t&«* centuries , appeared at an early date* 
pedro Nunez (1492-1577), a Portuguese of tne University of Coim- 
bra, was the first to show (1542) how to subdivide an arc of mod­ 
erate size with some degree of accuracy* Mis device, wjtiica be 
called a "Nonius," contained forty-four arcs inside and concen­ 
tric witti tne graduated 9O° scale of a quadrant. Bach succeed­ 
ing scale was divided into eignty-nine, eigaty-eigtit, eighty- 
seven, etc. parts* Tycho 3rahe (1564) used a cross-staff divid­ 
ed by dotted transverse lines which gave a finer degree of ac­ 
curacy than could be obtained with a scale marked out on a line 
coincident witn the edge of the instrument 9 but it is probable 
that the nethod was used prior to his time. In 1631 Pierre 
Vernier published a paper on the scale which still bears bis 
name, in th® original instrument, designed for use \^ith the 
quadrant, thirty divisions of the vernier scale were equal to



thirty-one divisions of the quadrant scale, wnicn was dividea • 

into naif degrees, ^itn this device degrees and half-degrees 

could be read from the quadrant, and tne remaining minutes from 

the vernier* Gascoigne of jfrtgland used yet anotner fine measur­ 

ing device, tne thread micrometer, as early as 1640*

A different type of auxiliary device was the aeliotrope de­ 

vised by C*F* Gauss* In Ibl3, while observing at Luneburg, a 

station of the Altona-Hamburg meridian arc 8 Gauss noted that 

windows lit by tne setting sun facilitated tne directing of his 

theodolite. This suggested to him the sextant-heliotrope which 

he made in Ia20. Most of trie other improvements to the basic 

instruments have been relatively minor, more the result of im­ 

proved technique of tne instrument-makers, rather than tho develo] 

raent of any new fundamental concepts*

Photogrammetry

SARU D3VSLOPMJNT3 IN PHOTOGHAPHY — A relative of the camera 

obscura was mentioned as early as tne fifteentn century by 

Leonardo da Vinci, but it was not until tne nineteenth century 

that any real progress was made in the field of photography. By 

luO2 Thomas Wedgwood and aumpnrey Davy succeeded in printing 

silhouettes on leather sensitized witn silver nitrate, but with­ 

out fixation. About 1513 or Idl4 Joseph Nicephore Niepce of 

Chalons began his experiments on different means of direct pnoto- 

grapny* It appears that he nact, by lb£6, succeeded in producing 

some fair engravings on tin sensitised witri bitumen. Experiments 

along tne same lines as Nidpoe were begun by L.J.M* Daguerre



about 1B&4, and in Ib29 tne two taen entered into partnership. 

Following t&e death of Miepee in 1853 Daguerre persisted in the 

research which finally resulted in tne production of tne famous 

Daguerreotype. He had evolved a method of direct photography on 

a plate of silver superficially converted into silver iodide, 

where tno subsequent develop merit of tne latent imago was accom­ 

pli sued by mercury vapor* His process was patented in Jftgland 

on August 14th, 1&39, and five days later it was explained pub­ 

licly in Paris and given free to all tne world except -togland. 

In the same year John F. ,. Hers rial recommended in a paper 

to the Royal Society the use of hyposulphites for fixing; as 

early as Ibl9 he had discovered the hyposulphites and taeir pro­ 

perty of dissolving silver chloride* Herscael introduced in the 

next year tae terms "positive 1* and "negative*1 as they ar© now

understood photographically Ho avoid circumlocution.** In 1341
17 

Fox Talbot patented his Calotype process wherein he obtained a

picture by exposing paper coated with silver iodide and sensitized 

flith silver nitrate and gallic acid; it was developed witu the 

same materials and fixed by sodium thiosulphate* Miepce ae saint 

Victor made the first negatives on glass by an albumen process 

in 1047 f and in the following year BSmund i*ecquerel made the first 

attempts with color photography. Tfoe next advance in photography 

was the use of collodion as a substratum for the silver haloid 

instead of albumen. Its use was first suggested by Gustav le 

Gray in Itt50, and in the following year F» Scott Arcner made it 

available in a practicable form* ~»oon after the collodion wet 

plate had appeared attempts were begun on a dry plate process* 

Collodion dry plates were attempted by Taupenot in li*55 c and by



Colonel Ruseell had developed a really useful met nod.

XIRRSSTRIAL PHOTOGRAPHY — Older than photography itself is 

photogrammetry, the science of measurement from photographs* 

As early as 1435 Leone Battista Albert! used a frame covered 

with tnreads, through which he viewed the landscape and 

The scientific fundamentals of photograiaaetry, being the converse 

of tre principles of perspective, were known by the seventeenth 

century, but were not applied cartographically until about 1794. 

In that year the hydrographer i*eaut8mps-Beaupre utilized these 

fundamentals in connection with a series of survey sketches of 

the coastal regions of Tasmania* Because of th® sfcill necessary 

in making the free-hand sketches» however, the method never ac­ 

hieved any measure of popularity.

In 1838 iVhe at stone began experiments with stereoscopy vmica 

resulted in the construction of the first modern mirror stereo­ 

scope in 1333. following the prismatic stereoscope of Brewster 

(It*44) Abbe7 Moigno began his work (c Ib5u) with stereoscopic 

photography. Shortly before trtu.a time Arago, of the French 

Academy of Science, had demonstrated the application of pooto- 

graphy to topography, architecture, and archeology, a study 

which was tafcen up in detail by Meydenbauer in 1556. Of great 

significance at this time were the works of Porro who, in 1653, 

established his principle of observation through lenses*

Photogrammetry as we Know It may properly be said to have
s

begun (c 1852) with Captain Aime Laussedat, an officer of the 

Coros of £nginears of the French Army* who crystallized tne idea 

of utilising terrestrial photography in the compilation of topo­ 

graphic maps. He completed the mathematics of converting
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overlapping prospective into ortno^raphic projections on any 

plane* His first conception of the utilization of terrestrial 

photographs consisted of replacing the olane table with pnoto- 

theodolites by means of which image points could be intersected 

in space. An outstanding example of his practical work was the 

survey of Buc and environs neur Versailles in 14561.

From France the idea spread to Canada, then Austria, Ger­ 

many, and Snglaai. Captain ^eville f Surveyor-General to Domin­ 

ion Lands, introduced the method to Canada in Ifcdb, &nc joint 

operations in alasfca in 1893 lea to its adoption by tue United 

States Coast and Geodetic Survey*

Once tue method had become established! an improvement of 

instruments followed soon after* Tae photo-theodolite with an 

eccontric telescope, invented by Paganini* was constructed by 

the Officine Galileo at Florence in Itio4. Five years later 

Paganini developed his photo-tneodolite for precision surveying, 

which made use of the camera lens as an objective for pointing 

the telescope* In 1696 the invention of the first automatic 

plotting instrument by Devill© in Canada opened trie field for 

better utilization of photographs obtained by means of the photo- 

tneodolite*

Credit for conception of the idea of stereoscopic telemetric 

measurement is generally attributed to Hector de Groubilliers 

of ^harlottenburg, and it is probable tnat tns first stereo- 

graphic surveys were made in Austria witn tne stereocomparator 

of pulfricu. In 1894 Colonel Von Hubl, chief of the topographic 

section of the Geographic Institute (Austria), adopted tne 

methods of Lauesedat tc work in high mountains, and through his



efforts toe atereocomparator became a recognized instrument of 
industry (1903). Shortly tnoraafter, Lieutenant von Orel of 
Vienna transformed the stereocomparator into a drawing instru­ 
ment and developed tae stereo-autograph (1903).

AiSHlAL PHOTOGRAPHY — The development of the airplane, with 
its facilities for covering wide areas rapidly, tias relegated 
terrestrial paotogrammetry to obsolescence. Probably tae first 
attempt to paotograph from the air was taade from a captive bal- 
loon by .aaar at Paris in 185b*» He was unsuccessful! however, 
for rile collodion plates were unsuitable for the task. Tit,sand­ 
ier and Ducom used gelatin plates and wer© rewarded with good 
results at Paris in 1&05. A method of map-making from pfcoto- 
^ra t:Us taken froia balloons «as patented in tu© united States 
by ^ams in 1693 t but tae first comprehensive use of aerial 
photographs was made by the Japanese in tneir itancmirian cam** 
pai^n of 1904. In the early days not only balloons, but tcltes 
as well, n*re often used to take cameras t*ith sails aloft.

The strides taken in the development of the airplane have 
been matched by advances in photographic instruments and teehnlc» 
and have resulted in a greater application of photogr&mmetry 
than has ever been known before* for economy and speed in 
mapping large areas the aerial pfcotograraatetric method nes yet 

to meet its match*

Summary

An elementary type of plane surveying was Known successively 

by the Egyptians, Greens, and A>nans t but its use was largely



confined to the staking out of boundaries and public buildings. 

The early interest developed by the ancients in astrology and 

astronomy probably uad tae greatest influence on th© subsequent 

development of surveying, for tno early surveyors derived tueir 

instruments from tae astronomers. In the Dark Ages the «rabs 

preserved much of the scientific knowledge of the past and added 

contributions of tneir own in the fields of istronoray, geography, 

mathematics, and instrument making* Xnis knowledge was passed 

on to the medieval Europeans who utilized and expanded it during 

tae great exploration perioa of the Renaissance.

Host of the surveying done during the Renaissance was nau­ 

tical in nature, and was, therefore, more concerned witn tr*e 

fiieaaurement of vertical rataer tnan horizontal armies. Varia­ 

tions of trie quadrant aerived from tne /irabs, appeared in the 

hands of seamen» and taece devices auca as tne cross*staff, 

back-staff, and cross-Dow ware used well into tae eighteenth 

century, wuen ta® octant and sextant replaced them* Another 

Arabian aeritaget an interest in geometrical arid trigonometrical 

problems! brought forth* especially in tue sixteenth century, 

many treatises on angle measuring instruments and tne calculation 

of distances thernlroffl* If we may judge from old prints, mucn 

of tae interest in angular computation was stimulated by a desire 

to lay cannon for accurate fire* Similarly, fortifications arxi 

tneir construction were the subject of many treatises.

Advances in the sixteenth century were largely taeoretical, 

but tno soventeentot century saw a development in tne science 

of measurement wnica marked the real beginning of geodesy. Ver­ 

tical angle instruments were turned into tne Horizontal plane 

arid particular attention was drawn to direct measurement methods.



Trianeulation, the great arc measurements, and tne telescope 

were all developments of this century.

The telescope soon replaced the signt bar, anci the bubble 

level replaced tne plumb level on precision instruments during 

tne first naif of the eighteenth century. Tho restriction of 

tne field of vision by UK* inclusion of a telescope necessitated 

freeing the theodolite for vertical as well as horizontal motion. 

Though this principle had been used in tae sixteenth century 

theodolite of Digges, most instruments made Just prior to the 

introduction of the telescope into surveying work were restricted 

to motion in one plane, precision instruments, such as those 

made by Hamsden, were an outstanding feature of th@ latter half 

of the century, and made a great contribution to tne accuracy of 

tne initial government geodetic surveys wnich continued well into 

ta-3 nineteenth century.

Canals, railroads, and tne settling of new lands created a 

demand for surveying in the nineteentn century which had never 

before existed* One result of this demand was tne construction 

of smaller and more compact instruments which retained, or im­ 

proved upon, the precision of their larger predecessors. During 

tna latter half of the century photograrametry began to enter 

tne field, and the twentieth century's airplane fully establisaed 

this new science as an important branch of surveying.

Thus tne art of surveying has Kept pace witn trie times as 

a very important adjunct of engineering and science. Derived 

from many sources sucn as astronomy, matnematics, optics, metal­ 

lurgy? chemistry, and aeronautics, its importance can be raoro 

readily appreciated by noting tne many branches into which it may



divided, e.g. ^aodatie triangulation, levelling, nautical, 
cadastral, engineering, topographical, and g«ograpnical surveys
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VIATBR SUPPLY



WATBH SUPPLY
" -** - '

Pre-Roman Times - ^,

NATURAL SUPPLIES — £arly man solved his potable water supply 

problem by settling immediately next to some natural souroe 

such as a stream or river, spring or pond, ^ome idea of now 

he conveyed the product from the source to his nut for cooking 

or drinking purposes may be gained by observing primitive 

tribes in various parts of the ^orld today. Apart from scoop­ 

ing the water op \uith tha hands, the carrying of water in skins 

appears to be almost universal and probably dates from very 

early times. In the Congo men still carry water in calabashes; 

coconut shells are used in the ^oloraons, and Australian ab­ 

origines use soa shells or bark. Organ*pipe-like rows of 

bamboo, gourds, ostrich Qggs 9 clay-lined baskets, and pottery 

are other modern indications of lif* in early times, but many 

of these picturesque containers have been replacad by tin cans 

where "civilization* has made its mark.

Just as springs, rivers, and streams were nature's exam­ 

ples of a distribution system, so too were stater holes and 

natural pools the foremnnora of taniss, cinterns, and reser­ 

voirs. In tiraas of drought early man was driven to scoop out 

the river bod to maintain his water supply, a step whicn even­ 

tually led to more adequate conservation measures. The natural 

sequel to the ordinary water hole was tho oxcavatod pit, but 

other storage methods evolved as well. 3ven today in the pro­ 

vinces of Kordofan and Dafur in the Sudan, native still store 

water in the curved out trunks of baobab trees, and the Len^ua



^ 9 f - .
**

Indians of tne Chaco collect water from the leaves of tne car- 

aguala plant.

A kind of natural supply and artificial storage combined 

is represented by the "dew" or "mist" ponds on tne bills of 

souttiern Bngland. Wfcetnar some of tnese ponds date back to 

Neolitnic times or not is debatable, but tuere is little doubt 

that many of them are centuries old. Probably tne most perfect 

example of its kind is tne one at Worthing, a shallow bowl- 

shaped hollow disk excavated in chalk, about 6O or 70 feet in 

diameter* It has been lined with dry straw or reeds, puddled 

witn clay, and strewn with stones on the clay surface. In 

common with other ponda of its type it is not spring fed nor 

does dew play an important part in filling it, but it is filled 

by rainfall and the moisture from low lying clouds and mists.

SARLT vvBLLS «•- Many of the "wells" of early times were un~ 

toucned pools or springs, so despite several biblical refer­ 

ences, it is difficult to ascertain just tanen man began con­ 

structing them. Their origin probably springs from the custom 

of scooping out a river bed in a drougtit to reaca tne water

table. To dato we know that regular wells were constructed at
1 

least five tnouaand years ago, for the excavations at Chandu-

daro, Sind, nave revealed a circular well with fine brickwork 

dating back sometime around 3000 .B.C.

SARLY PUHPINO D3VICB3 — It is probably that the first de­ 

vices for raising water from one level to anotuer were used 

for irrigation rather than for domestic water supplies. A 

very primitive metiiod of doing this was accomplished by two



men swinging a basfcet between them, scooping the viator out 

of the river and dumping it into furrows on an adjoining field. 

An improvement on tnis raatnod was accomplished waen the ttsnaduf% 

still to be seen in Sgypt, was introduced, T&is machine— 

probably in use as early as the sixteenth century B.C.— con­ 

sisted essentially of an upright post with a movable cross-piece, 

having a counter-weight hung from one end and a water vessel 

from tno other. Neuborger in his "Technical Arts of ta<* Ancients*' 

stated that in the saventh century a*C. in Nineveh, tore® persons 

working the machine could raise three cubic meters of water an 

hour*

The date of the tt3aqieh,° or Persian wheel» is uncertain,
2 

but Vitruvius describing it in tno first century J3*C. did not
seem to regard it as anything new. Animals or men acted as the 

prime naover by turning a huge horizontal wheel waose projecting 

epokes engaged those of a vertical wneal. Attached to the same 

horizontal axis as the second wheol was a tnird, sometimes 10 

feet in diameter, around woose periphery (top t*alf) moved an 

endless chain of buctcets which would scoop the water from a 

depth and empty it on a trough at a higher level*

Another early device, t^e linfc chain pump—attributed by 

some to the ancient Chineeti-^conPisted of an opon trough v»itu 

pieces of wood fitting full width which pushed water before 

them in the manner of a continous conveyor. The water screw
o

of '^rchimedes (287*213 B.G«) was described by Vitrivius, and
3 

Diodorus Siculus mentioned its uye in connection with pumping

out the mines of Spain. Yet another early device was the 

leatoer bucket, hauled up with a rope and pulley arrangement
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by an animal who walked down a sloping incline as ne pulled 
the ropo.

NORTHJ-: >iICA AND THS N3AK SAST ~ Although me know some* 

tfclng of irrigation in Sgypt, the evidence concerning organised 

domestic supplies of water in that country is very meager. One 

well-known bit of antiquity is Joseph's Well at Cairo, drilled 

through solid rock to a depth of 297 feet. It was constructed 

in two lifts, ths upper section being 165 feet in depth and 

measuring 16 by 24 feet, and the lower section measuring 9 by 

15 feet. Access stairs were made to the first level wnere 

mules operated an endless bucket chain.

Certain archaeological finds have suggested the existence 

of organized water supplies other than Irrigation at an early 

date. Among these may be included the square bath at Gaza, 

dating possibly to the third rallleniura B.C., and tne palace 

bathroom at Marl, 3yria, (c 20QC B.C.) which was served by a 

large tile drain running beneath the doorway. At uippur in 

Chaldea pipes of baked clay with bends and tees have also been
>

uncovered .

Jerusalem^ most famous ancient water system, the tunnel
5 

from the Virgin's fountain to the pool of Siloam, might possibly

have been the work of Hezehiah (late eighth and early seventh 

century B.C.) vt&o is said (II Kings xx 20) to have "made the 

pool and the conduit , and brought water into the clty. n Though 

the straight line distance between the two points is only 1100 

feet, the actual tunnel, now varying from £ to 11 feet in

, winds and has a length well over 1700 feet* Another



4 0 2
^

ancient waterworks, attributed to tne Phoenicians, has been 

discovered at /fcs-el-Ain, near Tyre, consisting of four oct­ 

agonal towers containing deep wells.

At a much later date (c 332 B.C.) Dinocrates, engineer of 

Alexander the Great, included a water system in the layout of 

Alexandria, nn underground conduit built of stone and lined

wit & cement was led from tne Nile to private reservoirs in the 
6

city, and the etory is told that Ganymed, the Alexandrine gen­ 

eral , turned salt water into these aqueducts when Caesar oc­ 

cupied the place. Beservoirs found at Carthage indicate that 

it, too, enjoyed tne advantages of an organized water system. 

One great public reservoir near the sea was found to measure 

57 by 139 metersi being divided into eighteen compartments 

opening onto a common corridor. The compartments measured 

nearly 20 by 100 feet, with a height to the crown of the vault 

of approximately 27g feet, and it has been estimated that they 

could hold four million gallons of water.

ANCX&N2 GBSaoil — Numerous springs no doubt account for the 

few bulk supplies of water from a common source in Greece, for 

all evidence points to tne fact tnat the Greeks did know how 

to organise a distribution system when tne need arose. On 

Crete in the Palace of Minos at Knossos terra cotta pipes 

about 2i feet long with ceraont joints (o 2QQO 33. C.) have been 

found, embodying the bell and spigot principle. ISacn pipe was 

tapered, a projecting flange or lip protruding a snort distance 

from the smaller end. Excavations at other sites in ancient 

Greece have revealed that the use of clay pipes for water supply



was fairly extensive, and that some were even glazed on the
inside,

were axtensive operations for bringing water to a citv_/accom-

plished as early as the sixth century B.C., for it was during 
that century and possibly earlier that Supalinos was employed 

by Polycrates of Saraos to bring water to the city of Vatay. 

The tunnel constructed for this job measured approximately 6 

by 6 by 4200 feet and contained a second cutting 3 feet broad 
and "20 cubits'* deep* At about the same time Atnens received 

a supply from the hills which was distributed throughout the 

city in stone blocic channels laid dry below ground r Excava­ 

tions have indicated that Olyntnus had an elaborate supply 

from mountains.-10 miles away as early as tne fifth century 

B.C. Terra cotta pipes in a subterranean tunnel 4 feet 7 inches 
high haw been discovered at intervals, and similar pipes found 

in the hill to t&e north indicates that long distance piping 

•*as involved.

A long distance high-pressure supply was enjoyed (c 200 
B.C.) by Pergamura in Asia Minor, whose reservoir stood at a 
height of 1220 feet on Mt. Hagios Georgios. From this reser­ 
voir the aater was conducted through pipes—whose material is 
subject to guess at this date—over lower intervening ground 
to a cistern at an elevation of 359 feet. The pipes were led 
through rectangular stones piorced with circular holes about 
1 foot in diameter, standing about 4 feet apart in a trencu.

Tao Aqueduct of Patara in Gyria was another pressure 
system which crossed a 200-foot ravine with an inverted sipnon, 
originally made of earthehn pipes and later of bored stone
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blocks. I3acn blocfc measured approximately 3 cubic feet uitn v '
a bored diameter of about 13 Incnes, and &ad a projection and 
recession latilca made a type of boll and spigot joint. Trie 
blocks wer© united by iron clasps and run witb lead, and trie 
joints were sealed v?it& cement* Air &oles 7 inches in diameter 

were inserted at intervals of 20 feet, Similar to Patara was 

tiM Aqueduct of Laodicea in Asia Slinor wiiicu conveyed water 

across a v&ll@y by means of tvso §tone pipe Bipaons, about 6 
and 10 incues in diameter, under r. pressure of about 60 pounds 
per square incu. Otfter late Greek pressure supplies nave boon 
found at H«t&ymna, Catania, Selinus, and Syracuse.

Tue Bomans

THJ3 AQUHDUCTS *-. Despite archaeological finds tn© scarcity 
of written records on tno subject of water supply prior to 
Komau times renders tracing its early development difficult. 
T&e taste ie lightened wr*on we cone to Borne, However, for 
Sextus Julius Frontinae (c /ul)» 35- c 104), wno became t&e 
^'ater Commissioner of Home in A.B. 97, set fortn in ftis "De 
Aquls" an account of tae taen current water situation-and a 
brief nistory cf public wat«r supplier in Born©. According to 
Frontinus, tae citizens of I^me, for tha first 441 years aftor 
tbo founding of too city, satisfied tneir water mo^as privately 
from tae Tiber and from wells* Then, in 312 B.C., Censor 
Appius Claudius, builder of tfce famous Appian Say, brought tbA 
first public water supply to Boae from ,ae Lucullan estate 
come 7 or d Homan ailes away, (Roman mile * 1616 3nglisn yards)
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by means of a conduit over 11 milos in langth. ^11 but ap­ 

proximately 100 yurua oi wus aqueauct was underground, and, 

indeed, the length below ground of all suocoeoin^ .™«au uviUti- 

ducto alwayy exceeded the exposed portion on arches.

jfbllowing Ariio Vetus (272 3.C.) c&me the third aqueduct 

Marcia (146-14U B.C.) t which was trie first to nave a consider­ 

able portion of its length (of almost 68 Boman miles) on arenas. 

Btstorations and tne additions of Tepula (127 ^.v.)t ^ulia (33 

B.C.), Vir^o (21 B.C.), Msietina (A.D. 1O), Claudia (A.D. 38), 

and ^nio Nbvus (A.D. 50) brougnt trie number of aqueducts sup­ 

plying Borne to nine in tne time of FTontinus. Probably tiie two 

most important of these aqueducts were Claudia, second only to 

Marcia for the quality of water it brought from trie Caerulean 

and Curtian springs, and Anio .Movus, waica brought river water 

from 42 Horaan miles away*

Otner aqueducts were added to tne system after £rontinus, 

but most of the conduits were broken when tne city was besieged 

by tne Goths in A*D. 537. Partial restoration by substitution 

of underground conduits for overhead arcnes was be&un in A.D. 

776 by Pope Adrian I f but the system never again reaened its 

old perfection. In ld7G an J&iglisa company tapped the sources 

of tne Marcian aqueduct above Tivoli and brought in a supply 

in modern pipe* Three otners of tne old aqueducts are still 

functioning today, tne Aequa Vergine (Aqua Virgo), restored 

1570, Acqua Ffclioe (part of Alexandrina, A.D. 226, restored 

and altered by Sextus V in 15&5), and Acqua Paola (restoration 

of Trajana, A.D. 1U9, by Pope Paul V in 1611).

Throughout wtiat was once the Boman 3mpire stand many
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monuments which testify to the hydraulic skill of the Boman 

engineers. Largely because of the remaining arcned sections 
of aqueducts tne word "aqueduct" is often used in the special 

sense as a bridge ratuer than in its more general sense as a 

water conduit* It is probabe that the remains of more than two 
hundred of these old Boraan aqueducts are still extant. Prime 

among these is Agrippa's Pont du Gard, near Hemoulins, wnicn 
was damaged by the barbarians in the fifth century A.D. but 
repaired in 1743. Tne structure itself is only a small section 
of 85g miles of conduit * mostly underground, wnich was used to 
supply the Frencn city of N$mes from trie *ur and Airon rivers. 
Three tiers of arches with spans measuring approximately bO£, 
63, 51, and 11| feet support the water channel, 4 feet in width 
and almost 5 feet in depth.

Constructed in the time of Trajan, tne famous Devil's Bridge 
of one hundred and nine arches at Segovia, Spain, was restored 
by Queen Isabella in tne fifteenth century to bring water from 
the River Frio 10 miles away. iear Carthage the aqueduct of 
Saghouen, erected in Hadrian's time, has had a long and exciting 
existence, being wrecked by the Vandals, restored by the ^yzeui- 
tines, demolished by the Spaniards, and used in part again by 
the Bey of Algiers in the nineteentn century. In Istanbul tue 
aqueduct of Valens, also dating from Hadrian's time, was rebuilt 
by Valens, the Roman anperor of the East, in the fourth century 
A.D* and restored by Sulieman the Great in the sixteenth cen­ 

tury.
These spectacular bridges were not the result of a desire

on tne part of the Boraans to awe the \iorld with striking



edifices, nor ware they any indication that the Romans were 

ignorant of tne fact that water will rise again to its o-,?n 

level* Tne truth of the matter is that where they constructed 

tneir aroaes t the Bamans had no material which could economi­ 

cally be used to contain the high heads which would result if 

deep inverted siphons were used* Tbis siphon type of construc­ 

tion was known, of course , for Rome itself was honeycombed with 

hundreds of relatively snallow inverted siphons, and evidences
j

of other inverted siphon systems nave been found throughout 

the Sapire. Notable among these were the three sets of inver­ 

ted sipnons crossing valleys near Lyons, built in the time of 

Claudius (10 B,C, - A.D. 54). Typical of the ^roup was the
a

aqueduct of Mt. Pilate over tne Garonne Valley. Mine lines 

of lead pipe d 5/Q inches in diameter and 1 3/5 inches thick 

were laid in lengths of Id to 20 fr^t* The rising ends were 

carried on masonry at an angle of approximately 45° , and at 

the middle of the slope the number of pipes was increased to 

eighteen t waile their diameters were reduced to 6 5/b inches*

£S — • Pliny noted the most convenient metnod of conveying 

water to be by earthen pipes, but "Where the water is wanted 

to ascend aloft, it should be conveyed in pipes of leads wator, 

it should be remembered, always rises to tne level of its 

source.** Vitruvius also had a word to say on inverted siphons 

by cautioning that extensive valleys should be crossed by dir­ 

ecting the course of the conduit down, and continuing level at 

the bottom as long as possible to avoid bursting the pipes. 

He also recommended clay pipes as being easier to repair and



10 not narmful to the nuraan system, whereas he was suspicious
of the effect of white lead which was derived from lead. 
Many lead pipes have been found in Borne, up to 27 incnes in 
diameter. They were made of sheet lead folded into an oval 
or ovoid tube soldered along tne edge and usually came in lo- 
foot lengtns. Thictenesseo increased to as much as 1£ inches 
on a b-incn dia;neter.

Jtore common, however, were the cylindrical earthenware 
bell and spigot pipes, jointed witn a mixture of quicfcline 
and oil. ;Vhen the pipes were first laid, it was the practice 
to send through asnes mingled witn water to seal tne cracks. 
Examples of this type of pipe nave been found in various spots 
throughout the JSmpire, in Aries, Ntmea, and Cheshire, to name 
only a few. Typical specimens found at Sblfcestone measured 2 
feet 10 incnes in length, 50 inches in internal diametor, and 
6 incnes in external diameter at one end, and 4 inches at tue 
otaer.

3ood and stone were also used occasionally for pipe mater­ 
ial, as was bronze for high pressures. In the museums at Home 
and Naples are many fittings dating from the ftoman period, sucii 
as four way branches, brass stop COCKS, isipe joints, bronze 
spouts, and bronze and marble bathtubs.

3U8MBNTS OF ROIIS'S SYSTEM — • Selecting a source of good water 
was of course, a very important operation wnich entailed care-

JL JL
ful observation. Vitruvius observed that water was probably 
good if CD the ganeral health of the people living near the 

source was good, (2) the water could be sprinkled into a



Corintnian vase or otner sort of good bronze witnout leaving 

a spot* <3) tne water coula be boiled and then poured off with­ 

out leaving »and or mud, (4) green vegetables could cook in it 

quickly, (5) tne water was clear and moss and reeds were absent 

wnen it was flowing, haters flowing into i^>rae were kept sep­ 

arated when tnere was a great difference in purity, so that 

Marcia was used only for drinking purposes while Anio Vetus 

was used for such tasks as washing clotues*

We nave little evidence tuat Rome's water was treated,

tnough settling tanks were usually placed near tne raiddls and
12 

at tne ends of aqueducts, and "piscina** performed a kind of

filtering operation by catcning pebbles to keep tnern from

clogging tae pipes. Private treatment was no doubt used on
13 

occasion for Pliny tells us tuat "It was tne Emperor Nero's

invention to boil water and then enclose it in glass vessels 

and cool it in snow. ——Indeed, it is generally admitted 

that all water is more wholesome wnen it nas bean boiled.*

Tne water ~*brought into the city in elevated troughs of 

brick or stone lined witn cement and covered with coping- 

usual ly ran in the trough directly, but sometimes it ran in 

pipes of lead or terra cotta laid in tae trough. In tne time 

of Frontinus five of tne aqueducts uad sufficient head to 

supply any part of tae city* but illegal tapping sometimes 

disrupted tne system* In the words of the water commissioner 

niraself HTae cause of this is the fraud of the water men, 

wtiom we nave detected diverting water from the public conduits 

for private usej but a large number of proprietors of land also, 

wnose fields border on tne aqueducts, tap tne conduits; whence



it comes taat the public water courses are actually brou&at -» 

to a standstill by private citizens t yea for tne watering of 

tbeir garden*.*

Jlost of tfte water brougut to tne city wont to public 

fountains, from wiucn people carried it to taelr aoraes. Sup­ 

plies ware also piped to private residences turougft lead pipes, 

wnien, by lav?, bad to aave t&e same size as tue tapping for a 

distance of 50 feet. Tnougn Strabo and Vltruvius bota wrote 

of water vmeels » and Vitruvius furtaar discoursed upon ttia 

tympanum, v»ater*screw, and pump of Gtesibius, we aavo no evi­ 

dence taat Rome's water supply was anytning but gravity- fed.

After examining ttio ground and Frontinus 1 writings closely,
15 

Herscuel oas come to tbe conclusion tnat tne nine aqueducts

dollvered witiiin tne walls of Pome In A.D. 97 a quantity of 

5d, 000, 000 gallons per day, plus or minus £0,000,000 gallons 

depending upon certain factors such as tue time of year. 

£ased on a population of a million, tnis means taat tne Boman 

engineers supplied 3d gallons per capita per day» a figure not 

uncommon in 3uropean cities of tae twentieth century*

Middle Ages

PQST-BOMAN PERIOD — Sixtti century Byzantium under 

Justinian witnessed tfce last flasto in tne twilignt of Boman 

constructive genius in trie erection of two great cisterns.

two-storied Hall of a Thousand and One Columns U.D. 52b) 

built witn a floor plan measuring 60 by 70 yards, and its 

domed roof was supported by sixteen rows of fourteen coluan,s
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each, uuilt by Constantine and improved by Justinian, the ^

Yeri J3atan Serai contained three hundred and sixty-five marble 

columns in twenty-eight rows, IS feet apart, each column being 

over 40 feet high. When the Got Us brofce the rbraan conduits in 

A.D. 537, however, an epoch of <#ater supply engineering was 

brought to an end. Though Theodoric, with tne construction of 

the aqueduct of Spoleto (A.D. 541) and other woncs, attempted 

to revive tho municipal supply, the population was forced to 

return to the use of wells and, local sources. Pope Adrian's 

efforts to restore the Bornan aqueducts in the eighth century 

were only partially successful, as were the sporadic attempts 

of his successors.

During the Dartc Ages the rioors had some municipal supplies, 

though it can hardly be claimed that their worfcs approached the 

extent and utility of the Fforaans. In tho eighth century Caliph 

Hisnam had installed in his winter palace in the Jordan Valley 

a subterranean bath hall which received water through pottery 

pipes. At the end of the following century the engineer Ibn 

Katib al Faighani g in carrying out the plans of Sultan Ahmed 

of iigypt for building the new city of Cairo, sanK: a well in 
the southern desert and brought the water into the city in an 

arched conduit. Evidences of cisterns of an early date may 

still be found throughout tho Arab world.

Further north the strongest fforraan castles had wells right 

in the last stronghold. An early example is the Tower of London 

whose well wa^ in th© basement, but later castles often had the 

well-n«ad carried to tne first story.



TH3 MONASTERIES — A* with other branches of Knowledge, en-" -
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gineering found its medieval spiritual home in the monasteries 

of Burope. Prosaic underground severs and occasional large 

water onannels in tuese monasteries were no doubt tae basis 

for the more romantic "underground passage stories'* of medieval 

times. The earliest plans for a water supply extant are those 

of the Benedictine Priory of Christ Church, Canterbury, carried 

out by Prior filbert in 1160. .Veils already existing in the 

cloister infirnmry and outer cemetery were used for reserve and 

the main supply was brought from springs three-quarters of a 

mile from the monastery. Tne water was brought to a circular 

conduit house, thence through a perforated plate which caught 

large impurities* and on through five settling tanks. It then 

crossed toe moat on a bridge, penetrated the city fiall and en­ 

tered the monastery, where it was conducted underground to var­ 

ious points such as lavatory basins.
/

Another early system was the Parisian aqueduct of pres-

Ste. Gervais, which was in existence by 1162 for the purpose 

of supplying the Abbey of St. Laurent, or St. Lazare. At 

Southampton in 1290 the Franciscans received a grant to enclose 

tho fountain of Colwell, and twenty years later tney gave tne 

use of their surplus supplies to the tow* *lsc of early or­ 
igin was the Beaulieu Abbey—founded by the Cistercians in trie 

thirteenth century—whsra earthenware pipes approximately two 

feet long, collared leud pipe, and a three-sided wooden conduit 

nave been discovered. And at Sxeter a well preserved medieval 

water system, ecclesiastic but not monastic, aas been explored



ong h by tfte Devou *trciiaoological and Exploration Society. ** 

Documentary History aero begins «itn a grant in 1226 of one- 

third of the <#ater from St. Sidtiell's fell, some distance out­ 

side tha east gate of the city, to tn® Priory of 31. Nicnolas. 

The tunnels carrying tha water '«iora cut in roctc lined wita stone 

to a great extent, (prasantly) varying in height from 3 feet 

4a inches to 14 feet 9 inches, and in widtn from 1 foot 7 inches 

to 3 feet. These tunnels acted as unpiped conduits, and ?tdip- 

ping" places, provided at intervals, acted as final distribution 

points. About the middle of the fourteenth century a piped 

supply uias introduced* ovoid lead pipes on private lands dating 

to the fifteenth century aave been found, measuring 2 5/d by 

3i inches in outer diameter and 1 15/16 by 2 inches internally• 
In til© fourteenth century tue Franciscans brought supplies 

into Chester, Urantham, and Lincoln, uuioi% other places, and 

all Europe was dotted with th® efforts of the engineer church­ 

men. As in tho case of bridges, laymen learned the skills from 

tha ecclesiastics, and toward the latter part of the Middle Ages 

most construction passed out of the hands of the clergy into 

taose of tneir lay successors.

UMT3 AHD K -3 ~- Leats, or opon caramels, \sere often used 

as a source of water supply in medieval times, especially in 

the vtest of Sigland. In trie middle of the thirteenth century 

Tiverton, Devon, got water rights to certain springs 5g miles 

to the north, rights v*hich still hold. A good section of the 

open channel may still be seen in Castle Jtreet, and every 

seven years the line of the stream is "perambulated" by tne



good folk of trie town to assert the ancient

Tne name of Sir Francis Drake as probable agent for a 

water corporation is associated with the 17-mile leat (1590- 

91) wiiich formed Plymouth*B water supply for three Hundred 

years. In the town itself the water was run through wooden and 

le-ad pipes, and wealtnier inhabitants had their own private 

supply. On special occasions, such as at the Restoration, the 

conduits supplied vsino instead of water.

In Persia and in Syria some of the kanats—subterranean 

co*:amts running from the mountains^ar© at least seven hundred 

years old, and some have been in the same family for three nwn- 

dred years. These tunnels t often lined with oval hoops of baked 

pottery and provided »ith air tioles at intervals, are, and aave 

been, the property of private individuals 8 who appoint mainten­ 

ance iaen and turn-cocks to keep the service functioning. Though 

built primarily for irrigation, the kanats also supply to this 

day towns like Herman from 20 miles av»ay, and Yezd from 50 miles 

away, at a depth below tne ground which exceeds bO feet in some 

places.

W3LLS AMD FOUNTAINS -* Little need be said uere concerning 

wells other than that they mere, in general, the «ain urban 

"Waterworks" of tho medieval period. The history of improved

wells up to this time had been a long on©, for, according to
16 

Mr. Parsons of the American School of Classical Studies (1939),

the first lined v?ells in Athens appeared in the fourta century 

B.C. Tftis lining was made of terra cotta drums in sections, 

and sometimes possessed leaded Joints and hand holes. Borne nad



ftw wells at the height of her power t but isolated houses in*" 
the country had them, arid Pompeii had one drilled through 
solid rock 5 feet vside and 116 feet deep. During the Middle 

Ages many Biells—because of their curative powers, real or 
supposed—g&ined a reputation as M noly" or "wishing 11 wells. 

Thus tney developed a spiritual significance as rcsll as a 

physical one--a significance which really traced its origin 
back to pagan days. Wells probably reached their zenith from 

an aesthetic stand point in Italy from the fourteenth to the 
sixteenth century. During this period wells, fountains, and 

cisterns were decorated »ith ornamental stone, and th© forensost 

architects and sculptors of th© day found the adorning of these 
utilitarian objects worthy of their greatest attention. This 

attention to th© aesthetic si<l8 of water supply did not confine 
itself to the Renaissance Mediterranean world but spread fur- 
tker north to Switzerland» Tyrol, Germany and what is now Czecn- 

oslovaKia.

Early Modern Beginnings

L014BQN — Though London was not tho first modern city to get 
a public viater system, its influence on the subsequent develop­ 

ment of otner systems has rendered its position of prime im­ 
portance in the history of water supply. Much of our infor­ 
mation on London's early days is derived from j. Stow, otiose 

"Survey of London," first published in 1596, contained many 

interesting additions in its 1633 edition. The Anglo-Norman 

onronicler William Fitzstephan had stated, said Stow, that for



two hundred years after William the Conqueror Londoners had 
supplied ttieir water needs privately from rivers, springs, 
wells, and ponds, the most famous of the wells being Holy # 
Clarices *ell, and Clement's .veil on the outskirts of t&e city. 
These waters declined, however, so ''they were forced to seeke 
fresh waters abroad; whereof some, at the request of King Henrie 
the third, in the 21 yeare of his reigne (1236), were (for the 
profit of the Citie, and good of the whole ftealme thithar re­ 
pairing; to wit, for tha poore to drinK, and the rich to dress 
their meat) granted to the Citizens, and their Successors, by 
one Gilbert Sanford, with liberty to convey water from the 
Towne of Teybourne, by pipes of lead into their Citie. w Stow 
goes on to tell us that tha first cistern of lead castellated 
with stone, the Great Conduit in .estctieap, was begun in 12b5 
when Henry Wales was mayor, and that several "conduits** (cis­ 
terns) were built throughout the city between 12d5 and 1610. 
These conduits were, in later ti.es at least, cisterns with 
running overflows, usually under cover.

In 15d2 Peter Morice, a Dutchman, installed under one of 
the arches of London Bridge an undershot waterwheel arrange­ 
ment with which he amazed the population b;/ pumping Thames 
water over the steeple of 3t. Magnus the Llartyr. He was al­ 
lowed to install a second wheel under another area, and soon 
five arcaes were being used to give London its first pumped 
supply. The water was pumped to a high square tower at the 
bridgehead from whence it was distributed by gravity. .Price's 
franchise, which was to last five hundred years, actually re­ 
mained in his family until 1701, and the vioncs under London



Bridge remained in existence until Ib31, being finally aboliso-

•d when trie old bridge was destroyed in accordance vnitn an Act 

of Parliament of la2£.

Although Queen £lizabeta and King James had previously 

granted Acts for the conveying of water to London from a dis­ 

tant source, no concrete action was tafcen until Sir Hugh Middle- 

ton, "Citizen and Qoldsmith of London, 1* formed the Mew River 

Company early in the seventeenth century. According to stow, 

the construction period lasted from 16oa to 1613, during whicn 

time waters were drawn from the Cttadwell and Arawell near the 

town of «Vare and conducted in an open ditcn some 5bJ miles long 

to a reservoir in London, llucn of the original ditch, which 

measured 4 feet in depth and 1Q feet in widta, still exists, 

but it has been shortened to 28 miles by tho elimination of 

many twists and turns. Thirteen wells along the way augmented 

the supply whicn originally totaled 13,000,000 gallons per day 

And wnicn was subsequently doubled. The New Hiver Company re­ 

mained in existence as a private concern until 19O4 when Lon­ 

don's metropolitan &ater iioard took over its functions.

Before the seventeenth century private services \sere few, 

most individuals carrying water from the neignborhood cistern 

or buying it from a wator carrier. 33y 1720, however, practically

•very nouse in London renting for 4» 15 or-t 20 nad a private
le»

supply, as did many tenements, and by the middle of tae nine­ 

teenth century nearly every house uad a cistern filled at 

stated times. A constant 24-nour supply was not introduced in 

London until 1673, and even as late as lt*yi 35 per cent of the 

total supply was on an intermittent system.



Tae great era for tne private water companies came in tne 

eighteenth and nineteenth centuries, although a few had been 

established prior to that time. In 1681 the 3hadUvell Vater 

Works for east London was established, and ten years later the 

Yorks Buildings Hater lories Company began supplying Westminster.

Various private companies sprang up at intervals, trie Grand
19

Junction water tforks Company being tne last (Ibll). Amalga­ 

mations of certain companies took place after tnat time, and 

by Ib67 a total of nine companies supplied London with 

IQb,000,000 gallons daily. However, all private water com* 

panies (eight) were dissolved in tne first decade of tne twen* 

tietn century when the municipal authority assumed control by 

purchasing tne companies at what was generally regarded as a 

fabulous figure*

PAKtS — Apart from medieval ecclesiastical efforts, tne early 

JPrenca water supply systems were, in general, more devoted to 

beauty and display than to utility. Typical was tne work of 

Jean Lintlaer, a Flemish engineer, who, under orders from 

Henry IV, supplied t&e gardens of tfte Louvre and Tuilleries 

in 16Gb from an undersnot pump at Pont Meuf. In tae following 

year Henry IV entertained ttte idea of restoring trie ancient 

ffeman aqueduct of Arcueil, but reaearcn indicated tnat it would 

be better to build a new one. Accordingly, work was carried

out by one Jacques de JfcJrosse under Marie de Medici during tbe
20 

period 1613 to 1624, By tnis aqueduct water was brought to

Paris from springs at Hungis 7 or b railes to tne south, its 

main purpose being to supply tne fountains at Luxembourg Palace.
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Paris, at Versailles, a tremendous* project for supplying 

the palace, gardens, and fountains was begun in tne late seven- 

teenta century but never fully completed.

Isolated attempts were made to provide utility supplies 

before tne nineteenth century, but tneoe attempts were only 

partially successful. Inroe tarow-pumps vmicfc were installed 

at Pont Motre Dame about 1670 remained in existence until 16&6, 

supplying 175o cubic meters a day by raising water to a tank 

waicn fed forcing puraps. In trie latter part of tne eignteentU 

century t\io brotuers, Jacques and Augusta Verier, formed a com* 

pany for trie purpose of supplying Seine water to Paris by steam 

engines. After approximately ten years of operation tne com­ 

pany failed (in 1737), and its worics were taken over by too 

government in 1307.

Great strides were made in tne nineteenth century waen long 

aqueducts were built to bring far off waters to the city. Par­ 

ticularly outstanding were tae Dfcuys aqueduct (1663*66), bring­ 

ing spring waters a distance of bl.4o miles, and M. £elgrand*s 

Vanne aqueduct (1667*77), carrying spring water from Villeneuve 

1'ATeneveque, some 106 miles southeast of Paris. By 1690 the 

per capita supply of water in Paris aad reac&ed 65 gallons per 

day t but only about 16 gallons were being used for domestic 

supply* Tae total figure reacaed 100 gallons by 1934, ualf of 

it being filtered surface water and trie otaer naif coming from 

springs and wells.

OTH3B SAflL* VTAT3IWOIIC3 — Bruges, a flourisning trading town 

ln tae Middle Ages, &ad, by tue end of ttie tnirteenth century,



a water cystem wnoso underground conduits supplied public cis­ 

terns, fountains, and bathing establishments. The water was 
collected in a large reservoir outside of tne city, conveyed 

to the Bruges "Waterfcuis," and raised to a nigh level cistern 

by a wneel with buckets on a chain. In tbe sixteenth and seven­ 
teenth centuries tne good burghers of tne town added variety to 

tne system by installing, at different places, little men and 
lions of brass which spouted water frora various openings on tne 
unwary•

^aterwortcs existed in Germany by 1412 and pumps were in­ 
troduced at Hanover in 1547, but no great construction program 
followed in the country. AS late as Ib64 tnere were only 
twenty-four waterworks in all of Germany* At Toledo in Spain 
Giovanni (Juanelo) Turriano, a machinist or watchmaker by trade, 
constructed (1568) a device, apparently a wheel turned by tne 
swift current of the Tagus below Ale an tar a bridge, wbich con* 
nected to pumps forcing water 300 feet vertically to tne level 
of tne Alcazar. The Spanish influence was carried to tne New 
Vorld where a Franciscan monk directed the construction of tbe 

Mexican aqueduct of Zerapola (1553-70). This work had three 
arcn bridges, extended a length of 27.3 miles, readied a max­ 
imum freight of 124 feet, and servod for two centuries to convey

21 
water from Zerapola to Oturaba. Bo man type aqueducts continued
to appear at a relatively late date at various places tnrougu- 
out tne world. One was built at Lisbon in the sixteenth cen­ 
tury, another at Malta by tne Order of St. JoUn (1610-15), and 

still another at Hio de Janeiro (1750).



AHT3SIAN WSLLS -*• The word "artesian" is derived fro.a tne 

FTencn "Arteeien," meaning an inhabitant of Artois, a district 

in nortnarn France. It is probable that tne word even £oes 

back furtner, to tne Latin designation for ,,rtois, "Artesiura." 

Tne name is generally given to a well whose snaft penetrates 

to a water-bearing stratum—surrounded by impervious strata— 

which is under sufficient hea^ to cause tne water to flow spon­ 

taneously, although wells wnose deptns reacaed 600 feet and 

more in oases were mentioned by Olyrapiodorus as early as A.D.

6OO, the original "artesian" well seems to nave been the one
22 

bored in 1126 at tae monastery of the Cnartreux monks in Li Hers.

Deep wells have been bored occasionally from the seventeenth 

century onwards* professor Gassard of bologna referred (1650)

to deep wells in Modena and £olo&na, and built one himself at
/ 23 

the oaetle of urbin. Abbe labert told of Chinese wells in Oti

long Kiao 1500 to 1500 feet deep, and 5 to 6 inches in diameter. 

It is generally conceded 9 however t that the first rnodarn deep 

artesian well was sunk in the orenell^ quarter of Paris by :.!•

vulot* a smith, who commenced operations in 1633 and finally
24 

struck wator in 1344 at a deptn of almost 1300 feet. Since

that time borings have increased in number and depth, Germany, 

Australia, and the United 3tates being the leaders in this 

field. At Athens» Los Angeles County, California, one well 

has been drilled to a depth of 7591 feet.

The finding of water at great or small depths by water 

divining is a subject wnich fcas held the interest of many for 

centuries. In 150Q Sebastian Munster's "Cosmography" mentioned 

a diviner with a forked stick of hazel, and diviners are still



to be found in the twentieth cantury. while many Have mis­ 

represented their powers, there are several authenticated 
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a««*s which indicate that certain people do react in the pres« 

ence of water in a fashion analogous to that of hay fever suf­ 

ferers in pollen-laden air.

MATHEMATICAL FOUNDATIONS — Though early waterworks were, for 

the most part» constructed by "practical" men. scientific minda 

became interested in hydraulics at an early date, The exper­ 

imental method for deducin^ natural laws, advocated by Da Vinci 

(1452-1519) in the fifteenth and sixteenth centuries, was used 

by Galileo (1564-1642) almost a century later in his experi­ 

ments witn falling bodies* It was Castelli (1577-1644), a 

Benedictine mon& and pupil of Galileo* who showed that the ef­ 

flux was a function of the depth of the water in a bowl, but 

ne wrongly stated it as a direct function. Xorricelli (1606- 

47) went a st@p further in proving that velocities of efflux 

vary as the square roots of the head, and in 1673 iluygens 

(1629-95) found the numerical valuation of the acceleration 

of gravity* *g M . Daniel and John Bernouilli combined all 

these concepts in 173& and laid the foundation of modern hy­ 

draulics wita their equation v * YSga, To Da Vinci and Galileo 

we are indebted for nv**, to Huygens for V, to Castelli for 

H h tt , to Torricelli for the square root sign, and to the 3ern- 

ouillis Aor the combination mhich took: over two hundred years 

of experiment and observation to form.

Research in the eighteenth century, v/hich was dominated 

by the French investigators was largely concerned with specific
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faots on tue flow of waterthrough pipes and channels. In­ 

vestigating now In long pipes, Henry pitot in 17Eb proved 

that resistance to flow varies inversely as the diameter* 

Fbur years later Couplet at Versailles was credited with the 

first gau^in?: on record of flow through pipes. The first prac­ 

tical formula dealing with the loss of bead due to curves was 

formulated in approximately 1777 by Sossut. Caezy's flow for­ 

mula (1775) was followed by many similar ones in the nineteenth 

century, notable contributions being made by Darcy in 1&51, by 

Bazin in 1B65 and in 1^97, and by the Swiss engineers, Gan- 

^uiilet and Kutter in 1869. Thus theory founaeu on experimen­ 

tation prepared the way for t&e economic construction of the 

huge urban waterworks of tne late nineteenth and early twatt~ 

tietfc centuries*

Modern Pipe Development

&OQD — Tuough wooden water mains had been used occasionally 

by the Romans, and still find favor under special circumstances 

today, the main period of their extensive use came during the 

seventeenth and eighteenth centurijt^, vmen many waterworks were 

being constructed for the first time, Typical wero the mains 

of London's New Hlver Company which, at the beginning of the 

nineteenth century, extended som© 40Q miles in length, ex­ 

clusive of the lead services. They were usually bored logs 

of elm with the bark left on, varying in bore from 2 to 10 

inchesi in outer diameter from 6 to 13 inches, and in lengtu 

from 10 to 22 feet. The joints were of tae spigot and socket
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type, the smaller tapered end being coated with white lead 
and driven into the larger end, which was reinforced by an 
iron baud.

Bored logs formed the basis of practically every water­ 

works system established in America nail into the nineteenth 

century. Boston boaatad of the first public ^ater supply in 

the country when it laid its wooden mains in 1653, and it was 
almost two hundred years later (1646) before it abandoned the 

lo£3 for cast-iron pips. Relatively high maintenance charges 
including the great loss from leakage and Vue competition from 

th© superior cast "Iron pipe drove the uorod log off tbe market 

in England early in the nineteenth century, and by tho middle 
of the century most of the other countries followed suit*

cJ did not entirely disappear, aowover, for in 165$ A* 
of 31mira, Mew York, patented a wood pipe strengthened 

by a band of iron, steel, or bronze wound spirally around the 
pipe. The outside was protected by asphalt 1/6 incn thick, 
and tne pipe was designed to stand pressures up to 172 pounds 

per squara inch. Internal ciiamators varied from 2 to 6 inches 
and longtu up to 12 feet could be had. At about tne same time 

continuous wood stave pipes, \vuica aro used in many placas to 
this day, made taeir appearance. As early as Ib51 <a.ri. Hull 
made pipes in 12-foot lengths of 2-inch pine planks. A fine 
twentieth century example of this type isas tno mile-Ion^, isj- 

foot diametor continuous pipe built in 1913 by the Pacific

Coast Pipe Company for the M.W. Slectric Company of Portland,
26 

Oregon.



IRON — In the sixteenth century cast-iron cannons up 

to tnree tons were aiade, and it is possible that some \vaterpipe 

of the oaiae material was oast at about the same time. We nave 

no rtford of its extensive use, however, until the next century, 

wnea ovsr 15 miles of mains, varying from lj to 20 inches in 

diameter, were laid (1644-88) by orders of Louie XIV to supply 

Versailles from the reservoir of Picardie. In 1901 some of these

pipes viere t<*ken up and found to be of good grey iron, clean
27 

on the inside and but slightly rusted on the outside.

were all about 1 zaeter long ancl were joined by bolted flanges. 

Despite its early uso by the French, cast-iron water pipe 

remained largely in the experimental sta^e throughout the eignt- 

esntfc century. In 1745 the London Bridge Waterworks Company 

ftad ovor 54 a OOO yards of wooden pipQi 3660 yards of lead, and 

only 1600 yards of cast iron. In the following year the Ctielsea 

$ater Company of London laid a 12-inch cast-iron flanged pipe* 

but v;as forced to relay it In 1791 because of a defective joint. 

Jointing trouble prompted Thomas Simpson of the company to de­ 

sign tao first bell and spigot and lead joints in 1765. The 

ball and soctcet flexible joint was devised soma years later 

(1Q10) by James \7att, when he was engaged in laying a 15-inch 

main on tna bed of the Clyde for the Glas0 -.r.v ;?ater Company. 

The second half of the century saw a few other sporadic attempts 

to change over to cast iron, suc^s as t&at by iMinburgn, «hich 

replaced a lead line witn a 5-incti oast-iron main in 1755. 

Dublin contracted for iron pipes in 1797. laid more wooden pipes 

in 1306, but finally started a complete cnange-over to cast 

iron in



During th« firat decade of the nineteenth century the 

change-over to cast iron was rapid in England—especially in 

London—»and in France. The practice spread to the United States 

when the flaterin« Committee of Philadelphia imported from Hag- 

land in 1817 so:ne cast-iron pipes to replace the olu bored logs. 

The first waterworks in Ginciautti, establish**-, i^u, played 

no favorites in its choice of pipe materials. A force pump, 

operated by a horse or ox treadmill, pumped river water through 

3£-lnca wooden pipes to a reservoir of oak timber, 160 feet 

above the river. From here the vaater ?*&s distributed in a-inca 

cast»iron mains, 1J to 3& incti wood brancaes, and lead services. 

UIne'-*years later Lynciiberg, Virginia, installed cast-iron pipes 

in vihat uas claimed to be tne first modern bigh-pressure main 

in tha world. Tb« use of cast-iron pipe was further extended 

in 1648 vaien Dr. .iobort Angus Jmitu, an 3iglishman, patented a 

cuoap, effective exterior coating for protection from corros­ 

ion. His ruixture of gas-tar, pitcti, linseed oil, and resin 

aas co,Be do T/m to tue present day vdtn only a fev, minor cnanges. 

Tae coating, botn inside euad out witn a aydraulic cement mortar, 

on sneet-iron water pipes was invented about tne sane time by 

Jonathan iiall and aas used for domestic supplies as early as 

Io45 in Saratoga, :4aw )fork.

Over tne course of years tne pipe itself underwent a great 

evolution as engineers were calleci upon to lay more pipe and 

provide for increased loads. The earliest pipes uere about 

2g feet long and were bolted together. L&ter, longer pipes 

appeared, wita screw joints at first and then with cylindrical 

socKet joints. Lengths vnere further increased to about 9 feet,
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and the bell and spigot with wooden wed ae packing tt ave *ay to 

lead packing. The twentieth century saw lengths increased to 

16 feet, while the technique of coating tae interior with 

cemant improved with the advances in the cement industry. To­ 

day, v»hen routine water mains are contemplated, cast iron stands 

in a class by itself as the most likely choice.

WROUGHT IHON AMD STISiSL — Most of the development of wrou*nt- 

iron and steel pipes for water carrying has been American in 

origin, although these materials were rarely used for that pur­ 

pose prior to Io53. The first large scale use of wrought-iron 

pipes was made in 1556 in certain aydraulic raining operations 

in California* ^etween Itt62 and lttS2 some 7Ji miles of wrougcit- 

iron pip@» £g to 44 inches in diameter, \iera laid in connection 

with the San Francisco watorv»orics. In addition, a wrou&ht-iron 

submarine pipe, 13,oOU feot in length, was laid across San Fran­ 

cisco Bay. About Iti^U soft steel began to supersede wrougnt 

iron, both in conduits and pen-stoctcs on water power develop­ 

ments and in inverted siphons on aqueducts. jew York's Catskill 

aqueduct, built early in the iwontietn century, was provided »itn 

a number of inverted siphons of riveted steel pipe, d to 11 feet 

in diameter, made of plates 7/16 to 3/4 inches

3TONJS AttB CiSMHl^ -- Terra cotta and stone pipes were not un­ 

common in the waterworks of ancient civilizations, but their 

inability to «ive satisfactory results under pressure nas ren­ 

dered them impractical for modern usage, .vnile steam pumping 

was still in its infancy the Veymouth \7ater Company experimented
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with stona pipes in 1797, as did tno T2est Middlesex Water 
Company of London early in trie nineteenth century, but the 
results were unsatisfactory. ;-. coarse glass, covered on tne 
outside, was also tried unsuccessfully for a brief period in 
France.

Advances in reinforced concrete construction brougut tnis 
form into favor for large inverted siphons early in the twen­ 
tieth century, of particular interest are two siphons in the 
province of Muona, Spair,, tho Scsa Siphon and the ..Ibelda Siphon 
(1909). Tno latter, and larger of ttio tvi-o, was built to ac­ 
commodate a head of 97 foot, measuring 13.12 feet in diameter, 
kC-uw feet in length, and 7.37 inches in thickness. A portion 
of the Los Angeles aqueduct, n'eaeuring 10 feet in internal diam­ 
eter, was constructed for heads from 40 to 75 feet, and on the 
CatsKill aqueduct heads less than 50 feet were provided for at 
various points by reinforced concrete sipnons varying from 7J 
to 17 feet i^ uiameter.

About the time of ,/orld. -ar 1 asbestos cement, or transite, 
pipe bogan to appear commercially. Its facility of handling» 
ability to withstand pressures (heads up to 500 feet) and chem­ 
ical inertness have proved &reat factors in its increase in pop­ 
ularity. It is by no aifcai^ the a^y»^r uu the seurcu tor the 
perfect pipe, but its development indicates that the future 
trend may be toward a non-metallic type which will discard tue 
disadvantages of the metallic pipe (corrosio.i, weight, difficulty 
of Handling) without losing its advantages.
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PUMPS — Tnere is lacic of evidence tftat pumps were usea iron 

tne close of tne ^oman era until tne sixteenth century, and 

even tnen tneir use was devoted more to irrigation tnan to water 

supply* It is probable ttiat ttie earliest of tne water supply 

pumps originated in Germany, for we know tnat Hanover riad a 

pumping system installed in 1547, and ttiat tne "hydraulic en­ 

gines'* of Augsberg, Bavaria, raised water to a noigat of 13O 

feet in tne following year* Tne earliest engines were forcer 

pumps in wnicn wood forcers covered vsitn 1 eat tier worked in 

barrels of wood* Power was supplied by water wneels installed 

under tne arenas of bridges wnere tne current could best be 

utilized.
Best Known of tne early works of tnis typo was tne instal­ 

lation made by Peter Morico under London Bridge in IS&Z. One 

hundred years later Hannequin of France reacned trie ultimate 

in ttiis type of construction witb uis pumping system for tne 

palace, fountains, and gardens of Versailles* In all, tne 

system—known as tae Marly Waterworks—contained fourteen water 

wneels and two aundred and fifty taree pumps, tao most distant 

ptinps being more taan 600 yards from tne river. By motion of 

t&e water wneels sixty-four forcing pumps raised tue watef 160 

feet to a reservoir; from siere eigtity pumps raised it to a

ftig&er level* froaj wnica it was raised by eiguty more pumps to
»

tne top of a tower* Frora Uere tne water flowed along an aque­ 

duct on thirty-six arches to its destination*

In tne Museum of ttte History of Science at Oxford is an
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Interesting seventeenth century advertisement by Sir Saiaueo. " 

i^orland (1625-95) which aives some idea of the state of pump 

development in JSngland at that time. Under "Angina for Mines 

or deep ,*ells" he advertises: "For such an iSngin, being divided 

Into two parts, tne on® to be placed at the bottom of a well, 

or pit, and the otaer at the top, ®ita Fourscore Jbot of Leaden 

Pipe t of tvio Inches Diameter, and an Iron Bod, and five Brass 

Valves, with double ^ridges, and all things else fit for use 

(of?) it, and setting up and fixing them vsithin Twenty Ililes of 

t/rndon. If further, the Workman must be paid for nis journey 

a(s) labour over and above, (price) Sixty one pound tan shill­ 

ings* * Tne bulletin also advises that engines with forcers up 

to 10 inches in diameter may be had and that machines capable 

of forcing water out of a well 5U or 60 foot deep are available* 

Tnough this advertisement is not dated «te may assume that it 

appeared about 1675, the year in vmicn ir Samuel raised water 

by means of a plunger pump to the top of <incisor Castle.

Toward the latter part of the seventeenth century George 

Scorrold of Derby developed a metnod for raising water wnich 

he installed successfully in many provincial towns such as 

Derby, Kxeter, and i&rwicn* I'h© essential feature of ais sys­ 

tem was taat tne water waeels rose and fell \vitn the stream, 

an idea nfticn was patented by Jonn Had ley in 1693* ft en tne 

torK buildings ^aterworke of London were establisned in 16*1, 

a oorse wneel was first employed to pump stater from tne Tnames. 

Water waeels, however, continued to provide tne power for most 

of tua large waterworks up to, and in some cases well into, the 

nineteenth century. AS late as 1^59 the Marly worKs of Rannequin



still rxact iron water wneels and lorce puraps. . ^
From tne sixteentn to tne eignteenta century small pumps 

were often made of load witn aandles of ironi ana brass or 
wooden pumps were also seen occasionally. Practically all of 
tne larger pumps were of wood, but a transition to iron in all 
sizes came gradually tnrougnout tae ei^nteentu century and be- 
came practically complete in tne early nineteentn century. 
Tnis transition was reflected in tue first attempt in tno united 
States to pump a public supply. In 1754 at ^etnleaem, Pennsyl­ 
vania, a Danisn millwright, nans U* Cnristianson, forced spring 
water witn a lignum vitae pump of 5-incn bore tnrou^n ftenslocK 
log pipes to a wooden reservoir 4UO feet away* ruougti ne was 
able to raise water to a neignt of 70 feet, tae builder was not 
satisfied witn tne pusjp and replaced it in 1762 witn ttiree cast- 
iron pumps of 4-inca bore and la-incn stroKe.

Tae use of steam followed closely beiiind tne development 
of tae cast-iron pump, but early workers in tais field were 
more concerned wita dewat@rin& mines tnan ^ita pumping a public 
supply. Intermittent efforts were made tnrougtiout tne eignt- 
etntn century to apply tne steam engine to water supply, but 
no substantial results were acnieved until early in tne follow­ 
ing century. At tne xork buildings Waterworks tne aorse wnoel 
was replaced by a Savery engine wnicn, in turn, gave way, about 
1720, to a Mewcomen engine. But it, too, wau soon removed. 
Joan Smeaton in 1779 designed a steam engine for tne same com­ 
pany, arid in 1767 one of tne first ifoulton and «att engines was 
installed successfully* TUe ,Vatt steam engine soon found favor 
among some of tne more progressive waterworKs, installations at
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Hull (1795), r^arly (Isu3), and Cnelsea (lolo; leading the way. 

Tne secondary consideration ^iven to Water supply prouiems 

wnen compared with dewatering operations was still evident in 

Iti3d when a London waterworks company tried out a standard 

Cornisn mining pump for its own use.

From Shglaod steam pumping operations soon spread to other 

countries. iienjamin H. Latrobe introduced tne practice in tne 

United States by installing pumps — built (1799-lbOl) by icicaolas 

J. Roose — -to raise tne waters of trie ^chuylkill at Pailodelptiia. 

Tnus the steam engine, witn its ability to pump great volumes 

of water economically, and ca^t-iron pipe, witn its ability uu 

stand tne great neads made possible by tno steam engine, usnered 

in the era of the modern «ater\?orkB early in trie nineteenth cen­ 

tury.

7 YO?iK CITY *- Mo story of modern waterworks is complete 

without reference to the Jew York system, for its growth had 

been an excellent example of tne trend in waterworks practice 

throu^nout the world since th© early nineteenth century. Tfce 

first recorded project, the digging of a public well in 1658, 

was not carried out, but shortly after 1667 the first pump in 

tbe city was installed at a public well near jjowling Green. 

Tne earliest attempt to provide a real waterworks was made by 

Christopher Colle;; (1738-1621), an Irishman, \»ao labored at a 

project to pump water from several wells during the period 1774 

to 1776, but wnose efforts were cut short by tne Revolution. 

Aaron .aurr and his Man oat tan Company, formed in 1799, were more 

successful, for by lt>36 they nad managed to lay 2b miles of



wooden mains--raostly bored cedar logs--wnich supplied some two
26 

thousand nouses. Two la HP steam engines pumped well water

to an iron tanft near Collect Pond, from wnich 700,OOO gallons 

of water a day, "poor in quality ana quantity" were distributed. 

£y a warding in its charter the company was allowed to open a 

bank vsitn its proceeds wnica lasted to the twentieth century, 

although the water operations ended wnen tne old croton system 

went into operation in 1842.

In 1829 a sctieme was adopted, and in la3L* trie steam u.-^izie 

was installed, for fftw York's first municipal-owned supply. 

Tae 12 HP engine pumped 21 ,UOO gallons a day from a well at 13tu 

and ^roadway to an elevated tank wita a Capacity of approximately 

230,OOO gallons. Cast-iron mains from 6 to 18 insnos v»ere in­ 

stalled, and by Is33 about seven miles of pip© had been laid. 

However, it was obvious from tne start tnat this supply was no 

answer to the growing city's demand for water, so far-seeing 

municipal planners looked beyond tne city limits for the next 

extension* Surveys begun under Colonol Detfitt Clinton in Io32

resulted in tne tapping of tne Croton River near its mouth and in 
the 

/conducting of water to tne city tnrou^n a brictc aqueduct 6 feet

square and almost 41 miles in length, tforfc was begun in 1837 

under the direction of chief engineer David £. Douglas and com­ 

pleted in 1»4H under Jonn B ? Jervis, thus giving Hew Yortc its 

first adequate public supply.

Loss tnan half a century elapsed before the supplies of 

the *01d w Croton aqueduct became inadequate and plans for a 

*N*w w Crowon aqueduct ??are laid. In Io82 cnief engineer Isaac 

Niwton proposed t'aat tue new aqueduct ba constructed to supply



250,ooo,OOO gallons a day, a figure vmicn was later raised t>v 

300,OUO,000. An Act was passed in Ib83 and construction was 

carried on from 1385 to 1391, the bulk of it being under tb* 

direction of chief engineer Alphonse .neley. except for a 

little over a mile in deep open cut, all of the aqueduct was 

placed in tunnel, tne total distance from Croton Lake to tne 

gatshouse at 135th Street exceeding 33 miles. Constructed with 

a total fall of nearly 1 foot to the mile 8 the system was de­ 

signed to deliver water at a bead of 160 feet. One of th© most 

notable features of the project was trie construction of tae 

Harlem Hiver Siphon, 160 square feet in cross-section, carry­ 

ing water 420 feet below nydraulic grade.

Tne short-lived opportunistic Hamapo Water Company, whicft 

flourished about 1399, awakened Mew xorkers to the fact that 

once more they would have to augment their water supplies to 

Keep pace vtitn the growing city. Municipal action soon follow­ 

ed with the appointing in 1903 of a commission, which reported 

in the following year. Actual construction on the first phase 

of the CatsJdll watershed project was carried out from 1907 to 

1917, mainly under the direction of chief engineer, J. Waldo 

Smith. Cut and cover, grade tunnols, pressure tunnels, steel- 

pipe siphons, arid flexible pip© lines were the principal types 

of construction used on tne 92-mile lino, 14 rallos being devoted 

to tunnels, 23 to pipes, and 55 to cut and cover. Drawing on 

the Jsopus, Handout, ^choharie, Catskill, and other lesser 

creeks, the system was designed to deliver, at a head of 295 

feet, 500 t OOO»000 gallons of water a day, latar increased to a 

figure of 600,000,000. As noted in the previous caapter on
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"Tunnels" trie expansion of the system nas continued to tne * - „

present, and shows no indication of becoming static or retro­ 

gressive in the foreseeable future.

H 210D3RN CITI Stai'SHS — Apart from the efforts in a few 

special cities, such as in London, little was done to organize 

municipal waterworks, as we know them in the modern sense, until 

the nineteenth century. A case in point is taat of jdinburgti, 

which had a water Act passed by the Scottish Parliament in 1621, 

but which took no action until 1672. At that latter date the

Town Council resolved to bring a supply from uomiston Springs,
29 

and engaged a u.tca contractor named ^ruscui for the job. A few

mare springs were tapped during tne eighteenth century, but it 

was not until tne ladinburgh Joint 3tock riater Company was formed 

in 1619 that real progress was made* .engineers ^ennie, i el ford, 

and jar dine provided an excellent example for subsequent works 

by bringing mountain water from a spring-foci brootc at ulencorse, 

in tae pent land hills, a miles south of the city.

Sarly American waterworks developed along the same lines, 

and at about the eame time, as their European counterparts* 

Growth beginning in the second naif of the nineteenth century

was rapid; for example, the 83 waterworks in operation in the
30 

United States in 1050 had increased to 12,760 by 1939. Tue

first public supply in the United States, establisaea at ixjston 

in 1652, was spring- fed water which was conveyed by gravity 

througci wooden pipes to a reservoir, in 1796 tue Aqueduct

Corporation brougat water into tne city from Jamaica Pond in
miles 

5bxbury 4g/av*ay, ana in Ib46 a supply was drawn from Lake
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Coucaituate, 16 miles distant, rue latter supply, developed 

by J.J3. Jervis and K.s, Cnesbrouga, was brougnt Oy gravity 

tnrougti an oval brie* conduit to a reservoir in ^rookline.

Montreal, the first Canadian city to nave a waterworks 

system, developed in a similar fashion to jaoston. In loOO 

a private company furnisned spring water through viooden pipes 

from Mount Royal, and by Iblb water was being pumped from the 

3t* Lawrence to elevated reservoirs* in common with many other 

cities -Jontreal finally went outside of the city limits to bring 

in a water supply, tfuilt under the direction of xaomas u. 

Keefer, tne 5-mile "Canal Aqueduct" bringing water from tne 

rivor above the Laohine tfapids, went into service in 16b4.

As trio nineteentn century advanced, more arid more cities 

sougnt water supplies at great distances from tneir outskirts. 

Glasgow became the first city ia ^ritain to bring water from a 

distant upland source when it brought in the waters of Loch 

Katrine. #uilt during the period 18£>5 to Io60, the aqueduct ex­ 

tended a distance of '25} railes from tae Loch to tne reservoir 

at ?4ugdock, £ miles irons Glasgow. Of this distance, tunnels 

accounted for 13 miles, cut and cover for 9 miles, and iron 

pipes across valleys for 3£ miles, i'oward the latter part of 

the century (13t*6~95) Manchester developed an even greater 

system by tapping Lake ihirlmere 95 7/b miles away, under tae 

direction of chief engineer uoorge n. nill, 14 l/o railes of 

tunnels, 36$ miles of cut and cover, and 45 railes of cast-iron 

pipe siphons ware constructed to supply the city with 50,OUO,UOO 

Iraerial gallons a day.
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Tne trend continued in trie twentieth ce itury with Vienna's 

"Second 3nperor Franz Joseph High Jprings Aqueduct" (1901-10;, 

planned by Francis larger, of its 113 1/3 miles, almost 44 

miles were made lay tunneling. On the pacific coast of the 

United States two cities, ^an Francisco and Los Angeles, dwarfed

all previous projects witn aqueducts extending 155.8 miles and
31 

223.41 miles respectively. In tne 3an Francisco project b4.9

miles were tunneled and tne remaining 70.9 miles #ere laid wita
<

pipe. 3tarting from the Owens River in tne Sierra Nevada Moun­ 

tains, tne Los .ingeles aqueduct, 'vdtn 42.9 miles of tunnels, 

166.46 miles of cut and cover and 14.05 miles of pipe, Yrfas built 

(1907-13) under tne direction of viliiain .lulnolland to supply 

2tfO,OUO,00'J gallons a day. One notable feature of tnis job was 

tne construction of a 5-raile pressure tunnel tnrougn tne Sierra 

Madre Mountains near the Fairmount Reservoir, measuring 10 feet 

1O incaes in neigtit and 9£ feet in widtn. Also worttiy of note 

among modern wor&s is tne Apulian aqueduct in Italy, wnicli ..as 

designed to bring 110,000,000 Imperial gallons of water a day 

from tne Caposile Springs in the Apennines tnrougn a 67-mile 

norsesnoe tunnel, 9 feet 5 incnes in neignt and o feet 9 incues 

in widta. In 1937 tnis system utilized ti41 miles of main and 

brancu pipes, and 5bO miles of distribution pipes.

A brief glance at the above few examples reveals one clear 

trend, a move to bring water into the urban center from great 

distances. Increasing populations not only exnausted tne ca­ 

pacities of local wells, but polluted the near-by large supplies 

of water wnicn nad attracted the settlers in the first place. 

Mow, when a local water supply failed, througn either exhaustion 

or pollution, the community was no longer moved to a fresh
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source of supply; the frasu source of supply was moved to tae 

community. .uore tne economics of tae situation preventea 

suca a solution, tae problem of pollution aad to be attacked 

in a more direct aay. A major step in taat direction came 

wita toe introduction of water treatment.

Water Treatment

SI J'S FILTHS — AS far as modern progress is concerned, 

filtration and water treatment in general were innovations of 

trie nineteenth century, but tne subject was not entirely un~ 

Known before tnon. Occasional passages in the Bible refer to 

"sweetening waters, 1* and we Know from Pliny taat boiling water 

was practiced on occasion by tae Bomans. Tae Doge's Palace in 

Venice aad a system watreby rain water was directed from tae 

roof tarougfc a sand filter to tne cistern from waica tae water 

was finally drawn* Mo filtration of a public supply was ac­ 

complished successfully, aovvever, before tae i&glisa experiments 

of tne early nineteenta century.

Installation of slow sand filters began in Lane as ui re and
33 

Scotland about 1&1G, but tneir capacities were relatively small.

James Simpson* an engineer for tne Caelsea «<iater ^orks of Lon­ 

don, visitad several of taese installations, and conducted ex­ 

tensive experiments on freeing t^ator Trou wuruiai^y during tae 

period Ib25 to l»2b. Tae result was tne first satisfactory 

full-scale municipal slovs saiid filter, ono acre in extant, 

waica went into operation in ltt£9* Simpson*s filter was a 

reservoir in waica succeeding layers of large and small stones,
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gravel , and sand were placed on top of each other. Water
was tnen allowed to flow onto the top sand layer and penetrate
to the bottom, where it was drawn off.

Sarly sand filtration was introduced with a view toward 
getting a clear, though not necessarily safe, water. Clarity, 
odor, and taste were tne main items under discussion in lo£7 
when a group of London citizens complained against the water 
Bupplied by toe Junction Water Company, ujiose intake was only 
3 yards from the outlet of the great sewer on the Thames. Tne 
company first moved the inlet further out in tne river, and 
then moved it to tae ottier side and installed precipitation 
reservoirs. tfhat was regarded ad a filter's main function in 
tae early days was well expressed by W. Matt news in nis "Hy* 
draulia* (1535): *AS the different ftstabli&nments at present 
supply it (water) at a very cheap rate, if it were filtered, 
and the price proportionally increased, tne cost would still 
be trivial, and it would moreover effectually obviate wuat has 
hitherto furnished the chief ground of complaint — its feculent 
and turbid condition* 1*

MHDICAL DISCOVBRIJS3 — Though London nad a record typhoid 
fever rate in tue same year that James Simpson installed ais 
filter, there is no evidence that anyone suspected the water 
supply of being connected with tho disease. l\to doubt the sus­ 
picion that viater could n arbor diseases was held by many, but 
the serious outbreak of Asiatic cholera in Britain in 1549 
focussed attention on the subject. Writing in tae same year, 
physician John £nov», in *Tae Mode of Communication of Cholera, 11
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accused water of carrying excreted matter from a diseased per­ 
son to ttio mouta of anotaer, thence to tne alimentary canal* 
Largely as tne result of tnis and otner pertinent investiga­ 
tions, an Act of Parliament of 1652 decreed taat commencing in 
1655 all water for domestic use in the metropolitan area would 
have to be filtered, except taat pumped from wells to covered 
reservoirs*

It was not until tne last quarter of tua century, aowever, 
tnat positive proof was obtained wmicfc snowed tnat clear water 
is not necessarily safe water. Heal progress began witn tae ex­ 
periments of tne brilliant Frencn eneraist, Louis Pasteur. In 
Io66 Pasteur succeeded in proving tnat tne disease devastating 
t&e Frencti silkworm industry was caused by a living organism* 
Later uis work was extended to trie diseases wnicn affect man* 
The first of taese upon wuicfci ne was able to tnrow ligut was 
Antnrax, a disease whicn ne and Dr* fbbert Kocfc of Berlin labor­ 
ed over separately but simultaneously* In lb?5-76 KocU proved 
beyond a doubt tae correctness of tne garra tneory of transmis­ 
sion of disease, wnen no convicted tae .bacillus Antaracis in 
sneep and sneep workers* He later beaded a German expedition 
to %ypt and India in IbQO to investigate tne caolera epidemic 
raging in tnose countries and succeeded in snowing tnat tne 

disease was water-borne. Karl J. Ibertn discovered tne bacillus 
of typnoid f^ver in 1^60, and four years later George Gaffky, 
Koca f a pupil and successor in Berlin, procured tna first cul­ 
tures of tae "Bacillus typnosus*" Kocn tnen proceeded to in­ 

troduce ais bacterial water tests in Ia65. In tue same year 

became tne first to sno» taat tne presence of tne
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B-»coli is direct evidence of sewage pollution. Victor Mansen

of Kiel University in led? invented the collective term "plank­ 
ton," from taa ttreek "I wander t rt to designate tne smaller float­ 

ing organisms, animal and vegetable, found in water. Thus, 
viitnin a decade, tne importance of tne relationship between 

bacteriology and a proper water supply leapt from almost total 
obscurity to great prominence.

I3ACT3RJLOLOG1CAL FlLTBAlXOi-; — Ttie discoveries of Koch and nis 

colleagues, closely following trie fundamental work of Pasteur, 

usnered in a ttnole new era in tnougnt on tae subject, for it 
was now realized that tho primary function of water treatment 

snould be to romove patnogenic organisms. Investigators found 
tnat tn© true valua of tae slow sand filters already in opera­ 
tion was not so mucn in their macnanical ability to free water 
of turbidity, but in trie bacteriological activity wnich took 
place in tneir beds to free tne water from patuogens. They 

found tae layer of material vs/nica gradually formed at tn© sur­ 
face of tno filter—tne M scamutzdecke w—to be trie point ranere 

»ost of tae biological metabolism was taking place. In effect, 
tnese living organisms on tae bed were "eating 1* tne pathogens 

in tne water as it came tnrough. Once the bacteriological re­ 

quirements v?era known, greater progress toward the creation of 

more efficient filters became possible. Liucn of this progress 

was American in origin, tnougn filtration nad only beon intro­ 

duced into tno country shortly before Koch's discoveries.

Concerned wita tne unsuitability of tho turbid waters of 

the Mississippi, tne St. Louis Board of Water Commissioners



sent James p» Kirkwood to Europe to examine tna metnods of 
filtration tnan in usa. ae concentrated on 3ngiand and uernany 
from Ia66 to Io6o, ana oa nis return to America produced uis 
"Beport on t&e Filtration of Hiver Waters for tn® Supply of 
Cities, as Practised in Europe 11 (i\i«w York lt>69). Kirkwood's 
findings resulted in a marked advance in American waterworks 1 

practice, though tno designs n© submitted for 3t. U>uis § based 
on his European eKperiences $ wer© unsuitable 1'or treating tne 
Mississippi water* His plans for PougQke©psie 9 Me.v York, were 
acceptable t nowever, and it .*&& tuere taat tae firsit American 
municipal sand filter was built (167£-73),

Experiments carried out by tue tiassacuusetts 5tate i3oara 
of Healtn at Lawrence, under 'i.F. Mill^, produced further im- 
provemants. After concentrating for some time on sewago treat* 
neat, tne board turned its serious attentions tovvara water 
treatment about 1390. Ttie resulting sand filter, built in 1393,
was the first constructed in the United 3tatoa wit& tne specific

36 
purpose of reducing tno deatft rate* A comparison of tne five
y@ar period preceding ta® filter's installation wita trie fivo 
year period following sacked a drop of 79 per cent in tbo ty- 

pboid fever death rate.

It came to be r®uli2.ed tnat pathogens could be eliminated 
not only by filtration but by storage as well. *<Uen ^ater is 
stored and sedimentation taKos place, tno pathogenic bacteria 
die out due to the unfavorable environment, lack of food, the 

activities of predatory organisms, and otaer conditions. Long 
storage aiay aave its bad effects, too, vmerain odor, taste, and 

general potability decline. ljo aid and speed up Uia process of 

storage the use of coagulants was tried. Tae addition of a



coagulant in water treatment was introduced for the first time" 

in a public suatsr supply uy A. iiyatt, wao usea alura lor tnis 
purpose at Soraerville, New jersey, in Itid4. In tha same year 
a similar Jsngiish patent wus taken out by Lafco, who used iron 
salts and subsequently precipitated tha iron* tiyatt's system 

was a i'ororunner of tho mechanical or rapid sand filter, for 

aftor being treated by the coagulant, the water was passed 
through a sand layer wnicn could b® mechanically washed by a 

reverse current or wat^r, aided sometimes by other applicances* 
jtolloviin£ valuable worse at Providence, Bhode Island, by £.B, 

£•8ton in Itt92, a practical and scientific basis for tne rapid 

sand filter was finally established at Louisville, Kentucky, 

by C. aermany and U.;v, Fuiler 8 during the years 1695 to 1«97. 

A unit ftUich could ^ive practically the same results aa the 

slow sand filter, but in a fraction of tho timo and in a frac­ 

tion of tne space 9 had beaome a reality. The first important 

rapid sand filter plant went into operation at Little Falls, 
p f in I'

TIOil -•• Kocii's disooverios led not only to research 

on how to prevent tae development of bacteria 0 but now to ki 

them as well. Sterilization by boiling was found to be 

factive enough« but impractical on a large scale* In 

C* Merscaer invented a large boiling apparatus vmich proved 

to be, as aave all similar aeating devices for tna purpose, 

too uneconomical to run, except under very unusual circum­ 
stances* otner physical methods, such as exposure to various 

forns of light or electricity, were also tried with varying



success. Two i£n£lisnmon, Downes and -blunt, discovered in

1B77 tnat ultra-violet rays nave tne power of killing bacteria,

but it remained for tno UTencrimen Courmont and Itogier, to apply
37 

tae discovery successfully to drinking water* jchanical metn-

ods, suca as the rapid and violent agitation in closed recep­ 

tacles or Kestner*s (1906) treatment wita a volatile anti-septic, 

received less attention*

Chemical met nods of sterilization, however, made tae most 

practical progress in the field of water treatment* Toe use 

of cnlorine for the purpose was not entirely revolutionary, for 

"Oil of sulpnur" and "aqua vitae" Had been used for reviving 

putrid water in tae Middle Ages, and Javelle water bad been in 

use in .France since 179E. In 1&94 Traube snowed ttiat small 

amounts of free cnlorine could Kill bacteria, and in tne fol­ 

lowing year uasseage found that 0*0973 grams of enlorine per

litre of water would produce complete sterilization in ten
3d 

minutes* One of tne earliest full-scale uses of a chlorine

compound came in 1906, men hypocalorite of lime was added to 

tne water drawn from tne Uoonton reservoir supplying jersey 

City* the suggestion by Lieutenant Nesfield of the Indian 

Medical Uorps that chlorine gas might be used to disinfect 

water was followed, in 191O 9 by the extensive experiments along 

this line by Major Darnall of the United States Array. Then 

condition* on the aome front and in the field in ;*orld War I 

accelerated the acceptance of chlorine in water treatment* 

3lr A* Houston, in order to savo coal used in pumping inames 

water to storage reservoirs, by-passed the reservoirs, and 

dosed London»s water witn chloride of lirae before allowing it
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to pass to the filters. His experiments showed tuat intro­ 

duction of 15 pounds of cnlorido of lime to l t OOO f OOO gallons 

of water destroyed the microbes derived from previous sewage 

contamination far more effectually than passage through a res­ 

ervoir containing 88 days 1 supply, i*>l lowing the war chlorine 

dosage became accepted practice in modern waterworks.

Among other chemical met nods of sterilization wnicn have 

been tried is the use of ozone. AS early as Iov9 Siemens &ro- 

ttiers & Company took out an English patent which described tae 

mixing of water wit a iron compounds arid blowing with o&oae« 

An experimental plant for treating 15,000,000 gallons of water 

a day with ozone was installed at London in 1933* Though many 

advantages of this treatment were noted, it was also found that 

the water became more corrosive. Treatment *?ith nydrogen per­ 

oxide, permanganates, excess lime, or various metals uas also 

received a great deal of attention in the laboratory.
\

Chemistry nas been called upon to combat noro than path­ 

ogens, nowever, in the quest for potable water, in 1904 Dr. 

tt.T. Moore, of tae U.S. Department of Agriculture, issued a 

report on tae extensive use of copper sulphate in impounding

reservoirs, to poison organisms which produce objectionable
40 

odors and tastes. !,!any other solutions to the taste and odor

problem have been offered along the same lines, especially in 

view of the fact that tae addition of chemicals, such as chlorine 

for other purposes, has, in turn, created new tastes and odors. 

.Baker and Gcnmelkes produced an answer to the latter problem in 

their American patent of 1932. They found taut the addition of 

iron as ferrous sulphate prior to chlorination prevents odors



ana tastes, aJKi accelerates reaction. The use of finely divid­ 
ed coKe or coal to remove substances causing these objection­ 
able features was patented by Rodman in the United States in 
1933.

WAT3H SOFTSHINO — Bemoval of temporary Hardness by the addi­ 
tion of hardness (linae) was proposed by Thomas Henry about 17y8, 
but the method aid not become successful until patented by ClarK 
of Aberdeen in 1341 and was not put into effect on a large scale 
until adopted at Canterbury in 1660* In time, soda-asm was 
added to the process to remove permanent hardness as well, tae 
combined operation being Known as the lime-soda process* Soften­ 
ing by electrical means was introduced, in what was probably the 
first electrical treatment of water, by Jewel of iSngland in ladd, 
His patent called for treating the water first with a softening 
agent and then eleetrolizing it to purify or assist precipita­ 
tion. Of considerable industrial importance was the Permut^t 
softening process introduced by Dr. Gans of Berlin in 1906. By 
a base exchange, or zeolite process, magnesium and calcium salts 
were replaced by loose of sodium, thus rendering an extremely 
soft water.

The modernity of water treatment is made clearer when we 
realize that all of London's river water for domestic use was 
not filtered until 1355, and that t in la90, only 1.5 per cent 
of all the urban population of the United States received fil­ 
tered water* Experiment and practice in less tnan a century 
oad made the treatment of water a complicated engineering prob­ 
lem, for it now involved sedimentation, with or witnout a
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coagulant, filtration, sterilization, softening * and other 
miscellaneous processes*

Summary

tfarly civilizations clustered about natural watering places 
and satisfied their water needs by individual action. Consumers 
acted as their own distribution systems by scooping up and car­ 
rying the water in containers fashioned by nature or by crude 
manufacturing methods* In time, individuals discovered that 
wells would not only save steps to the local stream or pond, 
but would prove reliable insurance against the ravages of 
drought.

Prom hand-drawn to pipe-carried supplies was a long step. 
Archaeological discoveries have indicated the existence of iso­ 
lated organized piped supplies as early as five thousand years 
ago, but even in Classical Greece the practice was far from 
universal. The large number of mountain springs in Greece no 
doubt accounts for the lack of many municipal systems in the 
country, but this factor did not prevent the Greeks from ac­ 
quiring extensive hydraulic Knowledge. .here necessary, tney 
put this Knowledge to good use in the installation of inverted 
siphons and pipes of stone, lead, and terra cotta.

It remained for the Romans, aowever, to develop the art 
of water supply engineering in its fullest sense. Until 312 
B.O the citizens of the city of Borne supplied themselves in­ 
dividually from the Tiber or from private wells. From that 
date, which marked the construction of the first aqueduct
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bringing in water from outside the city, until A.*>. 537, wnen 

the Goths over-ran Homo, its citizens enjoyed all the advantages 

of a well-organised municipal water supply system. Public cis­ 

terns, filled in some cases with water from almost 60 miles a- 

way, furnisned a plentiful supply to all desiring it, while pri­ 

vate conduits to the houses of wealthy and important citizens 

were not uncommon,. Lead, terra cotta, stone, wooden, and, on 

rare occasions, copper pipes were used in carrying the supply. 

Thouga pumps were known by the Bomans, there is no evidence 

that their municipal water supplies were anything but gravity 

fed along tneir great aqueducts* Many of the arched portions 

of these aqueducts still stand, visible symbols of the power 

and genius that once was Borne*

Sporadic attempts were mad© to revive some of the Roman 

systems, following Borae's fall in the sixta century, but little 

was accomplished. The Moors built a few public systems, but 

all evidence indicates that their efforts were insignificant 

in the over-all story of water supply. Little of importance 

in the field was accomplished until about tne twelfta century, 

when engineer-churchmen began to emerge from tao monasteries. 

The projects to supply their monasteries with water were later 

followed by projects to supply the communities in which their 

monasteries were located. Usually this involved the conveying 

of water from a spring or well relatively close uy, to puulic 

cisterns uj means of open troughs or pipes of lead or wood.

The Knowledge and sKill necessary for such undertakings 

gradually passed from the clergy to the laity, and the town 

burghers became responsible for initiating such public projects.



In most countries water supply remained a public function, 

but in England private companies slipped unobtrusively into 

the scheme of things, and came to dominate the scene during 

the eighteenth and nineteenth centuries. London, early a leader 

in organized water supply, had pipes laid in the thirteenth cen­ 

tury, and by the end of the sixteenth century, th@ pumping of 

public supplies was no longer a novelty. Throughout the seven­ 

teenth and eighteenth centuries London's private companies laid 

miles of wooden pipe, a practice which spread throughout tne 

world. AS the eighteenth century drew to a close, however, a 

fundamental change in waterworks 1 practice appeared.

Improvements in the steam pump and in cast iron brought 

about the revolution. Replacement of the old clumsy water 

wheel pumps by compact efficient pumps driven by steam was a 

very natural, and very gradual, development. Greater water 

pressures now became possible, but the wooden pipes in use 

could not efficiently contain them* So, cast-iron pipes be­ 

gan to replace those of wood, and steam pumps replaced tae 

waterwheels at the turn of the century,

As ttis nineteenth century wore on a ness problem presented 

itself—pollution. Communities growing rapidly were gradually 

polluting tneir own supply or the supplies of others downstream. 

The new pumps and cast* iron mains? provided an answer for many 

cities; they would bring in fresm supplies rrom tar-off sources. 

Thus, tae story of many urban waterworks throughout tne nine­ 

teenth century was one of going furtner and fur-trier afield to 

bring in fresh waters in aqueducts of great length.
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Suca a policy was not always tae most economical, aowever, 

and another answer had to be found, ^ater treatment by sand 

filtration f successfully carried out on a large scale at Lon­ 

don in 1629 § seemed to t>s the solution, for the water was freed 

of its turbidity. Clearness and freedom from taste and odor 
were the main criteria of good water at the time, for the dis­ 

ease-carrying potential of "clear* water was not yat known* 

In the latter half of the nineteenth century experiments by 
Bobert Koch of Germany, based on earlier observations by Louis 

Pasteur of France, snowed conclusively tne letnal possibilities 
in water. Mow a more scientific approach to trie problem of 

getting satisfactory water could be made*

Filtration methods were reviewed and overnauled, and a new 

repid sand filter made its appearance in America at tho end of 
the century. Chemistry v?as brought in to make its contribution, 
to sterilize, soften, and remove objectionable tastes and odors 
from the water* As the twentieth century advanced more water- 

worics made tnair appearance in every part of tae globe, and 

science continued its figftt for safer, more potable water.
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