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the SfRVEYS FOR THE PROPOSED BARGE CAN- 

ai, flora Lake Erie to the Hudson River, for which an ap- 

pr. priution of $200,000 was made during the closing 

hours of the last session of the New York SUte Legis¬ 
lature, are being energetically prepared (or hy the State 

Kug.neci's ofllce. On April 27 the board of engineers ap¬ 

pointed by the State Engineer to Investigate the various 

pro|>ositluus and plans (or lift locks for the proposed 

canal held its first meeting. This board consists of Mr. 

(ieurge S. .Morlson, M. Am. Soc. C. E., Maj. Dan. C. 

Kingman, li. S. Engineer Corps; Prof. Wm. H. Burr, 

.M Am. Soc. C. B.; MsJ. T. W, Symons, U. S. Engineer 

Corps, and Mr. Elnathan Sweet, M. Am. Soc. C. B. The 

Uuard organized by selecting former State Engineer Bl- 

uaihau Sweet (or Chairman and Mr. Henry Goldmark, 

M. Am. Sue. C. E., as Secretary, the latter having Inves¬ 

tigated the subject for the recent U. S. Deep Waterway 

Commission, and being, therefore. In position to give to 

the present Board the full benefit of these Investigations. 

State Engineer Bond presented the general subject to the 

board by saying that ho wished the matter to be consid¬ 

ered in the same practical way that would be used it 

some private company were about to construct a canal 

as a financial Investment, and that it was desired that 

the Interests of the sute should be considered in order to 

And that style of lock which should give the best economy 

for the money invested, giving consideration not only 

to the facility (or navigation but also to the Interests 

of the people who are to pay for the canal If It is built. 

There were given to the Board (or consideration descrip¬ 

tions and details of all the high-lift locks which have 

b.en designed or built Among the designs which have 

been submitted for consideration are one by Mr. Cbauncey 

.N. Dutton and one by Mr. William R. Davis, Chief Bridge 

Designer, State Engineer office. Both of these designs 

are (or a lift lock to overcome the 140 ft rise at Co¬ 

hoes Falls, where the Erie canal now has 16 double 

locks of the ordinary type. The survey, which Is to be 

made by the State Engineer Department during the 

present season, will require a large number of civil engi¬ 

neers, levelers, rodmen, chalnmen and helpers, all of 

whom have been, or are to be, selected under the Civil 

Service rules. To get the best results in this survey it is 

necessary to have a uniform method of records and field 

notes, and in order to decide upon the simplest and most 

effective method, the State Engineer has appointed a 

board of engineers to examine and consider the *Tn- 

strucUoris (or survey parties” which have recently been 

prepared by the consulting engineers for the canal 

survey. The board of engineers thus appointed consists 

of Mr. (leo. 8. Greene, Mr. Edward P, North, Mr. Oeo. 

Y. Wisner, Mr. Palmer C. Ricketts and Mr. Nelson J. 
Stubbs, Mems. Am. Soc. C. B. This board held lU first 
meeiitig on April 30. 

AN ADVISORY BOARD OF ENGINEERS AT NEW 

Orleans is proposed by the Board of Sewerage and Water 

Commissioners, to consist of three local and two outside 

enKlne. rs. At a recent meeting it was decided to Invite 

Itudolph Herlng, M. Am. Soc. C. E., and Geo. W. 

Ful.. .Vssoc. M. Am. Soc. C. E., both of New York city, 

to Si . vs .,a the advisory board. One of the moat diffi¬ 

cult problems to be solved is the purification of the 

' ir. the Mississippi River. 

AX INTERNATIONAL DAM ACROSS THE R1 
Gram, f.„ni hi p^o. Tex., to Clndad Juares, Mex., 

u 110; sed. The Mexican government has been ti 

terssUng Itself in behalf of its dtltens below ths pro¬ 

posed dam. It has been pushing claims for damages 

against the United States on account of the heavy di¬ 

versions of water from the Rio Grande in Colorado and 

New Mexico. It Is esUmated that the dam and acces¬ 

sories would cost about $2,300,000. 

THE MOST SERIOUS RAILWAY ACCIDENT of the 

week was the collision, near Phlllipsburg, N. J., of a 

Coal and freight train on the Central R. R. of New 

Jersey on April 27. One man was killed and a large 

number of freight cars badly wrecked. 

A DESTRUCTIVE CONFLAGRATION swept over the 

cities of Ottawa and Hull, Ont., on April 27. The damage 

is summarized as follows In the latest press dispatches; 

Ottawa buildings destroyed, 2,000; Hull buildings de¬ 

stroyed, 1,800; total loss, both cities, esUmated, $17,- 

000,000; total Insurance, both ciUea, esUmated, $8,000,- 
OUO; Uvea lust, seven; missing, lour. More than 7,ouo 

pel sous are homeless. 
■ ♦- 

TUB COLLAP8E Ut A FOOT BRIDGE within the 

gioands of the Paris ExposiUou on April 20 caused the 

Ueath of nine persons and the injury of 40 others, nine 

being seriously injured. This bridge crossed over the 

Avenue de Sunren and connected one of the side shows 

witu the exhibiUon giounds. It was built of cement, or 

cuncrete, and wire mean, and seems to have fallen of Tta 
own weight, the ruins ueing precipitated upon the crowd 

in the avenue below. At the Ume of its collapse the 

bridge had not been approved by the exposition authori¬ 

ties and was nut open to irafllc. 

AN EXPLOSION OF BLASTING POWDER in the coal 

mines of the Pleasant Valley Coal Co., at Scofield, 

Utah, about lUU miles souui 01 Salt Laike City, on May 1, 

killed probably 2ot) miners and injured many mure, the 

latest press dispatches stste that lot) bodies have beeu re¬ 

covered. 

THE CHISHOLM FUEL GAS PROCESS recenUy ex¬ 

ploited in Ssn Francisco and Oakland, Cal., and re¬ 

viewed In our issues of Dec. 7 and Feb. L> last, has 

been hnally abandoned in both these clUes. in our issue 

of March 29 we chroaicled the remodeliug of the San 

Francisco works to make water gas in the ordinary 

manner, and the Oakland “Enquirer" states that the 

plant at Oakland is now being also remodeled. It 

quotes one of the local stockholders as follows: 

We have decided that the gas manufacturing process 
which we have proposed to put iulo uperatiuu is not a 
praciicahle one, ana Uiat is tne reason the company will 
ue reorganized. it wUi manufacture water gas under 
the old process, and the plant can be used for this pur- 
puae with out slight changes. We thought when we 
slaited in the ousiness that the upiaioiis of experts which 
we had secured jusUfied us in oelleving tne Chisholm 
process would be ail right, but at the same ume we 
made inquiries and learned that it would not coat much 
to change the basis of operaUons to water gas in case 
it should be found necessary. 

STEPS TOWARDS MUNICIPAL OWNERSHIP of 

water-works have been taken by the Board of Super¬ 

visors of San Francisco, Cal. Under the new city char¬ 

ter (Art. 12), it is "declared to be the purpose and In¬ 

tention of the people of the city and county that Its 

public uUllUes shall be gradually acquired, and ulti¬ 

mately owned, by the city and county." The first step 

to that end was a resolution passed March 26, Inviting 

owners of existing water-works, and all others in a po¬ 

sition to bid, to submit propositions (or works capable 

of supplying a present estimated consumption of 25,- 

000,000 gallons a day and an estimated future consump¬ 

tion of two or three times that amount. The first offer 

under this Invitation was submitted by the Lake Tahoe 

A San Francisco Water-Works, of which Mr. A. W. Von 

Schmidt Is President and Mr. Holland P, Smith Is Sec- 

'-etary. The company statee that It owns the right to 

stored waters in Lake Tahoe, together with a dam at 

the outlet to the lake, a diverting dam In the Truckee 

River, land on which the dama are located, and maps, 

plans and estimates for delivering water from Lake 

Tahoe to San Francisco. It proposes to rebuild the 

two dams named, construct a canal from the diverting 

dam to the Sierra Nevada Mts., a tunnel through the 

latter, a diverting dam acrosa the American River, a 

canal from the latter dam to an Intake reservoir in the 

Sierra foothills, 800 to 1,0(X) ft. above sea level; an In¬ 

take reservoir, and a riveted steel pipe line or lines from 

the reeervoir to the city, delivering water 300 ft. above 

the level of the sea. Various propositions as to quan¬ 

tities of water and other conditions are made, as fol¬ 

lows: No. 1, 30,000,000 gallons a day, delivered through 

a single pipe line, $17,960,000; No. 2, same as No. 1, ex¬ 

cept with two pipe lines, $20,405,000; No. 3, works above 

the Intake reservoir with a dally capacity of 100,(X)0,000 

gallons, otherwise same as No. 2, $21,215,000; Nos. 4 

and 5, capacity of 100,000,000 gallons above Intake res¬ 

ervoir, but 00,000,000 gallons below, $29,772,000 for a 

gle. and $32,600,000 for a double pipe line. The worka 

In any case would be finished In five years. All the propo¬ 

sitions are made on the basis of 2H cts. per lb. for pipe 

steel at tidewater on the Atlantic seaboard, prices to be 

raised or lowered In accordance wltb future market 

prices, presumably at the time of sigutog the contract. 

The same company offered, on Sept. 23, 1889, to build 

works capable of supplylog 30,1)00,uOO gallons a day for 

$l.'t,000,000. It states that the Increase In price In tbs 

present bid te due to an Increased factor of safety and 

therefore thickness of plates In the pri>posed pipe llae. 

it la expected that the Spring Valley Water-Works Co., 

which now supplies the city, will set a price on its works. 

We are Informed that It values them at about $32,500,- 

000, and that a valuation of $26,000,000 has been con¬ 

ceded by the city authorities as a basis (or llzlug rates 

at the annual readjustment. Mr. John A. Russell la 

Clerk of the Board of Supervisors of the City and County 

of San Francisco. 

THE POLLUTION OF THE WATER SUPPLY of 

Cumberland, Md., by wastes from the mill of the West 

Virginia Pulp A Paper Co. has been In the courts (or a 

number of years. An agreement designed to stop the 

litigation seems to have been reached. Under It the 

company will aubeiitute the soda process (or the sulphite 

process of pulp making and the city will withdraw Its 

suits. 

PAVING AND SEWERAGE WORK IN IOWA srs 

greatly retarded by the present status of the law re¬ 

garding assessments for benefits. The State and United 

States courts have each ruled on the matter quite re¬ 

cently, and the opinions appear to be very confilctlng. 

The legislature has attempted to give some relief by a 

temporary act, which It proposed to replace two years 

hence by a more comprebentive oue, after a special 

committee reports on the subject. We are Indebttd to 

.Mr. M. V. Ashby, Acting City Engineer of Crestoo, la., 

(or the above information. 

A PAST ATLANTIC LINER has been ordered to be 

built by the North German Lloyd Line, which. It Is 

stated, will exceed In size any steamship now afloat. 

According to the scanty figures which have been made < 

public the new liner will have a length of 752 ft., and 

engines of 40,000 HP., and Is to develop a speed of 24 

knots. The new vessel Is to be built by the Vulcan Ship¬ 

building Co., of Stettin. 

THE GREATEST STEAMSHIP LINES of the world are 

summarized In a recent issue of the Liverpool "Journal 
of Commerce,” as follows; 

British. 

Name of Company. 
Peninsular and Oriental. 
British India. 
Elder, Dempster A Co. 
Thomas Wilson, Suns A Co. 
White Star Line. 
Allan Line. 
Ucean Steamship (A. Holt). 
Pacific S. N. Co. 
Clan Line. 
Cunard Line. 
Anchor Line . 
T. A J. Harrison . 
Maclay A MacIntyre (Glasgow)... 
Union Line. 
Prince Line . 
Johnson Line . 
Lamport A Holt . 
F. Leyland . 
R. Ropner A Co. 
Castle Line. 
West India and Pacific. 

Other Lines 

Hamburg-American Line.28*1.945 
North American Lloyd.26.5,61:1 
Hamburg 8. Amer. 8. N. Co.100.646 
Hanaa S. S. Co. 84,8*17 
.Messagerles MarUlmee.229,837 
Cle. Oenerale Transatlantlque.166.701 
Navlgazlone Oenerale Italiana.171,041 
Austrian Lloyd.146,660 
Compania Transatiantiea .121,161 
Nippon Yusen .1*11,698 
Ameriean Line.116.960 19 

This list Includes ships owned and managed by these 

companlea, but not vessels under construction. It will be 

observed (hat the names most familiar by no means rank 

the highest in this lint 

PRICES OF THE RAW MATERIALS of foreign pro¬ 

duction used by American manufacturers continue fo ad¬ 

vance in the foreign markets from which these supplies 

are drawn. The following table shows the average value 

In foreign countries of the articles named during the fiscal 

years 1897, 1898, 1899 and the nine months ending with 

March 31, 1900, as shown by the figures of the Treasury 

Bureau of Statistics, which are based on the sfatements of 

importers of the cost of the goods in question at the 

foreign ports from which they are shipped to the United 

States; 
Nine 

,-Fiscal year.-, months. 
1897. lim. 1890. 1000 

Manila hemp, per ton . .$73.68 $64.44 $116.62 $146.50 
Sisal, per ton. 60 00 74 .59 128 12 151.30 
India rubber, per lb.491 .5.51 .*12 .66 
Silk, raw, per Ib. 2.84 S 06 3 19 8 94 , 
Sugar, raw, per Ib.0201 .0224 itl2H .0242 
Tin, in bars, per Ib.129 .1.778 .1,596 .269 

Gross N'o. of 
Tonnage. Fleet 

_279,597 5*1 
....277,711 ior> 
....Ih3.tl21 72 
_170,709 87 
_126,94*) 22 
_124,785 34 
_122.091 49 
_117,909 38 
_117,368 39 
_110,309 28 
_108.402 31 
_102,540 28 
_9r.,2*)<) 4.5 
_91,580 18 
_88,4.72 44) 
_ 84,781 25 
_8;i.9*:7 .72 
.... 82..584 24 
- 76,572 3.5 
_ 74,029 17 
- 70,.587 17 
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THE FAILURE OP THE STAND-PIPE AT ELGIN, ILL. 

By Wm. D. Pence, M. Am. Soc. C. E.* 

The 30 X 95-ft. steel stand-pipe at Elgrin, IlL, 
burst and fell about 8 a. m., on March 14, 1900. It 
Is stated that the ntand-plpe was full when the 
night engineer stopped pumping at 6 a. m., and 
pumping had not been resumed at the time of the 
accident. Reliable observations of two pressure 
gages by two men at the pumping plant near by 
Just before the accident indicated that the water 
level was somewhat more than 20 ft below the top 
of the stand-pli>e. 

Several reliable eye-witnesses state that there 
was flrst a crashing sound within the stand-pipe, 
resembling the sounds due to falling Ice which 
have been heard almost every spring by person? 
living near the structure. This was followed almost 
instantly by a loud rending report and the rush of 
water and ice on the east side, and finally came a 
deep rumbUng sound as the main upper section, 
containing several hundred tuns of ice, struck the 
ground. About one-fifth of the plates, consisting 
of most of the four lower rings of the stand-pipe, 
tore loose from the upper section and from the 
bed-plate and was projected by the reaction of 
the escaping water to the southwest of the founda¬ 
tion, while the upper four-fifths or so, about 75 
ft. in length, toppled to the east or northeast, fell 
vertically to the foundation, and finally landed in 
a flattened mass in a general northeasterly direc¬ 
tion, free from the foundation, as shown in the 
photographic view. Fig. 2. Several of the plates 
in the ruins show by their brightened or curled up 
corners and edges the results of severe impact 
during the fall of the structure, and a deep circu¬ 
lar furrow In the ground marks the path of the 
lower plates as they swung around to the west¬ 
ward. A careful examination indicates that the 
initial rupture occurred on the east or northeast 
side, about four courses from the base. The bold¬ 
ing down bolts, 22 in number, failed mostly by di¬ 
rect fracture, usually in the eye. The injury to the 
masonry pedestal Itself was comparatively sight, 
the stone water table being crushed and gouged 
out by falling plates and by the bent anchor rods. 
The bedplate remained In place. 

The damage to surrounding property was sur¬ 
prisingly small, for aside from the leveling of 
trees and fences, only one house suffered much In¬ 
jury. Fortunately nobody sustained personal in¬ 
jury. The immunity from damage was due in 
part to the topography of the locality, the water 
passing quickly to the westward, and in part to 
the reduced amount of water in the stand-pipe 
when the failure occurred. 

Fig. 1 shows the Elgin stand-pipe before its 

to the pumping station. Fig. 6 illustrates several 
samples of the plate metal tested by the writer. 

The stand-pipe, 30 ft. in diameter by 95 ft. high, 
having a capacity of 5^12,300 gallons, rested upon 
a concrete base faced with brick masonry, as 
shown in Fig. 1. This base has a height of 20 ft.. 

Fig. 1.—View of Stand-Pipe at Elgin, III., Looking 
Northwest 

making the total height of the stand-pipe 115 ft. 
above the adjacent ground surface. The plans of 
the Elgin stand-pipe are not available at the pres¬ 
ent time, but the details are very similar in a gen¬ 
eral way to those of two stand-pipes built at Peo¬ 
ria, Ill., some years since (Engineering News, Vol. 
XXVIII., p. 26, July 14, 1892, inset), and also, ex¬ 
cept as to roof and winding staircase, to those 
of the Des Moines, la., 30 x 100-ft. stand-pipe (En¬ 
gineering News. Vol.XXVII., p. .347. April 9, 1892). 

14, 7-32; No. 15, 7-32; Nos. 16-19, 3-l(;. 
tails of the riveting given in the spe. 
were not followed in the construction, 
being about 2% or 2% ins. in the doubV. 
in the courses near the bottom where in 
ture occurred, and the holes being 1 in 
eter. All horizontal Joints were slngl 
and vertical double riveted. The specifi 
the plate metal will be given at the con 
this article In discussing the cause of th 

The Elgin water-works system was bu; • 
88 by the city. The supply is taken fron 
River and filtered. There are two pump- 
000-gallon Worthington and a 6.(Xk*,i" 
Holly-Gaskill. The consumption of watt - 
as given in The Manual of American War 
for 1807, averages 1.060,000 gallons: max 
000,000; minimum, 700,440 gallons. As sb 
sketch plan. Fig. 4, the stand-pipe wa 
nearly 1,000 ft. from the pumping plai 
shortest line, although it is about L.'iO'r ft 
of the 16-ln. main. The usual service p' 
the mains has been 75 lbs. and the tir> 
100 lbs. In case of fire it was customar 
off the stand-pipe by means of a gate vul 
ated by an electric motor located in 

chamber beneath the stand-pipe. Thi .;otur 
which was controlled from the pumpiin. plant 
was damaged when the stand-pipe fail i th- 
heavy door seen In Fig. 1 being burst in. ird by 
the rush of water and ice. 

Twice each year since the stand-pipe w..~ badt 
it has been emptied and Its Interior carefniiy ex¬ 
amined. The latest inspection was in u, :,,bT 
last, when the condition of the stand-pip- sail 
to be satisfactory. It is stated that lb :, ha- 
been no trouble from leakage at least f .r ten 
years. The pitting action by the water b.i- been 
quite marked, but perhaps no more so than is 
usual elsewhere under like conditions. Tlie in¬ 
terior has been repainted twice since tb- stand¬ 
pipe was built. It has been found that v- ry little 
of the Interior paint has survived the first winter 
after repainting, owing to the rubbing a-iion of 
the ice, an exi>erience which is quite coiiunm t- 
exposed stand-pipes with a low temperatui - water 
supply. 

The pressure gage at the pumping plant sh.ov. i 
80 lbs. when the stand-pipe was full. .\n auto¬ 
matic gong alarm, which operated at about 79 lbs 
pressure, served to notify the engineer in lane t- 
prevent overfiow. It had been customary to fill th 
tank and then suspend pumping until the pr-ssur- 
fell to 65 lbs., representing a level about :!1 ft. or 
so below the top of the stand-pipe. Unfortunately 
the gage was not self-recording, but, as already 
stated, it is claimed that two trustworthy men ob- 
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FIG. 2.—GENERAL VIEW OF RUINS OF THE ELGIN STAND-PIPE. FIG. 4.—VIEW OF INTERIOR OF THE UPPER SECTION, SHOvVING 

ICE. 

failure. Fig. 2 is a general view of the ruins taken 
several days after the accidenL Fig. 3, taken im¬ 
mediately after the stand-pipe fell, is a view of 
the collapsed upper section, showing the extent 
of Ice in the ruins. Fig 4 Is a somewhat Indistinct 
view of the Interior of the upper section of the 
stand-pipe, which contained several hundred tons 
of ice after the fall. Fig. 5 is a sketch plan show¬ 
ing the locaUon of the stand-plpe with re^erence 

'Professor of Civil Engineering, Purdue University, 
Lafayette, Ind. 

the same engineer having designed and built the 
stand-pipes at all three of the cities named. The 
Elgin stand-pipe was built in 1887 at a cost of 
$14,287 for the superstructure alone. 

The bottom plate was %-in. wrought Iron, dou¬ 
ble riveted with butt Joints, having %-ln. rivets. 
The rings built 5 ft. each. The thicknesses of the 
plates were as follows: Course 1, 23-32 in.; No. 2, 
11-16; No. 3, 21-32; No. 4, 19-32; No. 5. 9-16; No. 
6, 17-32; No. 7, No. 8, 7-16; No. 9, 13-32; No. 
10, %: No. 11, 11-32; No. 12. 9-32; No, 13. 14: No. 

serving different gages at the pumping p'ant jus: 
before the accident, reported the pressur at TO 
lbs., indicating a water level about 23 f: below 
the top, or 72 ft. above the base of the st,.. 1-plpe- 

It Is said that pumping would probab . have 
been resumed about 9 a. m. had not the cident 
occurred. Water service was cut off ! m the 
consumers until the valve at the stand-p coulJ 
be closed and the pumps started. The wo: .■< have, 
of course, been operated by the direct -essure 

system since the stand-pipe failed. 



der much the same specihcatlons a year or two 
later than the Elgin- stand-pipe, but by a differ¬ 
ent firm. While the rivet fractures themselves 
were satisfactory, as a general thing, many rivets 
indicated poorly matched holes and not a few had 
eccentric heads. Furthermore, there were many 
signs in the way of cracks about the rivet holes, 
which suggested damage in punching brittle plate 
metal. Many rivets were exceedingly loose; si) 
loose. In fact, as to show that these holes must 

the upper section Just even with the upper edge 
of the top ring of plates and the imprints of the 
rivet heads in the ice near the top continuously 
matching the rivets themselves, showing that the 
ice tube had not shifted longitudinally in the 
metal shell. Since the water level was below the 
point of buoyancy, it is certain that the ice mass 
Was supperted tor to top with the stand-pipe 
either by the continuity of the ice shell to the bed 
plate, or by a frosen connection between the ice 

- accompanying figures. Table I., relative to 
ather conditions at Engln during the Ice- 
5 periods for the past two winters were ob- 

, fron, the local weather observer. 

I e I -Comosrlion of Winter Temperatures at 
Elgin, Ill. 

Sum of Sum of Mean 

Alumt . 414* 21.6* 
.. 208* 16.1* 

' an h Tto 15. 598* 323* 
Amber . 1.062* 547* 25.9* 

aLuSr .   1.086* 602* 26.9" 
h^uarr . 715* 198* 18-5* 
irWtolS. 521* 299* 

,ugh the ground froze to less depth during 
,3t than the preceding winter season, it is 

1 that ice has formed in lakes and rivers. 
Inference in stand-pipes as well. In greater 

ty this past winter. Recent observations 
superintendent showed the temperature of 

witer in the Elgin mains during the ice sea- 
t.i be little If any above 32® F. For several 

preceding the accident the sun had been 
!ig more or less and there was doubtless 

11, .>r less thawing of the ice in the stand-pipe. 
H,. ..ver, it turned cold the evening before the 
r, are and a film of ice V4-ln. or more thick 
I , II...1 against the inside of the plates. 

\ .ireful study of the Ice fragments and masses 
ill the ruins showed that the great tube of ice com- 
ni..Mly formed in exposed stand-pipes against the 
ni. till shell had In the Elgin stand-pipe a thick- 
nt-s.s of ti ins. or so near the bottom and of 30 ins. 
or ni'ire in the upper section within the 30 or 35-ft. 
range of dally fiuctuation of water level. It is 
coiiimonly the case that the influx of warm water 
at tlie inlet pipe melts away or prevents the for¬ 
mation of this Ice shell for some distance above 
the base of the stand-pipe, the extent of this ac- 
Uon depending chlefiy upon the temperature of 
the water supply. It would appear, how¬ 
ever, that with the temperature of the 
water in the mains at about 32®, as above noted, 
this process of melting away the ice mass must 
have been very slight In the Elgin stand-pipe. Un¬ 
der these conditions the circulation of water in the 
stand-pipe by convection must have been insig¬ 
nificant. The increase in thickness of the ice walls 
from the base upwards was manifestly due to the 
increase in exposure toward the top of the stand¬ 

pipe. 
The ice mass was, of course, originally molded 

close against the plates and rivets. It was evi¬ 
dent, however, that a film of water had formed 
between the ice and metal shell, probably by the 
action of the sun and warmer winds for some 
days before the accident, for the imprints of the 
riv’t heads and joints, while perfectly distinct, 
were not sharply outlined. This initial thaw is 
further evidenced by the thin layer of fresh ice. 

FIG. 3.—VIEW OF UPPER SECTION AND OF ICE FROM THE STAND-PIPE, 

have been greatly extended during the destruction* 
of the stand-lple, since the reported tight condi¬ 
tion of the tank for the past ten years would not 
have been possible except with well-filled rivet 
holes. In view* of the well-known influence upon 
the character of fracture with sudden rupture un- 
d'^r Impact, especially with low tempierature, the 
writer withheld his conclusions as to the character 
of the plate metal until his laboratory tf-sts were 
completed. 

These tests included the usual tensile tests in 
duplicate, cold bend tests in duplicate, a quench 
bend test, and a test for phosphorus. The physi¬ 
cal tests were made under the writer’s pergonal 
direction In the Materials Testing I.aboratory of 
Purdue University, and the phosphorus determin¬ 
ation by Prof. W. U. Test, of the School of Chem¬ 
istry. All the samples except D. Fig. 0. were tak¬ 
en from the plate which it was generally agreed 
gave w'ay first. Considerable difficulty was ex¬ 
perienced in preparing the specimens, the metal 
displaying a peculiar combination of toughnc-ss and 
brittleness. The results of the tests are given in 
Table II. 

TABLE II.—Results of Tensile Tests of Msterisl from El¬ 
gin Stand-Pipe. 

,-Sample-> 
No. 1. No 2. 

Original area, sq. ins.5625 .6754 
Elongation in 8 ins , %. 22.5 23 5 
Reduction of area, %. 47.7 40.5 
Elastic limit per sq. in., lbs. 37,020 
Ultimate strength per sq.ln., lbs. 58,490 55,960 
Character of fracture.Coarse, silky. Laminated 

The yield point was not taken In sample No. 1. 
The elastic limit in No. 2 w'as determined from a 
card taken by the Henning Instrument. The cold 
bend tests, A and B, Fig. 6, show the effect of 
bending the 9-16-ln. strips nearly flat in the test¬ 
ing machine. Flaws or cracks developed on the 
outside of A when the inner radius was about 2 
ins. or more and on B when the radius was %-ln. 
The edges of strip A were somewhat rougher than 
those of B. Strip C was bent after quenching 
from a cherry red in water at about 80® F. The 
cracks began when the Inner radius was about 1 
in. The test for phosphorus was made from 
drillings taken from sample D, Fig. 6. which ap¬ 
peared to be unusually brittle and had an especi¬ 
ally poor fracture. The fragment C was broken 
by a slight blow with a small hammer from a 
plate adjoining that from which the other sam¬ 
ples were taken. The analyMs showed .001% phos¬ 
phorus. 

The foregoing matter is devoted chiefly to tfie 
statement of available information relative to the 
Elgin stand-pipe and its failure. In the discussion 

Stand 

\ 
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as to the cause ot the accident which follows, con- 
Hl'leratlon will be irlven to the three phases—de- 
siirn, construction and operation. 

Examining the list of plate thicknesses, it ap¬ 
pears that the Elgin stand-pipe was designed with 
a safety factor of four, assuming 70% Joint effi¬ 
ciency with fJO,000-lb. steel plate. However, the 
spacing and diameter of the rivets In the lower 
rings was not such as to give the assumed 70%. 
In the fourth ring the rivets had a pitch of about 

Ins. with 1-ln. rivet holes which would reduce 
the efficiency of the Joints to 60% or-so, and In¬ 
crease the working stress with a full tank from 
1.%.<NS> to 17..'i00 lbs. per sq. In. In the net section 
With the water at the 72-ft level at the time of 
the a<-cident the stress due to hydrostatic press-ure 
alone was. perhaps, 13,000 lbs. per sq. In. In the 
rings near the bctse where failure occurred. 

The quite general practice of using a safety fac¬ 
tor of four In stand-pipe design has doubtless 
b*“en based upon the assumption of quiescence In 
the loading, as In building construction. In the 
« ase of a stand-pipe prox)erly encased from the ac¬ 
tion of the Ice and wind, this assumption is doubt¬ 
less consistent, although the prevailing practice 
In good bridge work of using low working stresses 
for loads frequently applied might warrant the 
use, even in the protected stand-pipe, of safer 
unit loads than those obtained with a factor of 
four. In any event, the Elgin stand-pipe Is open 
to severe criticism In that Its metal has probably 
been subjected to as much as 17,600 lbs. per sq. 
in. under dally service, which represents a factor 
of safety of less than 3.5 as compared with an 
ultimate tensile strength of GO.OOO lbs.; or if com¬ 
pared with the elastic strength of say 30,000 
lbs. per sq. In., a “coefficient of security” of 1.7 or 
so. The latter is the more correct basis of Judg¬ 
ing of the safety of a stand-pipe, since total fail¬ 
ure Is almost certain to follow the opening up of 
the rivet holes, about which cracks or .lefects are 

most likely to occur. 
T'le Elgin stand-pipe Is, of course, open t<> the 

sweeping criticism which may be directed against 
tne large number of stand-pipes which have n- 
protection from the elements, especially those in 
Icy latitudea If, as must be conceded, intelligent 
design provides against a dangerous condition, 
which Is certain to exist, then the Elgin stand¬ 
pipe was defective In design In that Ice could form 

within It In dangerous quantities. 
The specifications of the Elgin stand-pipe would 

have admitted, and In the writer’s Judgment did 
admit, steel plate of Improper quality. The de¬ 
fects referred to are made evident by the follow¬ 
ing lomparison in parallel columns between the 

tests specified at Elgin and those commonly pre- 
s'-ribed by the better engineering practice, and by 
the physical and chemical tests already given: 

Elgin Speclfloatloni. Proper Speciflcatloni. 

The meui of the plates The n:etal composing the 
must be of soft homogeneous stand-pipe shall be soft, 
steel, possessing a maximum open-hearth steel, containing 
tensile strength ot tiO.OOU lbs. not more than U.0(i% pboa- 
and a mlmlmum tensile phorus, and having an ulU- 
slrength of bb.OOO lbs. per mate tensile strength of not 
sq. In., and be officially and less than 54,000, nor more 
legally stamped; must be than Hl’.UOO lbs. per sq. In., 
suiootb, truly and evenly an elastic limit not less than 
rolled, and uniform In else, than one-half the ultimate 
and sufficiently ductile to strength, an elongation of 
admit ot rolling, while cold, not less than 26% in 8 Ins., 
around a radius ot 12 Ins., and a reduction of area of 
without developing flaws, not less than 50% at frac- 
cracks, splits, or any other ture, which shall be silky In 
features which would render character. Before or after 
them unlit for the work in being heated to a cherry red 
the opinion of the engineer, and quenched In water at 

hO’F., the steel shall admit 
of bending while cold, flat 

. upon Itself, without sign of 
fracture on the outside of 
the bent portion. 

While the tensile limits In the Elgin specifica¬ 
tions are satisfactory, the cold bend test Is obvi¬ 

ously very absurd. 
The results of tests by the writer, alreaily stated, 

together with the api>earance of the plate frac¬ 
tures In the ruins, show that the plate metal used 
in the Elgin stand-pipe was not suitable for such 
purposes. It is probable that common tank steel 
was employed, which, of course, is not a proper 
material to use in stand-pipes. 

Finally, considering the operation of the stand¬ 
pipe. it is very generally believed that the failure 
would not have occurred had the stand-pipe been 
kept full of water. In many places It Is regarded 
as of the highest Importance to keep the pumps 

going practically without rest during the periods 
of alternate thaw and freeze, say during the 
months of February and March. It Is during this 
period that the accidents from falling ice In vari¬ 
ous places have occurred. Although the Ice has 
been heard to fall in the Elgin stand-pipe almost 
every spring since its construction, no Injury 
s'»-»med to result, so that no special importance 
was attached to the matter. The failure of the 
structure on March 14 came as an entire surprise 
to the authorities. 

While It is practically certain that the initial 
rupture was Induced by the fall of Ice, It la argued 
by some that this could not be the case, since the 
automatic alarm of the pump failed to respond. 
It seems reasonable, however, that the Impjl.ic 
due to the impact or blow from the falling Ice 
would find relief from the practically Instantane¬ 
ous rupture of the stand-pipe plates before It could 
travel through the 1,50(1 ft. or so of water main t<> 
the more or less sluggish alarm gage. 

Again it has been asked, if ice caused the fail¬ 
ure why has It not occurred during previous years 
when there may have been a greater mass of Ice 
In the stand-pipe. To this It may be said that the 
danger Is due less to the actual quantity of Ice 
than to the peculiar combination of weather and 
improper control of the water level, which pro¬ 
duces the serious effect. Furthermore, the testi¬ 
mony of those living in the vicinity of the stand¬ 
pipe indicates that the fall of ice during previous 
years may have weakened the structure and that 
the fall this spring was perhaps the “last straw.” 
Had there been a fall of the entire mass of Ice. 
weighing .«ay SflO.OOO lbs., as In the stand-pipe at 

Fig. 6.—Test Samples from the Plates of the Elgin 
Stand-Pipe. 

Maryville, Mo. (built by the same firm and about 
the same time as that at Elgin), the failure would 
be easily explained. But, as already stated, it is 
very likely that the only ice which fell previous to 
the rupture of the plates was the top sheet weigh¬ 
ing probably about 70,(1(10 lbs. The energy due 
to this fall of 20 ft. or so would be equal to 1,400,- 
000 ft.-lbs. which acted chiefly upon the resilience 
of the metal shell, although a small portion was 
probably dissipated by the upward splashing of 
the water and through the outlet pipe Into the sys¬ 
tem of maln.s. In view of the action of the ice shell, 
it is impossible to know Just how this blow was 
distributed, but the total energy,if distributed uni¬ 
formly over the lower 72 ft. of the stand-pipe, 
would give say 17 in.-lbs. per sq. In. of surface of 
the plates. 

Now the elastic resilience of structural steel Is 
15 in.-lbs. per cu. In., and with the metal strained 
to 13,000 lbs. per sq. In. the surplu.s elastic resil¬ 
ience would be say 12 ln.-lbs. per cu. In., or for the 
9-lU-in. plate in the fourth ring where Initial rup¬ 
ture occurred, the available elastic resilience 
would be reduced to say 7 ln.-lbs. per sq. In. of the 
inner plate surface. Thus the average energy per 
sq. In., due to the fall of the Ice sheet, would be 
say 2)i times as much as the ability of the metal 
to receive shocks without passing the elastic limit 
of the metal. Considering the less thickness of the 
Ice shell toward the bottom It seems very likely 
that the blow would be transmitted in more than 
average measure to the lower rings, and further, 
that the reduced plate section along rivet lines 
would suffer greater strain than the solid plate. 
Adding to these conditions the strong probability 
of an Injury from Ice action during previous years, 
the failure of the Elgin stand-pipe would seem to 
be fully explained. It is needless to add that the 
use of Improper metal would Increase the likeli¬ 
hood of such failure. It should also be noted that 
the foregoing somewhat hypothetical conclusions 

might be affected more or less by the pos 
elastic ratio with brittle metal. Indicate 
writer's tests, although this would be n. 
offset, no doubt, by the well-known Ha 
such metal to sustain damage, and suffer 
fracture In the process of punching rlv 
Furthermore, the supposed decrease In 
lence of steel under low temperatures w 
pear to be a very Important factor, emp 
still more the need of protecting stand-pi; 
these critical elements. 

Besides the fall of Ice other possible 
from the action of Ice have been taken i: 
sideration. One of these is the increa.-, 
shear due to the possible suspension of 1, 
000-lbs. mass of ice from the top rim, w hl< 
amount to about 1,800 lbs. per rivet, s an 
other danger was in the formation of the ic p py 
which the rivet shear might be greatly in. 
from the atmospheric pressure as th- ,t,.r 
was drawn off, or the stand-pipe might b ..ver- 
strained by the sudden staiting of the 1 i,ps 
Should a perfect vacuum form beneath .. icy 
cap, the increased vertical shear would h. 
3,300 lbs, per rivet, which added to that du th- 
suspended Ice, would produce a rivet shear • pay 
5,000 lbs. per rivet above that consider, d th.. 
design. The danger from overstrain from pumping 
would, of course, be much reduced by the ,,utu. 
matlc alarm. Still another danger fn.m <e i.s 
suggested by the existence of the water flln, due 
to thaw against the plates. In case the ii. shei, 
had a water-tight connection with the be.i plate, 
as might appear possible with the low temp.ia- 
ture of the supply, and be free from cracks so as 
to isolate the film from the main body of waier.the 
dangers would be much the same as those which 
caused the failure of the stand-pipes at Ashe¬ 
ville, N. C., and East Providence, R. I. These 
conditions are not unlike those which sometimes 
occur in a refrigerating plant when a break l...vn 
for a few hours may allow a film of water t.> thaw 
between the Ice mass and the sides of the fr..‘i- 
ing can. Under such circumstances the slde.s of 
the cans are sometimes seriously bulged wlieti 
the refrigeration Is resumed. These various p .s 
aible or probable dangers from ice action merely 
go to enforce the importance of so encasing stand 
pipes as to prevent the formation of ice within 
them. 

To summarize. It Is the writer’s opinion: 
(1) That the specifications for the Elgin stand¬ 

pipe were faulty In the tests for plate metal, and 
that improper material was used. 

(2) That the working strains In the plate metal 
were excessive. 

(3) That the failure would probably have oc¬ 
curred even with first-class material, owing to 
the exposure of the structure to the elements in 
an Icy latitude. 

(4) That the primary cause of the accident was 
the fall of Ice, due to the Improper control of the 
water level during the critical Ice i>eiiod. 
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OTHER REPORTS ON THE FAILURE OP THE ELGIN 
STAND-PIPE. 

'Two reports on the recent failure of the stuid- 
pipe at Elgfin, Ill., were presented at the meeting 
of the City Council, April 10. A brief one, daud 
March 20, was from Mr. C. W. Hawkes, Supetin- 
tendent of the Springfield Boiler Manufacturing 
Co. He describes the material and workman.sldp 
of the structure as It appeared to him after the 
break, as follows: 

In order to determine the nature, I made a carefu' el¬ 
imination as far as a superficial Inspection of the wurk- 
mansbip and material used in the construction ot the 
stand-pipe, and found that the fractured plates show 1 a 
silky fracture, designating that the material In g ral 
was suited to the purpose Intended, although a few Pic¬ 
tured portions showed slight laminations which, bow \cr, 
were not in the portion of the tower In which the :al 
fracture took place; the workmanship likewise wa<> . .u 
and even better than the speoifleationa under whirl 'be 
tower was built; the contractors having deviated to p'ce 
extent from the specifications, but for the better. he 
appearance ot the plates showed that the general c u. 
the tower had been good, although some of the i es 
were slightly pitted, but no weakness caused by suci' -it- 
ting. The thickness of the plates were ample thickr -s 
for the purpose intended under ordinary conditions. 

This substantiated the belief that the failure must .ve 
been by some sudden strain and undoubtedly by tf re 
and not by any apparent weakneaa of material or lal' 

Mr. Hawkes noted particularly the evidenc f 
large amounts of Ice In Abe stand-pipe, which .i'l 
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r-ien to the shell, the latter being shown by 
rresslons of the rivets and seams in the 

work. In addition to this, the masonry tower can be 

readily extended ao as to surround and protect the pipe 

Itself and keep It practically tree from Ice. 

rrliuilding the structure Mr. Hawkes says: 

1 r,.ommend. that If a new tower be built, that 
■ ADcased with brick or stone, allowing enough 

the pipe and casing for the circulation of 
. »Ve wrered with a roof of proper design, which 

nt the formation of sufficient quantlUes of ice 
suse any Also, should you decide to 

rfw tower, the bottom of the old one ran un- 
1 V- ho used and also the foundaUon, which is not 

to any extent and with slight additions for sup- 
.asing, can be used. 

ore extended report, dated April 7, was 
o the city officials by Mr. Daniel W. Mead 

Soc. C. E., of Chicago. Mr. Mead vlsTted 
ns" on March 15. the day following the accl- 
71e thought the ice was thicker on the north 
.at than on the south and east sides, “and 

thicker towards the top of the stand-pipe 
n the lower portion.’’ He also notes the 

(juantitles of ice. 
irdlng the character of the material and 

• iitanship he says: 
rTimination of the fractured material shows. In 

... .'ascs slight lanilnaticns in the steel and evidences 
, I tlenfss was also noted at some points, but there are 

i;catlons which would point conclusively to defective 
. .r al as the one cause of the accident. 

TIT request, your superintendent, Mr. Parkin, sub- 
n 1 nieces from two of the plates to Messrs. R. W. 

I & Co. for physical and chemical tesU. The re- 
V pf these testa, while they do not show a material of 
hiith grade as is desirable for this class of work, 

n^erlheless do not show a quality which of Ittelf would 
cau'^e tills accident. . . . , . 

T»i. work on the stand-pipe seemed fairly well done; 
It least there had been no leakage on the pipe since it was 
first built The rivets, however, did not 1111 the holes as 
(•omnletely as they should, and they could be readily 
drlT' n oui when one set of beads were removed. 

After reviewing his computatlens of straJns In 
the plates, assuming a Joint efficiency of about 

against 70% for “good grades of double- 

riveted work.’’ and also noting that the “maxl- 
inuni strain due to water pressure occurs every 
time the structure is filled,’’ Mr. Mead di.scusses 
the causes of the failure and the rebuilding of 

the stand-pipe as follows: 

For these reasons. I believe that this stand-pipe had 

only from ."iO to «0% of the strength which it should have 

had for safety. The accident Itself, however. I am con¬ 

vinced was due to no single cause, but to a combination 

of unfortunate conditions. The stand-pipe metal, already 

strained to an undue amount, was probably overstrained 

each winter by the effects of Ice and of temperature 

strains These excessive strains would find and affect 

particularly points where any weakness had been de¬ 

veloped by Imperfect riveting or by flaws in the metal. 

This weakness apparently developed at or near the fifth 

horizontal seam, which had. in my opinion, become so 

weakened at the point of rupture that it only required an 

unusual shock to produce failure. 

I was Informed that credible witnesses had first heard 

a crash as of failing ice, after which the tower was seen 

to slightly totter and the collapse followed. 

The Information at hand would seem to indicate that 

ice, either Just broken from the side or floating ice that 

had lodged near the top, had fallen at this time and pro¬ 

duced a shock which was the Immediate cause of rupture 

In the vertical double-riveted Joint in the fourth sheet, 

and that this produced the destructive results. 

I do not believe that this fall of ice, of Itself, would 

have caused the accident, but the condition of the pipe 

was evidently such that it only needed a strain slightly 

in excess of those already existing in the plates to cause 
rupture. 

You have also inquired as to whether, in my opinion, 

a stand-pipe can be built which will be practically free 

from the danger .of destruction which has overtaken the 

Elgin stand-pipe and, if so, what precautions are neces¬ 
sary to secure these results. 

In reply to this question, I would say, that I believe it 

to be entirely feasible to design and construct a stand¬ 

pipe which will be safe from accidents of this kind. To 

accomplish this, the metal should not be strained by 

hydrostatic pressure above 10,000 lbs. per sq. in. of 

net section. The material of the pipe should be carefully 

selected, carefully inspected and tested, and great care 

should be taken to see that the work of manufacture and 

of erection Is properly performed. With such precautions, 

I hclieve these structures to be entirely safe. 

I ndcr conditions such as exist in Elgin, other precau- 

tmns than those stated can be easily taken. The lower 

l>a!f ' the Elgin stand-pipe was practically of no value 

•s far storage was concerned, as when the water was 

drawn d-wn more than about 35 ft. the pressure was In- 
a eq lit- t i supply all portions of the city. For this reason 

h wo:\; be an easy matter to construct at Elgin, an 

ce'atci extending the masonry to the minimum 

“igjt a* wbich the head of water can be uUltzed. Thia 

wol,,! Permit of the use in construction of light sheets, 

safely used in thU class of 

After submitting proofs of these articles to va¬ 
rious parties interested In the accident, we re¬ 
ceived some further comments on the failure, the 
first being from Mr. Mead, as follows: 

Prom the measurements made by Mr. R. R. Parkin, 
Superintendent of the water-works at Elgin, and forward¬ 
ed to me, the thickness of the sheets varied slightly 
from those given In the specifications. According to Mr. 
i’arkin's measurements, sheet No. 1 was ?i-in. in. thick¬ 
ness; No. 2. 11-16; No. 3, 21-32; No. 4, S; Nos. .V 6 and 
7, 9-16; No. 8. %; No. 9. 7-16; Nos. 10 and 11. Nos. 
12. 13. 14 and 15, Vi: Nos. 16. 17, IS and 19. 3-16-In. In 
some cases these thicknesses were slightly less than those 
specified, which increases the tensile strain In the net 
section somewhat. 

My own conclualons, as embodied in my report to the 
Water Commlssionera of Elgin, seem to agree practically 
with those of Prof. Pence. The only point on which we 
seem to differ at all, is In his third conclusion, and in which 
we may or may not differ. As stated In my report, I 
do not believe that the fall of Ice would have caused this 
collapse if the stand-pipe bad been properly designed 
and built of proper material. 

Mr. Parkin state.w a.s hia belief that if the acci¬ 
dent was due to ice, the ice in (jueatlon must have 
been the floating fragment.^, which during the 
night preceding the break were connected by a 
sheet of ice extending over the surface of the 
water in the stand-pipe. 

A PROPOSED WATERWAY FROM LAKE MICHIOAN TO 

THE MISSISSIPPI RIVER. 

Ever since the inception of the idea for a main 
drainage canal to the Desplaines Ulver to carry 
the sewage of Chicago westward by the Desplaines 
and Illinois rivers to the Mississippi River, there 
has been an ulterior design of developing this 

Fig. 1.—Map of the Route of the Proposed Waterway 
from Lake Michigan to the Mississippi River. 

route as a deep waterway to afford navigation 
facilities between the Great I.akes and the Mis¬ 
sissippi, and by the latter river to the Gulf of 
Mexico. The drainage canal, now completed and 
in service, was built with a view fo navigation, 
and all bridges crossing It are drawbridges. This 
canal connects the Chicago River with the Des- 
plalnes River, and now comes the project of ex¬ 
tending the navigable channel to the Mississippi. 

In March, 1900, the Trustees of the Sanitary 
Dist.’Ict submitted to Congress a memorial in 
favor of the construction of this waterway by the 
Federal government. A depth of 14 ft. Is rec¬ 
ommended, with a channel oOO ft. wide and a sup¬ 
ply of 10,000 cu. fL of water per second from Lake 
Michigan. ’The memorial sets forth that ♦he 
most expensive part of the work has already 
been accomplished by the construction of the 
Drainage Canal, which extends the facilities of 
navigation as far as Lockport, .lO miles from Lake 
Michigan. This canal Is 162 ft. wide In the rock 
sections, and 202 ft. wide on the bottom in the 
earth sections, with a normal depth of 24 ft. of 

water. In regard to the work required west of 

Lockport, we quote the following extracts from 
the memorial: 

From Lake MlebiKau at Chicago to St. Loula the dle- 

taoca is 36.% mllea. Of this dtstanre 34 mlloa are tra 

versed by the Chicago SnnlUry and Ship Canal and 42 

mllea by the Mtoaisslppl River. From the end of the 

canal at Lockport to the mouth of the Illinois River Is 

289 miles, of which distance 19S miles are covered by the 

Desplaines Kiver, wrhleh Joins the Kankakee to form the 

Illinois. For purposes of description and estimate the to¬ 

tal distance Is divided Into three characteristic sections 

(1) tbs Joliet section, from the end of the canal to I.uike 

Joliet, 8 miles; (2) the upper Illinois, from I.ake Joliet 

to Utica, 54 miles, and (3) the lower Illlnola, from Utica 

to the mouth, 227 miles 

(1) The Joliet section is s quite nguiar declivity over 

Niagara limestone (the same formation through which 

the canal was cut) through the city of Joliet, with an 

elevation of 12 to l.Y ft. below I.ake Michigan at the end 

of the canal and descending to 76 ft. below the lake at 

the pool known as Lake Joliet. There is little soil over 

the rock along these eight miles and the IhTiplalncs Kiver 

has formed only a shallow channel In the rock The p.iols 

formed for the Illinois & Michigan canal and those 

created for water power were made chiefly by retaining 

wails and embankments. In geologb'al history this slope 

was a great rapid in the ancient outlet of the lakes, 

and the pool known as Lake Joliet was formed In the 

softer rock at the foot of the rapids. 

From the construction standpoint this stretch Is the 

most expensive. Any waterway through this section must 

have ample prism to care for the flood waters of the 

Desplaines River, as well as the flow of the canal, and 

It will normally be constructed partly by excavation an I 

partly by walls and embsnkmenta. It has been considered 

that this ample prism could lie best constructed hy giving 

It a depth equal to that of the canal. Several plans for 

treating the Joliet section have been studied for purposes 

of estimate, and It la believed that a project In harmony 

with the canal can be carried out for about $S.tK)(),O0O 

The pool known as Lake Joliet Is flve miles long and has 

ample depth when cleared of deposits. The project out- , 

lined contemplates an extension of the canal, and a part 

of the right of way needed has already been acquired, 

and all obstrucUons have been removed, except one dam 

and water power and the old Illlnnls A Michigan Canal 

(2) From Lake Joliet to Utica the distance is 54 miles, 

with a descent from 76 ft. below I.Aike Michigan to 142 ft. 

below. The river bed Is deeply cut and Is divided Into 

pools and rapids, according to the nature of the resisting 

strata. Lake Joliet, already mentioned, I.#ake Du Page, 

above the mouth of the Kankakee, and the pool above 

Marseilles cover one-third the total diatance. The aver¬ 

age width of the river Is from 500 to 600 ft between 

banks. There are no artificial obstructions on the upper 

Illinois except the mIM-dara at Marseilles. The tributary 

watershed varies from 6,400 sq. miles at the mouth of 

the Kankakee to 10,400 sq miles at Utica, and gives rise 

to floods, which come In part during the seaaon of navi¬ 

gation. Owing to the very considerable declivity, high 

velocities exist In localities, and this makes expedient a 

largo and de^p channel In the Interest of navigation and 

without regard to the depth which may be utlllxed. The 

studies thus far made show that the upper Illinois can be 

treated on three levels or pools with a depth of 14 ft 

by means of three dams or locks. This depth will require 

considerable dredging for a channel 300 ft. wide, though 

a part of this may be dispenaed with, but at the expense 

of efficiency. A proper treatment will not injure any 

great area of bottom lands. Six highway and three rail¬ 

way bridges will require alteration. Trial estimates for 

actual projects show that a depth of 14 ft. with locks de¬ 

signed for larger depths can be produced throughout the 

upper Illinois for |10.(K)0,000. 

(3) The lower Illinois, or alluvial section, extends for 

227 miles from Utica to Orafton. with a declivity which 

depends largely on the stage of water In (he Mississippi 

From the low water surface of the pool formed hy whet 

Is known as the Henry dam at Utica bridge to the low 

water line of the MisslesippI River, the descent Is but 

34 ft. Natural low water at Utica Is but 31 ft. extreme 

or 28 ft. at ordinary low water, and for much of the year 

It Is considerably less, owing to the longer periods of 

moderate stages In the Mississippi. This remarkable 

feature of low declivity Is coupled with low banks (not 

averaging mote than 12 or 14 ft. above low waterl and 

extensive bottom lands of some 760 sq mllea. Intersected 

by Blougha and marshes. These conditions make a stream 

of low velocity and occasion wide and deep overflowa In 
the flood season. 

The low water width is generally from. 600 to 1,000 ft, 

and the ruling depth on bare at extreme low water Is from 

18 to 30 Ins Experience In dredging these bars has shown 

a reasonable permanence In the channel produced, but the 

extreme low water volume before the opening of the 

Chicago Canal was Insufficient for a depth greater than 

4 to 6 ft. 

The river has been Improved by four dams and locks, 

two built by the State at Henry and Copperas Creek and 

two by the United States at La Orange and Kampsvllle. 

These dams have been the subject of much protest by the 
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adjarent land ownera, who claim that th«7 tncrraae tha 

llabllltr of oTcrflow bjr moderata riaea in tha rtvar. It 

la also claimed that they ralaa the water plane, thereby 

provoking depoalta in the beda of tributary atreama aa wall 

aa In tha rivar ttaelt. Tha datarloratlon of tha poola aeama 

to be writ aatabllabed and la naturally to be expaetM in 

a etream of the character of tha Illinola River. In 1889 

the Ueneral Asaembly of Illinola paaaed an act making 

tha removal of the dama Henry and Copperaa Creek man¬ 

datory before the opening of the Chicago SanlUry and 

Ship Canal. Tha legialature at the aame time requeated 

the Federal government not to complete the worka then 

In progreaa at La Orange and Kampaville and to change 

ita policy to one of channel deepening In connection with 

the water aupply from Lake Michigan. Thla requeat waa 

repented by the General Aaaembly in 1S97. 

The policy of the atate of Illinola requirea an open chan¬ 

nel of not leas than 14 ft. In depth and a width of 300 

ft., to be aecured by dredging, and a water aupply ol 

10.000 cU. ft. per aecond from Lake Michigan. Thla 

would mean a volume atxteen timee greater than that of 

natural low water at La Salle and eight timea greater 

than at the mouth of the Illinola. Such a virile etream 

would better maintain the channel and auch an improve¬ 

ment would make a better drain, ao that an Increaaed 

volume of flood water would be provided for. On the 

other band, auch Increaae of volume, without removing 

dama and deepening the channel, would cauae wideapread 

Injury to material Intereata. 
Offleial meaaurementa have been made of the volume 

of water paaaing In the river at different atagea. The 

bank-full atage, 12 ft. above low water, would Indicate 

a flow of 1S,0«I) to 22.<100 cu. ft. per aecond from Utica to 

Havana: .30,000 cu. ft. at La Grange, and 40,000 at 

Kampaville. It la eaimated that with the addition of 

10,000 cu. ft. of water per aecond there would be a uni¬ 

form depth of not leaa than 7 ft. on the natural bare 

throughout the lower Illinois, except near the mouth. An 

additional depth of 7 ft., making a toUl of 14 ft., would 

have to be aecured by dredging. A dredging of the ahoaU 

for the most efflrient reaulta will materially lower the 

flow line An estimate has been made for a navigable 

channel 300 ft. wide and 14 ft. deep which calls for the 

removal of from 80.000 000 to 70,000,000 cu. yds. of earth 

at a coot of $7,000,000 The material to be removed la 

easily handled and the recent improvements In dredging 

appliances would doubtless make the above figures cover 

the coat of removing lOO.OOO.OtM) yds. In making these es¬ 

timates the scouring action of the augmented volume is 

not considered, and there are special conditions whick 

may make this an Important aid. 

From the mouth of the Illinois to St. Louis, a distance of 

42 miles, no sufficient study baa been made of the condi¬ 

tions to Justify an estimate of the cost of improvement. 

This section forms the boundary line between two states 

and Is less directly subject to the policy of the state of 

Illinois. It may be fairly assumed, however, as practi¬ 

cable to obtain 14 ft. of water In the Mississippi River 

from Grafton to St. Louis throughout the year, except 

when obstructed by Ice. 

Records kept at Morris, on the upper Illinois River, show 

that the Ice season lasts on the average from 00 to 70 

days, as against 120 to 140 days in the year on the lake 

routes from Chicago to Buffalo. During the past 12 years 

there would have been no interruption to navigation on 

the river route for two-thirds of the winters, and the 

stream could probably have been kept open In winter dur¬ 

ing the other years by the aid of ice boats. 

In legislating for the Illinois A Mississippi Canal, better 

known as the Hennepin Canal, which provided for a chan¬ 

nel from the Illinois River above Hennepin to the Missis¬ 

sippi River at Rock Island, Congress failed to make any 

provision for that part of the route required to reach Lake 

Michigan, which Is absolutely necesssry to make that 

canal useful. It may be assumed, however, that It was 

the Intention of Congress to utilise the Chicago Canal 

when completed, and to Improve the Desplalnes and Illi¬ 

nois rivers from Lockport, the terminus of the canal, to 

the entrance of the Hennepin Canal, 19 miles below Utica. 

If this was not the case, the construction of the Illinois 

A Mississippi Canal could hardly be justified. However, 

that canal is only 7 ft. deep and is designed to reach 

points on the upper Mississippi. The Illinois River is 

susceptible, of a far more radical improvement just as the 

lower Mississippi justifies a much greater depth than does 

the upper Mississippi. It would, unquestionably, be a 

great mistake to dwarf the Illinois River to the capacity 

of the Hennepin Canal. The larger depths and greater 

widths of the Illinois will serve the Hennepin better In 

permitting large navigation to and from its eastern ter¬ 

minus. 
In conclusion, we sum up as follows: 

(1) An available navigation of 14 ft. with locks for Beets 

of barges and so designed aa to permit greater depths In 

the future may be bad between the present terminus of 

the sanitary and ship canal at Lockport and the Missis¬ 

sippi River for $26,000,000. The channel Improvements 

include five locks and dams in conjunction with a water 

supply of 10,000 cu. ft per second from Lake Michigan, 

and It Is not possible to produce such a waterway without 

this water supply. 
(2) This depth will undoubtedly provide such a prism in 

the upper Illinois as will reduce Che flood velocity to tol¬ 

erable limits. It is believed that such a depth on the 

Illinois will avoid increaaed damage by overflow 

and produce a current strong enough to maintain Itself 

against obstructive deposits. Ita superiority for naviga- 
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tlon needs no sUtemenu This depth was detf^r 

as the least to be considered when the Chicag 

authorised, and baa been formally expres.'ed a 
policy of the sUte of Illinois. 

(8) The first effect of turning in the water 

Michigan after removing the dams is to ester 

able sfeamboat and barge navigation as far up 

River as Utica, which is only 82 miles dlstar. 

cavlgaUon at Lockport Before the openirg 

cago Canal, lake and river navigation, for pr 
poses, were 320 miles apart 

(4) The plans made on which the foregoinir 

were based were to test the possibilities of the 

for purposes of calculation. They were not 
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tance of 81 miles, and covering all the stni .i jnj 

most expensive operations, is necessary to be d' order 

to form an outlet for the Hennepin Canal. Th urtio/ 

in fact, practically covers all the work necessa- open 

the waterway as a whole, and subsequent work w simply 
be In the nature of betterment 

(7) A navigation of 14 ft from Chicago to .uig i, 

justifled, without regard to any river connecii. at St 

Louis, yet the fc.ct will at once suggest Itself •' t. as a 

connection with the Mississippi River, this dep' an be 

carried through to the Gulf of Mexico, and main’ ed tor 

enough months In the year to justify the exp. n iiture 

With the maintenance of 8 to 0 ft. minimum depth in the 

Mississippi River beyond St. Louis by the M ^^ssippi 

River Commission, a depth of 14 ft. ought to he had for 

eight to nine months. The proposition is in harmony 

with such a natural development of the Mlssisbii pi as is 
believed to be not only ttossible, but in the highest de¬ 

gree desirable from every standpoint. 

Since the above memorial was pre.sented to 
Congress, a report has been made by a li.i.ird of 
Engineer oflicers, consisting of Col. J. W. H.irluw, 
Major J. H. Willard and Major C. McI >. Town¬ 
send, upon a proposed waterway from the 
terminus of the Hennepin Canal to a connection 
with the Chicago Drainage Canal at Lockport 
The section covered will be seen to be practically 
the same as what Is designated as the Joliet sec¬ 
tion In the above memorial of the Chicago .Sani¬ 
tary Commission. 

The Board of Engineers has made careful sur¬ 
veys of the proposed route, and, while its esti 
mates are only approximate, they are con...idcrei 
by the Board sufficiently large to provide ;i>r car¬ 
rying out the work under the mo.st unfavorable 
conditions that may be found. The estimates are 
for a canal 10 ft. deep, 100 ft. wide at the bottom 
with 22 ft. clear head room, and with locks 40 x 
260 ft., and such a canal would conform t.i the 
requirements of a river channel 8 ft. deep at ex 
treme low water and would provide for the larg¬ 
est barge traffic likely to reach this route. 

As seen by the accompanying profile, the Hen 
nepin Canal terminates in the pool above the 
Henry dam, and an 8-ft. navigation already exists 
to Utica. At Utica a lock and dam with a lift 
of 15 ft., estimated at $460,000, must be con¬ 
structed. From this lock to the head of the pMl 
the depth increased by the flow from the drainage 
canal will be not less than 8 ft., but to insure this 
depth during the possible suspension of this 
flow an estimate for rock excavation at the head 
of the pool costing $200,000 Is provided 

As the increased velocity of current in the 
river, due to the flow from the drainage canal, will 
cause a caving of the banks, thus widening the 
river and producing bars In the main cha: n. l, the 
Board also submits an estimate of $25,(X*<' pfr "'i'® 
for protecting the banks of the river. The Mar¬ 
seilles Canal, beginning at the head of th UtKa 
reach, will have two locks, each with a lift of 15 
ft., at an estimated cost of $460,000; the guard 
lock and dam at the head is estimated at .< UfiMfi"' 
and 7.4 miles of canal are estimated at .<l.'i.'»2.5<i" 
From the head of the canal the route wi follow 
the channel of the river to a point bei w the 

mouth of the Kankakee. 
To decide whether to enlarge the Ilhnois & 

Michigan canal or construct a new chan 1 from 
this point to the Lockport end of the I ■•ainage 
Canal will require a careful and exten.slv .survey, 

which the Board has undertaken to make A pro- 
vi3ional estimate for the enlargement of t > ’ prw- 
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nal however, is $100,000 per mile, exclusive 
. 'culverts, etc. From the Joliet basin to 

1 f the drainage canal at Lockport the line 
three locks of 12 ft. lift each and a lock 
,,trance to the canal, the estimated'cost 

; .wlnK recapitulation is made of the cos: 

..nnel 8 ft. deep: 
locks dams, levees, rock 

ODS st*h?sd fall, bank protecUon. etc. IWIO.SOO 
s canal, dam and locks, excavation and ^ ^ 

''fTo‘ KaiiVakw’ RlVM;‘oxcavitiOM; ' ’ 

nir^M*’Rlver"to iol’let basin. 2,52o.000 
.in to drainage canal, locks, excava- 

ot'O embankment.^ 

, ... 800,000 
ing ^contingencies. 1,670,000 

.$10,400,000 

final cost of the project to the United States 
s not only an expenditure for lands and for 
In river and canals outlined, but also the 
;tion and use of public works of the state 

of ...inois and the Chicago sanitary district 

fOTES PROM THE ENQINEERINO SCHOOLS. 

M ..achusetts Institute of Technology.—The fol- 

1., , ■ .subjects have been chosen for Fenlor engi- 
,1... ni: theses: “Investigation of the Effect of Air 
in Water-Main,” "Cantilever Crane Design.” “De¬ 
sign for Ferry Landing Bridge,” “Design for 
I!i i Ue to be Erected Without False Works,” “Ex¬ 
periments to Determine the Practicability of 
M> a Slicing Flow of Water by Loss of Pressure at 
a Valve.” “Design for Ferris Wheel,” “Design for 
(train F.levator,” “Design for Dry Dock." "Deter¬ 
mination of Coefficient of Discharge of Standard 
Tiih.-,” "Investigation of the Power to be Ob¬ 
tained at One of the Tide Mills Near Boston," “A 
Study of Recent Developments In Bridge Con¬ 
struction.” “Design and Construction of Stand- 
Pipes," “Design for Steel Grand-Stand," “Design 
for .'tteel Dam,” “Investigation of Different Forms 
of Dredges.” “Investigation of Doss of Head at 
Pends in Pipes,” “Design of Inverted Syphons,” 
• D'siirn for Cantilever Bridge,” “Abolition of 
(hade ('rossing at Everett. Mass.,” “Design for 
I.ift Pridge,” “Special Test on Portland Poly¬ 
phase Electric Power and Light Plant,” “Investi¬ 
gation of Storage Batteries,” “Current-Carrying 
Capacity of Aluminum Wires.” “The Limiting 
I’l.lnts of Harmful Resonance on Alternating Cur¬ 
rent Circuits,” “Test on Electric Automobile,” 
■ Measurement of Energy on Three-Phase Alter¬ 
nating Current Circuits,” "Efficiency Test of Two 
Direct-Connected Three-Wire Dynamos,” “Har¬ 
monic Analysis of Alternating Current Wave 
Forces,” “Induction Motors for Stroboscopic Study 
of Alternating Arc Lights,” “Investigation of the 
Action of Air Lift Pumps,” “Test on Ten-Wheel 
Compound Passenger Locomotive,” “Design of 
l,ogging Locomotive,” “Pneumatic Tools,” “Some 
Fffects of Hardening and Tempering on Steel,’” 
‘‘Coefficient of Friction Between Leather Belts 
and Pulleys at Different Rates of Slip,” “Investi¬ 
gation of an Axial Oil Machine,” “Efficiency of 
Hancock Water Ejector,” "A Study of a Shaft Gov¬ 
ernor." “Design for a Locomotive Repair Shop,” 
‘‘Design for an Ice-Making Plant,” “Wave Force 
from Phasing Transformer,” “Application of a 
•'ondenser to a Wool-Drying Machine,” “Coeffi- 
l imt of Friction In Roller Bearings,” “Effect of 
Pressure Upon Explosive Mixtures of Gas and 
Air.” ‘‘Determination of the Line of Resistance In 
a Masonry Arch.” 

Mr. George C. Whipple, Director of the Mount 
I’riispect Laboratory,Brooklyn.which Is connected 
with the Water Department of the Borough of 
Hroiklyn, has recently lectured to the students 
of the Institute on the mlcros<K)plcal organisms 
ivhi' h cause tastes and odors In public water sup¬ 
plies. Mr. George W. Tillson, Engineer of the Bu¬ 
reau of Highways, Borough of Brooklyn, N. T., 
I' •T.tiy gave three lectures to the students of 

engineering on the “Construction of City 
I’.'i uents.” Mr. Odin B. Roberts has lately ad- 

' ,1 the students In the engineering courses 

rb. ■ Nature and Func^tlon of Patents.” 

i'ii Carolina Military Academy.—The state 
’ ’ure, at Its recent session, authorized the 
^ ■ K of the degree of Bachelor of Science by 
t- hool. 

University of Michigan.—The annual tour of In¬ 
spection of the Junior mechanical engineering 
students was made during the spring vacation un¬ 
der the guidance of Professor J. R. Allen. The 
cities visited were Toledo, Washington. Baltimore, 
Philadelphia, New York, Brooklyn, Bethlehem, 
Buffalo and Niagara Falls. There were mem¬ 
bers In the party. 

A debate was held on March 1* with representa¬ 
tives of the University of Pennsylvania on the 
subject, “Resolved: That the Formation of Trusts 
Should be Opposed by Legislation.” Michigan won. 
upholding the negative. 

Yale University.—The University will establish a 
Forestry School at Milford, Pa., upon a tract of 
land given for that purpose by the family of Mr. 
J. W. Pinchot. The total gift amounts to about 
$150,000. 

University of Wisconsin.—A four years’ course 
in “Applied Electro Chemistry" has lately been 
organized. This is Intended to give students a 
training in the technology of chemistry, electro¬ 
chemistry and electro-metallurgy, together with 
instruction In the other branches of electrical en¬ 
gineering. For the first two years the work is 
exactly like that of the regrular course in electri¬ 
cal engineering, but In the last two years a large 
part of the steam engine and machinery Instruc¬ 
tion Is replaced by Instruction In physical chem¬ 
istry, analytical chemistry and electro-chemistry. 

A new elective In “Illumination and Photome¬ 
try” has been added to the work carried on In the 
electrical engineering department. This course 
is intended to deal "with the useful distribution of 
light and the value of proper illumination. 

Columbia University.—The School of Engineer¬ 
ing has opened a new course in traction engines 
and automobile carriages, comprising detailed In¬ 
struction In regard to self-propelling road en¬ 
gines, street railway engines, cars and automo¬ 
biles. Prof. F. R. Hutton will have charge of the 
new course. 

On March 22. Mr. J. Poster Crowell, M. Am. Soc. 
M. E., delivered before the Engineering Society a 
lecture on “Railroad Reconstruction Without 
Disturbing Traffic.” 

Ohio State University.—The Ohio Institute of 
Mining Engineers at its recent convention at 
Sandusky, O., decided to establish a scholarship 
in mining engineering at the University. The 
scholarship will pay $1(10 per year. It will be 
awarded to the one who stands the highest in a 
competitive examination. 

University of Illinois.—The new Putman rotary 
engine, which was recently tested in the Labora¬ 
tory of Mechanical Engineering, proved to be one 
of the most economical specimens of this type of 
engine which has been tested in the laboratory. 
The engine developed a brake HP. with the con¬ 
sumption of about 50 lbs. of steam. 

Prof. I. O. Baker, of the University recently lec¬ 
tured on the “Distinguishing Characteristics of 
American Engineering.” He ga.ve particular 
cases in which American manufacturers of 
bridges, locomotives, and electrical appliances 
won over foreign competitors. The speaker ex¬ 
plained the industrial, economic, and social rea¬ 
sons why the American engineer has been able to 
attain his present position as the leading engi¬ 
neer of the world. He ascribed his success to the 
following reasons: 

1. The wide dissemination of popular educa¬ 
tion. 2. The superiority of American technical 
education. 3. The high price of labor. 4. The 
rapid settlement of the West. 5. The social and 
official conditions whereby young Americans may 
gratify their highest ambition. 6. The immigra¬ 
tion in former years of the brightest and strong¬ 
est young men of many European nations. 7. 
The absence in America of the excessive conser¬ 
vatism of many European countries. 

Prof. Baker explained that American engineer¬ 
ing education is much superior to that of any Eu¬ 
ropean country. In England, properly speaking, 
there are no engineering colleges. Engineers re¬ 
ceive their education through the apprenticeship 
system. In Germany engineering education con¬ 
sists largely of undue refinement in mathematical 
and scientific analysis, with little or no attention 
to a study of economic conditions of engineering 
problems. The American method of Instruction by 

means of laboratory and field practice is prac¬ 
tically unknown in Europe. 

Mr. F. H. Newell, Hydrographer of the United 
St.ites Geological Survey, recently delivered an 
ad Iress to the students on the investigation.® of 
the water resources of the country being made by 
the division of Hydrography of the survey. 

Other non-resident !»'cturers for the current 
year are: Mr. Walter R. Snow, of the B F. Stur- 
tevant Co.. Boston. Mass., on "Mechanical Ven¬ 
tilation and Heating;” Mr. H. G. Prout, Editor of 
the “Railroad Gazette,” on “Engineers and the 
Railroads;” Mr. A. V. Abbott, Chief Engineer of 
the Chicago Telephone Co., on “Electrical High¬ 
ways;” Mr. F. W. Willcox, of the General Elec¬ 
tric Co., Harrison, N. J.. on “The Evolution and 
Economic Use of Incandescent I,amps;” Mr. W 
A. T>ayman, of the Wagner Electric Manuf.-tetur- 
ing Co., St. I,ouis, Mo., on “Tr.insformers in M<vl- 
ern Electric Power Transmission;” Prof. R B. 
Owens, McGill University, Montreal, t'anada. on 

“Most Recent Developments In the Applications 
of Electricity.” 

Purdue University.—Mr. C. F. Scott. Chief 
Electrician of the Westinghouse Electric & Mfg. 
Co., of Pittsburg. Pa., recently delivered before 
the Engineering students a lecture on “Modern 
Methods for the Distribution and Long Distance 
Transmission of Electric Power.” Mr. A. V. Ab- 
Iwtt, Chief Engineer of the Chicago Telephone 
Co., has lectured at the University twice, once on 
“Wireless Telegraphy” and lately on “The Con 
struction of Electrical Distribution Circuits.” 

New York University.-The School of Applied 
Science announces a four years’ course in Marine 
Engineering, examinations for which will take 
place next June. The appointment of Mr. Carl C., 
Thomas,-M. E., late Chief Engineer of the Globe' 
Iron Works of Cleveland, O., Is also announced 
Mr. Thomas was educated at I.,eland-Stanford 
and Cornell Universities and has had an exten¬ 
sive experience In the de.slgn and construction of 
a large number of vessels, including Government 
and passenger and freight steamers. There arc 
now three torpedo boat destroyers under con¬ 
struction for the Government at the Sparrow 
Point Works of the Maryland Steel Co., of which 
company Mr. Thomas is at present Dc.ilgnlng 
Engineer. This course is the fourth to be organ¬ 
ized in the new School of Applied Science; the 
others being civil, mechanical and chemical engi¬ 
neering. 

The Iowa State College.—The state 'egislature, 
which has Just adjourned, made direct appropria¬ 
tions amounting to IIO’J.OOO for new buildings, 
and also voted a tax of $55,000 per year for five 
years for the same purpose. A new Engineering 
Hall, to cost about $150,000, besides furniture and 
euulpment, is to be commenced as soon as the 
arjhitect’s plans can be perfected and the con¬ 
tract let. It Is also proposed to erect ami equip 
a new Ceramic Laboratory In the near future. 
The legislature also voted an Increase In the an¬ 
nual appropriation for running expenses of $2.">.- 
000 per year, and It Is expected in the near fu¬ 
ture to add several members to the engineering 
faculty. 

University of Pennsylvania.—Mr. Joseph W. 
Harris lectured April 12, before the Mechanical 
Engineers’ Club of the University, on the manu¬ 
facture of Incandescent lamps. 

Lehigh University.—The Physical I.Aboratory 
which was recently destroyed by fire will be im¬ 
mediately rebuilt, and will be ready for occu¬ 
pancy, fully equipped for the departments of 
Physics and Electrical Engineering, at the open¬ 
ing of the college year in September. 

A MOTOR CARRIAOB RELAY STATION ROUTE li to 
be establUhed during the coming season to embrace the 
sea shore resorts from Seabright to Atlantic City, N. J. 
Stations are to be established at these two places and 
between them at LK>ng Branch, Allenhurst and Spring 
Lake. At each of these stations there will be motor car¬ 
riages of various styles for sale and to hire, and also 
means for recharging and caring for both gaaoline and 
electric vehicles of the Columbia typo. The stations are 
to be operated by the New Jersey Electric Vsbl(*le 
Transportation Co., with prinripal offlcea In New York 
city. 
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The city of New Orleans seems to have an ex- 
c(»i>tlonal opi»ortunlty to provide itself with a sub¬ 
way .system for pipes and wires. In certain sec¬ 
tions. It Is about to enter on the construction of 
a sanitary sewerage system, and to extend or build 
water-works. According to the •‘Tlmes-Democrat," 
Mr. Oen. C. Bari, M. Am. Soc. C. E., Engineer to 
the Water and Sewerage Commission, is reported 
as stating that in some parts of the city, particu¬ 
larly In narrow streets. It will be dlfflcult to find 
space for the new water and sewer pipes, the space 
being already largely occupied with underground 
furniture. By placing ail the underground con¬ 
duits in a subway space might be economised and 
future disturbance of the streets greatly reduced. 
In a soil and climate like that of New Orleans, a 
minimum disturbance of the street surface and 
underlying material Is highly desirable. In fact, 
we understand that street openings are practically 
prohibited during the hottest part of the year. 
Under such conditions it would be doubly valua¬ 
ble to have water, sewer, gas and other conduits 
In a readlly-accessible subway. To keep such a 
subway dry might present a problem unusual In 
such work, but It Is well worth considering 
whether this difficulty would not be small In view 
of the great benefits that would result from a sub¬ 

way system. 

Before any railroad company in the state of New 
York can begin the construction of Its road. It 
must obtain from the Railroad Commission a cer¬ 
tificate that public convenience and necessity re- 
«Uilre the construction of the proposed road, and 
w ithout such a certificate the nmd oannot be built. 
Similar statutes have been In force for many year.s 
In Maine, Massachusetts and Texas, and have 
been of great benefit In cutting off wild-cat rail¬ 
road schemes and schemes for paralleling exist¬ 
ing roads before their piomoters could defraud the 

public. 
Tbe New York Commission has Just rendered a 

decision in what is probably the most important 

case ever brought before It under this law—the 
application of the Delaware Valley A Kingston R. 
R. Co. for permission to build a double-track rail¬ 
road from a deep-water terminal on the Hudson 
River at Kingston, N. Y., along the line of the 
abandoned Delaware & Hudson Canal to a con¬ 
nection with the Erie & Wyoming Valley R. R., at 
Lackawaxen, Pa. 

When the Delaware & Hudson company aban¬ 
doned Its famous old canal a year or two ago. It 
sold the property outright to the Cornell Steam¬ 
boat Co., of Kingston, N. Y., and that corporation, 
with some of the largest independent producers of 
anthracite coal and those interested in the Erie & 
Wyoming Valley Ry., has organized the Delaware 
Valley A Kingston R R. Co., to build the road 
above described. The topographical advantage 
of this new outlet from the anthracite coal fields 
to tidewater is noteworthy. From the Delaware 
River to the Hudson, the only adverse grade is 
one of 15 ft. per mile, four miles in length, near 
Summltvllle. The heaviest grades In the opposite 
direction are 40 to 45 ft. per mile; and It is said 
that a locomotive can take a trainload from the 
mines to Kingston and haul back the empty cars 
with the average percentage of loads in the re¬ 
verse direction, and thus dispense entirely with the 
use of helper engines. A large advantage In the 
construction is that the bed of the old canal is 
utilized for practically the whole distance, and 
grading thus becomes a very small Item. The 
entire cost of construction is estimated at only 
?40,000 per mile. 

The coal producing companies Interested in the 
proposed road are said to have a total output of 
nearly 14,000,(Xk) tons per annum; and with such 
facilities for delivering coal from the mines todeep 
water at low cost, the new road is likely to obtain 
a very heavy traffic. 

The application of the company was opposed 
before the State Railroad Commission* by repre¬ 
sentatives of the principal anthracite carrying 
roads, chiefly on the ground of the diversion of 
traffic, which would result to their lines from the 
operation of the new road. The application was 
granted by the Railroad Commission, however, and 
the long-talked of new outlet from the anthracite 
fields seems certain to become a reality in the near 
future. Whether it means larger profits for the 
mine operators, high profits to the transportation 
line, or cheaper coal to the consumer, time alone 
will demonstrate, but it may very likely result In 
all three things. 

The proposed waterway from Lake Michigan to 
the Mississippi River, described elsewhere in this 
issue, is said to be likely to receive a cold shoul¬ 
der in the present session of Congress; yet It is 
pretty certain to be heard from again; and there 
is not a little to be said in its favor. Chicago is 
exceedingly interested in having the Federal gov¬ 
ernment undertake the Improvement of the lower 
Illinois, not only because of advantages which she 
expects to gain from the use of the river as a 
waterway, but to save her from damage suits 
brought by the owners of bottom lands along the 
lower Illinois. The additional volume of water 
which Chicago has turned Into the Illinois through 
its new drainage canal will increase the height and 
duration of floods all along the lower Illinois for a 
distance of over 200 miles; and also the general 
level of the water in the navigation pools. That 
this will result in a multitude of suits for land 
damages seems altogether likely; and Chicago 
and the residents of the Illinois Valley are anxious 
that the Federal government should undertake the 
deepening of the channel on a scale extensive 
enough to drain the Illinois bottom lands, some 
700 sq. miles in extent, and relieve Chicago from 
the threatened suits from the owners of these 
lands. 

Whether the provisional estimate of $25,000,000 
for a I4-ft. waterway from the Mississippi River 
to the present terminus of the Drainage Canal is 
at all adequate, will require careful surveys to de¬ 
termine. It is fair to say, however, that if this 
estimate is found to be a safe one, the project has 

*An account of tbe proposed road and of the tesUmony 
before tbe State Railroad Commission Is given In tbe 
April “Letter” of the Anthracite Coal Operators' Asso¬ 
ciation. Any of our readers Interested can probably ob¬ 
tain copias from Mr. H. 8. Fleming. Secretary of tbe 
Association, 26 Cortlandt St., New York. 

at least far more to recommend It than ti 
Hennepin canal, with its 7-ft. depth and 
tude of locks. 
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THE INFLUENCE OP THE ROTARY KILN ON 

VELOPMENT OF PORTLAND CEMENT V 
TURE IN AMERICA. 

By its production of over 5.0(10,000 b 
Portland cement in 1800, the United St 
sumes third place among the cement mar 
Ing countries of the world. The slgnlflcan 
statement is fully appreciated only by go 
to the beginning of the decade and obser 
figures of Portland cement production 
time. In 1800 the total domestic output 
important engineering material wa.s ]. s 
SOO.CKX) barrels. This output was exc< ■ 
practically all European cement manuf 
countries, except probably the Scand 
states in the north and Spain and Italy 
south; it was only about one-fifth of the t r i con- 
sumption of the United States, the remaining.' f ,ur- 
flfths being imported from Germany and Kr and 
Before 1897 the domestic production had . ronn 
to exceed the Imports of Portland cement n l u. 
1899 it was over twice as great as the in .r:p 
When we remember that Portland cenivn t.al 
been manufactured in England since 1821. nd t 
the exclusion of natural cement since and 
that Germany and Prance had for more t’j m 2'i 
years previous to 1890 produced it In great qnan 
titles, the question one naturally asks l.s. why wa- 

this country so late in developing its matin fa''; ur 
and, also, what were the conditions which it d to 
such a rapid development all at once? 

In answer to the first part of our question, it 1= 
evident at the outset that one very cogent reason 
why the United States was slow to take up the 
manufacture of Portland cement was Its well-es 
tabllshed natural cement Industry. In n.r other 
country in the world had this Industry reached 
such great proportions. This was, of course, due 
primarily to the fact that in no other country 
were there available such widespread dep isits of 
uniform high quality natural cement rock Th-. 
natural cement rock deposits of Prance rank next 
perhaps to those of the United States, there being 
produced from them annually some 7,(K)'t.iMH> t- 
8,(K)0,0(X) barrels, of which probably no more than 
2,0(X),(X)0 barrels are true natural cements of a 
class at all comparable with American natural 
cements. Compared with the present total Amer¬ 
ican production of about 8,500,900 barrels annual 
ly these figures are small. The natural cement In 
dustry of other European countries is insignifn ant 
compared with that of France. In quality and r-'- 
liability the discrepancy between American and 
European natural cements is greater even ttian in 
the relative extent of their production. America’s 
great wealth of natural cements and the justifi¬ 
able confidence which American engineers had In 
their merits for structural purposes wer*-. ther<>- 
fore, it is only fair to say, accountable in i large 
measure for the slowness with which the manu 
fac'ture of the artificial material was taken up 

A little study will show, however, that the en¬ 
tire onus of the delay mentioned cannot be laid 
at the door of a preponderating natural ■ ement 
industry nor to the entire satisfaction of American 
engineers with the natural product for all pur¬ 
poses. The fact alone that large quantities of 
Portland cement were Imported annually Int-y th- 
United States precludes this assumption and 
makes it necessary to seek for some further rea¬ 
son. It will throw some light upon this -earch 
and also be Interesting In other respects if ve re¬ 
view briefly the early history of Portland ■ emen; 

manufacture in America. 
It is quite generally conceded that th- first 

American Portland cement plant was de\ .-[le-i 

by Mr. David O. Saylor, at Coplay, Pa. Mr .Say 
lor first established his works in 1865 for the man¬ 
ufacture of natural cement, but his Intere- wa.' 
soon attracted to the possibility of making Port¬ 

land cement, and he began to make experi ent.“ 

to this end. The process which he finally ’-^vei- 

oped was substantially that now us- 
through the Lehigh region which turns n 
great bulk of the Portland cement manufn 
in this country. Briefly described, this cor 
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. ' ji'.K the natural rock In proper proportions 
palpable powder and molding this powder 

.(r Into bricks which were burned In kilns, 
grinding of the calcined clinker to a fine 
tnipleted the process. So succes.^fully 
Saylor’s experiments progressed that he 

i Portland cement at the Centennial Ekhl- 
n lS7t>. which compared favorably with the 
,p irted brands of this material which were 
e.l there. In the light of these facts It Is 

> much, we think, to say that to Mr. Say- 
than to any other one man Is due the de- 
,t of Portland cement m.anufacture in the 

,'tales. 
.Mr. Saylor’s experiments were being car¬ 
lo success at Coplay, a number of other 

; works were started In different sections of 
intry. In 1872 a small works was e.stab- 
near Kalamazoo, Mich., but owing to the 
ter of the raw material and the high price 
.r and fuel—coke being the fuel almost unl- 
\ employed In Intermittent dome kilns—the 

f making the cement was too great to make 
. .anufacture a commercial success, and the 

:K^ shut down. A similar fate also overtook 
f I the same causes works established at Rock- 
ar. Me., In 1879, and at a later date In the cele- 
h-.tted Rosendale cement district of New York 
• t 'e \ somewhat better success was had with 
tt rks established at Wampun, Pa., in 1875, and 
at South Bend, Ind., in 1877. Both of these plants 
are still in operation. Altogether, therefore, of 
the six Portland cement works started in Ameri¬ 
ca previous to 1881, three were failures; certain¬ 
ly not a very encouraging outlook for the Investor 
who was asked to put his money Into Portland ce- 
m-nt manufacture. The great difficulty seemed 
to bo the cost of getting the raw material Into 
powder, then Into paste, then Into bricks and then 
into the kiln, with sufficient economy, and the In¬ 
ventors turned their attention to Its solution. 

About 1884 patents were taken out for a process 
in which certain liquid hydrocarbons were mixed 
with the ground raw material. In this way a 
paste was made which, when molded into balls, 
could be at once placed in the kilns and thus many 
of the Intermediate drying processes saved. The 
new Invention proved successful, but, with the In- 
imductlon of water gas and the consequent ad¬ 
vance in the price of coal tar. It was put aside. 
Meanwhile other methods of arriving at the same 
purpose were being developed. It is out of the 
question at this time even to catalogue the nu¬ 
merous different experiments which were made, 
nor would it be of much importance to our dis¬ 
cussion to do so. The experiments of greatest 
Importance were those which were carried on In 
the development of the rotary kiln. 

The invention of the rotary kiln was the devel¬ 
opment of a logical attempt to reduce* the cost of 
cement manufacture. Laboratory experiments had 
shown that It was possible to calcine powdered 
raw material In a crucible and produce perfect ce¬ 
ment clinker. ’The question at once arose whether 
it was not practicable to accomplish the same 
thing on a commercial scale. If It were. It was 
plain that the necessity of molding the raw mix¬ 
ture more or less accurately Into balls or bricks 

would be avoided and also that the coat of crush¬ 
ing the clinker Into fragments small enough to be 
easily ground would be likewise done away with. 
These possible economics made the problem a 
tempting one, and after some study Mr. Frederick 
Ransome, an English engineer, brought forward 
the rotary kiln as the solution. 

Mr. Ransome secured his English patents In 
IkS.! and the following year he had his Invention 
patent^-d In America. Briefly described, his kiln 
cnn.sl.*^ted of a metal cylinder lined with flre-brlck 
and <i,-t at a slight Inclination on roller supports 
A ro'Hpy motion was given to the cylinder by a 
worm gearing with teeth on the circumference of 
th- cylinder. The powdered raw material was fed 
Into •h'-- upper end of the cylinder and the flame 
from a gas burner entered at the opposite end. The 
iiKi r, - .,f the cylinder was fitted with longitudi- 
n.i. ti’ rnade by setting the fire-bricks forming 

the in.ng on edge at Intervals to keep the powder 
in nstant motion and so give the heat free access 
’> m all directions. As the cylinder revolved 

mixture was gradually fed forward until 

^ 1 out at the lower end as calcined cUnker. 

ENGINEERING NEW S. 

The first rotary kiln was erected at Grey’s works 
In Essex In England, and was about 15 ft long 
and 18 ins. In diameter. The size of the cylinder 
was too small to produce good results and In suc¬ 
ceeding furnaces the dlamettr w as Increased to 24 
Ins., then to ,‘10 ins. and then to 48 Ina With this 
last diameter and a tube liO ft long, good cement 
clinker was successfully produceil. In the course 
of a short time rotary kilns were Installed at sev¬ 
eral other English works. 

De.splte the favorable outlook at the beginning, 
however, the rotary kiln failed to gain favor In 
England. In the first place It Involved the neces¬ 
sity of drying and powdering the slurry produced 
by the wet and semi-wet processes of re¬ 
duction, which were almost universally employed, 
since It was not thought possible at that time to 
handle wet mixtures as is now a common practice 
In America. Besides the objection to this prelim¬ 
inary drying It is probable also that the English 
cement makers were somewhat frightened by the 
large expense for fuel which the kiln ent tiled. 
These faults were, however, not the only one.s 
which English manufacturers charged against the 
rotary kiln ais it was employed In their factories. 
Trouble was had from the balling of the cl nker 
on the lining of the kiln, owing to an incipient 
fusion of the silicates. The clinker produced Is 
also stated not to have been uniform In quality. 
Altogether these objections were sufficient to dis¬ 
courage the further use of the rotary kiln In Eng¬ 
land. 

Theoretically, the process offert'd many advan¬ 
tages, however, which prevented Its being en¬ 
tirely cast aside, and the work which had been 
abandoned in England was taken up In America 
with far greater success. It is only fair to say 
that American cement makers were greatly as¬ 
sisted In their early experimental work by pnssess- 
ing raw materials in the hard, dry cement rocks of 
eastern New York and Pennsylvania which were 
especially suited to the rotary kiln process. The 
first rotary kilns used In America were erected by 
the Atlas Cement Co. at their works near Ron- 
dout, Ulster county. New York. In 1889 the same 
company built two rotary kilns at Its Coplay. Pa., 
works, where it took up still more energetically the 
extensive and costly work of experimentation 
which Anally placed the rotary kiln upon a suc¬ 
cessful basis. 

We need not enter into the changes in detail 
which were made In the original device further 
than to say that they r..inslsted chiefly In reme¬ 
dying the mechanical defects In construction, set¬ 
ting and operation which apparently did much 
to make a failure of the early experiments carried 
out in England. Comparing the original and the 
present kiln along more general lines, however. 
It should be noted that the size of the kiln has 
been greatly increased and its construction sim¬ 
plified. The fins or stirrers on the Inside of the 
original kiln have been abandoned. The gas fuel 
originally employed has given way to crude pe¬ 
troleum and that in turn to powdered coal, with a 
resulting economy In fuel for each change. 

It was not long after the success of the rotary 
kiln in handling dry materials was demonstrated 
before attempts were made to adapt It to the cal¬ 
cination of wet mixtures. In the original Eng¬ 
lish installations the wet slurry had been dried 
and puivvjrized by processes entirely separate from 
the calcination process. This method was Im¬ 
proved upon as soon as American manufacturers 
took hold of the work, by utilizing the waste gases 
of calcination for drying the slurry. The next 
step in the development of the rotary kiln process 
with wet mixtures was to admit the wet slurry di¬ 
rectly Into the cylinder of the kiln. This simple 
scheme was not adopted until after some years of 
experimenting, and Its development and first 
adoption must be credited to the Sandusky Ce¬ 
ment Co., just as the successful development of 
the rotary kiln for dry mixtures Is to be credited 
to the Atlas Cement Co., as previously Indicated. 

From what has been said. It will be readily seen 
that although the original patent for the rotary 
kiln was taken out In England the device to all 
intents and purposes is American, since Its only 
successful development has been in this country. 
How successful this development has been will be 
evident upon presenting a few statistics showing 

the us^ of the rotary kiln. In America. According 

to the report of the U. S. Geological Survey the 
total production of Portland cement In the United 
States for 1898 was 3.»192,284 barrels, of which 2.- 
170,782 barrels were calcined In rotary kilns. Ac¬ 
cording to the best available figures the cost of 
calcination by rotary kilns fs less than by any 
other form of kiln under the conditions prevallln;; 
In America, In quality the best prorluct of rotary 
kilns In America has been found equal. If not su 
perlor, to the best domestic or foreign product of 
other fonns of kilns. With the hard, dry mate¬ 
rials used In EMstem Pennsylvania, which are 
comparatively free from fluxing salts, the rotary 
kiln Is at Its best. It Is quite possible, however, 
that It would not succeed so well with the raw 
materials which are commonly employed In Eu¬ 
rope and which are considerably higher In fluxes. 
As previously stated, one of the chief sources of 
trouble In the early tests of the rotary kiln In Eng¬ 
land was the balling of the slurry on the kiln lin¬ 
ing, owing to the fusion of the silica. 

Whatever the possibilities of the rotary kiln may 
be In Europe there Is no doubt that it Is now en¬ 
joying a popularity possessed by no other type of 
kiln in America. In point of mere numbers dome 
kilns stand ahead of rotary kilns In this country, 
but In amount of production the rotary kiln not 
only leads any of the other types but they produce 
more cement than all the other types combined. 

In what has been said we have the essential 
facts explaining the delay In developing a Port¬ 
land cement In dustry In America and why, when 
once started. It has grown so rapidly. At the out¬ 
set there were the competition of a great natural 
cement Industry and full confidence of engineers 
in the superiority of Imported Portland . ernents. 
particularly the German brands, to be overcome 
To these were coupled the difficulties encountered* 
In the earlier attempts to manufacture Portlann 
cement In America. These difficulties were due 
very largely to Ignorance of the best method of 
handling the r&w materials and to the great cost 
of reducing them to a shape ready for calcination 
These difficulties were gradually overcome one by 
one, the greatest single Improvement being doubt¬ 
less the successful development of the rotary kiln 
With each Improvement the Portland cement In¬ 
dustry moved a step ahead. The rotary kiln was, 
however, the device needed to place American raw 
materials and costs of production on an equai 
footing with those of European countries. This 
condition being secured and the market being al¬ 
ready at hand it only required the necessary en¬ 
ergy and capital to give Portland cement manu¬ 
facture In America the thriving growth which It Is 
now exhibiting. 

Thirteen states produce Portland cement. A 
great variety of raw materials are employed. In 
Pennsylvania and New Jersey argillaceous lime¬ 
stones are chiefly used; at Glens Falls. N. Y., the 
material la Trenton limestone: marls and clays 
are employed at Sandusky and Bellefontalne. O., 
at Warners and Jordan, N. Y., and at Bronson and 
Coldwater, Mich.; In Western Pennsylvania and 
Eastern Ohio hard limestones are used with clay, 
and at Yankton. 8. Dak., and White Rocks, Ark., 
chalks and clays provide the raw materials. By 
far the larger part of the Portland cement pro¬ 
duced In the United States, however. Is made from 
limestone of the natural cement rock variety. As 
found In the Lehigh valley this rock resembles the 
famous “natural Portland cement" rocks of Bel¬ 
gium, It being a clayey limestone with but a 
slight excess of clay over the amount required. A 
small proportion of pure limestone Is ground with 
the natural cement rock to make up for this excess 
of clay. In 1808 the amounts of Portland cement 
produced In America from limestone and from 
marls and other soft materials were as follows: 

Twenty factories using Itmestone.3,112.4k2 bbis. 
Eleven factories using marl, etc. 67V,7iM ’’ 

In conclusion it may be pointed out that the 
United States Is the second greatest cement con¬ 
suming country in the world, the exact figures for 
1898 being: 

Kind and source of cement. Barrels. Per cent. 
Natural rock cement . 8,418,924 .^9.fl 
Imported Portland cement .2,013,818 14.28 
American Portland cement. 3,062,284 28.14 
ToUl of all kinds.14,125,028 100 

Germany produced about 18,000,000 barrels of 
Portland cement in 1808, of which 15,000,000 bar¬ 
rels were consumed at home and 3,000,000 barrels 

were exported. 
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thousand dollars to drcuniTeiit. UntortuBately, I did not 
bare an opportunitj to obaenre ths nature o( the excaea- 
tion for a foundation, which, howerer, from a (eologlcal 
consideration, should hsTe been upon the face of a flat 
stratum plane, which I know from the character of the 
dislocation could not base been obtained along the line of 
the dam. Had the dam been located leas than two miles 
abore Its present site this structural condition would 
bare been arolded. (Fig. 2 Illustrates the general faulty 
character of the rock at the dam alto.—Ed,) 

A second geological consideration In the construction of 
the dam, and one to which sufficient attention was not, in 

member it. was carried down 8 to 10 ft. in the 
trench, and the trench widened from 4 ft. to 10 
The fault extended down indefinitely. 

After being appointed chief engineer (July 1, i 
beliering thia to be a weak place, I obtained ;> 
from the board to puddle the up-stream face a 
larga quantity of clay hauled In. Soon after the 
completed springs were discovered Just below th- 
opposite that portion which failed. No doubt thes 
bad their origin In the lake above. 

I consider it probable that water rushed under 
and tore out the bed rock to such an extent tha' 
settled sufficiently to detach itself and was th^ 
down stream. Inyestigatlon will likely show t! 

Ftilare of the Anstii Dorn. 
Sir: In 1890 I occupied the chair of geology at the 

University of Texas, and as a. citisen of Austin voted 
with the people of that place for the issuance of bonds to 
construct the dam. At that time I felt that in the building 
of this dam certain geological factors should have Import- 

Edwardfi Plateau 
Fredencksburg 

lo^Cmioceous 

Trinity Divioion 

Rio Grande Plain 

fat! Line of Cohmdo Rieer Basjlf 

fo.Taylor: a.Austini ef.LnleFord; sc,5healCreek-, dr.DdKo) he,Fad\khrth: e.EdMirrH:a>.CornmKheFkiokTnd Vkkrlnutjqr.&enFhsot f, TravisFVak; 

FIG. 1.—GEOLOGICAL SECTION EAST AND WEST ALONG THE COLORADO RIVER AT AUSTIN, TEX., SHOWING THE BALCONES ZONE 
FAULTING. 

the fault existed the foundation is cut out to irreat 
depth. 1 do not anticipate that any of the founda ma¬ 
sonry remains in its original position. The dam d not 
break horizontally nor slide on Its base, but was tt ited. 

The people of Austin have my sincerest sy - aihy. 
knowing, as I do, that they undertook this work in the 
best of faith and carried it through against the -Tongest 
opposition. 

While it is gratifying to me to know that the pou.on of 
the foundation put in while I was chief engineer is still 
intact, yet I claim no especial credit, since that portion of 
the dam rests on very good rock foundation. 

my opinion, paid was In the choice of material. Within 00 
miles of Austin, by rail, are some of the most superb 
granite quarries in tbe world. This material was used to 
face the dam, but its center was built of the same soluble 
limestone as that previously mentioned, which was ob¬ 
tained from a quarry at the mouth of Bee Creek, on tbe 
south side of the river, less than half a mile from the 
dam. (See Figs. 3 and 4.—Ed.) An examination of the 
face of that quarry shows the character of the material 
taken from It for use in the dam, and a glance is suffi¬ 
cient to show that its solubility was such as to render it 
utterly untrustworthy. 

I send you herewith some pictures showing the geologi¬ 
cal character of the dam site. Tours very truly, 

Robert T. Hill, 
Qeologist, U. S. Geological Survey. 

Washington, D. C., April 23, 1900. 

ant bearing upon its location and construction. These 
opinions have been accentuated by a minute survey of the 
Austin quadrangle sinc^ made by tbe United States Geo¬ 
logical Survey and by tbe sad catastrophe which has re¬ 
cently overwhelmed my fellow-cltliens. The results of 
my professional observations were not sought at the time, 
but I think that If the dam is reconstructed, as is now 
proposed, tbe geological questions bearing upon tbe loca¬ 
tion and material for constructing it should be seriously 
considered. 

As stated by Prof. T, U. Taylor in your issue of April 
19, tbs present site of the dam Is located at tbe exit of a 
canyon, where the river debouches from a deeply can- 
yoned plateau country upon the low plain of the Black 
Prairie region of Texas. In the plateau country, which 
begins about a mile above the present site of tbe dam, 
the strata are Arm and horizontal and the river flows 
over ledges of firm and solid rock, which would have made 
a suitable and durable foundation for the construction. 
Just below this point and within a belt of country upon 
which the dam is located, the strata are excessively 
jointed and faulted, constituting what is technically 
known as the balcones fault zone, as shown in the sec¬ 
tion, Fig. 1. Tbe geological formation Is also different, 
ronslsting of tbe limestones of the Edwards formation, 
which are exceedingly porous and soluble, while to the 
west of the fault zone tbe strata are less soluble and 
more durable. Tbe action of subterranean waters upon 
the Edwards limestone results in dissolving It Into caverns 
and crumbling strata, even where at the surface It appears 
perfectly solid and durable. Furthermore, artesian springs 
of great volume and pressure well up the Joint planes and 

Sir: I was connected with the work at Austin, Tex. 
from tbe time the preliminary surveys were made until 
tbe final completion of the dam, and am familiar with the 
conditions which existed during construction. For two 
years I was assistant engineer under Mr. Frlzell (during 
which period the foundation for tbe east end of the dam 
was put in), and for one year I served as chief engineer, 
with Mr. J. T. Fanning as consulting engineer. 

While on this work I kept a diary, and from it, as well 
as from memory, I note that when putting In the founda¬ 
tion we found tbe rock very good for about 150 ft. from 
the east bluff. At thia point we encountered a fault, which 
extended about 75 ft. After passing this fault the rock 
was poor for about 350 ft further, when it began to get 

Fig. 3.—Quarry from which Limestone for Center 
of Austin Dam was Taken. 

I wish to state that the attitude of the president of tbe 
board of public works toward Mr. Frlzell was not such as 
should exist, if the best results were to be obtains 1 durinz 
construction. Yours, 

' E. W. Groves. 
New Baltimore, Mich., April 23, 1900. 

Sir: Viewing the Immense limestone Muffs and ro. k bot¬ 

tom of the Colorado River at the Austin dam, it seemed 

that it would require an earthquake to move that iarg* 

dam, but the accounts of the failure and a study of the 

views Jn Engineering News of April 19 seems to bear 

out the impression that the water found another fault in 
the limestone formation similar to the ones In the east 
bank and under the power-house foundations shown by 

the break of June, 1893. The writer was in Austin at 

that time, also during the repairs of the headgate masonry 
and rebuilding of the power-house foundations following 
it. In reference to this limestone formation note is made 

in my article of August 2, 1894 (Engineering Ni ws), as 
follows: “It was found that the break was due to a fault 

in tbe limestone formation, the original stratum budt upon 
having been a shelf about 20 ft. thick, resting upon a soft 
stratum from 4 to 8 ft. thick, which was wash 1 out by 

tbe pressure with the lake full. This stratum wa- .at ele 

ration 4- 21." Further on in this same article ref '^••nce is 
made to a soft stratum 2 ft thick at elevation — i t found 
in the excavation for replacing the power-hous- wail 

Prof. T U. Taylor, in Engineering News for Fob. 2:1 

1900, mentions that water was found disappeannu in tbe 
east bank Just above tbe dam in 1899, indicating previ¬ 

ously undiscovered sesuns. Proof prior to this v ns that 

springs showed up in the east bank for some distance be¬ 
low the dam when the lake was flrst fllled. 

Mr, Fanning's letter in your issue of April 1'-' (Ters a 
pertinent suggestion as to the character of ;..nestone 
formation in that section of Texas which I had nccasitm 
to verify in sinking foundations for some brt “ picf* 
about 30 miles from Austin, near the same va v. Soft 
seams, sometimes only 4 to 0 ins. thick, were f nd ao- 
derlying strata of 2 to A ft thick. 

FIG. 2.—VIEW SHOWING FAULTY NATURE OF LIMESTONE ROCK AT THE SITE OF THE 
AUSTIN DAM. 

better, and under tbe portion of tbe dam now standing 
the rock is good. 

In tbe fault there was no semblance of atratifled rock, 
except occasionally a detached piece. Most of the mate¬ 
rial was adobe, or pulverised rock, with an occasional 
streak of red clay. The excavation at thia place, as I re- 

flssurea In this formation. Tbe site of the dam chosen 
crossed the river sub-parallel to one of the most conspicu¬ 
ous of the fault lines, at the northern end of which, after 
the excavation and construction had well advanced, a 
spring of the character mentioned developed, which 
greatly endangered the tle-on at that end and coat many 
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I rTiJfHt that the rolume of water repreaented by a 
1 H'a) ft. acroaa by 11 ft. deep, pouring over thia 

find a weak spot anywhere within a reaaonable 
and dereiop a fault In the rlrer bottom which 

V ,ve escaped detection by the aoundinga prior to 

ir.F a ork. 
.t the dlscuasion of municipal ownerahip of the 
n .Austin, there were conditiona which made Auatln 
rr:tMy different from other cltlea of ita alie as to 
inprovementa. A great part of the bonded debt of 
it;es baa gone into atreet parementa, on account of 
hat uffera little naturally, but which, in Auatln, is 
asion of limeatone hilla and grarel slopea. Thia 

r public expenae waa reduced at Auatln, ao that 
: jal taxation there waa opportunity of using money 

tier water supply, lighting and improved sanitary 
.ns—necessities In such a warm climate. 

Very truly. Prank E. Snyder, 
Principal Asst. Bngr. on Track Bleratlon. 

.‘Jd St, Chicago, Ill., April 23, liKK). 

river. Its outer end being left open. Two 2,(X)0,0(iO- 
gallon £>eane compound duplex pumps now lift 
the water to a stand-pipe. This structure la 22 
ft. In diameter and extends to the unusual height 
of 220 ft. It Is not covered. 

The natural water of the Wabash River at this 
point Is very unsatisfactory at times, and pre¬ 
sumably Is rarely an Ideal supply. As far back 
as 1887, and probably when the works were built, 
there were two large wells In the gravel near the 
river, designed to furnish the supply at high 
water. To what extent these wells reduced the 
periods of roily w’ater we cannot say, but evi¬ 
dently they were of comparatively little account, 
for when the franchise was renewed. In the spring 
of 1809, the city stipulated that the supply should 
be purified. Accordingly, a contract for purifi¬ 
cation works was made by the Water Company 
with the Continental Filter Co., of New York, 
providing for a dally capacity of 2,000,000 gal¬ 
lons, the water to be perfectly clear and the plant 
to remove at least 9('>% of the bacteria present In 
the raw water. 

The conditions to be met by the plant are those 
found In river water from a rather large, gener¬ 
ally fiat, drainage area, with loamy soil and mueh 
limestone. From such a drainage area, as might 
be expected, the stream Is fed largely by ground 
water, which Is very hard. At the time of the 
spring and fall freshets the water Is laden with 
loam, much of which is finely divided; besides 
this. It receives organic matter In other forms. 
The water, coming so largely from the ground and 
having so sluggish a flow. Is very low In dis¬ 
solved oxygen, thus giving rise to decomposition 
of Its organic contents, on standing, accompanied 
by a decidedly objectionable odor. The color of 
the W’ater Is also unpleasantly dark. 

Notes and Qseries. 
1. C., Jacksonville, Pla., desires information as to 

of artificial gas in brick kilns on a large scale. 

AATER PURIFICATION AT VINCENNES, IND. 

•, nechanlcal filtration plant, combining coagu- 
i subsidence and filtration, was put In oper- 
.iti<m at Vincennes, Ind., In the latter part of 
(i^ toher, 1899. The most notable features of the 
plant are the comparatively long period of sub- 
.viilence, the automatic control of the Inflow and 

• itilow of both the tanks and filters and the 
use of air In place of rakes for agitating the fil¬ 
tering material during the process of w’ashing. 

The population of Vincennes was 7,680 In 1880 
and 8,853 in 1890, showing a slow growth. It Is 
claimed that the population is now 15,000. A 
public water supply was introduced In 1885 by the 
Vincennes Water Supply Co. Aside from private 

Fig. 4.—View Showing Soluble Character of Ed¬ 
wards Limestone, Used for Center of Austin 
Dam. 

sewers on the two main streets, the city Is with- 
out sanitary sewers. 

The water supply is taken from the Wabash 
River, through a 20-ln. intake pipe laid into the 

Settling TanH» 

FIG. 1.—PLAN AND SECTION OF MECHANICAL FILTER PLANT AT VINCENNES, IND. 

Continental Filter Co., New York CHy, Contractor, 



Th» cbaracterlitica noted BUKg«eted the deelre- 
billty of providing ample facilities for ooegulation 
and sedimentation, in order to remove both tbe 
suspended matter and color. The odor. It will bv 
understood, need not be feared, after the water 
has once been thoroughly purified. 

Tbe works installed to effect tbe desired change.'^ 
Include a low lift bortsontal Snow pump of 
2,000,0110 gallons capacity, to supply the filters; 

position, and also sets tbe trip lever of the inlf- ^ ^ 

that when the float lever tor this cock rises It a. 

thus preventing the Inlet valves from opening 

tanks are being emptied. 

After the tanka are full the water stands qule^ 

the other set Is empty, when the operation is 

This period of quiescence Is from 10 to 20 m 

pending on the suctton-llft on the main pun r 

affecta Ita speed. The arrangement for feeding 

Ing furthermore disturbs the body of water In anki 

very little, and aubeidence, therefore, proce- • ji] 

times. Elacb sef of tanks holds 101,900 gallons ii..^ 

of which 8S,400 gallons are drawn out .gt tl. -n a| 
rate of operation of the flitera. 1.380 gallons p. 

there la, therefore, available about A3 minutes’ > in 

each set of tanka. The average period of suh- 

therefore, 24 minutes during filling, about 15 m: rjyi. 

escence on an average and about 32 minutes dur .w 

Ing, making a total period of 7t minutes. 

These basins are cleaned about once a w. The 

water is drawn down, and unless the depost; vprj 

heavy roost of it is washed out by tbe water Mm; 

down on tbe conical bottom. The remainder !- .|i|y 

flushed out by a stream from a IVk-ln, hose, h 

operated from the platform above tbe tanks. 

The four filter tanks are each 15 x 7',;. fi i liu 
like the settling tanks, of 3-in. clear , u. 
staves. The available filtering surface in eac. t tnk 
is 15 ft. In diameter, or 17<».7 sq. ft. In are.i g v- 
Ing a total area of 707 sq. ft. The contract 
pacity of 2,00(1,OIK) gallons per day, therefor- c, n 
templates a rate of filtration of less than l j.‘..it si,. 
(KK) gallons a day. 

The filtering material consists of 3 ft., in ii. pth. 
of sand, with an effective size of 0.34 mni , r. -t- 
ing on 6 Ins. of buckshot gravel. Beneath ih- 
latter is the collecting system of brass str.iin-rs 
and pipes, which also serve.s for a reversed cnnent 
used to wash the filters. A similar but sniallet 
pipe system is used to Introduce the air used in 
washing, as explained later. 

The filter intluent regulator is shown by Kig. 4 
and the effluent controller by Fig. 5, each con- 

6 Ins. above tbe fioor. Tbe solutions range from 
0.5 to 4X in strength and are made by spraying 
water over tbe chemical. 

The operation of the settling tanks can best be 
made clear by quoting a description kindly sup¬ 
plied to us by Mr. Chas. L. Parmelee, Chief En¬ 
gineer of the Continental .Filter Co., as follows: 

The subsiding tanks are operated on the All, qulescent- 

xubsIdcDoe and draw plan. Their operation Is controlled 

FIG. 2.—VIEW OF FILTERS, SETTLING TANKS AND ACCESSORIES. 

six rettllng tanks and four filters, together with 
various accessories; a new clear water well; and 
a filter house. The Snow pump, well and filter 
house were not Included in the contract with the 
Continental Filter Co. 

A l(>-ln. force main leads from the low lift 
pump to the settling tanks, where It changes to 
two 16-In. mains, extending between and con¬ 
nected with the settling tanks, as shown In the 
plan and section. Fig. 1. Beyond the tanks a 
single 16-ln. main leads to the flitera. The tanks 
work in sets of three, the 16-ln. mains acting 
alternately as supply and delivery pipes, con¬ 
trolled by hydr.iullc valves at each end. Each 
settling tank Is 20xl5Mi ft.. Inside, and has a 
capacity of about 37,.3()0 gallons. Water is sup¬ 
plied to and drawn from each tank through an 
8-ln. galvanized Iron pipe, 15 ft. long, provided 
with a swivel Joint at the bottom and having a 
float at the top so arranged as to keep the center 
of the mouth of the pipe 16 Ins. below the water 
surface, except that when the tank Is nearly 
empty the water Is only 2 Ins. above the top of 
the pipe. It was found on trial that with the 
center 10 Ins. below the surface so much air was 
drawn in when the tanks were full, and therefore 
the pipe nearly vertical, as to cause a movement 
of the pipes and a disturbance both of subsidence 
and the flow to the filters. 

The tanks In each set are connected near their 
lops and there Is a waste weir 6 ft. long and 4 
Ins. deep In the center tank of each set. The con¬ 
crete floors of each tank slope towards the center 
on a grade of 1 In 15, where there Is a 12-ln. out¬ 
let, all for convenience In washing out sediment. 

Before describing the system of feeding and 
drawing from the settling tanks a few words may 
be said regarding the Introduction of coagulant. 
Just before the water reaches these tanks. A 
brass pump, located between the filter and set¬ 
tling tanks, forces the coagulant. In solution, 
through a small pipe connected to the force main 
Just above the first hydraulic valve, where It Is 
discharged through a perforated brass pipe, the 
Jets being at right angles to the force main. The 
solution of sulphate of alumina Is prepared In 
two 4 X 6-ft. wooden tanks, having their tops 

by the hydraulic valv m on the main branches above de¬ 

scribed and the supply to these valves Is In turn con¬ 

trolled by a pair of floats In each set of tanks. 

A main float (A) of considerable weight Is set at the 

minimum flow line of each art of tanks. When the water 

falls to this level this float begins to lower and pulls 

down a pawl fB> which releases a weighted lever (C). 

This lever falls by Its own weight and performs two func¬ 

tions: (1) It reverses the position of a four-way cock 

(D) which controls the supply to the outlet valves, ad¬ 

mitting the high service supply to the top of the piston 

of the valve then open, and below the piston of the 

other outlet valve: (2) It releases a second pawl (El 

which holds a float ball (E) connected to a second four- 

way cock (O). This arm drops and opens a passage for 

the high service water to the underside of the piston of 

the Inlet valve of the set In which the main float Is then 

operating. These two operations are practically In¬ 

stantaneous, and In about SO seconds the outlet valve 

on the empty set of tanks has closed and the other ouflet 

opened. Owing to the effect of the extra weight of the 

valve gates, the open valve always closes before the other 

starts to open, thus preventing any reverse flow from one 
set of tanks to the other. 

The pipe supplying the high service water to the inlet 

valves passee by the outlet valves, and on each line (both 

inlets have a separate supply) there Is a lever valve. 

This valve Is so set that It Is opened during the last inch 

of movement of the outlet valve, when closing, and Is 

closed during the flrst Inch of movement, when the out¬ 

let stsrts to open and remains closed so long ss the 

outlet is open. By this arrangement, the main Inlet valve 

Is prevented from operating when the outlet valve Is 

open, thus preventing any direct flow to the filters of 

water which had not been treated by subsidence. As 

soon, therefore, as tbe outlet valve closes, the high service 

supply is admitted to the Inlet valve and the latter opens 

In opening, tt relievee the preseure In the main supply 

line and steam la admitted to the main supply pump and 

to the chemical feed pump, the steam on both of these 

pumps being controlled by a steam governor, which 

cloees at 20 lbs. pressure In the main water supply line. 

Both pumps start at once and the set of tanks ta tilled 

as rapidly as the pumps will operate. When the tanka are 

nearly full the rising water lifts the float arm operating 

the inlet four-way cock, and at a certain point this lever 

reveraee the poaltlon of the tour-way cock and the high 

service water closee the Inlet valve. As It cloeea the pres¬ 

sure In the main supply Increases, and when the valve Is 

closed It quickly reaches 20 lbs., when the steam gov¬ 

ernors close and stop the pumps. During filling the main 

float lifts the weighted operating lever back to Ita original 

Sectional Elevation 

Fig. 4.—Influent Regulator on Filters at Vincennes, 
Ind. 

sisting of damper valves, opera;.ed by floats. The 
effluent controller is provided with a tell-t de, 
which shows when the filters are becomimr so 

badly clogged as to need clearing. The locali-n 

of these devices is shown by Fig. 1. 
When a filter Is to be washed, the water oi the 

bed is drained down to a level about 6 Ins. b low 
the top of the gutter. The outlet is then cl 
and air Is driven through the bed and the " t“r 
at the rate of 4 cu. ft. per min. per sq. ft. of d 

A rotary blower of the Root type with a cap ty 
of 700 cu. ft per min. is used for this pui ;<e. 
The air Is left on for about a minute, meai"* I't. 
It is said, thoroughly agitating the sand and n 
driving the gravel to the top of the bed. ter 

T 
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Th« above flgiirei ahbw a minimum n»t eapaoltr of tba 
flltor plant of 2,3(i&,000 (allona par 34 houra, or 18^% In 
ezceas of the guarantea. 

Tba filtered water has been uniformly clear and bright 
and free from suspended matter even in the muddleat 
stages of the river water. Mechanically the plant la en> 
tirely satisfactory, the filter company having remedied 
at once the few minor defects which have appeared. 

The computations followlngr the pumpage fig¬ 
ures are based on the assumption of 24 hours' con¬ 
tinuous work at the rates actually maintained 
during an average daily period of pumping of 
about hours, for the 8i) days covered. The 
actuai pumpage averaged about 4ik),000 gallons a 
day. In the report made early in January of this 
year, mentioned at>ove, it was stated that the Al¬ 
tera were washed dally, the quantity per Alter 
being given as 12.0(X) to 15.0110 gallons, .as in the 
second report, the operation taking 15 to 20 min¬ 
utes. If the statements In the two reports mean 
that each Alter is washed dally, then, allowing for 
the fourth Alter being in actual use only one- 
quarter as much as the others, and. therefore, 
washed only once In four days, the actual amount 
of wash water would be: 

12,000 + 15,000 

-X 314 = 43.875 gallona 

off water is forced upward through It will be seen that practically all the suspended 
rate of 8 to 9 gallons per sq. ft. per matter and color were removed, and that the al- 
continues two or three minutes, bumlnoid ammonia was greatly reduced. In Jan¬ 

ie air Is again turned on. On’con- uary, 1900, Messrs, L. J. Weisenberger and Henry 
»nd application of air, washing with Schwarts, Superintendent and Pumping Engineer 
ned, and continued until the bed is of the works, respectively, reported to Mr. Walter 
y water, of course, wasting all the W'ood, Treasurer of the company, that during two nCock hr Opemtirx) 

Use/arq$ Vahes I 

Cock hrOpe/atina 
Suaptf tb/tr 

CdiM hr Operating 
Su^ KrAv ' 

This is almost one-tenth the net amount Altered 
Of course, with the Alters in constant use, the per¬ 
centage of wiish water would be greatly reduced, 
the Agures, as given In the report, being an aver¬ 
age of lOS.iXX) gallons of wa.sh water to 2,485,01X1 
gallons gross, or 2.365,(XX) gallons net yield, or 
well towards 5%, in either case. 

It should be noted that the Altered water Is 
pumped to the stand-pipe and the high service 

Settling Tank ')ettling^ Tank 

Vertical 

Section 

ENfa News. 

FIG. 3.—AUTOMATIC DEVICE FOR REGULATING SUPPLY AND DELIVERY OF SETTLING TANKS. 

while. The filter is then refilled from the top, after 
which the outlet is opened and filtration resumed. 
It Is said that although the gravel from the bot¬ 
tom of the bed Is forced up through the sand by 
the air blast It returns to place by the time the 
washing is cumpieted, ow'ing to its greater hy- 
ilraulic subsiding value. 

As to the results obtained by filtration very few 
figures are available, and some of those are rather 
indefinite, but the superintendent and pumping 
engineer express satisfaction with the plant. The 
following chemical results were reported to the 
Continental Filter Co. in December, 1899, by Mr. 
Wm. H. Warren, Professor of Chemistry in the 
.Medical Department of Washington University, 
St. Louis, Mo. 

I have examined tro samples of water iMnt to me from 
ViDceDues, Ind., by Mr. Chan. L. Parmelee, and at his re- 
lueet I send to you my report for the sama The results 
are expressed as milllcrams per liter, or parts per 1,000,- 
b»). They are as follows: 

f-^Water-1 
'—River.—, ,-PTltered-% 
. Dec. 26. Dec. 27. 
. Marked. None. 
.Heavy. None. 
. Decidedly Practically 

yellow. none. 
.Stagnant Slight 
.Increased. More mrkd 
.593 0 287.0 
.123.0 eo.o 

„ .-.470.0 227.0 
^xpep.iH matter .244.8 0.3 

ammonia . 0.172 0.172 
Albuuiii,.,!.! ammonia (solution). 0.232 0.148 

(suspens’n) 0.870 0.040 
“ (total).... 0.902 0.188 

N trogrn US N,0,) . 0.020 0.0G8 
(as N,0,) . S.8 8.4 

0*yg- ,.„.s unfiltrd (5 mins.) 5.84 2.0 
"ifAen 001.. Altered (5 mins.).. 3.0 
f;h -'r.- ( ^.filtered) .33..M 11.9 
(hh.r r . t .f.a) . 24.89 

e :.ar lness .160.0 114.0 

months’ operation the Altered water had always 
been "perfectly clear and bright, and free from 
objectionable tastes and odors;” also that while 
the daily bacterial results “Auctuate to a con¬ 
siderable degree, the following figures are be¬ 
lieved to be representative of the operations: 

Per cu. cm. 
/-Range. Average.-^ 

Bacteria in river water.23,0(X) to 100,000 40,000 
Bacteria In filtered water. 500 to 1,200 750 
Average bacterial efficiency. 98.1%” 

As to coagulant, it was stated in the same report 
that the “amount of chemical required will ap¬ 
parently range from 10 to 40 lbs. per KXl.OOO gal¬ 
lons of filtered water, on the basis of the best 
grade of sulphate of alumina.” This is equivalent 
to from 0.7 to 2.8 gi'ain.'i per gallon. 

A report from Messrs. Weisenberger and 
Schwartz, dated March 29, 1900, and addressed 
to the Vincennes Water Supply Co., contained a 
statement of pumpage from Jan. 21 to March 27, 
1900, with comments thereon, as follows: 

r-Pumpags, gallons-i 
At. rate 
per 24 

Total. hours. 
Jan. 1 to 31. 149 hrs. 5 mins. 18,791,298 2,220,0(X) 
Feb. 1 to 28. 155 hrs. 15 mins. 12,939,104 2,000,000 
Mch. 1 to 27.'166 hrs. 5 mins. 12,843,778 1,858,000 

Totals . 470 hrs. 25 mins. 39,574,180 2,000,000 
There were three filters In operation at all times, snd 

tbe fourth od€ was usod not mora than on6‘*fourth of the 
time. This would show that the average actual rate of 
filtration for the entire plant for the past three months 
was 2,485,000 gallons per 24 hours. It Is to be noted in 
this connection that the high water did not reduce this 
rate, the subsiding basins remoTlng most of the heavy 
mud. 

The filter* require from 12,000 to Ifi.OOO gallona of water 
per filter for washing. As they require washing not more 
than twice In 24 houra, the amount of wash water ranges 
from 98,000 to 120,000 gallons per 24 hours. 

l^tsr^eyt! 

Ovfht to 
Cimf¥ikittr MW/ 

Fig. 6.—Effluent Controller on Filters at Vincennes, 
Ind. 

bate of exuininatlon 
Turbidity . 
Sedlmeol .. 
Color . 

pumps shut down as soon as the pipe is full; also 
that water from the stand-pipe la used for wash¬ 
ing the filters. We are indebted to the officials of 
the Vincennes Water Supply Co. and of the Con¬ 
tinental Filter Co. for most of the information on 
which this article is based. 

THB WIDTH OF CITT STREETS In some of the large 
cities of tbe world is compared In a summary published 
by the "Cansdian Contract Record,” from which we ab¬ 
stract the following Items: Berlin—Under den Linden (In- 
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etude* a broad walk with two rowi of tree* for naarly 

half of the whole length), 190 ft.; Leipziger Siraate, 72 ff.; 

Friedrich Strasae, 72 ft.; Friedrich Straaae, from the 

corner of Behren Straaae to Unter den Linden, 41 ft.; 

Konig Straaae, S7 ft. The width of the pavements on both 

side* of the street Is Included. Brussels--Le Boulevard 

Clrculalre, between les Places de Namur and Loulae, 220 

ft.; L'Avenue Louise, 1A3 ft.; L'Avcnue du Midi, 118 ft.; 

Le Boulevard Ansbacb, 91 ft.; Le Boulevard du Nord. 78 

ft.; Le Rue de la Nord, 05 ft.; Le Rue Royale, 65 ft. 

Paris—Rue de RIvoll, 88 ft.; Rue Montmatre, 72 ft.; Ave¬ 

nue de rOpera (Boulevard St. Germain), 98 ft.; Grands 

Boulevards, 114 ft.; Avenue des Champs EIjrsees, 229 ft; 

Avenue de Grande Armee, 295 ft.; Avenue Bols de Bou¬ 

logne, .•filS ft. Vienna—Rlngstraase, 187 ft.; Karntner- 

strasse (Upper), 62 ff.; Karntnerstrasse (Lower), 121 ft.; 

Praterstraase, 118 ft.; Rennwegg, 65 ft.; Hauptatrasse, 

third and fourth districts, 65 ft. each; Hauptatrasse, fifth 

district, 72 ft. New York—The streets varjr In width from 

about DU ft. to 150 ft. The ordinary residence streets -be¬ 

ginning at First St. and extending across the Island of 

Manhattan from east to west, up as far as 22Uth St.—are 

<Ml ft. wide, excepting at Intervals of about half a mile, 

when they are loO ft. The avenues which run north and 

west at right angles with the cross-streets are 80 to 150 

ft. wide. Below Houston St. or First St., on Manhattan 

Island, the streets and tburougbfarea are of irregular 

widths, followitig for the most part lines of paths, lanes 

or roadways originally followed (or the convenience of the 

early colonists or settlers. Washington—Most of the ave¬ 

nues named.after the different States are 16U ft. wide from 

building line to building line, with 5U to lOT ft. roadway 

respectively. 

BOOK REVIEWS. 
ELKCTKIC WIRING.-By Cecil P. Pool. New York- 

The Power Publishing Co. Leather; 4Vi x 6V4 Ins.; pp. 
101; 46 illustrations, and 28 tables; (l.UO. 

This band-book seems to be complete and well arranged. 

Its scope Is Indicated by the following extract from the 

preface: 

This book Is designed to serve both as an instructor for 
practical wire-men who have occasion to lay out their 
own work, and as a convenience and general reference 
book for electrical engineers whose work Includes the cal¬ 
culation of transmission circuits, etc. With this object 

In the present edition Prof. Kemp has Included the 

mine* of Canada In hi* description* of ore deposits, has 

added about 100 pages of new matter, has doubled the 

figures In number, and has rewritten much of the original 

text to bring it fully up to date. The chief purpose of 

this book Is to give a condensed geological and statistical 

description of the principal ore deposits of this country 
and Canada; including In these the producers of Iron, 

sliver and gold, silver and lead, copper, zinc and the 

lesser metals of aluminum, antimony, arsenic, bismuth, 

chromium and manganese. These condensed descriptions 

are accompanied by a complete bibliography referring the 

reader to original sources of Information and fuller ac¬ 

counts, when these are desired. The second purpose of 

the author is to stimulate investigation and study of the 

Interesting phenomena connected wrlth the origin and 

\ MISS/s. 

/ ^ 

Fig. 1.—General Plan of Location of 15,000-ton 
Floating Dry Dock at Algiers, La. 

nature of these ore deposits, by permitting an extended 

view of the whole field. In both cases Prof. Kemp has 

done his work well. The geological descriptions are very 

minute and these are Illustrated by maps, cross-sections 

and photographs taken largely by himself. On the more 

for Blohm & Vosa, shipbuilders, of Hamb Oer 
many, and which Is reported to have a ca ,ty of 
17.500 tons, this new American dock is t) rites- 

of Its type In the world. The Havana floa dry. 
dock, which was towed across the At to 
Havana, Cuba, Just previous to the ou ik of 
the war with Spain, had a capacity of In ton, 
At the close of the war this dock was s -the 
Government of Vera Ouz. The build the 
Havana docks were Swan & Hunter, of . .nj 
England, and It was designed by Clark -;'an 
field, of London, England, who are al.-^ 
signers of the new United States dry-d vhl. h 
we Illustrate here. The builders of this ; are 
the Maryland Steel Co., of Sparrows Pui ,\i i. 

From what has been said it will be rved 
that the building of a floating dry-dock pih.e 
of floating a 15,000-ton vessel. Is not en un- 
precedented, although It Is quite unusu: , ,u^h 
to attract attention. While there has be-n 
very much practical experience in bull • and 
operating such very large floating dry-do' there 
have been, as many of our readers know -rea; 
many smaller floating docks of from 2,0m ■ ll.rMio 
tons capacity, built and operated with > , ss in 
America, A brief examination will sh lu , ii f,- 
such small vessels at least the floating 1 -dn.k 
presents several important advantag- s com¬ 
pared with stationary docks. It is plain f .r In¬ 
stance, that the adoption of the floating : k re 
lleves the builder at the very outset from t.y de¬ 
mand upon his land for a site, which m.iv be a 
very Important gain where land Is expen-:\ ' or 
needed for other purposes, or where it is ! smh 
a nature that the foundations for a st-uit.nar\ 
dock would be difficult and costly to consirurt 
There being no expense for foundations, the tloat- 
Ing dock Is probably less expensive to hm’.l than 
a stationary dock of wood or ma.sonry, liaving a 
corresponding capacity. The only conditions, pr ib- 
ably, where the stationary dock might prove I>-ss 

FIG. 3.-GENERAL VIEW OF U. S. 15,000-TON FLOATING DRY DOCK, WITH VESSEL IN POSITION FOR WORK. 

in view tbe author baa Included formulas and instructions 
which may be regarded as superfluous by a tecbnician. 
because of their elementary character, and some tables 
and formulas which tbe practical man may never have 
occasion to employ. 

Wiring tables for alternating-current motors are In¬ 

cluded and tables showing tbe corrected drop In Induc¬ 

tive circuits are given. The formulas from which the va¬ 

rious tables are calculated are given and. In the case of 

alternating currents, are Illustrated graphically. Dia¬ 

grams are given (or wiring lights, motors, call-bells, 

transformers, etc. 

THE ORE DEPOSITS OF THE UNITED STATES AND 
CANADA.—By James Furman Kemp, A. B., E. M., 
Professor of Geology In the School of Mines, Colum¬ 
bia University. Third edition, entirely rewritten and 
enlarged. New York, 1900: The Scientific Publishing 
Co. Cloth; 9x6 ins.; pp. 481; Illustrated. $5. 

speculativ* side of attempting to ascertain the origin of 

certain deposits, be quotes and discusses all that has been 

previously written on these topics, and disposes of a 

considerable amount of published nonsense In so doing. 

THE I5.NO-TON FLOATINQ DRY-DOCK FOR THE U. S. 
NAVAL station AT ALGIERS, U. 

(With full-page plate.) 

We illustrate in the accsmpanylng cuts and on 
our Inset sheet this week the general details of the 
15,0()0-ton floating dry-dock now being built by 
the United States Government for use at its navai 
station at Algiers, La. With the possible excep¬ 
tion of the floating dry-dock built some years ago 

costly, are where tbe dock is of the lar. 
or where the land required for its site is 
at a very small cost. For example, the 
price of the new 15.000-ton floating dock 
illustrated here Is S810.000. The new tin 
of approximately similar capacity at tli 
Island Navy Yard was $749,000, but thi 
include the cost of the land for the site. 

The most important advantage of 
dock is, however, that It is portable pro- 
desired it can be shifted from one positi 
other In the home yard at slight expe 
necessary. It can be towed from one r 
other. The Havalta dock. It will be re 
safely towed across the Atlantic to < 



„ .O \ era Crui. This porUblllty renders the 
J Jry-dock a salable asset, since It can be 

j by a purchaser to the new location where 
s to use It. As an Illustration, the United 

c.overnment, at the outbreak of the war 

-j-.ain was able to purchase a floating dock 
-i tons capacity from private owners, and 
r it to the Pensacola Navy Yard, where It 
once available for all the vessels within Its 

capacity then operating In Southern waters. 
.\v dock when completed will have to make 

ENGINEERING NEWS. 

directly on them, so that any one pump can empty 
all the compartments In Us half of the dock. Con¬ 
nections are also available by which In case of a 
breakdown of half of the pumps the other half can 
empty the whole dock. A separate engine is pro 
vided for each pair of pumps, and there is a sep¬ 
arate boiler for each engine, but the steam pipes 
are so arranged that either engine of a pair can 
take Its steam from either boiler. This duplication 
makes a complete breakdown almost impossible. 
Steam is the only motive power used In the dock. 
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FIG. 4.—END ELEVATION. 

.1 journey by water from Baltimore to New Or¬ 

leans before it is put Into use. 
The preceding remarks necessarily state the case 

of the floating dry-dock very briefly, but they In¬ 
dicate quite clearly the reasons which Influenced 
its construction. As already stated. It Is to be 
located at the naval station at Algiers, La., which 
is located on the Mississippi River, Just below New 
firleans. Fig. 1 Is a plan of the Immediate loca¬ 
tion. It will be seen that the dock Is approached 
by two trestles carrying tramways which ter¬ 
minate with support piers Just at the water’s 
edge. Between these piers and the edge of the 
diock are hinged two bridges. Figs. 1 and 2 Indi¬ 
cate the construction and operation of these 
bridges quite clearly, and also show the manner 
In which the dock Is maneuvered In oi>eratlon. A 
perspective drawing of the dock, with a battleship 
inside, is shown by Fig. 3. Figs. 4 and 5 are, re¬ 
spectively, an end elevation and a transverse sec¬ 
tion of the dock, and Figs. 6 and 7 are a longi¬ 
tudinal section and plan. 

Referring to the drawings. It will be observed 
that the dock consists of five pontoons, three of 
which compose the bottom of the dock, while two 
form the side walls. The center pontoon of the 
three forming the bottom Is rectangular In form, 
and is 240 ft. long, but the two end pontoons are 
rectangular for only 80% ft. of their length, the 
remainder being finished off In the form of a 
blunt point or bow. Only 55 ft of the end pon¬ 
toons are buoyant, the remaining or outside 30 ft. 
forming the bow, being composed of a series of 
plate and lattice girders strong enough to sup¬ 
port the ends of a ship, but which do not give ob¬ 
jectionable buoyancy to the ends of the dock when 
short vessels are being raised by It. These end plat¬ 
forms, however, have a water-tight deck plating 
and are surrounded by a water-tight end plating 
or bulwark. 

The deck pontoons are divided Into 32 pumping 
divisions, of which 24 are absolutely water-tight 
and distinct The side walls have four water-tight 
'1 V ' ns each. Each of these 40 compartments 
h .1 u separate drain pipe controlled by a sej>arate 
valve. All the drain pipes In the starboard half of 
th lock lead Into a main drain pipe in the star- 
h 'ird side wall, and all in the port half to a simi¬ 
lar inln in the port side wall. These main drain 
r • :ire continuous the whole length of the side 
" and the four pumps In each wall are seated 

Although, as stated above, the dock Is divided 
into 40 compartments, each having its own regu¬ 
lating valve, the operation of the whole dock Is 
controlled from two central positions on the top 
of the towers. Each valve-house Is in direct com¬ 
munication by speaking tubes with Its engine 
rooms, so that the man In charge can manipulate 
every valve, both water and steam, for the 
maneuver of the dock without quitting his post. 

are then set to work to remove the water from the 
compartments. In pumping out the water the chief 
care is to see that the dock keeps level. This is 
accomplished by altering the speed of pumping 
from the different compartments to suit the condi¬ 
tions. As the dock raises the vessel out of the 
water, shores are Inserted between the vessel’s hull 
and the side walls, and the pumping is continued 
until the floor of the dock is raised above the 
water level. The keel blocks are high enough to 
raise the bottom of the vessel some 4 ft. above 
the floor of the dock at the point next the keel, 
giving space enough to work underneath the ves¬ 
sel, as shown In Fig. 4. One of the most notable 
features of the dock is the fact that It is self-dock¬ 
ing. It will be readily understood that a floating 
dry-dock, like any other floating vessel, will occa¬ 
sionally require repairs to Its underwater parts, 
and on account of its sise It is, of course, out of the 
question to dry-dock It as can be done with 
smaller vessels. The only resource, therefore, was 
to design It so that It would be self-docking. This 
is accomplished as follow’s: 

If it Is desired to dock the middle pontoon, the 
fastenings connecting It with the other pontoons 
are removed, and It is allowed to float loosely. 
Water is then admitted to the end pontoons and 
side walls and the middle pontoon floats up, until 
a set of lugs on Its bottom corresponds to the 
upper connecting lugs on the side walls. This 
brings the middle pontoon entirely out of water. 
The middle pontoon In turn has sufflclent capacity 
to dock both end pontoons at once, and one of the 
side walls can be tilted out of water by Ailing the 
other one. By these various means the entire 
underwater surface of the dock is made accesaltle 
for ri pairs. 

The dock Is complete in itself, having Its own 
engines, boilers and operating machinery, anij 
complete quarters for Its crew. As already stated 
it can be towed anywhere. W’lth Its lifting 
capacity of 15,000 tons, and lateral dimensions of 
525 y 100 ft.,^it will dock any vessel now In the 
United States Navy. In calling for the construc¬ 
tion of the dock the Navy Department prepared 
general specifications upon which It asked for 
competitive plans and bids, the competition thus 
extending to the merits of the plans submitted as 
well as to the price of construction. Two sets 
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FIG. 5.—TRANSVERSE SECTION 

The operation of raising a vessel with the dock 
is substantially as follows: When all compart¬ 
ments of the dock are empty it floats at a draft of 
4 ft. To sink it, the valves are opened, admitting 
water to the various compartments. It may be 
sunk to such a depth that it will take in a ve.ssel 
of 30 ft. draft. The vessel Is floated In and care¬ 
fully centered over the keel blocks, and the pumps 

of plans and bids were received, and after careful 
comparison those of the Maryland Steel Co. were 
accepted. The designs submitted by this company 
were prepared by Messrs. Clark & Stanfield, Engi¬ 
neers and Naval Architects, London, England. 
Work Is now In progress on the dock at the plant 
of the Maryland Steel Co., at Sparrows Point, Md. 
It only remains to be noted that while the ddbk 



la nominally of 15,<XJ0 tons’ capacity. It baa this from Cascade station on the east, and S.75 miles ^ very heavy trafflc was carried 
capacity when the deck is 2 ft out of water. With from Wellington at the west end. The summit during the period in which It a'as c 

the deck awash the buoyancy is 3,UU<> tons more, elevation Is 4,056 ft above sea level, 074 ft above 
or IM.UUU tons altogether. Cascade, and 930 ft above Wellington. From the 
-- map it will be seen that there are three switch* 

THE SWITCHBACK LINES OP THE GREAT N0R1HERN reversing stations) and a horseshoe loop 

AND NORTHERN PACIFIC RAILWAYS OVER THE 
side, the location on the east side being arranged 

CASCADE RANQE. avoid the great snow slide indicated on the map. 
{With (ull-page plau.) The curves are not laid out with transition 

One of the notable features of American railway curves, and are not fitted with guard rails. The 
mgineering has been the rapidity with which gage Is widened ^-In. on the 10“ and 12* curves, 
great linen of communication have been opened, and 1 In. on the 13“ curves. The track is lain 
leaving to the future the work of Improving the with 80-lb. rails, spliced with 36-ln. angle bars 
lines as the traffic develops. This feature haus and sig-holt joints. There are 16 ties to a rail 
been specially prominent on some of the lines length, the rails being secured by six common 
crossing the Hooky Mountains, and In the pre.^ent spikes in each tie, and by six pressed-steel rail 
article we describe the bold "switchback” lines braces to each rail. All the switchbacks are level 
built across the Cascade Range of these mountains for 100 ft., or between the frog and headlock, and 
by the Oreat Northern Hy. and the Northern Pa- then rise with a grade of 1% to 5% for a distance 
cific Uy. for their transcontinental routes, to avoid of 1,000 ft. on the spur, the grade being so ar- 
the delay incident to the construction of tunnels ranged as to assist materially in stopping and 
fur lines of mure favorable location. One of these starting the train without shock, 
has already been superseded by a tunnel line, and Work on the tunnel was commenced In August, 
the tunnel on the other route will probably be 1807, and in March, 1900, there had been driven 
finished this year. about 4,700 ft. from the east end and 5,000 ft. 

The Great Northern Line. from the west end. This leaves about 3,400 ft. yet 
, .. ...» .. j. « io be driven, and at the present rate of progress 
In the cunstructlun of the pacific Kxtensiun of - o j 

.. ,, . .. ,, , of 8 ft per day at each end. It is expected that the 
the Great Northern Uy., in 1890-92, the Cascade , o . v. aw,... 

, headings will meet some time in September. About 
range of the Rockies, in Washington, was crossed ^ , . , , j „ t 

.w t> 7oO men are now at work, driving and lining the 
by a switchback line going over the Stevens Pass, 
The puss was discovered in 1890 by the lute C. *inne . 
F. R. Haskell, M. Am. Soc. C. K., and named for The Northern Pacific Line. 

Mr. J. F. Stevens, M. Am. Soc. C. E., who was in The Northern Pacific Ry. adopted the Stampede 
charge of the exploration surveys under Mr. E. H. Pass route through the Cascade range in 1884, and 
l{3';kler, then Chief Engineer. Mr. Stevens is now In 1886 It awarded to Mr. Nelson Bennett the cun- 
Chlef Engineer of the Great Northern Ry. A gen- tract for the tunnel, which wm to be completed 
eroJ description of the line, with the switchback In 28 months. In order to expedite the opening of 
and tunnel, was given in our issue of May 18,189.3. the transcontinental line, a switchback line was 
The plan of building a •'swiichback” crossing was built, crossing the range by the Stampede Pass, 
adopted in order to ensure rapid construction, and which had been discovered In 1881 by one of the 
a prompt opening of the line fur traffic, but it was exploring parties, and has an elevation of about 
Intended from the first that this part of the line 3,675 ft. above sea level. The switchback was 
should be eventually replaced by a tunnel. Work opened In July. 1887, while the tunnel was com- 
on the tunnel was commenced in August, 1897, pleted in May, 1888. The length of the switchback 
and is expected to be completed this year. line was about seven miles, with maximum grades 

Fig. 1 is a plan and profile showing the location of 296 ft. per mile (5.6%) on the east side, and 275 
and grades of the swiichback and tunnel lines. On ft. per mile (5.2%) on the west side. The grades 
the switchback line, the grades are dVi% on the were practically continuous, except at reversing 
cast side and 4% on the west side, with maximum points, and were compensated on curves at the 
curves of 12“, except that on the west slope there rate of 0.04% per degree. The stub tracks or 
is one curve of 13“, turning an angle of 149^ 14'. tails were on a grade of 0.2%, ascending from the 
Oil the east slope is a 12“ curve having a central switch, and were from 400 to 600 ft. long beyond 
angle of 218“ 24'. There is a Y-spur on this curve, the headblocks. The grade on these tails was less 
but this is not used. The curves have a super- than that on the main line, on account of the ex- 
eievaiion of 5 ina The grades are equated 0.t4% cesslve rate of grade adopted for the latter, and 
per degree of curve. All the switchbacks are R is considered that the grade of the tall tracks 
equipped with non-automatic stub switches. No should not be allowed to exceed .2^%. Whenevet 
special arrangements have been made to take care the grade of the main line Is under this rate it 
of runaways, and it has been found that none are can be extended uniformly to the end of the tall, 
necessary, the reversing grades on the tail tracks There were two switchbacks and a loop on the eist 
being considered sutficient. There have been no side, and two switchbacks and a double loop on 
runaways or accidents of any kind, and in fact the west side. The switches were of the Wharton 
this piece of line is considered as safe as any other type, although It is believed that ordinary spilt 
part of the line. The bridges and trestles are all switches would have answered the purpose equally 
of timber cut along the line. well. 'They were always normally set for the up- 

Passenger uains are given H4 hours to make the track. They were laid out as in diagram No. 1. 
run of 12 miles, but the trip has been made in 45 Fig. 2, the track being level between the frog 

wheels, 3 ft. 3 Ins. diameter. These dii 
account for the slow speed in ascen.i 
grades. Special switchmen were staiior ,er 
manently at the four switches. It wa.s to. hat 
the switchback was far safer in operati. i n a 
continuous line, as the chances for din hy 
trains getting beyond control were vei „ ^ 
diminished by the line being broken up in 
The existence of the tail tracks also incr. th^ 
confidence of the train crews, thus pi 
runaways in cases where, but for the kn i^,. 
of these tracks, the crews would probab ave 
abandoned the trains. Runaway train .vere 
stopped by these tails on several occasion vith- 
out Injury or damage. During the whole p of 
operation, extending over 18 months, the c. ..any 
never had a serious disaster nor lost a life 

The operation, while apparently difficult, -as In 
reality very simple. Trains were operat-i with 
engines on each end. to avoid danger from l.inken 
couplings. By practice and experience th.- . n^me- 
men operated their engines in perfect unison The 
method of reversing the direction at the sw t. hes 
was specially noteworthy, on account of th. ease 
and smoothness with which it was accomplished. 
The stop and reversal at the upper end of the tail 
track were practically simultaneous; the train 
swung up the stub and back again with the mo¬ 
tion of a pendulum. Steam was shut off Just be¬ 
fore passing over the switches and the train was 
allowed to stop and reverse its direction by gravi¬ 
ty, the enginemen working steam in rever-e motion 
as soon as sufficient velocity was attained All 
the engines were fitted with water brakes, which 
added very much to the ease and safety of oper¬ 
ation. 

The tunnel Is 9,850 ft. long, partly in basaltic 
rock, but largely in shale with timber lining. The 
swelling of the shale under exposure made it neces¬ 
sary to put In a masonry lining soon after the 
tunnel was completed, and this consists of con¬ 
crete side walls and a brick roof arch. It Is Iti ft 
6 ins. wide In the clear and 22 ft. high, with IJ.SiJ 
cu. yds. of excavation per foot of tunnel In solid 
rock, and 15.70 cu. yda where the timber lining 
was put In. It was driven by the top heading 
system, and the average rate of progress for the 
entire work was 18 ft per day. The headings met 
on May 3, 1888, and the first train passed through 
on May 27, 1888. The cost was about ^l.tKNi.dOfi. 
There is an ascending grade of 0.74% from the 
west portal for 5,000 ft., and then a descending 
grade of 0.2% to the east portal. The elevation of 
the east portal is 2,827 ft., and that of the west 
portal is 2,800 ft. above sea level. By this tunnel, 
the railway secured a permanent line with maxi¬ 
mum grades of 116 ft. per mile (2.19%), thb being 
the grade of the approaches for some miles on 
each side of the tunnel. The distance Is about 
three miles. Instead of seven miles by the switch- 
back. The construction of the tunnel was de¬ 
scribed and illustrated in our issues of Oct. 3. 10 
and 17, 1891. 

In this connection it may be of Interest to make 
brief reference to the Zigzag switchback and tun¬ 
nel of the New York, Ontario & Western Ry. The 
tunnel line is about one mile long with grades of 
0.75% and 1.25% for northbound and southb and 
trains; and replaces a switchback line with four 
inclines about three miles long, with grades of 
1.8% and 1.98%, respectively. It also effected a 
saving of about $30,000 per annum formerly ex¬ 
pended in helping trains over the summit, this 
amount being more than three times the interest 
on the cost of the tunnel line. This was described 
in our Issue of Jan. 10, 1891. The Hagernian Pass 
line and the Busk tunnel line on the Col lado 
Midland Ry. form a similar case, but the "out-'de” 
line is carried through the Hagerman Pase uih- 
out the use of switchbacks. The tunnel lit e on 
this road saves seven miles In distance, Kb' 't. in 
elevation, and 2,000“ in curvature, as descrlb 1 In 
our Issues of Nov. 24, 18D8. and April 6. 184'** 

bioqram No.t, 

- Diagram No.Z. 

Fig. 2.—Diagrams of Switchback Profiles. 

point and headblock. A method which la consid¬ 
ered preferable by Mr. B. H. McHenry, M. Am. 
Soc. C. E., Chief Engineer of the Northern Pacific 
Ry.. is shown in diagram No. 2. This can be oper¬ 
ated to much better advantage, hut has the ob¬ 
jection of sacrificing distance, and thereby in¬ 
creasing the cost. This method, however, would 
be worth adopting where the Increased cost was 

not excessive. 
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