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QUALITY OF WATER IN THE UPPER OHIO RIVER BASIN 
AND AT ERIE, PA. 

By SamueL James Lewis. 

INTRODUCTION. 

This paper discusses the quality of water on the most important tributaries of Ohio River 
in Pennsylvania, New York, West Virginia, and Maryland, and the nature of the water 

supply at Erie, Pa. The amount and character of the pollution is described and the results 

of drinking contaminated water as shown by typhoid statistics are indicated. The condi- 
tions on the tributaries of Ohio River in Ohio are discussed in Water-Supply and Irrigation 

Paper No. 79, United States Geological Survey, pages 129-187. 

The water supplies and sewerage of small towns high up toward the head of a large drain- 
age system do not in many cases receive the attention they should. Epidemics of a water- 

borne disease which affect large municipalities near the mouth of the river and therefore 
attract attention must necessarily have their origin in the pollution of the watershed above. 

It is evident, therefore, that adequate sanitation of the small towns and a water supply as 
carefully guarded as that of a large city would prevent disease at its very source and be far 
less expensive than the costly battles which are waged against epidemics in huge centers of 

population after disease has broken out. 

Typhoid fever statistics for small towns in this section are seldom available and are more 

or less unreliable at best. The few figures given show the existence of virulent typhoid fever 
in most towns of the drainage areas in certain years, and as these towns drain into the 
streams the liability ofthe water to infection is evident. 

The significance of typhoid fever death rates will be better understood from the statistics 

presented below, which have been collated from a number of cities having excellent water 
supplies. 

Typhoid statistics of cities with good water supplies. 

  

  

: Total | Typhoid 

City and year Bonaler f Tolst Tol Son 
1,000. | 100,000. 

Boston, Mass.: : > 

LL BA eC RTE Se ak 560,892 11,678 143 20.82 25.6 

1001: Er A NS i 573,579 | 11,300 142 19.70 24.8 

| a SS NS Ss SORE SE 584,553 10,983 139 18.79 23.8 

008 oR ir Rn SABE 600,929 | 10,632 119 17.69 | 19.8 

15817 SR NER Oh A Sa LS SS KER Ee SIRE 614,522 10,757 135 17.54 22.0 

Brockton, Mass.: : 

O00 i tT Ft a ea a he 40,063 553 18 13.80 45.0 

111 Pe et SOAS a Se NE LR Se EA 41,606 523 6 10.17 14.4 

EE A a CA Bs SAA AN CR BL 43,208 475 6 10.99 13.9 

O03. a rR LR Sr Ee se Re eh al 44,873 495 5 11.03 11.1 

O04. ee a RE a Sf 46,601 567 8 12.17 17:1          
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Typhoid statistics of cities with good water supplies—Continued. 

  

  

; Total |Typhoid 

City and year. bone | ot mont] Sl LR 
1,000 | 100,0 

Cambridge, Mass.: - 

1000. conch snr reas ra ae rr we re pe 91, 886 1,547 15 16. 83 16.3 

BIOL. do fa da A a Ch i Be 94,084 1,574 10 16.73 10.6 

NO a A RR A i a rn eet he Bh 96,334 1,454 17 15.09 17.6 

1003. TEE Lhe 98,639 1,501 14 15.32 14.2 

W004... aa Sta Lee 100,998 1,444 23 14.30 22.8 

Fall River, Mass 

1000, i Ce ae re ee ie a eae 104,863 2,206 15 21.04 14.3 

1901.50 dl st as a ee BT 108,311 2,143 21 19.78 19.4 

1902: 0 ca ye En ITE 111,872 2,223 14 19. 87 12.5 

A003 a a a RE a 115, 549 2,290 has 1 19.82 23.4 

BOO... a es Sa re 119,349 2,047 29 17.15 24.3 

Jersey City, N. J 

1000 hr EN er aL ho 215,921 4,026 44 18.64 20. 4 

O08: i ee Ar RS ST Sm a 219,462 4,130 36 18.82 16.4 

Lawrence, Mass. 

A000 sn i ii at ae SR LA SOL SA AE 62,559 1,250 11 19.98 17.6 

M00 is ag eee ee 64,874 1,118 12 17.23 18.5 

BOD Rl I a 67,275 1,163 11 17.29 16.3 

1908 ntl er eR es Re a ey 69,766 1,204 23 17.26 33.0 

LU Sa SE eC ae 72,348 1,141 11 15.77 13.2 

Newark, N. J.: 

1002. a Ea ny 258,176 4,831 50 18.71 19.4 

O08 rs a es 265,394 4,901 61 18.43 23.0 

New York City.: : 
AOD: so he en aioe man wR om aS rn ST Be 2,053,979 43,227 372 21.04 18.1 

OO a a a a a 2,095. 686 | 43,304 412 20. 66 19.7 

oR Se ge a 2,139,632 | 41,704 399 19. 49 18.6 

Yonkers, N. Y.: J 

O00... a Re eh Sy wena A re De 8 47,931 810 2 16.89 10.4 

17 Sama seine a UE ECs ek Te SES SIRT AS 842 CR A 11.8 
1902: or CR a 8 FST NN Se TN 865 LY ERE a Be Sa           
  

OHIO RIVER BASIN ABOVE PITTSBURG, PA. 

ALLEGHENY RIVER BASIN. 

DESCRIPTION OF BASIN. 

Allegheny River drains a quick-spilling area. The stream carries so much silt and 
other débris as the result of the rapid run-off that it is generally muddy. This, together 

with the sewage which it receives from numerous municipalities, makes it a poor source 
of domestic water supply. The towns at the headwaters have not generally used river 

water for public supply, but lower down, where pollution is greater, the unpurified water 
is supplied at many places. Springs are numerous and are much used, sometimes supply- - 

ing towns as large as Bradford, which has 17,000 inhabitants. They fail, however, in dry 
seasons. Population is sparse, there being but 11 towns having over 5,000 people. Fig. 1 

shows the location and approximate population of nearly all the towns within the drainage 

area. : 
The investigations prosecuted by the city of Pittsburg looking toward filtration of Alle- 

gheny River water showed conclusively that the nature of the watershed permits very 

little or no opportunity for self-purification by the processes which are usually more or
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less effective in rivers. Furthermore, “such is the peculiar character of the river, such 

the character of the watershed, that infection introduced at much more remote points 

than Oil City may be actively dangerous to the health of Pittsburg.” @ If this be the 
case, what is to prevent infection of towns higher up on the river by the sewage and drain- 
age of others at less distance above them than Oil City is from Pittsburg? It can not be 

urged as a palliative of conditions on Allegheny River that most of the towns are not 

sewered, for, owing to the nature of the topography, very heavy rain will drain contamina- 
tion from every town on the watershed into the river. It has long been established that 
the increase in turbidity in such a stream has a direct relation to the increase in the quan- 

(OX / 

  O Population less than 2000 

  

Betweer, 2000 ard 5000\ x 

3 
Scale > / 

19.5 0 10 20 3omiles N of 
~~’ 

Fic. 1.—Map of Allegheny River basin, showing approximate population of towns. 

tity of bacteria. The work of Mr. Copeland, of the Pittsburg filtration commission,b 

shows conclusively that bacteria abound in the turbid waters of the Allegheny and that 

those bacteria which can come only from extensive sewage pollution are generally present. 
There are always a number of cases of typhoid fever within the drainage area of the Alle- 

gheny, and the topography of the country is such that sewage or drainage containing 

typhoid bacteria may be delivered to any point down the river within one or two days. 
It is obvious that infection anywhere on the watershed may readily reach any point below. 
  

a Sedgwick, W. T., Report Filtration Commission, Pittsburg, p. 19. 

b Ibid., p. 348.
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ALLEGHENY RIVER BASIN ABOVE CONEWANGO CREEK. 

Port Allegany, Pa. (population, 1,000).—Has a gravity supply from three small im- 

pounding reservoirs-(capacity about 3,000,000 gallons) fed by Skinners Run and its tribu- 
taries. The daily consumption is about 100,000 gallons. This is a naturally safe surface 
supply, as the drainage area is all uninhabited forest land. In time, safety will require 

regular policing of the area. The town is not sewered. 
There have been few borings for ground water. The best is the 75-foot well at the Sart- 

well House. The water from this well is much harder than that from the public supply, 

which contains almost no mineral impurities and would be excellent for any industrial 
purpose. Field assays of water from Port Allegany are given below. Typhoid-fever 
figures for Port Allegany are not sufficiently full to be worth quoting, as they merely 

establish the presence of typhoid fever in 1897, 1898, and 1899. 
Smethport and Eldred, Pa.—Gravity supplies are in use at Smethport (on Potato Creek) 

and at Eldred (population of each, 1,000). Neither has a sewerage system. Typhoid- 
fever statistics are not available for Smethport, and those for Eldred are so meager that 

they are of little value. 

Typhoid mortality at Eldred, Pa. 

  

  

Total | Typhoid | Typhoid | Total | Typhoid | Typhoid 
Year | deaths. cases. deaths. Year. deaths. cases. deaths. 

SEE CRESS Fa NT | CE 2A a 8 Ra CBRE a [LE ah olen 

2 ER | ERE, 24 ERE RC 6 2 1 

1897.5. sl Soran | oe et 7 2 AOD eg es C3 Abdi a 2             
Feld assays of water from Port Allegany, Eldred, and Smethport, Pa. 

[Parts per million. ] 

  

  

  

  

      
  

Port Allegany. Eldred. |Smethport. 

Determination. public | 71008 Well | puplic | public 
supply. Hote. supply. supply. 

re a i re 0 0 0 0 

INL pr ae a A EN SET Ra 27 5 17 122 

1577) PROF HT RRR EL A I EO Sr BN BR EL SR LS | 0 (a) (0; Trace 

Calelum Ca) ve or A Sie | Trace 35 28 0 

Total hardness (as CaCOy) i. i rl PR Ts | 20 130+ 51 10 

AVI ree ti ail oh a | 19 84 44 13 
Bulphates (80x) oh ul Sri CL SU i rR | 0 (?) Trace. 0 

CHIoTIdes (01). aii fs 8 oS Ss see | 5.6 11 5.6 4.2 

a Very slight trace. b Slight trace. 

The Eldred water is somewhat harder than most of the spring waters of this section. It 

. would be excellent for any purpose, the incrusting solids being practically all carbonate of 
lime, which is not present in quantity sufficient to cause trouble in a boiler. The supplies 

from Eldred and Smethport would be well adapted to industries requiring especially pure 

water, like paper making. The high color of Smethport water points either to a marshy 
drainage or to a foul condition of the reservoir. 

Olean, N.Y .—At one time the water supply of Olean was pumped directly from the river, 
which receives typhoid-fever infection from the sources mentioned above. The supply since 

1889 has been obtained from driven wells, but connection has been made with the river 

for emergency. In 1896 and 1897 the wells were increased from a very few to 50, making 

the use of river water unnecessary until very recently. The population of Olean, according 

to the Twelfth Census, is 9,462.
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Typhoid mortality at Olean, N.Y. 
  

  

        

Year drertn, | eRe | var. Beilin 
(ET RA ERLE SCE RRL 162 2 | 1907 re a am ns] 99 1 
TR Sy Sa 154 1 | S08 i ; 82 1 
WO oo a Te 162 HAD. on Sn 130 1 
FEET ve Ye SOL 79 BIR AI CTS IR 110 2 
W808 is Se aE 120 4 | 1 BE A CTR RT 117 3   
  

It is evident that even high up on the headwaters, where no large towns pour their sewage 
into the stream, the raw water is unhealthy for drinking. The improvement in condition 
after the enlargement of the ground-water system is noteworthy. The town is sewered, and 
the wastes from the large tanneries located there discharge directly into the stream. Itis at 
this point that the first extensive pollution enters Allegheny River. 

Bradford, Pa.—An unusually large spring furnishes water for Bradford (population, 17,000), 
on Tuneangwant Creek. The plant was purchased by the city from the constructing com- 

pany some years ago. In 1904 the debt was completely paid, in spite of a 40 per cent reduc- 

tion in the water rate in 1904 and a 28 per cent reduction in 1901. Three masonry reser- 
voirs, with a capacity of 59,000,000 gallons, impound the waters of a number of small spring- 

fed streams. The drainage area of these streams is large; over 12,000 acres immediately 
adjacent to the streams are now owned by the city, which maintains a strict patrol of this 
area. It may be considered reasonably certain that no immediate pollution of the Bradford 

water supply is likely. The daily consumption is now about 1,800,000 gallons, or 96 gallons 
per capita. The use of meters is increasing steadily, and the management appears to be 

efficient. There is also an auxiliary system of artesian wells averaging 175 feet in depth, for 
use in time of drought, from which the supply seems practically inexhaustible. The town 

has both sanitary and storm sewers, draining into a little stream which ultimately finds its 
way into the Allegheny. It is clear that disease germs may be discharged into the Allegheny 
from Bradford. 

Typhoid mortality at Bradford, Pa. 
  

Total | Typhoid | Typhoid || 

  

Total |Typhoid | Typhoid 
Year. deaths. cases. deaths. Year. deaths. cases. deaths. 

: 0am id eon bin FSShaniateas Prana aie Dal A800: ar 163 3 3 

1897: a nest EET a PER CARER LLL RR SRT A 2! BR 15 

15 SES FG SH Eh en Ee Te A RE ree Sa 149 20 5               
  

That Bradford, in spite of the excellent character of its supply, may occasionally have an 
outbreak of disease that will greatly increase the infection in its sewage is shown by the fig- 

ures for 1900. The public supply is a very pure and soft water; the high color shown in the 
assay (on p. 14) is probably due to the nature of a portion of the drainage area. 

Salamanca, N.Y .—Salamanca, (population, 5,000) derives a very excellent gravity sup- 

ply from springs and has connections with the river for pumping in periods of drought. The 
village is practically free from typhoid fever, the annual saving probably representing much 
more than the rate of interest on the plant, besides the saving in lives. 

Typhoid mortality at Salamanca, N.Y. 
  

  

Total | Typhoid 

  

Year. deaths. | deaths. Year. : Pore Tchad 

iE ee SU PANE To 55 2 ARO A ue LA a 0 

B92 fe Se ty a ca rs Ol A808: oi sari, res se a 0 

1808 cot RR Re a la tn A000. a te ae SL SRE a a as 0 

1 RR He Sn Sd EL a Tl Ol Od ee i a SC Tr a 0 

i EL SO ER A ae 34 A902 or ae ia aT 65 2             
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Where the annual deaths for a period of years are so few, it seems likely, in the absence of 
specific information to the contrary, that the occasional mortality from typhoid fever is due 

to other than water-borne infection. 

Mount Jewett, Pa.—At Mount Jewett (population, 1,000), on the headwaters of Kinzua 

Creek, the public supply is piped from springs to two large tanks. There is no sewerage sys- 
tem. The only available figures showing typhoid-fever mortality for the village are those 

for 1902, when there were two deaths from typhoid fever. In the absence of definite knowl- 
edge as to the source of infection in these cases, no conclusion can be drawn as to the char- 

acter of the water supply. There is no doubt, however, of the, nature of Mount Jewett’s 
contribution to the Allegheny drainage. The field assay below shows that the public sup- 
ply is very similar to that of Bradford, pure and soft, and suitable for any industrial or boiler 

purposes. : . 

Kane, Pa.—Kane (population 5,000) has a sewerage system discharging into a small branch 
of Kinzua Creek, which empties into the Allegheny just above Warren. This run also 

receives drainage from Clarendon, a village of about 1,500 population, which has no public 
water supply, and is said to have many cases of typhoid fever. The water supply of Kane 
is similar to that of Bradford. 1tis derived from a number of springs along Kinzua Creek, 

and is collected in two reservoirs on that stream and pumped to a standpipe, elevated over 
300 feet above the intake, supplying about a half million gallons a day. There are four 

wells, averaging 100 feet in depth, at the waterworks, used in case of shortage. The entire 
watershed is protected under an agreement with the landowners along the stream quite up 

to its source, whereby no sources of pollution—such as cattle pens, privies, and slaughter- 
houses—and no dwellings are permitted within 200 feet of the stream. It is believed 
that the watershed is being kept reasonably clean. No figures showing typhoid mortality 
are available for Kane. 

For use in boilers, Kinzua Creek water is stored in a large reservoir, making an auxiliary 
supply entirely separate from the public supply. This creek water is never used for drink- 

ing purposes. The field assays below show pure spring waters: 

Field assays of puolic water supplies at Bradford, Mount Jewett, and Kane, Pa. 

[ Parts per million.] 

  

Mount 

  

Determination. Bradford. Jewett. Kane. 

ETTS FEE ss A eS AN Gh AA ASSN AN SNC fen Co a ER a ge 0 0 0 

A HARI Ge IN Se dn RIE Tn Ds Re SOL ASR Rn 61 22 5 

TE A EN I Pn al Re A (a) Trace. 0 

CeIn) ss ir a tr a re so Be hr SR Pe a a a Eas 0 0 0 

Total hardness (a8:CaC0g) ft oe meter RR ne 13 13 7 

AY a eR re Ee RS SE Ar a 12 12 17 

Shatter BO a a RE a 0 0 0 

910 oR BB RI ee Ep Ce RL Se Si Xe ES ae 6.2 4.9       
  

+ a Very slight trace. 

CONEWANGO CREEK. 

Jamestown, N.Y .—Conewango Creek, which enters Allegheny River at Warren, carries the 
sewage of Jamestown, N.Y. (population 25,000), where there are numerous industrial enter- 

prises, all of which pour their wastes into the creek. In the most densely populated districts 
of the city the buildings are directly on and overhang the stream, so that dejecta from typhoid 

patients in these buildings enter the creek directly and are carried down Allegheny River. 
That there is some pollution of this kind at Jamestown is shown by the typhoid mortality 
figures herewith



ALLEGHENY RIVER BASIN. 15 

Typhoid mortality at Jamestown, N.Y. 

  

  

  

Year. dat, | ana Year. Ao 1 

1 ein HES Site SNP TI A 240 FO AE 1807. ir Sr Ne RE BAR 267 1 

1802. te ra si hs Sr 299 AGI 1808: ee sae 260 5 

0a i Sn dR lm 395 AE TO00. LE rr Ree 280 9 

A040 colon ect hE SRI 306 TA SI00L, se as i at 296 6 

BIB. ot ia na Ss 224 SaHa902.. ace oe 259 1 

|           
  

ALLEGHENY RIVER FROM CONEWANGO CREEK TO OIL CREEK. 

Warren, Pa.—The public supply of Warren (population 10,000) was formerly derived 
entirely from Morrison Run, a small spring run about 4 miles from the city. In recent 
years drilled wells have been added to this source. During about eight months of the year 

(October to June) a gravity supply is furnished from a 3,500,000-gallon earth reservoir, sit- 
uated on the run about 4 miles from the city. The average daily consumption is about 
1,100,000 gallons. The dam is of rubble masonry, 26 feet 6 inches high; the bottom of 

the reservoir is of clean sand. The watershed is uninhabited, being almost virgin land. 
There is one farmhouse at the lower edge of the drainage area, which has been sewered out 

below the reservoir at the expense of the water company. Although there is no regular 
patrol, it would seem, from an inspection of the drainage area, that little danger of pollu- 

tion exists. Five drilled wells, 58 to 66 feet deep, about 40 feet from low-water mark of 

Allegheny River, are pumped during the summer. The close proximity of the wells to the 
shore has caused considerable local anxiety as to the possibility of the river water seeping 

into the wells, as the town sewers into the river above and below. There is reason to sup- 

pose that no such seepage occurs. Analyses show that the waters from wells and river 
are radically different. 

Field assays of well and river water at Warren, Pa. 

[ Parts per million.] 

  

  

  

Public sup-| State 

Determination. rl | Le | Algae 
feet deep. | feet deep. 

400% 00 LE) dere eB Re To SE Sa tt ri En Se I ETE 0 0 a4( 

Yr I Ci a Se Ta a Es 5 5 122 

Es Te ANS aL FO ee LRN A A (%) 0 5 

Caley (Ca): 3 hn er. ot ee a Aeon Shaman ois Sos wp wi les 105 96 46 

Total hardness TAA eae ERA ON URSA SE Dd SE Sah 130+ 47 

Alaiye Beal Bader a ee 134 96 54 

Stiphates (BOs): tthe or os Ly CR Bi ci (0) 0 (¢) 

Chlorides +01) = or ie hr Si ies Se Ra se ta Sa ur 11 6.4 5.6     
    

a Estimated. b Very slight trace. c Slight trace. 

The ground waters are similar, and, like uncontaminated ground waters, are very clear and 
almost colorless. The river water shows the characteristic mineral content of the streams of 
this section—very similar to that from French Creek, Oil Creek, Clarion River, and Redbank 

Creek, subsequently noted. There are but 46 parts per million of total hardness. The color 

is very high, and is due partly to the marshy drainage of portions of the river bottom and 

partly to oil and acid wastes received at Riverside, which probably contribute the traces of 

sulphuric acid and iron. The well waters also are hard. There is a layer of blue clay about 
17 feet thick between the river bed and the gravel stratum whence the wells draw their sup- 
ply. The movements of underground waters are such that wells of this depth probably
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draw upon water not seeping from the stream but flowing in the ground toward the river; in 

order that river water may enter the wells the natural flow of the underground water would 
have to be reversed. This is clearly shown in Professor Slichter’s paper on The Motions of 

Underground Waters.e For industrial uses requiring small mineral content, such as steam 
making, the river water is best. The well waters will cause scale in boilers if not treated. 

There is a well-developed sentiment at Warren with regard to the public health. The 
local board of health compiles each year a report of vital statistics, which shows that in 1904 
there were 3 deaths from typhoid fever. An interesting study was made of the water supply 

of typhoid fever patients during this year. It wasfound that of the 27 cases reported 12 
used water from private wells in whole or in part, 5 used city water, and the remainder 
used water derived from various sources. Much credit is due to the public-spirited citizens 
of this town for the attention they are giving to problems of sanitation and public health, as 

well as to the management of the public water supply. The only typhoid mortality figures 

at hand are obtained from the reports of the health officer, as follows: 

Typhoid mortality at Warren, Pa. 

  

  
  

Year. S| Sp 

10000 Ss a SL Se A sn dn ln sh oR SR 10 2 
Ae eG EN RAE LE TE 18 2 
03 Ls i tin ia Se dese ss Eaves ens sa ss Pop beet ds Lan 110 2 1 
0085 Sn a Sie si Let eg 112 2 1 
ON Re ww We AAT SE SSE 103 27 3           

Excepting for the sudden rise in 1902, these figures compare favorably with typhoid mor- 

tality rates in most towns using pure water supplies. Again, the evidence is strong as to 
the kind of pollution going into the Allegheny. 

Tidioute and Tionesta, Pa.—Between Warren and Oil City the population is scattered, 
there being along this stretch of the Allegheny but two villages, Tidioute and Tionesta, each 

of about 1,000 inhabitants. At these places the supply is obtained by gravity from spring- 
fed reservoirs in the adjoining hills, and there is no sewerage. As the villages drain directly 
into the river it is very likely that more or less infection enters the stream at these points 
at all times. 

The two supplies are very different, though both are pure and excellent for any purpose. 
The Tionesta water is similar to the Bradford and Kane supplies. The Tidioute water con- 
tains carbonates, mainly those of either magnesium or the alkalies, with a little calcium. 

These are both greatly superior to the river water for any industrial uses. (See assayonp. 15.) 

OIL CREEK. 

Titusville, Pa.—At Oil City the Allegheny River receives the drainage from Oil Creek, 
on which the largest town is Titusville, with a population of about 8000, with sanitary 

sewers discharging into Oil Creek. Much oil-well pollution also enters at this point. The 
public supply is entirely from ground water pumped from a system of 10 wells, 50 to 68 feet 
deep, located at the station on Oil Creek, about 1} miles above town, and is so abundant 

(2,500,000 gallons daily) that very few meters are in use. 
  

aSlichter, C. S., Water Supply and Irr. Paper No. 67, U. S. Geol. Survey, p. 29 et; seq.
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Typhoid mortality at Titusville, Pa. 

  

Total | Typhoid | Typhoid Total | Typhoid | Typhoid 

  

Year. deaths. cases. deaths. Year. deaths. cases. deaths. 

HE A RE A Sal Sa Pe 2 LB B17 RR 2 91 18 1 

iF RESIN IERE Spa I 94 3 OHA T000). rs da 90 20 4 

R07 nti 100 3 Pl HO oy went ie 84 10 ; i 

DLE PN BC WER SA, Ble nin {50 Sr PRT dF SAN Ne 11 pn                 
  

This very excellent showing seems to testify to the purity of the water supply. The Oil 

Creek water (see assay on p. 18) is typical of this section and, although somewhat hard, is 
far superior to well water for use in boilers, as it contains few impurities besides a little car- 
bonate of lime. The Oil Creek water, as previously noted, is very similar to that of Alle- 
gheny River. The high color is due in great part to the extensive oil-well pollution at this 
point. For industries requiring water with little mineral content, neither of these waters 

would be satisfactory. 
0il City, Pa—Oil City (population 13,000) is situated at the junction of Allegheny River 

and Oil Creek. Up to four years ago the public water supply was pumped directly from 

Allegheny River without purification. It was not until the high typhoid-fever rate had 
become notable that a change was made in the source. Ten wells were drilled to a depth 
of about 50 feet at a point a mile below the town, and the water is piped to a large covered 

well 140 feet from the river bank. This well is walled with logs, spaced a quarter of an inch 
apart, in 3 feet of the loose gravel at the bottom; above this the sides are bricked up tightly. 

About 2,000,000 gallons a day are pumped from this protecting well, through a 24-inch 

main, 13 miles to tanks and delivered by gravity to the consumers. In order to guard 
against a repetition of the scarcity of water experienced in the fall of 1904, four more 

wells are about to be drilled near those now in use. The weak point in the system is the 
fact that raw river water can be pumped at any time. In June, 1904, when water was 
scarce in this section, it was deemed necessary to use the river water, and official notices 
were accordingly printed in the newspapers early in June, warning all consumers of the 

temporary change. At the end of about ten days the well water was again used. No fig- 

ures are available as to the effect of this change on the typhoid-fever rate, but data are at 
hand for the period in 1901, when the city well water was similarly contaminated with raw 
river water. Of 63 cases of typhoid fever occurring at that time, 39 originated in the city 

and 33 of the 39 used the polluted city water. 

Typhoid mortality at Oil City, Pa. 

  

  

Year, RE i Year, So | pia ye 

fae SSE AE A sd OR 1018082 nen oo 127 36 4 

FR RR a I 49 Al 1800 Lo ta 172 73 6 

ARNE ARR 199 | B04 I000. ll ee 163 98 7 

IG i i 156 51 EL RA ie 201 63 6 

1807 ann 132 37 Slane es mo, 118 16 3                 
  

The notable outbreaks in 1893 and 1895, when so many deaths from this cause occurred 

in the city, are examples of the ravages of this preventable disease. The residual typhoid 
cases are too numerous, remaining strikingly uniform until! 1901, when the change was 

made from the polluted river water to the present ground supply. The decrease in the 

number of deaths is ample proof, if any were needed, that the raw river water contains the 

specific germ of typhoid. : 

IRR 161—06——2
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Field assays of water from public supplies at Tidioute, Tionesta, Titusville, and Oil City, Pa., 
and from Oil Creek at Titusville, Pa. 

[ Part per million.] 

  

  

          
  

Oil 

Determination. | Jn [Ue ones. pies 
ville. 

Parity: ds a Sa Ss fe eR RR 0 0 0 0 a 50 

Color. NE 45 17 22 mall 180 

Iron (TRY. os. or a a a I a a sa Trace. Trace. (b) Trace. 1.5 

CRICHIM AOA) fo an Ses a bi a 10 0 94 64 46 

Total hardness (a8. CaCO)... 2 3. i ails. 20 18 1304 61 39. 

ATA IN EY a eds er ee Se 61 21 100 77 36 

Sulphates (SOs) ...... RR SR a ie Lo St Cb 0 ab Trace. aj 

Chlorides. (Ch. sa ota se ise al ie a ns sa SS als 5.6 4.8 10 13 5.6 

a Estimated. b Slight trace. 

The Oil City water is much softer than the Titusville supply. Neither, however, is ag 
good as the pure spring waters of Tidioute and Tionesta. 

FRENCH CREEK. 

French Creek enters the Allegheny at Franklin, a little below Oil City. Four towns of 
considerable size drain into it—Corry, Union City, Cambridge Springs, and Meadville, Pa. 

Corry, Pa—Corry (population about 8,000) obtains water partly by gravity from a 
spring-fed reservoir and partly from deep wells. A number of circumstances have com- 
bined to give the reservoir water a poor reputation. 

Typhoid mortality at Corry, Pa. 

  

  

Total | Typhoid | Typhoid 
Year. deaths. | cases. | deaths. 

Lt Re pe el le BO en Se AN NO Sa LON rin Raf RIA te J rion Tn Ct es oH EL 3 

A ee A SD Ae a a OTR RT DA ey SM eg 5 1 

RE ES LSE CL SR SR de i Sr aA 93 2 1       
  

These figures are so meager as to be useless except to show that typhoid fever was present 
in Corry in the years given. It may reasonably be conjectured, in the absence of informa- 

tion to the contrary, that there was at least as much of the disease in years for which figures 
are not available. It is not known how much sewage from Corry gets into French Creek. 

With more care in policing the watershed this stream should make a good supply: it is 

probable, however, that it will be entirely abandoned in favor of the ground water. 
It would seem likely, from the absence of turbidity (see assay on p. 19), the extremely low 

color, and the high total hardness, that the well water is being used very largely, if not alto- 
gether, as the spring waters of this section are usually low in mineral content. This water is 
strikingly similar to that of the city supply at Warren and would give the same trouble in 
industrial uses (p. 15). : 

Union City, Pa.—Union City (population about 3,000), located about 10 miles below 

Corry, has a gravity supply from a spring-fed reservoir (see assay on p. 19). The old 

mainsare largely wood, and are about to be replaced throughout with cast iron. A pumping 
station at the intersection of French Creek with the main street supplies French Creek water 
for fire purposes. It is so connected as to pump into the mains in times of scarcity. The 
town would do well either to build a larger reservoir for gravity suppliesor to install a mechan-
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ical filter to handle French Creek water. The town sewers into French Creek, and there is 

no pretense at sanitary inspection of its drainage area. With the pumping station in a posi- 

tion to pump dangerous water into the mains at all times, no confidence can be felt in the 
supply under present conditions. There is a striking similarity between the reservoir water 
and the creek water in all points, and it is especially significant that their chlorine content 

is practically the same. 
No figures of typhoid-fever mortality are obtainable for this town except for 1894, when 

there were two deaths. 
Cambridge Springs, Pa.—Fourteen miles below Union City is Cambridge Springs, a sum- 

mer resort which has about 1,500 permanent inhabitants, and is annually visited by many 

people. The water of the public supply has been pumped from three drilled wells 66 to 100 
feet deep, but as this gains color after standing a short while it has fallen into general disre- 
pute, and its use has been practically abandoned, French Creek vzater being pumped instead. 
As Union City sewage pollutes this relatively small stream only a short distance above Cam- 
bridge, it is extremely inadvisable for this town to resort to such a supply. If typhoid-fever 

infection should be carried down the creek to Cambridge Springs and pumped into the city 
supply enough cases may occur in a single summer to destroy the reputation of the town as a 

summer resort. Interest in the public supply is now at a standstill. Most residents who 
can do so are drinking mineral water from the numerous wells and springs which have made 

the place well known. The present unsatisfactory condition of the supply should be speedily 
remedied either by drilling for a new ground-water source or by filtration of the French 

Creek water. Without such precaution a serious epidemic of typhoid fever will some day 
occur in Cambridge Springs. The town sewers into French Creek. 

Field assays of public supplies of towns on French Creek. 

[ Parts per million.] 

  

  

        
  

Determination. Corry. pion Co Caries 
*  |Union City. gs. 

dM ued 1 Ey A EN A SS Le ES Sau 0 0 0 0 

2 ES EE BE SB ES lp ELS td 5 212 106 22 

Tro (Fe)... uve fan hon Sc en cS Sey (a) (a) 0.5 0 

Galetti (Ca) i. rr th ay ee a tl 92 Some. 57 41 

Total hardness (as CaCOn: Lio, nett snl sive Talon tndald 130+ 75 61 61 

Aan rn a Eo aC a pee a 96 40 50 223 

Sulphates (SO) th do Sr sa rn sta as ®) Trace. 0 ch 

Chlorides (Ch) J. er aos re Snag ed St mE 5.6 5.8 5.6 42 

a Very slight trace. b Slight trace. ¢ Estimated. 

The alkalinity of the Cambridge Springs supply is so much greater than the calcium present 
as to point to the probable presence of the carbonates of magnesium and the alkalies. This 

water is by no means bad for boiler uses, being strikingly similar in hardness to that of French 
Creek. 

Meadville, Pa.—The danger of using French Creek water is greatly intensified at Meadville 

(population 10,000), about 15 miles farther down the stream. In addition to the farm 

drainage along its course, sewage from Cambridge Springs and Union City pollutes the creek 

continually, and during those seasons of the year when the turbidity is high it is utterly 
impossible to use the water without filtering it. Conditions became so very bad that in 1901 

steps were taken to introduce a ground-water supply. It is of interest in this connection to 

quote from the Report of the Board of Water Commissioners of the City of Meadville for 1901: 

On the one hand it was asserted that the waters of French Creek were polluted, nonpotable, and 

dangerous to human life. On the other hand there were those who contended that the waters of French 

Creek were pure and wholesome. Chemical analyses made by the most eminent water specialists in 

America demonstrated that the water of French Creek for domestic use could hardly be worse.
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Typhoid mortality figures are as follows: 

Typhoid mortality at Meadville, Pa. 

  

  

    

Year. oon {tym Sym Year. Bos, {Tet Wee 

1893.05 Sin reso anu y EIR AE 93 8 2 

Cr TE BS Re BH Ee ay [1800] foci ood 172 24 12 

Ee RL A Ee CR RR 9 PEL eae BS 169 oF 5 

EY aa eo Se 122 10 FHGOOL SS oe a 174 52 8 

1897 Beir on en 122 7 i 00 1 Re BE 175 48 11 
| |               

The present supply was recommended by Messrs. Hering and Fuller after consideration of 

the alternative proposition of filtering French Creek. It is derived from sixteen 8-inch wells 

45 to 60feet deep, drilled in the water-bearing gravel underlying much of the valley of Cusse- 
wago Creek, a layer of clay between the surface soil and the gravel affording considerable 
protection against surface seepage. From these wells the city is pumping about 1,500,000 

gallonsa day. By putting down 9 additional wells 4,000,000 gallons may be made available. 
The pumping station and much of its machinery is new and is the latest step in the improve- 
‘ment that has marked Meadville’s progress since the city acquired the water-supply plant. 

Under present conditions the supply must be considered as good as any of its kind in the 
country. If its use should beccome universal in the town typhoid fever would be practically 
wiped out in a year or two. The experience of the local board of health in 1904 was encour- 

aging. There were 29 cases reported, 2 of them foreign, as against 87 for 1903 and 48 for 
1902. It should be remembered that the new water supply was first used late in 1902, the 
city water previous to that time having been pumped from French Creek. Of the 27 cases 

properly chargeable against the town in 1904, 15 occurred in the third and fourth wards, 
where most of the wells whose water is used for domestic purposes are located. These wells 

draw from ground water contaminated by old buried cesspools. 

Field assay and analyses of public supply at Meadville, Pa. 

[Parts per million. ] 

  

  

    

  
  

  
  

Analyses by George C. 
SOS Field Whipple, New York. 

Determination. assay. 

: Aug. 14, 1901./Aug. 21, 1901. 

4 15 PT PE i Ane ee eR PU a SE SE ER RAB 0 0 0 

COOL. a Be a dR arb a re a A Ea 5 0 0 

Bn OL BAL) I Sa SER eS BR eR ER 0.5 0.10 0.15 

Calan Cay oo wis a se hn es Ee {SE a OR SEE Beet PEAT SR iL CRY 

Total hardness (a8 CACO) uh vo ns hier ve dsr des eaninninn 87.5 127 127 

ATMA rE a Sa Se Kp 15 120 119 

SEL) FLAT SLA Ty Re SN Be Se RE pa SS TE 0 LRA MU CR 3.0 

OhIOTIdon (Ch) i id iad ik Sot Js Soin es 9 | al Se 7.9 
AlbUIiNeId atmo a a i ar as ye at ae a ates aio et] W 11H ES ET ey, 

Free amon Cr. oh Ce SR | ULE een MIR HE, 

EEN oo Le Al AL en SSE RIEL SAAR AS FR LRM Clg | LL EC Ae 

NE be Cd a a ra RR I a a a Ri NS es S000 frre lin 

aEstimated. 

This water requires a little treatment; for boiler uses the creek water is much better. The 

figures of albuminoid and free ammonia show that there is very little nitrogen in the water, 
and the absence of nitrates and nitrites shows that no organic matter had recently been 

added to it. For drinking purposes it is excellent.
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ALLEGHENY RIVER BETWEEN FRENCH CREEK AND CLARION RIVER. 

Franklin, Pa.—Conditions similar to those at Meadville have caused like difficulties at 

Franklin (population 7,000), on Allegheny River at the mouth of French Creek. The sup- 
ply for some time was obtained by gravity from several springs, the water being impounded 

in a clean, well-constructed reservoir lined with paving brick, and of a capacity of 11,000,000 

gallons. The watershed is unpopulated and is policed immediately about the reservoir. 

The amount of water impounded is, however, totally inadequate in dry seasons for the 

needs of the town. Nine wells have been drilled in sets of three, connected by a 12-inch 
line to the pumps, and so equipped with gate valves that any well or set of wells can be 

closed while the rest are being pumped. The results are fairly good, but it is likely that a 
stratum of ground water containing more storage than the one now drawn upon will have to 
be prospected for, as the present wells become low in dry times. During the last season’s 

drought pumping from the wells had to be stopped entirely for a time, when a temporary 
plan of natural filtration was attempted. A trench about 6 feet across and 8 feet deep was 

dug at a right angle to the river bed, and the river water was pumped into it and allowed 
to percolate through the ground until it reached the stratum into which the wells were 

drilled. Not proving very successful in yield the plan was abandoned. This was perhaps 

fortunate, for it is not probable that this contaminated river water was purified by the 
process, as the wells average but 40 feet in depth. The idea is similar to that of Doctor 

Imbeaux, Ingénieur des Ponts et Chaussées, of Nancy, France, who built an “open canal 

through the gravel and conducts through it the river water parallel to the gallery and on the 
opposite side of it from the bank of the river; this has the effect of making both sides of the 

filter gallery equally effective. This method has been entirely successful.”e A similar 

supply at Albion, N. Y., was condemned by the State engineer as unsafe. The city wells 
were located near a canal carrying polluted water, and in order to augment the yield from 

the wells, the water company dug trenches from the canal, which reached to the water- 

bearing gravel that supplied the wells. The State engineer held that the supply would be 
dangerously polluted by the infiltration of the canal water and ordered the trenches 
closed.b 

Six additional wells, spaced farther apart than the present bores, would probably yield 
enough additional water to supply the town at all times. 

Field assay of public supply at Franklin, Pa. 

  

  

OY Parts per ahd Parts per Determination. hho oy Determination. ars be 

Tirhldity a. Ser eR ao 0 || Total hardness (as CaCOg3)............. 75 

Colo dR he aN TR Bal ATRaNMEY Ss oC Sa rN 90 

rE 1 a OR Ge SUSE he : Oil: Sulphates(BO.)...... oo elo, 3 
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This water is not so good for boiler uses as the creek or river water, nor is it suitable for 
industries requiring extremely pure water. 

Emlentorn, Pa.—Notwithstanding the pollution that comes in from Franklin and above it, 

Emlenton (population 1,000) is pumping raw Allegheny River water every day in the year 
as a water supply. An analysis of Allegheny River water at the Emlenton intake was made 
in 1902 for the State board of health and is relied upon by the people of the town as showing 

that the water is safe for drinking. This conclusion is not justified by the analysis, which 

is given below. The river is known to be grossly polluted by sewage containing pathogenic 
bacteria; the nitrate figure in the analysis shows considerable past pollution, and it remains 
  

a Bechmann, M., Purification of water for domestic use: Trans. Am. Soc. Civil Eng., vol. 54, Pt. D 
(International Engineering Congress), p. 184. 

bEng. News, Oct.,
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to be proved that this past pollution is completely inocuous. Certainly no assurance of 
safety can legitimately be derived from one or two analyses. Emlenton sewers into Alle- 
gheny River. ; 

Analysis of water from Allegheny River at Emlenton.a 

  

  

Tor fil Parts per that Parts per 
Determination. Lilo, Determination. aition. 

Total solder fi aa cad 70 Frese ammonia... vi. oo aii 0.. 0.02 

Oxygenrequired ... c. .... i hosa 1.1 Alhominoid smmonia.. 000. 0 .02 

NItrates rs a Tsay .16         
  

a Rept. Pennsylvania State Board of Health, 1902, p. 45. 

CLARION RIVER. 

A number of important towns are located along Clarion River, which empties into the 
Allegheny a few miles below Emlenton. 

St. Marys, Pa.—St. Marys (population 4,000) is on Elk Creek, one of the headwater 

streams of Clarion River. It is supplied by a gravity system from reservoirs on Laurel and 

Silver runs, the reservoirs being filled by pumping. Frequent analyses of this water have 
been made at various times for the local water company, which takes considerable pride in 
keeping it in good condition. It is claimed that there is no typhoid fever here. The water 

is excellent for any purpose, either domestic or industrial. It does not seem likely that 
much drainage from this town gets into Allegheny River. 

Johnsonburg, Pa.—Johnsonburg is a town of about the same size as St. Marys, situated 
directly on-Clarion River, near its source. The water supply is pumped from a small reser- 
voir about 1} miles from the town. This reservoir is located on Powers Run, a mountain 

stream with a very uniform rate of flow, and of exceptional purity so far as mineral contents 
go. The daily consumption is about 75,000 gallons. No dwellings or privies are allowed 

along the banks of the stream, but this precaution is offset by the presence of pig yards, 
barns, and chicken yards. During every rain, and for some time after, the run is polluted 

by washings from these pens. Similar conditions exist lower down, at a small settlement 
containing about 12 families. During the summer of 1905 a contractor’s camp was 

located directly upon the stream at the headwaters. Many cases of typhoid fever are 
reported in the town and the water is in bad repute, yet the meager figures obtainable as to 

typhoid mortality indicate a very fair water supply. 

Typhoid mortality at Johnsonburg, Pa. 

  

Total | Typhoid Typhoid Total | Typhoid | Typhoid 

  

Year. deaths. | cases. deaths. Year. deaths. | cases.® | deaths. 
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With intelligent inspection of this watershed Johnsonburg should have a water supply 
as good as any in the country. As it is the conditions may readily cause an epidemic of 
typhoid fever. The field assay (p. 24) shows the Powers Run water to be exceptionally 
pure and excellent for any industrial purpose. For domestic use it would be very good if 

not contaminated, as shown above. ? 

Ridgway, Pa.—Clarion River above Ridgway (population 3,500) is polluted by the 
domestic sewage from Johnsonburg and by contamination from the paper mills there, as 

well as by the wastes from a very large tannery. The public supply of Ridgway is derived 
partly from a spring-fed reservoir on Gallagher Creek and partly from two wells, 92 and 94
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feet deep, at the lower edge of the town, from which excellent water is pumped. These 
wells became infected a few years ago through a defective casing, which allowed leakage 
from adjoining sewers. Upon analysis the water was pronounced unsafe, and though the 

casing has since been replaced the supply is still somewhat under suspicion by the towns- 
people. The mineral analysis shows no unusual features for a water drawn from this 

depth. If used without treatment, it would give trouble in boilers. The Gallagher Creek 

supply becomes scanty in times of drought, so that the pumps at the wells are now fur- 
nishing nearly all the water to the reservoir, from which it is brought into the town by 

gravity. The figures available to show typhoid fever mortality are too few to serve as a 
basis for any conclusions as to the character of the water other than to prove that the town 
is not free from the disease and that its sewage therefore probably contains typhoid bacilli. 
The most serious outbreak was in 1895, when there were 36 cases of typhoid fever with one 

death. 
In order to determine the effect of the industrial pollution mentioned, a sample was 

taken from Clarion River about a quarter of a mile below the tannery. It was so highly 

colored as to be unreadable by ordinary means, appearing black in the river, its shade being 

equivalent to an iron color of 4 parts per million. It is practically a slightly diluted tan 
liquor at this point. Except for the difference in color and alkalinity traced to the tanning 

wastes the two samples at Ridgway are strikingly alike. The influence of the sulphite 
wastes from the Johnsonburg paper mill is noticeable in the high sulphur trioxide figure. 

Brockwayville, Pa.—Brockwayyville (population 1,700) is located on Little Toby Creek, a 
tributary of Clarion River, entering a few miles below Ridgway. It has a spring-run 

gravity supply from a small reservoir on Whetstone Creek, 5 miles below the town. There 
is little interest in the matter in the village. The company officials state that the water- 
shed is not populated in any way; but as there is no way of guarding against pollution of 
the reservoir, the supply can not be called wholly satisfactory. For manufacturing pur- 

poses the water is far superior to that of Toby Creek, which receives considerable mine 
drainage, as shown in the field assay (p. 24). 

The public supply is typical of the spring waters of the section. The assay of water 
from Toby Creek shows the influence of mine drainage in the high sulphates and iron con- 

tents and in the nearly complete neutralization of the natural alkalinity of the stream by 

the acid drainage. This water is not suitable for domestic purposes and would cause 
much trouble in boilers from incrustation and corrosion. The iron is probably present as 
ferrous sulphate. 

Clarion, Pa.—The largest town on Clarion River is Clarion (population about 2,500), 25 
miles from the Allegheny. Its supply is obtained partly by gravity from a reservoir upon 

McLains Run, and it is said that Clarion River affords part of the supply by pumping and 
treatment with a mechanical filter. The sample analyzed seems too soft to have come out 
of the river. The McLains Run water should be a very satisfactory supply if the quantity 

remains sufficient during the dry season. The field assay shows the public supply to be a 
very. fine soft water suitable for any purpose. The town sewers into Clarion River. 

The figures available to show typhoid fever mortality at Clarion are few, but the large 

number of cases and high percentage of mortality show clearly enough that the polluted 
river water has been in use. 

Typhoid mortality at Clarion, Pa. 

  

  

vear. deaths. | cases. | deaths. 
LE RE Rp Nb ENE FE MN 23 19 1 
A De Ded Ee Pa i Sh 0 16 16 2 
SR Sr LI ee IN WO OR rate Teal In iam cB SAR 
1 EE ERP SEES ET SRE CARE AARC EE 30 26 1 
ER BO A I RU En SEE OS pr 18 4 1       
 



24 WATER IN UPPER OHIO BASIN AND AT ERIE, PA. 

Field assay of public supplies in Clarion River basin. 

[Parts per million.] 

  

  

              
  

Determination. 5% Mor dimen) miagway. | “wav. |Girion) Glue | Jorg 

Parbldiby. co. coon La faa aE] 0 0 0 0 0 0 ab 

ry) Ur) a oR eR er I NT 35 106 5 27 AGRE Slo tr ey 17 

Tron: (Fe). orn tr ria ata ns 0 (®) 3 (© 0 0 4 

Calolomy (Ca). or: ois ola ie a oo: 0 0 119 0 0 113 84 

Total hardness (as CaCO)... ....... 13 22 130+ 8 BCH ah 130+ 90 

Alanya i 9 12 133 14 18 63 7 

Sulphates (80s)... iin ois 0 0 a 28 0 0 41 104 

Chlorides (CH....o.... 0... FAI 6 4.8 26 2.6 4.4 - 30 6.1 

_a Estimated. b Very slight trace. cSlight trace. 

ALLEGHENY RIVER BETWEEN CLARION RIVER AND REDBANK CREEK. 

Parker, Pa.—Parker (population about 1,000) is built in a line along the Allegheny 

River front and on top of the bluff overlooking the river. The waterworks station is at 
the extreme southern end of the town, the intake being well out in the middle of the stream. 
All sewage and drainage from the village finds its way into the stream immediately above 

the intake. Besides this there are two slaughterhouses located on Toms Run, which enters 
into the Allegheny a few hundred yards above the northern edge of the town. The sewage 
of Emlenton is emptied into Allegheny River a short distance farther upstream. The 
pumping station is a ramshackle building, filthy inside and out (see PL. I, A). A privy in 

the building is located at the edge of the shore, so that every rain washes pollution into the 
stream right at the intake. This isone of the grossest cases of ignorance and uncleaniinessin 

water supply that has been noted in the course of this investigation. The pumping station 
is so located as to supply water contaminated not only with all the pollution from above, 
but also with that at the very doors of the town. Reliable figures as to typhoid fever here 

would be extremely valuable. During the few hours spent in the town 6 cases were located. 
This plant was installed about thirty years ago and has been in continuous operation since. 

It is said that the cleaning which the tank has just received was the first that it has had in 
many years. The first cost of the pumping plant could not have been more than the few 
hundred dollars necessary to purchase the tank and the small gas-engine which is doing the 

pumping. The plant should be replaced by a ground-water system similar to those of 
Warren and Oil City. 

Feld assays of water from Allegheny River at Parker, Pa. 
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a Estimated. 

The field assay of water from the river at Warren (see p. 15) showed 5.6 parts per million 
of chlorine at Warren, agreeing very closely with the 5.0 parts per million shown by the 

analysis at Emlenton, several miles above Parker. The very high rise in the chlorine at 
Parker is probably traceable to the salt used at the slaughterhouses at Toms Run and 

seems to point to direct pollution of the river above the intake from this source.
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A. PUMPING STATION. AT PARKER, PA. 

Showing condition of building. 

  

  

  
B. DAM AND RESERVOIR OF PUBLIC SUPPLY AT REYNOLDSVILLE, PA. 

Showing flimsy construction.
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REDBANK CREEK. 

Redbank Creek, an important tributary of the Allegheny, enters the main stream at Red- 
bank Furnace, about 15 miles below Parker. There are four towns of consequence on this 

tributary drainage area—Dubois, Reynoldsville, Brookville, and New Bethlehem. 
Dubois, Pa.—Dubois (population 10,000) has a gravity supply from large reservoirs that 

impound the waters of Anderson and Wolf creeks. The Anderson Creek reservoir, 9 miles 
from town, has a capacity of 150,000,000 gallons, the daily consumption being 1,000,000 
gallons. There was no shortage here in the summer of 1904 at the time when drought was 

felt throughout this section. The supply is allowed to flow “wild” through the mains into 
town, and the excess goes on to Wolf Creek reservoir, where it is collected for storage, to be 

pumped back in time of need. The watershed is cleared of habitation, is partly owned by 
the company, and is patrolled at all times by a paid constable. The reservoirs are cleaned 
twice a year, and it is claimed that all cases of typhoid fever are traceable to the use of pri- 
vate wells, nearly all of which have been abandoned. Judgment as to the water supply 
of Dubois can hardly be definite in view of the meager figures at hand as to typhoid fever. 

The water seems to be good. 

Typhoid mortality at Dubois, Pa. 
  

  

Total | Typhoid 
Year. deaths. | deaths. 
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This water shows (see assay on p. 20) a bright red coloration after being heated to boil- 
ing point. This is probably due to the presence of iron as iron carbonate, which loses car- 

bon dioxide on heating, leaving the red ferrous oxide as a precipitate in the water, FeCO,— 
CO,=Fe0, which combines with oxygen in the water to form Fe,O, as a red precipitate. 

Before the present large reservoir was in service, three deep wells, now plugged, were sunk, 
in search of an additional supply. Neither quantity nor quality was satisfactory. The 

town sewers into Sandy Creek, a tributary of Redbank Creek. 
Reynoldsville, Pa.—Ten miles below Dubois is the town of Reynoldsville (population 

about 5,000). It has a surface supply from two small reservoirs, one of which is held in 
reserve. The one actually in use covers about three-fourths of an acre and does not appear 

to be in good condition, being apparently foul on the bottom and sides. The primitive char- 

acter of the works is shown in PL. I, B. The earth dam is but a temporary structure and 
the spillway a rough boxing of planks. The pool impounds-the little run on whose course 

it is built, and receives the flow of two springs besides. There is evidently but a few days 
storage, and the supply is inadequate. In the fall of 1904 the prevalent scarcity led to the 
drilling of two wells right at the pumping station, the water from which is said to be a little 

harder than the spring water. These are not in operation at the present time, being held 
in reserve. 

Typhoid mortality at Reynoldsville, Pa. 
  

      

Total | Typhoid 
Year. ; gi] deaths 
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With the reservoir in its present condition, the water supply is certainly not beyond sus- 
picion. The land around this reservoir is all in cultivation, and there is no policing of the 

drainage area. An assay of the water is given on page 26.
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Brookville, Pa.—Brookville (population 2,400) is a rapidly growing lumber town, located 
between the confluence of the North Fork and Sandy Creek. The town supply is pumped 

directly from the North Fork, without purification, into three 3,000-barrel steel tanks, 
whence a daily consumption of about 290,000 gallons flows by gravity into the mains, so 
that there is little or no opportunity for sedimentation. A field assay is given below. 
Pl. II, 4, shows the pumping station and conditions at the intake, which is in the mill pond 
about 30 feet out from the bank. The pond is a stagnant pool whose surface is littered with 
scum, chips, logs, oil, and lumber- yard refuse, and at the time the sample was taken presented 
a most uninviting appearance. Judging by the high-water mark here conditions must be 
much worse when the spring freshets sweep débris from the whole course of the stream into 
the pond. A mile upstream, at another sawmill, are located the houses of a few families 
right on the stream. The water has a high color, doubtless due to the rubbish mentioned 
above. ; 

The few statistics available as to typhoid fever show the constant presence of the disease, 
sometimes in high rates. 

Typhoid mortality at Brookville, Pa. 
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Sandy Creek, although most offensively polluted at Reynoldsville by the tannery, pre- 

sents a perfectly clear appearance at this point. 
New Bethlehem, Pa.—Near the mouth of Redbank Creek is New Bethlehem, a town of 

about 2,000 population. Here there is a very good, well-equipped water-supply plant. The 
water, which is rather hard and of the limestone type, is pumped from Redbank Creek into 

a settling basin holding approximately 180,000 gallons, whence a small gas pump raises it 
into a small mechanical filter. Washout gates on the distributing mains are used for flush- 
ing out any deposited matter. The reservoir and filters are covered, being brick and cement 

structures, and intelligent supervision is exercised over the entire plant. The supply seems 
to be good and to give satisfaction. The machinery is all modern. The low alkalinity of 
this water in the presence of so much calcium carbonate probably results from the acidity of 
chemicals added in the filtration process. This supply should cause no trouble in boilers 

and should be available for many other industrial uses. 

Field assays of public supplies from towns in Redbank Creek basin. 

[Parts per million.] 
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‘a Very slight trace. b Slight trace. ¢ Estimated.
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A. INTAKE OF PUBLIC SUPPLY AT BROOKVILLE, PA. 

  

    
B. TYGART RIVER AT TYGART JUNCTION, W. VA. 

Showing nature of stream bed.
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MAHONING CREEK. 

Punzsutawney, Pa.—Mahoning Creek flows through a sparsely settled country; the only 
important town on it is Punxsutawney, with a population of 4,375 in 1900. This obtains a 

gravity supply from Clover Run, whose water is used without purification. The Punxsu- 

tawney water is of the usual spring type, the great difficulty with it being its occasional tur- 
bidity. A slight amount of patrolling would make the supply quite safe. The only ty- 

phoid-fever data available for Punxsutawney are for 1902, when there were two deaths from 

this cause. 

Field assay of water from Punxsutauwney, Pa. 
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ALLEGHENY RIVER BETWEEN REDBANK CREEK AND KISKIMINITAS RIVER. 

Kittanning, Pa.—Kittanning (population about 4,000) pumps from Allegheny River and 
is now installing a filtration plant, after passing through a painful experience with typhoid 

fever. The disease may be said to have been continuously epidemic here for years, as 
- shown by the following figures, the number of deaths being among the highest in the country. 

Typhoid mortality at Kittanning, Pa.o 
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Ford City, Pa.—Ford City, Kittanning’s near.neighbor, had a similar experience in 
the epidemic conditions prevailing from March 24, 1903, to January 23, 1904, in which period 

. eleven deaths from typhoid fever occurred, in an estimated population of 3,000. 

KISKIMINITAS RIVER BASIN. 

CONEMAUGH RIVER. 

Johnstown, Pa.—Johnstown (population about 40,000) is on Conemaugh River, the prin- 
cipal tributary of the Kiskiminitas. It has a sewer system draining into the river. This 
important city takes its water supply entirely from mountain runs impounded in an exten- 

sive system of storage reservoirs, holding a total of 283,000,000 gallons, beside which there 

are two intakes on Conemaugh River for supplying manufacturing plants through a 36-inch 
cast-iron main. For the town supply, however, only the reservoir water is now used, and 

the watershed is said to be regularly patrolled by special constables. The greater portion of 
the drainage area is owned by the Johnstown Water Company and much of the remainder 
by the Cambria Steel Company. The two corporations are said to work together in policing 

the entire drainage area. It would seem that radical measures are necessary to bring this 
town into the class of cities having a moderate death rate from water-borne diseases, for 
  

aEng. News, Feb. 11,1904.
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it has been a plague-spot of typhoid fever for many years, as is shown by the following 
statistics: 

Typhoid mortality at Johnstown, Pa. 
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These figures indicate that the water supply of Johnstown is among the worst in the coun- 

try. The sudden drop in 1902, if permanent, may be the result of more careful inspection 
by the new management. The five deaths of 1892 were all traced to pollution of a reser- 

voir by the drainage from a cesspool on a farm about 1% miles above. This had received 
dejecta from a typhoid patient, which, washing down into the reservoir, caused the infec- 

tion of consumers of the water. 
The daily consumption is about 3,000,000 gallons. = With the amount in storage the town 

has an abundant supply before drawing upon the Conemaugh. The month’s drought in 

the fall of 1904 which proved so serious throughout this section necessitated the use of 
river water after public notice. Since then the storage capacity of the reservoirs has been 

increased 130,000,000 gallons, making the total above stated. Comparison of the quality 
of the two supplies is decidedly in favor of the mountain water. 

Field assays of water in Kiskiminitas River basin. 

[ Parts per million.] 
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The Johnstown public supply is very soft and pure; but the high color suggests some 
marshy drainage. The water of Conemaugh River is much harder and makes serious 
trouble in boilers, and is, besides, so contaminated at times as to make its use for domestic 

purposes inadvisable without filtration. The well water is very much harder than the city 

supply. :



ALLEGHENY RIVER BASIN. 29 

Indiana, Pa.—Indiana (population about 5,000) on Marsh and Whites runs, branches of 

Two Lick Creek, which drains into Conemaugh River, has an unfiltered supply from the 

. creek. 
The chief trouble with the water supply seems to be the lack of sanitation on the creek. 

As far as mineral contents go, the water is of fair quality. 

» KISKIMINITAS RIVER BELOW COMEMAUGH RIVER. 

Vandergrift, Pa.—Vandergrift (population about 5,000) has a combination spring and 
well water supply, and Apollo, near by, pumps from Kiskiminitas River. Both drain into 

the Allegheny, and the typhoid-fever figures given indicate the character of this contribu- 
tion to the river water. 

ALLEGHENY RIVER BETWEEN KISKIMINITAS RIVER AND PITTSBURG. 

The quality of the water of Allegheny River below Kiskiminitas River is described under 
the heading “ Natural filtration,” page 57. : 

SUMMARY OF CONDITIONS IN ALLEGHENY RIVER BASIN. 

The work of the Pittsburg filtration commission showed conclusively that in a water- 

shed of the “quick-spilling”’ class, like the Allegheny, even a scattered population, not col- 
lectively a great number as compared to a great city, can and does pollute the main stream 
to a degree that makes its water undesirable and dangerous for drinking. 

The foregoing study shows that typhoid fever exists in some form at all points on the 

river and its important tributaries. Owing to the character of the physical features of the 
country this contamination may enter the stream at any point and be delivered in virulent 

form at any other point below. The profile sheet (Pl. IIT) shows that the slope of Alle- 

gheny River is rather abrupt. The elevations used in platting in many cases represent only 
approximately the actual level of the river, and the distances are partly scaled from a map. 

This inaccuracy of data is of no consequence in a chart drawn to the scale shown, the actual 
differences being far too small to plat, so that the profiles given faithfully represent actual 
conditions. 

At Port Allegany, near the source of the stream, the elevation is 1,479 feet; at Franklin, 

where French Creek joins the main stream, the elevation is 969 feet, a drop of 510 feet in 

145 miles, or about 3.5 feet per mile. This is not an exceptionally steep grade, many irriga- 

tion canals of the West, built in earth, having a fall, roughly speaking, of 1 to 5 feet per 

mile, without ordinarily acquiring a velocity sufficient to damage their banks. In view 

of the resistance offered to the flow of water in the open channel by rocks and unevennesses 
of surface, it is evident that the velocity given by the slope of the river bed is not sufficient 
to account for the rapid delivery of storm water to a point near Pittsburg. 

The character of the watershed is a factor whose importance can be surmised when one 

recollects the numerous and destructive floods in this stream. The sides of the valley 
through which the river flows are steep and the soil does not absorb water readily. Besides, 

numerous side gorges dissect the country in every direction, with slopes so abrupt as to 

deliver storm water in torrents to the main stream. Even the larger tributaries have very 
steep grades. This is clear from the profiles of the comparatively large tributaries, French 

Creek and Clarion River. Between Corry and Franklin, where it enters the Allegheny, 

French Creek descends 457 feet in a distance of about-70 miles, making a grade of about 

6.5 feet to the mile—a slope about twice as steep as that of the main stream. Clarion River, 
between Ridgway and its mouth, a distance of 58 miles, has a fall of 514 feet, or 8.9 teet to 

the mile. The facts seem to be, therefore, that a valley with a gradient in the main as 
low as 3.5 feet to the mile will deliver storm water very rapidly if its side slopes are steep 
and covered mainly with a somewhat impervious soil. 

The significance of these conditions and the justness of the judgment thereon by the 

filtration commission’s experts will be made clear by the following description of the Monon- 
gahela River drainage.
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MONONGAHELA RIVER BASIN. 

DESCRIPTION OF BASIN. 

Monongahela River is formed by the junction of several streams, the largest being the 

Youghiogheny, which enters at McKeesport. Above this point the largest tributary is 
Cheat River, which furnishes the greater portion of the water in the Monongahela the year 

round. The drainage area of this stream as well as that of West Fork and of Tygart River, 
other tributaries of the Monongahela, is very sparsely populated, the towns being few, 
small, and far between. The total population of the Monongahela River drainage area in 

1900 was almost identical with that of the Allegheny, each. consisting of about 184,000 
people. 
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TYGART RIVER ABOVE BUCKHANNON RIVER. 

Tygart River is a rapid stream flowing over naked rock (P1. IL, B,p. 26) in nearly the whole 
of its course, through very thinly inhabited country. The heavy timber in its drainage 
area was cut long ago, so that very little lumbering is now carried on there, with its too 
frequent accompaniment of pollution of the running streams. The profile of this river 
(PL III) points to the fact that on account of the rapidity of 1ts flow there can be but little
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self-purification of its water, the pollution not being detained long enough in the water to 
permit much sedimentation. 

Elkins, W.Va.—The town nearest to the source of Tygart River is Elkins (population, 
about 2,500), whose water supply is pumped directly from the river without purification. 
A field assay of this water is given on page 33. In view of the very scanty population above 

Elkins, a little intelligent sanitary inspection should insure a good supply, the water being 
as a rule exceptionally pure and clear. There is, however, more or less pollution at all 
times from privies and farms along the stream, putting the city in the position of drinking 

from a beautiful reservoir of clear water which is liable to contamination by every one 

working along the river. The sewage of Elkins drains into Tygart River, and as the flow 
of the stream is swift the harmful character of this contribution is not much lessened in 

the short time it traverses the 15 miles between Elkins and Belington. 
Belington, W. Va.—Belington, a town of possibly 800 population, draws its supply 

directly from Tygart River. It seems certain that more or less pollution from Elkins 

sewage is bound to come down as far as Belington; besides the same liability to careless 
or wanton pollution that exists above Elkins would operate to make the water unsafe for 
Belington. Sanitary inspection of the stream is needed. A field assay of water from 

Tygart River at Belington is given on page 33. 

BUCKHANNON RIVER. 

Buckhannon River enters the Monongahela at Tygart Junction, about 12 miles below 
Belington, carrying at least as much water as Tygart River does up to that point. 

Buckhannon, W. Va.—The only town on this tributary is Buckhannon (population, 
2,500), whose water supply is drawn directly from Buckhannon River, which is backed up 
for several miles above the city by an old milldam. The intake of the pumping station is 

above the points of exit of the sewage from the city. The plant is operated in connection 
with a modern ice plant using sterilized water. The same laxity exists here as at Beling- 

ton and Elkins as regards sanitary inspection of the stream. : 

Field assays of water from Buckhannon and from Buckhannon River. 

[Parts per million.] 

    
  

  

    

. Buckhannon. Buckhan- 

Determination. 40-foot ' City sup- hin 
well. : ply. Junction. 

dry eh Se a i an SO Hed eee a SECON OI BE EE ak Sah SI ER JO 0 0 0 

0 EY Re PE ih Se rl SE Oe eS eR So TE le 45 35 50 

Tron). ais. ni ea et oi See Ee eS Le sR De 2:5 Vi: Trace. (@) 

TEI BEE) Ae Ce Ra a ae eS Ge BN Ll re 102 0 0 

Total hardness (As CaO). ou a De Co i le 130 28 32 

BNET He RR ea SRR Ee a DUEL RR Re IR J 83 . 12 12 

SUlphates (805) us. Lost ahs «Fe a Cus He Tha Se edn oe Pets wd 5 0 0 

Chlorides Ol oo a i a Sh ae a UR De 29 9 9       
  

a Slight trace. 

The well water is obtained from a well that some years ago caused a typhoid epidemic 

by becoming infected with drainage from neighboring privies. The water is character- 
istically hard and would be very poor for any industrial or domestic use, and the liability 

of the well to pollution from infected drainage makes it best to avoid it as a source of water 
for drinking. The two analyses of the river water show practically the same mineral con- 

tent and indicate that it is a very excellent water, suitable for any manufacturing or boiler 
purposes. 

The great objection to the Buckhannon water lies in the deliberate pollution that goes 

on all along the river above the town. For 40 miles above Buckhannon the stream winds
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through forest country having a very scanty population scattered along the banks. There 
are eight or ten little villages along the course of the stream, and every one of them has at 
least two or three privies overhanging the water. : 

Pickens, W.V a.—Pickens, a town at the head of the river, having a population of a few 

hundred, is built on the steep slopes of a little valley draining into the stream. At the 
railroad station the privy stands directly over a tributary within 40 yards of the 

main stream. Farther downstream, at the mill, there are two or three more privies 
located directly on the stream itself. With this pollution going down the river, rein- 

forced every few miles with more, it is difficult to see how Buckhannon water can be 
safe. The only protection the consumers have is the 7-mile sedimentation basin into 
which the river at Buckhannon has been turned, giving the pollution a chance to settle. 

Field assays of water from Pickens, W.Va. 

[Parts per million.] 

  

  
Determination. . 10-8008 10-4008 Spring. 

Arid 0 by Jee I Atm ep Re I TR ol eS Er 0 0 0 

COO ra i A a RA a RR ERT 17 70 5 

Arona) vt oe Res Lp Le, So OO ls Brel Sa a.b 18 0 

CII (a Yc do es De Bl ed SE ES PR ha Shon wa Sa wm in 76 LH Pe Sp 

Total hardness (As: CaCO)... , tia sou i si or ri a LS 90 104 28 

AOI EY yo Te a a dr a es 24 78 22 

Sulphates (SO3)........ a RE a da Te we pe Le So eh Rk a 20 a 10 

BETTE C8 LE SA a Be RS Be LR EO re 19 19 9         
a Estimated. 

The spring furnishes a typical water of this class—soft and pure. The high mineral 
content of the shallow well points to a characteristic rock water, the rock being within a 
few feet of the surface and dipping down the hill to where the 100-foot well is located. 

The latter is used in boilers with unsatisfactory results, as might be expected from the 

assay. 
TYGART RIVER BELOW BUCKHANNON RIVER. . 

Philippi, W. Va.—The village of Philippi (population about 1,000) is located on Tygart 
River, about 15 miles below Belington and about 12 miles below Buckhannon. As the 

sewage from the towns already mentioned pollutes the stream, it is not believed that the 
Philippi supply is safe, pumped as it is directly from the river without purification. It 
should be borne in mind that while these streams do not receive a great deal of pollution 

from any one of these towns, the amount of water in the river beds becomes very low in 

_ the summer and fall, so that the beneficial effects of dilution, if there are any, must be 
very slight, and at the same time sedimentation and storage probably play no part at all 

in the purification of the water, owing to the high velocity of the streams. 
Although the water is naturally very pure and these little towns are about 15 miles 

apart, it seems certain that purification in a stream so small and rapid is not sufficient to 

warrant the use of the water for drinking after infection from even a few families has 
entered the stream. Although the drainage area as far down as Grafton is so sparsely 
inhabited that pollution from all sources except city sewage is extremely slight, the rugged 

nature of the country allows storm water to enter the stream very rapidly, increasing the 
liability to wash down infection. Nevertheless, the water remains very clear a great deal 

of the time, there being comparatively little fine soil to be washed away. 
Grafton, W. Va.—Grafton (population about 5,000) is about 20 miles down the river 

rom Philippi. The city supply, amounting to about 500,000 gallons a day, is drawn 

direct from the Tygart River without purification. As very little sewage is added to the
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stream from Philippi, there is a stretch of about 35 miles that may be regarded as rela- 

tively free from pollution above Grafton. Distance, however, in the absence of conditions 

permitting sedimentation, is of no avail in purifying river waters, and it is believed that 

this water is not safe for drinking purposes without treatment. There is so much wanton 
defilement in small amounts along the stream that anyone who follows its course from its 
source to Grafton will not be inclined to drink the raw water at any point. The city of. 

Grafton has never taken proper care of its water supply. Until a few years ago the intake 
of the city system was a little below the town, so that the people of the town were drinking 

a dilution of their own sewage. The consequent high typhoid rate resulted in the removal 

of the intake up the stream, by which. the conditions were somewhat improved. Filtra- 

tion of the supply, however, is absolutely necessary to make the water safe. 
The change in chemical content below Belington is striking, the hardness and alkalinity 

both being reduced about 50 per cent at Tygart Junction and the hardness still further 

reduced at Grafton. The reduction is probably due to the acid mine drainage along the 
course of the stream neutralizing the alkaline carbonates to a great extent and causing 
the precipitation of some of the calcium carbonate. The amounts of these present are so 
very small that this water is exceedingly pure, usable for any industrial purpose in its raw 

state. 

Between Grafton and Fairmont the river flows through a country that is somewhat 
more rolling than that at the headwaters. There is little population, only a few hamlets 

being on the stream. It is noticeable, however, that every one of them has houses drain- 
ing into the stream, so that pollution in small quantities is constantly entering it. There 

are no public supplies at these points, the inhabitants all using individual wells. 

Field assays of water from Tygart River at points in West Virginia and of well water from 

Colfax, W.Va. 

[Parts per million.] 

  

  

  

Colfax. 

Determination. Elkins. Beling- | Tygart Grafton. 
ton. Junction. 53-foot | 36-foot 

well. well. 

TOBY. ocr oss a SETS 20S 0 0 0 0 0 0 

(87311 Yd hd i Pe a? 83 180 35 22 17 0 

A Ey Be te ES RR SU SL i, a.5 4 0 Trace. 10 0 

Colelam (Ca). cri aldol ong soe, LE CRN, h0 0 52 133 

Total hardness (as CaCOsz). .............. 45 45 21 7 139 139 

Allalimity oo as tr EL 25 23 13 14 96 14 

SUIphated (S08)is. an vrei nivnninws sais 0 0 0 0 0 155 

Chlorides (CY. c.hiis o m atineos 9 9 14 9 19 34             
  

a Estimated. 

The well waters are both in the rock, possibly in the coal seam which was uncovered 
at the depth of about 35 feet in building the abutments for the bridge at this point. They 

are both very hard. That of the 53-foot well destroys tinware rapidly, probably by the 
action on the metal of free CO, in the water. It is possible also that the iron is present 

as ferrous bicarbonate (FeH (CO,),), which is decomposed in contact with the metal, 

giving off a little free CO.,. 

WEST FORK RIVER. 

At Fairmont Tygart River unites with West Fork River to form the Monongahela. 

West Fork River is a stream of very different character from the one just discussed. As 
may be seen from the profile sheet, it is practically a series of pools connected by the run- 

ning stream, with a very slight fall, so that purification may go on to a great degree by 

the influence of sedimentation and storage. The stream is also very turbid during a large 

IRR 161—06 3  
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portion of the year. This adds to the possibility of phrifieation by the heavy particles 
settling in the pools and carrying down the bacteria. 

Weston, W. Va.—The city of Weston (population 3,000) is nearest the hood of the stream. 
Above it there is no sewage and a scattered and scanty population. The public supply is 

pumped directly from West Fork River, about 200,000 gallons a day being used. The 
supply is to be criticised in three respects. In the first place, it becomes very scarce during 
the summer. Secondly, the turbidity is high at certain seasons of the year. The drain- 

age area of this stream is different from that of Tygart River in that there is a deeper soil 
and much more land in cultivation, so that the frequent rains wash down much fine yellow 
clay, which settles very slowly in the water. The third objectionable feature, hardly less 
serious than the insufficient quantity, is that besides the organic matter which is washed 

into the stream above Weston from the dwellings and farms along the shores, the stream 
is wantonly polluted above the intake of the waterworks. There are several privies on 
the other side of the river from the waterworks just a few feet above the dam. 

On the whole, a great deal of improvement is needed in the town’s water supply before 

it can be said to be satisfactory. The water company is contemplating the purchase of a 
mill site farther up the river, which will add about 40,000,000, gallons of storage. If this 

purchase is made and vigorous measures are taken to police the area adjacent to the river, 
the result will be an immense improvement in the quality of the water. 

The quality of ground water which it is possible to develop here for municipal use is indi- 
cated by the field assays, given herewith, of water from three deep wells sunk in search of oil 

and gas. The quantity of water obtained from these wells is ample. In quality the water 
is fairly good for drinking purposes, though too high in mineral matters for commercial use. 
The wells are located rather close together, the Irvin and Woodford wells being on opposite 
sides of the river, about a quarter of a mile apart and the Maxwell well about 2 miles dis- 

tant. The remarkable agreement in the quality of the waters of the two former would seem 
to indicate that they are from the same water horizon. It is believed that a chain of wells 
sunk to the depths indicated would yield an ample water supply for the town of Weston. 

Such a supply could not, however, be used in boilers without treatment. 

Field assays of ground water from Weston, W. Va. 

[Parts per million.] 

  

  

So Ervin rods Maxwell 
Determination. well; 700 700 feet, || Well; 635 

feet deep. deep. feet deep. 

EDIRC a a 0 0 0 

COO oh rs Lo Re am sR ie SI ARIE Ao Tat neh Cl SR SRS 20 20 35 

ITT 0 IT EE Ee SS es CE Uh SD RE gl 2 2 0 

Calelum (Ca). ......- PR A NS I IRE I SE a a TRE PES Rae Sy KR 53 65 28 

Totalhardness (a8 CaCO) iin a a hp Te Pr 104 

Aan Ey os a Te RE a RL RI Er I 392 393 440 

Er phates (SOY oe BR ee a Sa Le 0 2200 0 

SEE Gr a TOTTI 0 a RS El ane ei pr i Rl SS nl a Ra 488 499 426       
  

These waters are all hard rock waters, suitable for drinking purposes, but high in incrust- 
ing and corroding solids, and therefore unfit for use in boilers. The chlorides corrode the 

tubes rapidly, and no treatment has yet been discovered that will prevent this action. 
The water of West Fork River itself is very similar in mineral content to that of the two 

streams discussed above. The field assay is supplemented by an analysis furnished by the 

Baltimore and Ohio Railroad Company made in October, 1900:
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Field assay of water from West Fork River and analysis of water from pool. 

  

  

  

Parts Parts 
Field assays. per mil- Analysis. per mil- 

lion. 5 lion. 

133 0 17 Een ENR, al bya Ae Sa R ER Pe a a2 | Iron and alumina (Fe2Oa2+Al203)...... 54 

910] EY La nS RT RS LRT el PELL 10 hn J ne Sh Ne SR Dl I a : 6 

GTI I LY DE a EE a RR Sg ER Ot Magnesium. 2 uit. Serius 3 

Calcium (Ca). or. oii tos dso tr. Sodium .o ou 5. 0. RR 13 

Total hardness (as CaCOg) .............. 35 4 Chlorine .i sors: i i aod Teast: 19 

Alcalinity.....-. ....oco oreo Ln 30: {-Sulphateradiele oo os taut nl 22 

Solphintes (SO): cath vous es 0 Carbonals. sont Sr oi nia 2 

Chlorides (CD ..0 ainsi hah, 12 | Color, brown.     
  

a Estimated. 

REMARKS BY ANALYST: Full of organic matter; rotten odor; unfit for use. 

When the stream becomes very low in the fall, it is of uninviting appearance in-the pools, 
and this feature makes the present supply most unsatisfactory. 

Clarksburg, W. Va.—Clarksburg (population about 6,000) is about 22 miles down West 
Fork River from Weston. The city supply is pumped without purification from West Fork 

River. Between Weston and Clarksburg there is considerable rural population, the land be- 

ing rolling and fertile. Although farm pollution takes care of itself to a large extent, a por- 

tion at least of the drainage from the farms finds its way into Elk Creek and West Fork 
River. The most important factor of pollution, however, is the sewage from Weston. If 
there were always plenty of water in the river its extremely low rate of flow might insure 

sufficient detention of the sewage to cause a high degree of purification. The stream be- 
comes so nearly dry, however, that, as at Weston, isolated pools have to be drawn upon for 

the city supply at certain seasons of the year. Plans are under way for rebuilding the Clarks- 
burg pumping plant and adding to it a settling basin. If efficiently operated this will 

improve the appearance of the water and probably lower the bacterial content to some extent, 

It is not believed, however, that this water is safe for public supply without filtration. It is 
claimed by the townspeople that it is not used for drinking, spring and well water being sold 
and used extensively. A similar claim is made in nearly every town in West Virginia that 

has a bad water supply; but in most cases the statement is not warranted by the facts. 
Experience has shown that no matter how bad the quality of the water, if it has not an 

offensive appearance and odor, and frequently if it has, a large percentage of the population 

on the taps will drink it habitually, trusting to luck to escape disease. It is safe to assume 
that every dangerous public water supply in West Virginia—and there are many of them— 

which it is claimed by the residents is used only for washing, is being drunk by precisely 
"those who should not drink it—the poorer inhabitants, who can not buy pure water or 

take care of themselves after they are infected. 

West. Fork River water would not be unusually difficult to filter, the experience of the 

Hotel Waldo with a small Loomis apparatus, with alum sedimentation, being very encour- 
aging. This device is in the form of a compact tank inclosing a so-called cutting plate or 

diaphragm screen, through which the sand has to pass up and down in washing, breaking up 

the dirty material caught on the sand. An assay of the water treated with this apparatus 
shows a remarkable improvement in quality, due largely to the heating of the raw water. 

Three analyses of ground water from wells at Clarksburg are given below. These waters 
are derived from widely different levels, the shallowest being in one of a group of flowing 

wells 46 feet deep at Union Heights. This well furnishes water for domestic use, but like 
the 160-foot well of the Standard Milling Company its yield is not sufficiently great to make 

it important for anything but private supply. Not until the drill is sunk to the extreme 

depth shown at the Hotel Waldo—500 feet—is a body of water found great enough to stand 
pumping. Its quality, however, approximates that of mineral water, its chlorine and iron
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contents being extremely high. The well, which is a 4-inch one, was pumped all summer 
and supplied a large portion of the town until the excessive drought of 1904 so exhausted 
the stratum as to necessitate a stoppage of pumping. It would seem, however, that an 

adequate city supply could be obtained by drilling a number of wells; but the expense of 
this system and the fact that the water is unfit for boiler use indicates that it would be 
better and cheaper to install a plant for mechanically filtering the water of West Fork River. 

Field assays of water from Clarksburg, W.Va. 

[Parts per million.] 

  

  

            

3 West Fork RT 160-fo0t | 500-faot aon 
3 ’ well, well, Determination. xl Sands | Wilds BE 

Francis, ard Co. | Hotel. Raw. tered. 

YD AIC. co oa a se Le Si Sra a A ee A ea 0 0 0 (a) 0 

CL Er A Re I RS Be A EE rete 0 17 27 88 17 

Iron (Re). RT I Fe i 0 6.5 24 b1.5 9 

Caleiom (Ca), ou. Sor sas Rs Sl Tha a Le 88 56 64 | 0 0 

Total hardness (asCaCOg) uu. it ia ita dines 108 nbs od als 63 21 

FE I A A Ee Pa th Pel A 312 257 381 20 14 

SHIphates (80). oon con Sie I he ay del Lr 0 (¢) 0 | 210 0 

Chlorides (C1). i rc Se nat Ss 60 19 423 9 4 

a Decided. : b Estimated. ¢Very slight trace. 

The well waters are too high in mineral contents to be used in industrial plants without 
treatment. The river water is shown in its natural state and as improved by filtration with 
the Loomis apparatus, the process rendering it extremely soft and the diminution in bac- 

terial content making the effluent safer for drinking. It is not known whether the process 
can be made cheap enough for use on a large scale. 

Salem and Wallace, W.V a.—Salem and Wallace, on the branch lines of the Baltimore and 

Ohio Railroad radiating from Clarksburg, present conditions typical of towns that rely on 
ground water for their supply. Salem (population 700) derives its supply from six wells, 
about 100 feet in depth, all in the sandstone, the source of all the drilled-well water in this 
section. The first water stratum is tapped at about 56 feet. Springs in the section are 
neither numerous nor strong and practically all fail in times of drought. 

The spring water is considerably more mineralized than the pure mountain springs in this 

drainage area, yet it may be considered a soft water. The public supply (assay on p.37) is 
very hard, not usable for industrial or boiler purposes without treatment. The high alka- 
linity suggests the presence of alkaline carbonates, besides the calcium compounds. 

At Wallace, W. Va., a little oil town (population 400) there is no public supply. The 

town is built along a little creek draining into West Fork River, and in every case where it 
was possible to do so the outhouses have been constructed to overhang the creek, the latter 

becoming practically an open sewer. 
The extensive drilling for oil has developed the geological structure in this section enough 

to show that water may be had at depths ranging from 20 to about 200 feet—in large quan- 
tity and reputed good quality—at the latter depth. The assays (p. 37) are of water from 
shallower wells in common use, the 108-foot well being on a farm at the edge of the town. 

Most of the shallower wells become very low in summer. 
The water from the 108-foot well is remarkable for its softness, the probability being 

that the carbonates are present as sodium and potassium carbonates, and that calcium 
and magnesium are lacking. As the great difficulty with the ground waters of northern 

West Virginia is their hardness, which unfits them for boiler uses, this well is important as 

indicating a vein of soft water at this depth. The other water assayed is fair, the incrusting
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solids being chiefly calcium carbonate. The yield from the well furnishing this is small, 
sufficient only for a half dozen families. 

Shinnston, W. Va.—Between Clarksburg and Fairmont there are many small coal-mining 
camps and coke ovens. Shinnston (population 600), on West Fork River, is the largest of 
these places. The public supply is pumped unpurified from the river into a 1,000-barrel 

tank. This is said to be used for fire service only, drinking water being obtained entirely 

from shallow wells 10 to 40 feet deep, the depth depending on the elevation of the top of the 

well, the water in all being derived from beds at the same horizon apparently. The town is 
located just below the Pittsburg coal seam, which is pierced at East Shinnston, about 3 

miles farther northeast, where there are flowing mineral wells. Some years ago a drilling 

made through the first rock (40 feet) by William Blair gave good water in great quantity. 
There is the usual string of outhouses overhanging the river. 

Field assays of water from Salem, Wallace, and Shinnston, W. Va. 

[ Parts per million.] 

  

  

  

Salem. Wallace. 

Determination. 100-foot | 42-foot | 108-foot | Shinnston. 

Spring. well. well. well. 

Tarbiiiy. os iet ine Solr oo BD SA AEA 0 0 0 0 0 

Snr AE SE CR SL I BE Ts 45 45 10 166 45 

eT Sh ee Tle CS rm ESS 0 1: Trace. 1.25 1.5 

Calo (Cay. ool sie init sane at dis dd ie sa oni a a 156 53 0 100 

Total hardness (as CaCog) i... oc. oo ii nll i 77 25 139+ 

Alralminy tL od a Res a 19 249 180 103 73 

Sulpnates (S05). Co. rs i NN 0 47 0 0 47 

VALE Vr RE et SR i SR ae 19 59 29 29 59             
  

MONONGAHELA RIVER FROM TYGART RIVER TO CHEAT RIVER. 

Fairmont, W. Va.—Fairmont (population 5,000), about 30 miles below Clarksburg, 

pumps Monongahela River water for filtration. This was formerly effected by two mechan- 
ical filters of the Buffalo type, but during the summer of 1905 two slow sand filters 75 

feet square were installed and are now used. With proper operation of these filters the 

city ought to have an excellent water supply, the mine drainage up to this point not being 
sufficient to make the water objectionable and the other mineral impurities being slight. 

Analyses of the raw and the filtered waters, given below, agree very closely. 

Field assays of Monongahela River water at Fairmont, W. Va. 

[ Parts per million.] 
  

  

          
  

: : Raw Filtered : i Raw Filtered - Determination. Sater: Water. Determination. ator Caton: 

Rarbidity sail a ong 0 | 0 Total hardness (as CaCos) -.. 35 35 

Colors co ntl a ra ie 83 83 Allealinity. on. oir 14 14 

Tron (Be) ~ vo aia. a. 8 a.8 || Sulphates (803) .--.-ccu-2un- ab ab 

Calelim (Ca)... 2. ir oad (®) Trace. {{“Chlorides- (CD. .c. 2 oto 9 9 

a Estimated. b Slight trace. 

The three analyses following, furnished by the Baltimore and Ohio Railroad Company, 

show that the variation in quality at different seasons of the year is great enough to cause 

considerable difficulty in handling the water, either in filtration for drinking or in treatment 
for industrial purposes.
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Analyses of water from Monongahela River at Fairmont, W. Va. 

[ Parts per million.] 

  

  

        
  

5 3 Feb. 26, | June 9, | Sept. 26, 
Determination. 1900. | 1903. | 1903. 

COO ds a a STE sa tn a ro a ae at RS Ms ol a (a) (0) Slight. 

EDIE sd a a a Ee SR I AIR fe iE, (¢) Decided. Slight. 

CACM CCR Y. oui svi on vs vos ws se sive a aide Siete ants pats Salah Sa SAE 8.9 7.2 25 

Magnesion (Mg) yr Sa Te Se 1.3 2.6 5 

Crone aCIR CO) or ss Ede a He A ee mo a Saree aie 11.6 12.8 9 

Salphurie eld (BO): eo cri SS Sse i pitta as ah : 9.9 7 65.8 

Iron and alumina (AlLOz and FeaOn) oo. slog vl urn adain iy 10.3 32 5 

Allcalielorides or lB as 3.2 9 23.3 

rd HET a NR eR A RL Mt Lp Sg 0 0 13 

Rota SOAS Lo I Td eT 45.7 70.6 146.1 

a Yellowish, clay. b Yellow, muddy. . c¢Considerable. 

The variation in total solids is seen to be as high as 100 per cent between June and Sep- 

tember, though the June sample was taken after a heavy rain. 
Buffalo Creek, which enters the Monongahela at Fairmont, drains an extensive coun- 

try having a population of several thousand. The most important town is Mannington 

(population 2,500), which has a very complete waterworks system. The supply is derived 
from 11 wells, 100 feet in depth, driven close together near the creek about half a mile from 

town. As it was feared that summer demands would make it necessary to draw upon the 

polluted waters of the creek, a mechanical filter was installed for treating the creek water. 
It is claimed that up to date it has not been necessary to use the filter. The creek carries 
the town sewage as well as that of Farmington and other small communities, receiving also 

drainage from numerous coal camps along its course. A field assay of the water is given on 
page 39. 

It should now be sufficiently evident that from this point on down stream the Mononga- 
hela River water is dangerous for drinking purposes unless it can be shown that it has com- 
pletely purified itself by sedimentation in the lower reaches of the river. The influence of 

the Weston and Clarksburg sewage in a stream so small and so subject to failure as West 
Fork River certainly extends as far as Fairmont. Besides this the pollution {rom Grafton 

must necessarily add much fresh contamination to the stream above Fairmont. That city 
is considering the removal of its waterworks intake so as to draw from Tygart River, which 

would certainly be better than the present source, for the West Fork contamination would 

thus be completely eliminated. 
Morgantown, W. Va.—Morgantown (population 1,800), about 20 miles farther down the 

stream, has one of the most complete waterworks systems in-West Virginia. The water is 
pumped [rom Monongahela River into a settling basin, whence it passes to four mechanical 
filters. There is no clear-water reservoir, the filtered water going directly into the mains 
to the average amount of 1,200,000 gallons a day. The water seems to be satisfactory. 

The old gravity supply, {from a mountain stream about 6 miles from the town, has been 
allowed to fall into bad repair with the perfection of the filtration plant on the river.
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Field assays of water from Mannington and Morgantown, W. Va. 

[ Parts per million.] 

  

  

  

      
  

Mannington. M organ- 
: : town 

Determination, City | Buffalo |city sup- 
supply. | Creek. ply. 

LTE IH a ee Sa a Si i i SS RC CE I SCT SL 0 386 0 

OO ot DE a a Ee dd I wns ws a siete Sse re 17 (a) 96 

{IC TRS oY Bae ea a SL a El SO pr EE DRE > 0 1 

Caley (Ca) or Rl i ie di Th ei ae ae ve a ie Se 2 or PE a a na Trace 

Polak hardness a8 Cat Os). of or a Een bls sh ean aa Sa ee a 63 70 35 

AN IY i os siti Sit nen so Ba i Se Rs ar See waits 163 47 20 

TLR UR 8 TS aR Is SE ARE De Ne ST SD 020 0 0 

COT es (CY a nls save Sh iN ns Sir als Baia Broa Shela, 24 19 14 

a Too high to read. b Estimated. 

For industrial purposes requiring a water {ree from any acid content this water might not 

prove satisfactory at certain seasons on account of the mine drainage emptying into the 
stream. Otherwise it is of good quality, very suitable for a public supply. 

CHEAT RIVER. 

At Point Marion, Pa., Monongahela River receives its great tributary, the Cheat. This 
fine stream flows for much of its length through a deep canyon in rough country, having 

almost no population on the watershed. There are but three important villages on the 

stream, none of them having over 800 people. The pollution from these is very slight, 
none of the towns being sewered, so that the most serious contamination is from the saw- 

mills and tanneries on the river. A profile of Cheat River is shown on PI. III, page 30. 
Shavers Fork and Dry Fork, which unite to form Cheat River, at Parsons, carry waters of 

good quality which differ only in the trace of sulphate in that of the former. (Assays on 

p- 40.) The higher color of Dry Fork is due to tannery pollution, which persists in the 
main stream a mile or two lower down, as is shown in its equally high color. Both the color 

and the sulphur-trioxide content diminish markedly in the course of the flow to Rowles- 

burg, about 20 miles down the river, and in this stretch there is also a slight temporary 

diminution of the alkalinity. (See assay on p. 40.) 

Parsons, W.Va.—At Parsons (population 600), at the junction of Shavers Fork and Dry 

Fork, there are two tanneries, the effluents from which stain the water perceptibly. Saw- 
mills are located at various points along the stream, but, as’ the merchantable timber will 
soon be gone, pollution from these may be regarded as only temporary. In its present state 

the water of the river is exceptionally fine, not greatly contaminated by sewage, and the 
flow is sufficient to supply a million people. A field assay is given on page 40. The draw- 
back to its use, however, lies in the extremely steep grade of the stream, which is shown on 

the profile sheet. The very rapid fall evidently makes self-purification almost impossible, 
and it is by no means improbable that typhoid fever contamination far up on the head- 

waters of the stream may be delivered in virulent form at points as far down as its mouth, 
or even in Monongahela River itself. 

Tunnelton, W. Va.—The divide between the Cheat and the Youghiogheny is very narrow 

at the highest point, which is Tunnelton, W. Va., a village of about 500 inhabitants. There 

is practically no permanent water supply herd; the supplies are derived from individual 

wells not over 50 feet in depth, nearly all of which dry up in spells of drought. Much money 
has been expended by the coal company in boring for water, without success; and it may 
yet be necessary to pump from the river, costly as such an expedient may be. 

The well assayed (p. 41) furnishes water longer than the majority in dry times. The 

water is of very poor quality for any purpose except drinking. The very low alkalinity
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would indicate that the calcium present occurs as calcium sulphate and chloride, with simi- 
lar salts of magnesium, and probably very little alkaline salt. 

Point Marion, Pa.—Point Marion (population about 600) has diverted a small portion 

of the flow of Cheat River into an earth reservoir some miles above, holding about 1,000,000 
gallons. At Point Marion the mineral content of the water is practically the same as at 
Parsons, 60 miles upstream. The water is of excellent quality for all industrial purposes. 

The daily consumption is about 60,000 gallons, of which half is used by the Baltimore and 
Ohio Railroad Company. Figures as to typhoid fever are available for only two years, but 
their evidence is strong as to the unhealthfulness of the raw water. 

Typhoid mortality at Point Marion, Pa. 

  

  

Veal | Popula-| Total | Typhoid | Typhoid 
4 tion. deaths. cases. deaths. 

Ree ds a SRE Re 550 2 5 1 
000. aE 575 10 15 3   
  

The significance of these figures will be understood from the fact that in Allegheny City 

there were, in 1899, 895 cases of typhoid fever reported, the population by the census of 
1900 being 129,000; in other words, 0.7 per cent of the population contracted the disease 

in one of the worst typhoid plague spots in the world, while here in Point Marion in 1899 
0.8 per cent of the whole population and in 1900 2.6 per cent were ill with typhoid fever. 
The evidence is strong that the infection was general. Such conditions are usually charge- 

able to the quality of the water and seem to settle the class in which raw Cheat River water 
belongs, as the public supply is widely used. Incidentally, the figures are important in 

further suggesting that rivers with such a high rate of flow as the Cheat, and with such a 
quick-spilling watershed, do not purify themselves appreciably in their courses—in this case 

about 60 miles. 

Field assays of water from Cheat River basin. 

[Parts per million.] 

  

    

          
  

Ch h 
a Dry | Shaver | Cheat |giuenb, | ploeat, 

Determination. Fork at | Fork at | River at | pg ‘oh 0 Point 
Parsons. | Parsons. | Parsons. burg Marion 

ERE ff PA A A NEA SUA 0 0 0 0 0 
COIOr oo apt sian ran Ss eT ra t an ba Re se ee 106 61 106 60 78 

£5 ra By RO NR SL eR Re Se SC a(.5 1 0.8 1.5 1 

Caley (CY. ois hr ne SS a na Brace: ar 2 a aE ee a 

Total hardness (as CaCOn): =< oo: vil. Bi ve os 35 35 32 35 35 

Al HNItY co a dd ed de ad 25 17 19 14 22 

Sulphates (SO: . or. a Nr Len 0 a20 a20 (%) (?) 

Chlorides (CO). oo. i ne a dai ies 9 9 9 14 9 

a Estimated. b Very slight trace. 

MONONGAHELA RIVER FROM CHEAT RIVER TO YOUGHIOGHENY RIVER. 

Where Cheat River enters the Monongahela, at Point Marion, the difference in the clear- 
ness of the waters of the two streams is strongly marked, a sharply defined line appearing 
right across the mouth of the stream where the clear water of the Cheat meets the muddy 

yellow water of the main stream. From this point on to Greensboro, Pa., a distance of 

perhaps 12 miles, the steep slopes of the tributary streams quickly disappear, until the 
Monongahela River becomes practically a series of slack-water basins, extending from 
Greensboro to Pittsburg.
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Waynesburg, Pa.—Waynesburg, with a population of about 2,500, is at such a distance 
from Monongahela River, about 22 miles, as to make its drainage of slight importance in 

the discussion of that stream. 
It has a mechanically filtered supply from Tenmile Creek, pumped to a distributing res- 

ervoir, and the company is now improving the plant, placing fresh sand and gravel. The 

water is very hard for a surface supply, and is unsuitable for laundry or industrial uses. 
(See assay below.) Although few figures concerning typhoid fever are available, those 

given below show that in the main the filters have been a protection in the past: 

Typhoid mortality at Waynesburg, Pa. 
  

  

Your. er. | ais | id 

EE ES aR LR IE Re Bol a ie 7 1 
INNA A Se erin es Leiner eA Bn en, Indies 27 4 
TL PRR SP RR OR VR RE PE Lf ans 
en Ad Re 
BB a RN er nl ra ed 37 8 1         

The figures for 1895 show a general infection, possibly traceable to the water supply. 

Fairchance, Pa.—The borough of Fairchance (population 1,200), situated between Monon 
gahe'a and Youghiogheny rivers, drains into a small creek emptying into the Monongahela. 

“There is no public supply, water being drawn from individual wells of the kind noted below. 
The town’s contribution to the drainage is not innocuous. Records of typhoid-fever mor- 

tality are available for this place only for 1896 and 1897, but they show a grave situation 
in those years. 

Typhoid mortality at Fairchance, Pa. 
  

  

Total | Typhoid | Typhoid 
Year. deaths. | cases. | deaths. 

TELL I A EE Be Ea a EN a Pt EA pn I Se i 20 80 8 

SO rr en Ee dts Rtn Bd br EE Se a 13 4       

The figures for 1896 point to either a general infection from one source or a general use 
of water from contaminated wells. The drainage from a town with such a record of typhoid 
deaths certainly can not improve the quality of any water. 

Field assays of water in Monongahela basin. 

| Parts per million.] 

  

  

  

  

Fairchance, Pa. 
ng Waynes- 

on 
Determination. 1 Va, je Eh B00 7edoot 

Hey supply. (Richey) (J. W. 
*l- Byers). 

A193 i 1 bs AR CS pe 6 SL Ee PR eB Se 0 0 0 0 

871) i ies Bee MER Se lg ani dine Ge rn aR MO Ba a 11 35 57 22 

ean FR) i or ER AE SR NE Aad Trace. | Trace. 0.8 1.5 

Calelom AC) oc rr a lS a ee 179 81 173 0 

Total hardness (a8 CaCO): ul lati orien iid. 130+ 130+ 1B ining 

EE A a CS Bo CL A Sh AS SUR 10 97 77 228 

APH EOE TY SE ES Ne TR of LS el 106 al0 a20 a20 

Chlorides Oly. a ee dees Te eR er Ts ais 70 5.6 19 39         
a Estimated.
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Both the Fairchance waters are hard rock waters, unfit for laundry use. The carbonates 
of the 77-foot well are probably those of magnesium or the alkalies. If properly cased 
either one would make a good drinking water, in spite of the red deposit formed by the 

oxidation of the iron a few hours after the water is drawn. i 
Umiontown, Pa—The city of Uniontown, Pa. (population 10,000), has a gravity supply 

from large mountain springs. The water is of excellent quality and suitable for any pur- 

pose (see assay on p. 44), but the supply proves entirely inadequate as soon as the summer 
drought sets in. In 1904 the necessities of the town were so urgent that arrangements had 
to be made at considerable cost with the water system of the H. C. Frick Coal and Coke 

Company, which has large coking plants here, by which the water consumers could tide 
over the summer. 

An adequate supply for Uniontown must necessarily come from either Cheat River or 
Youghiogheny River, the use of ground water being out of the question. Assays of water 

from wells sunk to various depths at Fairchance and Dunbar show that ground water in this 
section is undesirable for public supply where surface waters can be had. Pumping from 

either river would involve considerable expense for pipe line and machinery. Cheat River 
would always furnish an adequate supply, as shown by the following table of flow: a 

Estimated monthly discharge of Cheat River near Uneva, W. Va. 

[Drainage area, 1,375 square miles.] 

  

  

  

Discharge in second-feet. Run-off. 

Month. ; Joris Second-feet Repin 2 
Maximum. | Minimum. | Mean. | per Square drainage 

: rt area. 

1899. 

Jy TS eB SE IS pc el Tad 1,370 1.00 1.00 

ANSUSE odoin Fm de Ee a Sd 2,232 : 357 924 .67 77 

Beptember. .. or. ion has nate he is 3,210 404 952 .69 y 1] 
October oi. ir ra re er Ee i 465 273 336 .24 .28 

NOVEMDBEY. Lr Ode vei i 3,070 538 1,732 1.26 1.41 

LEO IT] Aa ER Sa Sela SS a 6,442 1,000 2,387 1.74 2.01 

1900. 

UY a as ee wi 4,610 730 1,888 1.37 1.58 

AIRE. a Aa 1,956 273 614 .45 .52 
September... i rrr tL RT AT TE 730 190 254 .18 .20 

BE eh SN SO NE LN Se SRR 730 190 340 -25 .29 

November voir ni A Le rae i 3,070 273 903 .66 .59 

LE RI SU SN hk SEB SL 7,270 1,136 2,682 1.95 2.03             

Assuming that the number of people to be provided for is 50,000 and that the average con- 
sumption is 100 gallons a day, the amount needed would be 5,000,000 gallons a day. The 

foregoing table shows that the. lowest actual flow recorded is 190 cubic feet per second in 

September, 1900. This would amount to 122,735,574 gallons a day, an amount sufficient 

to supply Uniontown many times over. 

It would be well if Cheat River could be diverted for this purpose at such an elevation 
as to give a gravity supply, but such diversion is impracticable at a reasonable cost, as it 
would be necessary to take water out no nearer to Uniontown than Kingwood, a distance of 

about 40 miles, and as the river runs through a deep ravine it would be necessary to carry 
the pipe line downstream nearly to the Monongahela, doubling its cost. Another scheme 
involves pumping the water up several hundred feet before starting it across country in a 
  

a Water-Sup. and Irr. Paper No. 75, U. S. Geol. Survey.
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shorter pipe line. The former plan seems out of the question, owing to the great distance 

to be traversed and the consequent great expense; but if pumping is to be resorted to, it is 
not necessary to make the diversion at a point so far up the river. The topographic sheets 

issued by the U. S. Geological Survey show that the shorter line would begin near Cheat- 
haven, where the elevation at the bank of the river is about 800 feet above sea level. The 

hill immediately southeast of Cheathaven rises to an elevation of about 1,130 feet, so that 

a reservoir on this hill could be filled by pumping about 330 feet. From Cheathaven the 

line would go 15 miles northeastward across the country, approximately parallel to the line 

of the Baltimore and Ohio Railroad. It can be kept below the 1,100-foot contour without 
tunneling except at two points—the first at Outcrop, where the line cuts through the ridge 

for 1,500 feet; the second about 4 miles from Uniontown, where a tunnel three-quarters of 

a mile long would have to be built through the rise at that point. The rest of the line seems 

to present no notable difficulties, the greater part of the town lying under the 1,000-foot 

contour. 

If Cheat River were uncontaminated, the above would perhaps be the ideal plan, but in 
view of the figures as to typhoid fever at Point Marion, it is evident that this water would 

either have to be filtered or sedimented with great care. Sedimentation might not be 

completely efficacious, as is shown below, and if filtration is to be resorted to in addition to 
the pipe line the cost is prohibitive. The alternative seems to be to arrange for the use of 
filtered Youghiogheny water from Connellsville. It seems improbable that Indian Creek 

water from the new pipe line under construction by the American Pipe Manufacturing Com- 
pany for private interests will be available for Uniontown. The work consists of a rubble 

masonry and concrete dam on Indian Creek about 4 miles upstream from the railroad sta- 
tion of that name. The dam is located just below the mouth of Mill Run, where the drain- 

age area of the two streams is about 109 square miles. The structure impounds about 
250,000,000 gallons. The 36-inch supply pipe runs down to the Baltimore and Ohio Rail- 

road and follows it to Connellsville, where there is a 10,000,000-gallon distributing reservoir. 

From that point a 30-inch pipe goes to Everson and thence to Radebaugh Junction via 

County Home Junction. Thence it extends toward Pittsburg, its terminus not yet being 
decided on. There is a distributing reservoir at Hawkeye (capacity, 13,000,000 gallons), 

one at Youngwood (capacity, 1,000,000 gallons), and one at Radebaugh Junction (capacity, 

8,500,000 gallons). 
The water of Indian Creek, as will be seen later, is excellent. Extension of this line from 

Connellsville to Uniontown, if practicable, would solve the question of that city’s water sup- 
ply most satisfactorily, as the Indian Creek drainage basin could be patrolled at very little 
expense, there being little pollution on the banks of the stream. 

Greensboro to Monongahela, Pa.—Between Greensboro and Monongahela a large and dense 

population takes its water unpurified from Monongahela River. Brownsville, which pumps 
the river water raw, is only 15 miles above Charleroi. Between these towns the river receives 
the sewage of Brownsville, with about 1,800 population; Bridgeport, with 2,000; West 

Brownsville, with about 1,000; California, 2,500; Coal Center, 1,000; Stockdale, 1,000; 
Fayette City, 2,000, and Bellevernon, 2,000, besides that of a number of smaller communi- 
ties, aggregating not far from 15,000 people. Charleroi is drinking this dilute sewage raw. 

Its own population is about 7,000. Monessen, below it, has a population of about 2,500, 

and a dozen smaller places are scattered along the stream, so that at Monongahela the water 

contains the sewage from about 26,000 persons. 
Typhoid fever mortality statistics for Charleroi are too meager to be of 1 use. The few 

available for Monessen show a state of affairs such as might be expected. Every case visited 
by the medical inspector of Washington County in Monessen was traceable to the use of 

river water.
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Typhoid mortality at Monessen, Pa. 
  

  

Total | Typhoid | Typhoid 
Year. deaths. cases. deaths. 

50 RE Seg Re SR SESE EE et a Op rE Ct ed LL ot TO On Q pros iing 

00D i are SE a I Fn En a 30 50 10 

LL Lr Oh, Se SAI a Be Re ea SE So SEI i 60 17 

OO a rr i Le Fe ee EL a Re 7 EO PG 9           

Even if a ndmber of these cases were foreign, conditions here are very bad. So high a 
percentage of mortality from typhoid fever means that the town has a highly contaminated 

water supply. 
The conditions in all of these towns are bad; each one pumps its water supply from the 

stream raw and pours its sewage back into the stream for the next town below to pump into 
its mains. The sole protection of the consumers is the natural purification taking place in 

the river. 
Monongahela, Pa.—At Monongahela, 10 miles below Charleroi, the supply is pumped 

from a filter well on the shore of the river, about 100 feet below low-water mark. The inef- 
ficiency of such a form of purification is shown on p. 55, and the water from the filter well 
here is so turbid as to show that it is coming from the river practically without change. 

Field assays of water of Monongahela River at Brownsville and Monongahela and of public 
water at Uniontown, Pa. 

[Parts per million.] 

  

  

  

River | Public 
IAL supply, Deter mination Pramas. Mopar Union’ 

ville. gahela. 3 

PURE a a Er J or Tm iy we al a30 0 

CON Or a Cr a a NR a 180 250 5 

WOR AUT Nel RIE RR Sal 3 SAAR a ra i a aR SP SRS Bi ha .b ik 0 

GEE Fh ST aN RE A SRR Sh SRC eR SR BRE Ret 46 44 0 

Rotal nardness (8 Cal On) ii i ail ie atv tin Riis s hae wen Sa 5S 46.6 49 28 

A EO i rd EE de ds Fabs sw bas 5 aw she Dh en hae SE 27.6 24.9 14 

SUPRA (BO). fi A Ei Cra se rh ves sine eas aE Sea re Lh 31 38 0 

17] Cary PETE bt Bec Te a EE Le SS SS SR a a 9 6.5 9         

a Estimated. 

The sulphates shown in the Monongahela River assays are due to drainage from mines and 
wells along the stream, which contribute a little ferrous sulphate and at times a small quan- 
tity of free sulphuric acid. The extremely high color is also due in part to this cause, but 

chiefly results from the large amount of sewage in the stream, which makes it practically a 
septic tank. So far as mineral contents go, this isa very fair water for boiler purposes, the 
difficulty being with the varying amount of corrosive acid and sulphate appearing in the 

water at different times. 
YOUGHIOGHENY RIVER BASIN. 

The Youghiogheny does not carry so much water as the Cheat, but it is, nevertheless, a 

stream of great importance, because of the large population in its drainage area. Its source 
is in the mountains of Maryland, whence it flows northward as far as Confluence, where its 

principal tributary, Casselman River, enters. Up to this point the drainage area comprises 

only chiefly rural communities and the two small Maryland towns of Terra Alta and Oak- 

land, the former with a population of about 800, the latter with about 1,000. A profile of 

the river is shown on Pl ITI, page 30.
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YOUGHIOGHENY RIVER ABOVE CASSELMAN RIVER. 

Oakland, Md.—Oakland is built along Little Youghiogheny River, and drains directly into 
it. There is no public supply, most of the stores and some dwellings getting water from 
the large Offut wells, pumped by the principal merchants in the town. The water is too 

high in mineral content for industrial uses, for which the Youghiogheny water is much better. 

Field assay of water from Oakland, Md. 

[Parts per million.] 

  

  

      
  

Yopgat: 
3 ogheny 

Determination. ois well 5. Fey 

5 from 
town. 

4 14 rg ei Th by ei Seen re MS a a ea en St Bt aT a i 0 0 0 

9701 11 Lm SE oi TR I Fe SR gS PU RAS Fo rR ELL STE SRN RA Be 3 31 81 

ry Ea a SE I Se lr ES AN 1.5 a, 8 1 

Colelum (Cay: = Ln nn si a he ER a 88 0 0 

Portal hardness (asiCalOn) ul bs ot Ta a eR Aes Te ER MN ides 150 91 28 

Aa ty Fe vr EN a ee en 35 97 (b) 

Salphates (BO) i ed SAR Pa 49 ald 0 

Chlorides (0): i i sae er RT a a EL 39 39 9 

a Estimated. bWater very faintly acid. 

The Offut water, or quasi-public supply, is a typical hard well water from the rock. Its 

use for any purpose but drinking would lead to trouble, unless treatment were resorted to. 
The 235-foot well at the Oakland Hotel apparently contains considerable magnesium car- 

bonate, the total hardness being high, with calcium too small to be determined by field meth- 
ods. The identical chlorine content is interesting. 

The Youghiogheny water is very pure and soft, but even up here near the source of the 
stream the acid of the mine wastes is determinable. 

Terra Alta, Md.—Terra Alta has a supply of a similar nature, derived from a deep well at 
the planing mill. The water seems too high in incrusting solids to be best for boiler use. A 

very good city supply could be drawn from Terra Alta Lake, about 2 miles from the town, a 

body of water covering several acres, whose shores could be patrolled very easily. This lake, 
as well as Snowy Creek, drains into the Youghiogheny, which carries more or less drainage 

from adjacent farms. Analysis of the waters of the lake and creek are given below. 

Field assays of water from Terra Alta, Md. 

[Parts per million.] 

  

  

Public 
Rh supply Terra Snowy Determinations. 100-foot le Creel. 

RE DY ST rn Lp Sat 0 0 0 

MEI Sepa AE Fp nL Ne Ra ER SL SR fr A 20 122 40 

Ino (EY sr A I Deh Se ee ee wd 2 1 

AE Er LB ea SR fl Te RO VR Se Se 116 0 0 

Total hardness (ae Cal On): i. rr itd rev Penns ves nas Shon Shar ates 90 21 21 

Alkalinity. ol a SS en A Ie a Le 44 17 19 

Sulphigtes (80s) oo fourm sa hs i eri ear ba TRU as al0 0 0 

Chlorides (OI) ar a Ss Sd iL, 14 14 9       
  

a Estimated.
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The public supply is at present piped to but twelve places, but the quantity of water is 
sufficient for many more. The two surface waters would undoubtedly be better, however, 
on account of their softness, if suitable measures could be enforced to keep pollution out of 
them. The high color of the lake water is probably due to vegetable matter in solution, the 
drainage area being well covered, The creek is a very small stream, flowing little water in 

the summer, so that storage would be necessary if it were used for public supply. 

Addison and Somerfield, Pa.—From Terra Alta to Confluence, a distance of nearly 40 
miles, the population is very scanty, the chief pollution of the stream being from mine 

waters. Several small villages drain into the main stream, the most important being Addi- 
son and Somerfield. At neither place is there a public supply, water being obtained from 

individual wells. Addison is about 4 miles from the river and has a population of about 300, 
that of Somerfield being the same. 

Field assays of water from Addison and Somerfield, Pa. 

[Parts per million.] = 

  

  

Youghi- 
20-foot S200 t | bgheny 

Determination. well, Soper. |. Liver 
Addison. at Somer- field. . field 

L 
aD. 2 a a ES RR 0 0 0 

Colors. si or Geld ai DERI INS, hh el, 17 74 45 

ron (Ba) 0 2.5 (a) 

Calelum (Ca). or Lr oe Ts te ss a ee 130 88 0 

Total hardness (as CaCOay. «+ rr ns a Ts Shes J a oR ads 139+ 139+ 35 

Aa TS ln ai a ah 45 95 15 

SUIphAter (BO Te a a te ah a 25 15 0 

Chlorides (CY). oi a A arr es SR Ed Sa 70 9 9       
  

a Slight trace. 

Both these wells furnish typical hard rock water, unsuitable for laundry or boiler uses, in 
quantity too small to be of importance except for private supplies. The sample of river wa- 
ter analyzed was taken below the National Pike bridge, about 100 yards below the mouth of a 
small creek. The acidity found at Oakland is not present at this point, the mineral contents 

of the stream being precisely similar to those of the West Virginia mountain stream waters 
and of the spring waters considered below. The alkalinity is important in connection with 
the later discussion of the germicidal influence of acid drainage, as it shows that the influ- 

ence of the acid does not extend far. 

CASSELMAN RIVER. 

Casselman River, a typical mountain stream with an exceedingly swift current, drains a 
great deal of coal country, so that its waters are nearly always stained a bright yellow with 

mine drainage. The drainage area is not densely populated, but along the course of the 
stream there are many little villages and coal-mining camps, so that in the aggregate the 
drainage is a serious factor. The water supplies of the small communities at the headwaters 

are all derived from springs, though many people use individual wells.
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Field assays of waters in upper Casselman River basin. 

[ Parts per million.] 

  

  

  

: : Flaugherty 

Determination. CARE 
Junction. 

of 56 11TH 5 Ee sa PL I Mala Len EE 0 0 0 0 

COIOR i ie ey Pore tna AR Sr pee A Se See 45 5 22 36 

Ed Te DS Si CER Ry (a) 0}. Trace. (@) 

En LTR RR SRR tittle oR SR Se a 92 0 0 0 

Voial hardness (as'Cat0,): on. oie con. 2 iat onan ss ru nmie 132 49 35 35 

Aa y sr a me Ra 68 11 12 16 

Bphateg (80)... tnt a cd LE es 0 0 0 0 

Chlorides CO) a i eats ins 19 19 14 9         

aSlight trace. 

Flaugherty Creek at Keystone Junction, Pa.—Flaugherty Creek, which enters Casselman 
River at Keystone Junction, above Meyersdale, presents a typical normal water of this 

section, soft and pure. It is a very rapid little stream, draining an area having but little 
population. Nearly all the inhabitants, however, chiefly coal miners, are collected along 

the creek, and all their wastes go into the stream sooner or later. This section is rich in 

springs of the type shown, and a group of these may yield enough water to supply 2,000 or 

3,000 people, as at Meyersdale. 
~ Meyersdale, Pa.—This town, with a population of about 3,000, has a gravity supply from 
a spring-fed reservoir in the hills about 5 miles distant. The water is piped to near-by 

hamlets, supplying in all about 4,000 people, and until recently, in seasons of drought, 
proved sufficient in quantity. Itis probably as free from contained solids as any natural 

  

  

    
  

water. 

Field assays of waters from Meyersdale, Pa. 

[ Parts per million.] 

Casselman 
Public River 3 

Determination. supply at miles 
Meyersdale.| south of 

Meyersdale. 

4 EH haa oa PE i cl 0 a2 

BT) U3 | ips eer ph, J Sg ate Sa SER SE en i EU Sa SE Pe SE id SI 5 122 

{Sn EG PRE IEF Salat te Bat Re, a HEM TS Sar 0 ab 

Callum (CY. or ot lr Ee 0 0 

Total hardness. (as CaC@g).. o.oo or rohan il al a a ooh 14 91 

AE a CT UR mR el Si 6 7 

SUIphaies (BO). te re a est nn Sn 0 a20 

Cordes LCD) os aR La i Bat we Se ee IT iat 9 19 

a Estimated. 

It is evident from several points in the assay that Casselman River receives much mine 

drainage up to this point. The lack of calcium would indicate the presence of magnesium, 

the alkalinity being so low as to make the presence of any great quantity of alkaline car- 
bonates improbable. The low alkalinity and the trace of sulphates point to the partial . 

neutralization of the alkalinity of the unpolluted water by ferrous sulphate and free suf- 

phuric acid from the mines. ‘The small iron content indicates that the sulphate pollution 

results principally from free acid.
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Meyersdale to Confluence, Pa.—Between Myersdale and Confluence are several small vil- 
lages, none having public supplies but Berlin and Garrett. The analyses subjoined show 

that the quality of normal waters here is excellent. They are characteristic of this section. 

Field assays of waters collected between Meyersdale and Confluence, Pa. 

[ Parts per million.] 

  

  

                      

Laurel : 3 : . Coxes 

Determination. | SF | anny, | Sih] aE | Spring | iro At | Peeps | Cross 
Hays Sartor: Berlin |Markle- Ursina. Cassel- Beach- Rock- Bock- 
Mill, |(spring.)|(spring.)| ton. man. | dale. | wood. OG 

Tarbidity.... faa 0 | Slight. 0 0 0 0 0 0 (a) 

Color. oa ae 45 122 22 5 22 22 17 5 113 

Tron (Be). ov sr tts Trace. 0 (®) 0 0 0 (b) : 0 0 

Calcio (Ca) . oni. n%. 0 0 0 0 70 | 107 38 162 15 

Total hardness (as CaCOj3) 35 42 28 35 132 | 139 97 160 35 

ARalinity iain 20 17 15 13 80 28.5 44 29 14 

Sulphates (SOp) . ......... 0 0 0 0 20 63 (0) 41 ab 

Chlorides: (C)~=. L200 9 9 9 14 14 49 19 181 12 

a Decided. b Estimated. c¢Very slight trace. 

The first five analyses show normal spring waters of excellent quality for all industrial 
purposes. The high color of the Garrett water is probably due to a foul condition of the 
reservoir, for the town comprises only a few hundred people and the supply is left to take 
care of itself to some degree. The well waters are too hard to be of use for anything but 

drinking. Beachdale is a mere handful of coal-miners’ huts and a few farm houses, and 
Rockwood is a village of about 400, with no public supply. The Baltimore and Ohio Rail- 
road Company pumps Casselman River water to its tank at Rockwood for boiler uses, sup- 
plying it to a hotel also. The assay of the shallow well at this point shows the nearness of 

the rock to the surface, the chlorides in particular being unusually high. None of these 
supplies are important for anything but private uses, except perhaps Coxes Creek, which 

enters the Casselman at Rockwood. This is a fine stream, flowing through a lumber coun- 
try, chips and sawdust in quantity polluting the water. The spring at Markleton is piped 

to the sanitarium at that point, supplying several hundred persons in the summer. The 

Ursina spring fills a 1-inch iron pipe, gushing out under a strong head. Casselman is a ham- 
let of a few dozen families, all water supplies being either springs like those noted or indi- 

vidual wells. : 
Confluence, Pa.—This town, which stands at the confluence of Laurel Creek, Casselman 

River, and the Youghiogheny, formerly used Laurel Creek as a source of water supply. The 
pollution from coal mines along this creek, however, became so great that a new source of 

supply was found in Drakes Run, an exceptionally pure mountain water (see assay on p. 49) 
rising in practically uninhabited country and flowing through a sparsley populated farming 

section. The town has about 1,500 people, with a very large tannery located on the river. 

The town sewage as well as the tannery refuse all go directly into the stream. 

The notable thing about the river assay at this point (see p. 49) is the nearly complete 
disappearance of the mine drainage, the only traces left being the iron content and the com- 
paratively low alkalinity, showing that the acid wastes are not considerable enough to keep 

the water acid more than a short distance below the points where mine drainage enters. 

YOUGHIOGHENY RIVER BELOW CASSELMAN RIVER. 

There is no town of over a few hundred population between Confluence and Connellsville. 
The water supply between these points is derived entirely from individual wells, such as 

those at Ohiopyle, which are not important except as private supplies (see assays on p. 49). 

The water of the 50-foot well at Ohiopyle probably contains some magnesium carbonate,
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with iron probably present as a carbonate also. The other well shows a remarkably low 
alkalinity, considering its hardness, perhaps due to the carbonates being almost entirely those 
of the incrusting solids. The deeper well penetrates the sandstone, the shallower one only 

touching the top of the rock. 

Indian Creek, Pa.—At Indian Creek station the Youghiogheny receives its large tributary 
of that name, a very beautiful and relatively unpolluted stream with a watershed comprising 
about 125 square miles. This creek was seriously considered for Pittsburg’s water supply 

by a gravity system, the quality of the water being excellent. The report of Mr. Kuichling 

on the plan showed an estimated first cost of about $13,000,000 for storage reservoir, pipe 
lines, etc., as compared with $2,000,000 or $3,000,000 for a filtration plant. 

Field assays of waters from Confluence, Ohiopyle, and Indian Creek. 

[Parts per million.] 

  

  

    

          
  

Confluence. Ohiopyle. 

Determination. it fg Cassel- i ey Indian 
Drakas man north south . 
Ran River. | bank of | bank of 

river. river. 

Parbidity . a ei ss sme Sr He ed a tn 0 0 0 0 0 

Color = or a Ls et re rr LT esa aT I 27 45 0 5 17 

BO Th a is 0 1 10 0 0 

B37 ny SR Rd SE IN ER TR Pe 0 0 0 57 0 

Potal hardness. co rr aii nt as a ines 21 32 132 132 28 

AN IY i dir ae ras ea 14 9 50 10 13 

Solphabtes. co. is mal seas PR DU 0 (a) 010 15 0 

Chlorides. i. 35 cr oo a pr a SS Oy 9 9 17 44 9 

a Slight trace. b Estimated. 

This assay shows that Indian Creek is a spring stream carrying pure water like the 

normal waters shown above. 
The only available measurement of the Youghiogheny near this point is that made 

during the drought of October, 1892, by Kenneth Allen, for the Frick interests, showing 
a flow of 106 cubic feet per second. By taking the October flow of Indian Creek at 15 

feet, it may therefore be said that the Youghiogheny at the very driest time carries not 
less than about 120 cubic feet per second; while during floods it may carry 2,500 cubic feet 

per second. 

Connellsville, Pa.—Connellsville, a city of perhaps 9,000 people, is about 28 miles below 
Confluence. Its water supply is pumped from Youghiogheny River for filtration in mechan- 

ical filters of the Pittsburg type. The plant seems to be efficiently operated, but there is 
more or less local dissatisfaction with the quality of the water, which contains a strong trace 
of mine drainage. The only remedy for this condition is a new source of supply. The 

new pipe line from Indian Creek, mentioned above, may remove the objection. 

Typhoid-fever statistics are not available for any of the towns of this section except 

Connellsville, and even there only for a few years. In 1894, when the population was 
5,629, there were 3 cases and 1 death reported in Connellsville from typhoid fever; in 

1895 there were 5 deaths from this cause; in 1897, out of a total mortality of 71, there 
was 1 death from typhoid; with 6 cases; in 1898 there were 5 deaths in a total mortality 

of 104, or 4.8 per cent. These figures are too meager to be of much value except to show 
the probable presence of typhoid bacilli in Connellsville sewage, which finds its way into 
the Youghiogheny. : 

A sample of the city water was taken from a hotel tap, and its assay (p. 50) shows 

that the mineral impurities in the river have greatly increased. The lack of iron and the 

small trace of sulphates indicate that very little mine drainage enters the stream here. 

IRR 161—06——4 
-
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On account of the use of coagulant in the filters it is likely that the raw river water is a 

little softer. - 
From this point down to Pittsburg the population is dense, towns of from a few hundred 

to a thousand people dotting either shore closely. The sewage and drainage from all these 

places goes into the stream, making it practically a sewer. Ground waters are of poor 
quality a little distance away from the stream, as is shown by the field assay (below) at 
Dunbar, which has no public supply, though the population is about a thousand. This is 

a very hard water, and none of the wells give a very abundant supply. This town could 
very well take water from the Connellsville-Uniontown pipe line suggested above. It 
drains into the Youghiogheny above West Newton. 

West Newton, Pa.—West Newton (population about 2,500), 15 miles below Connells- 

ville, uses well water as a city supply, the wells being owned by private parties. The wells 

are 190 feet deep, pumping to a tank, whence the taps are supplied by gravity. The 
water is higher in color than it should be for a deep ground water, owing probably to 
fouling in the tank or in the pipes. A field assay of the water is given below. 

This is a remarkably soft water, considering the depth from which it comes. It would 
not be suitable for steam making, the high chlorides being very corrosive. Its softness 
and high alkalinity indicate the presence of carbonates and chlorides of the alkalies in 

large quantity. 
If care is used in casing the wells this supply should be very fair for drinking and domes- 

tic uses. 
The few typhoid-fever statistics available for this town indicate that many of its peo- 

ple are drinking water from individual wells. 

Typhoid mortality at West Newton, Pa. 
  

Total Typhoid [Typhoid 
deaths. cases. deaths. 
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It is evident that West Newton also is a contributor of typhoid drainage to Youghio- 
gheny River. 

McKeesport, Pa.—The largest city on the Youghiogheny is McKeesport, with an esti- 
mated population in 1904 of 37,000. The city water supply is the worst on the Youghio- 

gheny watershed. It is a mixture of two waters—raw water from the river and well water 
from wells about 40 feet deep. The field assay herewith shows the quality of the mixture: 

Field assays of waters from West Newton, Dunbar, Connellsville, and M cK eesport. 

[Parts per million. ] 

  

  

  

“ West New | Dunbar, Youghiogheny River. 

Determination. : on : Wells. C onnell © LM ok o cs- 

INERT An EE Se LR St Cle le LETS 0 0 0 (a) 

SET ae RE PO i Ee I Se 78 17 22 54 

ion (Fey asin bin sod sr niin) 50 Trace. 0 2 

he Spr A De Re a 38 119 67 126 
Total hardness (as Ca COs), sir. iene ins ro, 42 139 56 95 

Aa LY Pr Lr en as 2a bai 340 132 22 48.5 

Sulphates (800) vu oi. re Sr se i tn 59 b5 108 

ChIOTIAes (0d): i er te she rere Te tas 132.3 2 | 9 9.8           
a Slightly cloudy. b Estimated.
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The dilution of the river water by the pure ground water is insignificant so far as the 
healthfulness of the supply is concerned, the mixture being analogous to seeding a pure 

water with sewage bacteria, a process that produces conditions under which, as is well 
known, the organisms will grow faster for a time than in foul water. When it is remem- 
bered that in many of the towns along the stream there is always some typhoid fever, 

and that there is some at some time in all, it is difficult to understand how an American 
community can drink such disease-polluted water. Furthermore, the river valley for 
10 or 15 miles immediately above McKeesport is thickly populated, and small hamlets 

along the stream have outhouses along the banks, so that a trip up the river from McKees- 

port ought to convince the most skeptical, by the evidence of their eyes, of the polluted 
character of the supply. These facts can fortunately be supplemented by figures showing 
typhoid mortality at McKeesport for many years. 

Typhoid mortality at McKeesport, Pa. 

  

  

  

Typhoid deaths. 

Year. Po 5 on Yona Number | Rate per 
| 100,000. 

| 

AB A RE nl Se RR i 464 Ti TE rainy 

80. i RR i ee a ME Rf EA 454 63 8 livia 

Ft A A RA SE Re IE ST SR AC SCT RAE 444 299 20-4 nn 

IO Lh rr rn a ES Se re rh Sa Re em 537 144 AS a ns 

RT Sa se Ep re 468 86 lo mins; 

i SE EE Nr BE FON, SS es Se SR IE 528 100 15 43.8 

a BL Le Te Tr FR POR To 589 151 14 40.9 

O00 ihe re Sere ea Re Se a Bae a Sa 34,227 684 315 23 67.3 

M00) Soins ama Si Em aS Rs a A EB See a he 35,576 693 275 29 81.5 

B00 or a a nd ra de SE en Pa erate Se Sa 36,925 799 262 30 81.2 

L111 Bh SE a I GL a I he $0 Te 38,274 788 313 43 112.3 

OO a a A EG a Te DO SRI Sr ER 796 324 48 {oy ony.           
  

It is noteworthy that 162 of the total number of deaths for 1904 from violent causes 

were over 20 per cent. If this ratio were not so high the typhoid percentage mortality 
would be even more serious. 

In 1904 the death rate from typhoid fever in McKeesport was 129 per 100,000 of popula- 

tion, or 6 per cent of the total mortality. This figure is enormously high, placing McKees- 
port in the same class with Allegheny and Pittsburg as a hotbed of water-borne disease. 
Even in the city of Washington, which is popularly thought to be a center of this disease, the 

number of deaths per 100,000 in 1904 was only 47, yet the situation there was considered so 
grave as to necessitate the erection of a filtration plant. McKeesport, like Pittsburg and 

Allegheny, isin the condition of having a continuous epidemic of typhoid fever. The highest 
death rate from this disease in Lowell, Mass., before the change from a polluted river supply 
to ground water, was 112 in 100,000 from 1886 to 1890, inclusive. The highest recorded 

typhoid-fever death rate for Indianapolis was 101 per 100,000 in 1895. This has been low- 

ered year by year to 56 per 100,000 in 1903, which is considered so high as to necessitate a 
change in the source of supply. Pittsburg, whose water supply from Monongahela and 
Allegheny rivers has for years been unspeakably bad, had 144 deaths per 100,000 in 1900, 125 

in 1901, 144 in 1902, and 139 in 1903. Grand Rapids, Mich., which has been very seriously 

considering the question of a purer water supply than its present one, has from 31 to 51 

deaths from typhoid fever per 100,000 for the years 1899 to 1903, inclusive. It is evident 
that McKeesport is supplied with water that is dangerous and in no sense potable or fit for 
consumption by human beings. The ground-water supply should be so extended as to fur- 

nish sufficient for the needs of the town, or, if this extension is impracticable, Youghiogheny 

water should be filtered. Analyses of Youghiogheny River water made by Pittsburg engi- 

neers are relied upon by the city officials to prove its potability. The degree of confidence
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which may be placed in them may be shown by a comparison of the dates of collection and 

analysis. The samples were collected January 19, February 3 and 16, and March 3 and 31, 

1903. The secretary of the local board of health states over his signature that the analyses 
were made “about April and May.” Therefore all the determinations, except as to inor- 
ganic constituents, are worthless, for the conditions under which the samples were kept deter- 
mined whether the organisms would increase or die out. There may have been, and prob- 

ably were, thousands of bacteria in the samples when they were collected. By the time the 
samples were analyzed, a few days to a few weeks after collection, the food content of the 

medium may have been exhausted and the organisms very naturally died. If the samples 

had been kept a little longer there would probably have been no bacteria at all left in them. 
To be of value bacteria determinations should be made within six hours after collection of 
the samples. 

The principal claim made for the water is the fact that it contains so much iron and sul- 

phuric acid as to make it germicidal to bacteria. The purifying action of the iron sulphate 
is discussed in detail under the heading “Self-Purification” on pages 69-73. In August, 

1905 (see field assay), there were but 2 parts per million of iron in the sample taken, 
although the analyses of the river water referred to show 12 to 44 parts per million. Evi- 

dently, asin the Monongahela water, the coagulating action of the ferrous sulphate could not 
be relied upon to go on regularly, on account of the variation in the amount of iron, which 
sometimes went far below the required quantity. ! 

MONONGAHELA RIVER BELOW YOUGHIOGHENY RIVER. 

Below McKeesport Monongahela River is lined on both banks with little towns, two of 

which, Braddock ahd Homestead, have a population exceeding 15,000. Although these two 
are the only large towns along the river, there are so many smaller ones that the banks present 
an almost continuous succession of dwellings and mills. All of these drain into the river, some 
of them by modern sewers. The drainage of a number of towns in Westmoreland County, 

chief among which is Greensburg, also finds its way into the stream through small tribu- 
taries, although in comparison with the direct pollution by the towns noted above, those 
away from the river are negligible so far as sewage is concerned. 

Greensburg, Pa.—Greensburg (population 6,500) has a gravity supply from a system of 
- impounding reserwoirs on Chestnut Ridge and Dry Ridge, having a capacity of 75,000,000 
gallons, the daily consumption being from 1,700,000 to 2,000,000 gallons. The supply is 

similar in quality to that of Bradford and Kane, being typical mountain spring water. An 

effort is made here to assure safety from pollution by sanitary inspection of the watershed. 
The company owns 1,200 acres of land on the two main drainage areas, covering nearly all 

the watershed drawn upon, and cooperates with the monastery of St. Vincent, which owns 
one-third of the entire watershed, in guarding the drainage area. All dwellings and farm 
buildings have been cleared off and an arrangement has been made with farmers having 

holdings around the drainage area whereby they are furnished constable’s badges and are 
paid $10 a year to warn trespassers off the land. This plan seems to work well and has 
helped to crystallize public opinion in favor of a pure supply. The company claims to be 

supplying about 30,000 people all told, including Greensburg, Derry, Jeanette, Youngwood, 
and Lycippus. 3 

Field assay of Greensburg water. 

[Parts per million.] 

  

  

          

Determination. Determination. Determination. 

Turbidity... nals ON Color: fcor ise Bl Tron. ooo nia (a) 

Caleiami.. oii di asain Total hardness. ........ 22 Alalinity J. cco 00000 22 

Sulphates. ... <a. 0: l{*Chlorides........:..o.. 6       
aVery slight trace.
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Typhoid-fever statistics for Greensburg are too meager to be of use. 
Braddock, Pa.—Many of the towns along the banks of the Monongahela use water from 

driven wells. Others, like Braddock, pump the river water raw. The danger is at this point 
somewhat disguised by “natural filtration” through a covered well 20 by 20 feet, situated 
about 30 feet from the river. A drilled well about 40 feet deep in the bottom of the large 

one is drawn on at the same time. From the facts already stated it is evident that the purity 
of the well water will by no means diminish the toxicity of the river water. The work of 
Frankland and Klein shows that disease germs may live longer in unpolluted well water than 

in surface water. The inefficiency of this form of filtration has already been shown (p. 54 
et seq). It should be abandoned, either for ground water or proper sand filtration. 

The only statistics at hand to show typhoid-fever mortality at Braddock are for 1900, 
when, in a population of 15,654, there were 10 deaths from this disease, representing prob- 

ably 100 cases, enough to show that in that year, and probably in others, typhoid fever was 
prevalent in the town to a dangerous extent. 

Homestead, Pa—With regard to the other towns on Monongahela River above Pittsburg, 
the facts are similar as to what they take from the river and what they put back into it. The 

largest is Homestead, with about 15,000 inhabitants, which, after years of costly experience 
with typhoid fever resulting from drinking raw river water, is filtering Monongahela River 
water for its public supply. Its own sewage, however, still pours into the stream for the 

next town below to drink. ; : 

SUMMARY OF CONDITIONS IN MONONGAHELA RIVER BASIN. 

The discussion of conditions on the Monongahela above McKeesport has shown the dan- 
gerous character of the water of that stream for drinking purposes; the discussion of Yough- 
iogheny River drainage shows the existence, at all points along its course where typhoid 

statistics are obtainable, of sewage pollution containing the germs of water-borne disease. 
The smaller stream flow of the Youghiogheny makes dilution of the contamination to any 

great degree impossible, and its high rate of flow over most of its course puts detention out 

of the question until West Newton is reached, coincidently with a great increase in the num- 
ber of centers of population. From Oakland to West Newton, a distance of approximately 

80 miles, the river falls 1,591 feet, with a slope of nearly 20 feet to the mile. The discussion 
of the Allegheny and Monongahela drainage areas has been sufficient to show that the 

stream flow through this mountain country, with a fall of 3% feet to the mile, is too rapid to 

permit effective sedimentation, and it is clear that the high grade of the Youghiogheny 

River channel puts purification by detention out of the question. Casselman River, carry- 
ing the sewage of Meyersdale, has a fall of about 600 feet in about 30 miles, making, roughly, 
a fall of 20 feet to the mile. It seems evident that the sewage of Meyersdale, Confluence, 

and Connellsville are practically unpurified when they come down to West Newton. On 

page 67 it is shown that self-purification of Illinois River is not complete within 100 
miles of the source of the pollution. With a slope about seven times as great, the Yough- 

iogheny above McKeesport is expected to perfectly purify, by one agency or another, 
the sewage of about 20,000 people, in a stream flowing sometimes only about 125 cubic feet of 

water per second, or, roughly, 7,500 cubic feet per minute; while below McKeesport, with 

a very low slope, there is a population of approximately 100,000 to take care of with about 
the same amount of water. What chance is there for complete self-purification in Yough- 
iogheny River in the 15 miles intervening between West Newton and McKeesport ? 

It has been shown in the discussion of the Cheat River drainage that even so compara- 

tively unpolluted a stream may and does carry typhoid bacilli down from remote and small 
sources of pollution to breed disease in a large proportion of the population drinking the 
water. : 

In no way can the conclusion be escaped that water from Youghiogheny River used raw 

is in a high degree dangerous to public health. The claim made with respect to the germi- 

cidal influence of mine drainage results from a misapprehension of the action of such drain- 

age. Though this water occasionally carries much free acid, the purifying action, such as
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it is, results principally from the sedimentation which goes on through the coagulating 

properties of the calcium in the water and the ferrous sulphate coming from the mines. 
This action is fully discussed on pages 65-73, it being shown that even when most efficient, 

under the most favorable and well-controlled conditions, such purification is not sufficient 

by itself to make a water supply reasonably safe. Finally, if the mine drainage did actu- 
ally operate to free the water of pathogenic organisms, the typhoid-fever death rate at 

McKeesport, where this water is drunk freely without purification, ought to show the effect 
of such purification. On the contrary, as the figures given above show, the condition there 
is extremely bad and the death rate from typhoid fever is going up. 

The foregoing discussion of the Monongahela watershed shows that its waters are as 

badly contaminated and as unfit for drinking as those of the Allegheny. 

AGENCIES COMMONLY SUPPOSED TO COUNTERACT THE 

EFFECTS OF POLLUTION. 

NATURAL FILTRATION. 

GENERAL STATEMENT. 

There is a strong popular belief that a polluted river water will purify itself in a flow of 
from 7 to 30 miles. It need hardly be said that this is not true. Sedimentation, the chief 

factor in the self-purification of natural waters, goes on more rapidly in standing than in 

running water. Many cities which take water from running streams upon whose drainage 
areas typhoid fever is prevalent have been visited by epidemics of the disease. The his- 

torical Plymouth, Pa., epidemic, the Mohawk Valley epidemic of 1891, the Lowell-Law- 

. rence epidemic of 1891, all show that a stream polluted with typhoid sewage retains toxic 
material for a long time. 

Experiments made with the typhoid-fever organism have shown that it is able at times 
to retain its vitality in potable waters for weeks and months. Even if pollution at any 

particular point should be intermittent, the polluted water might contain the bacilli of 
disease, and its use for drinking purposes is therefore attended at all times with uncer- 

tainty and danger. The great majority of towns situated on running streams draw their 
supplies from those streams in too many cases without purification of the water. 

The delivery to the people of unpurified water is nowadays regarded everywhere as extremely dan- 

gerous, as such water has too often been found to be a fruitful source of typhoid fever and kindred dis- 

eases. ‘There isnot a town in the eastern United States taking its water unpurified from a large stream 

which has not either an abnormal typhoid mortality rate or has been visited by a typhoid epidemic.a 

In modern practice it is an axiom that raw surface water is safe as a city supply only 

when the entire drainage area of the stream used is subjected to rigid sanitary control. “All 

surface waters must be considered dangerous, and their use in the raw state for a general 
supply in each particular case either has been, is now, or is likely to be the cause of disease 
and death,”’d except when properly guarded, when they have no superior as water supplies. 

New York City’s water supply is impounded from the run-off of a large drainage area from 

which whole villages have been removed, the entire area being cleared of habitation. The 
typhoid-fever death rate of New York City is very low. 

The plan of natural filtration, by causing the polluted waters of a running stream to 
seep through the sand and gravel of its own bed, was for a long time considered adequate 

purification; the annual decimation by typhoid fever in towns so supplied has demonstrated 
the ineffectiveness of the plan in its three best-known forms. These are, first, filter wells, 

with permeable bottom and sides, such as are used at Monongahela, Braddock, and many 

West Virginia towns; second, filter galleries, such as those of Lowell, Mass., before 1891, 

and C-'umbus, Ohio, at the present day; third, filter cribs, in extensive use all over the 

country, and particularly in the vicinity of Pittsburg. 

Reliable data as to the efficiency of filter wells are not available. Filter galleries ana 
cribs, however, have long been in use in places where continuous analyses and fairly accu- 
  

a Sedgwick, W. T., Test, Chicago Drainage Canal Com., vol. 3 
b Kemna, Dr. Adolph. Trans. Am. Soc. Civil Eng., vol. 3, Pt. D s PD. 167. 
s
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rate statistics of typhoid mortality have been kept, making it possible to determine with 
accuracy what effect natural filtration has on the quality of polluted surface waters. 

A very important distinction must be made between galleries and cribs. Cribs are 
invariably located in the beds of more or less polluted streams, the waters of which seep 
through the superincumbent sand into the interior of the structure and are pumped into 
the city mains. Water so obtained is, therefore, practically surface water, the only purifi- 

cation being produced by its passage through a few feet of sand and gravel. Filter gal- 
leries, however, being excavated in the river bank, are in a position to impound ground 
water on its way to the stream, besides allowing the seepage of surface water from the river. 

The experience of communities using such supplies goes to show that bacterial purity of 

the supply is directly proportional to the ratio between the ground water and the river 
water in the gallery, as will be evident from facts presented below. Properly speaking, 
therefore, galleries do not effect filtration of contaminated water, being successful only 

when the contaminated water has no access to them, paradoxical as that may seem. This 
point should be kept in mind in accounting for the wide discrepancies in the bacterial 

content of water treated by natural-filtration schemes in various towns. 

FILTER GALLERIES. 

Woburn, Mass.—At Woburn, Mass. (population 4,000), the supply is taken from so-called 
filter galleries impounding ground waters on their way to Horn Pond, which has a drainage 

area of 7} square miles and a surface of 103 acres. Prior to 1899, when the galleries were 
installed, the typhoid mortality rate was high, as may be seen from the figures below: 

Deaths per 100,000 from typhoid fever at Woburn, Mass. 
  

  

Years. "Deaths. Years. Deaths. 

1 Er EG Fd er el LE bly IE RE a RE en EN 48 

AS76-1880, on. a ra Sar 20:4 1 8080007 os Sn Snare Sm So 13 

TE Nb ES an A OOOO i Ss aN se 2 

886-1800. 5. Cn FR Ls Ba 38         
  

Although conditions did not immediately improve after 1889, the remarkable reduction 

between 1891 and 1903, bringing the death rate from this cause down to only 2 per 100,000, 
shows conclusively that the galleries are supplying good water. That this is ground water on 

its way to the pond, and therefore more thoroughly purified than river water can ordinarily 
be, is shown hy the experience of Lowell, Mass. 

Lowell, Mass.—Prior to 1891 Lowell took its public supply from filter galleries near the 
Merrimac River. The figures showing typhoid death rate are as follows: 

Deaths per 100,000 from typhoid fever at Lowell, Mass. 
  

  

Year. Deaths. Year. . Deaths. 

ST =A. nei Peder ne Ba as vuln 08 1801-1805... iiss reser iat rE ie. 73 

ART0-1880. 0. oe dE dn 43 ABOB- 1000, . se a a ae A ae 25 

EE RR SE NS SORA OT O00=1008 a Sh de 20 

REN Fr A a SN IO La 112   
  

Prior to the abandonment of the galleries in 1891 and the substitution of deep wells for 
the supply the death rate at Lowell from typhoid fever was steadily increasing. - The steady 

decrease in the number of deaths since the wells were put in service indicates the badly 
polluted condition of the former filtrate from Merrimac River. 

The striking difference in results in these two cases, and the fact that no less than 20 

towns in Massachusetts get their supplies wholly or in part from filter galleries or similar
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devices, mostly with good effect, shows that a filter gallery is inadequate to purify contami- 
nated river water for drinking. The filtration only clears the water of visible impurities, 
frequently making it doubly dangerous by masking the pollution. The device, when suc- 

cessful, is merely a form of well that has a much greater collecting surface than an ordinary 
well can have, collecting ground water in the same way as an ordinary shallow well and sub- 

ject to the same contamination from accidental pollution. When unsuccessful, it is noth- 

ing but a device for straining out turbidity and visible impurities in polluted river water, 
frequently making it clear and inviting in appearance, when in fact it is dangerously charged 
with the germs of water-borne disease. A few cases are cited below in support of this 
statement, out of the many instances on record. 

Indianapolis, Ind.—In Indianapolis, Ind., the number of deaths from typhoid fever per 

100,000 is given by Mr. Fuller in his report on the supply as follows: 

Deaths per 100,000 from typhoid fever at Indianapolis, Ind., 1895-190}. 

| 
  

  

Year. | Deaths. | Year. Deaths. 

1 A en SEL SER ELI. a 47 
1896... nn neh en fry Re ee Se SE Se 36 

I Su SUE glamor ase i 18 
1808: Frei an sin moe eR LT 220003 nt sn a 56 

E00 E ns fa 46 | 1004. nr Tene Sage ie 82         

  

As a death rate from this disease of over 20 per 100,000 is generally considered sufficient 

to justify a serious investigation of the source of infection, it is evident that the figures given 

put Indianapolis in the class of cities with notoriously bad water supplies. The supply 

is derived from filter galleries about to be abandoned. 
Columbus, Ohio.—Similar conditions have existed at Columbus, although the figures are 

not nearly so high. In the United States there are so many towns with typhoid death rates 

as high as those of Pittsburg, with 132, and Allegheny, with 129, that the significance of 
the figures at Columbus is not appreciated as it should be. 

Deaths per 100,000 from typhoid fever at Columbus, Ohio, 1898-1903. 
  

  
Year. Deaths. Year. Deaths. 

LL RR ER PE PS A IO Ls 36 

A800, cr a A ee TE er th p80 0 0 1 HES SE Sh Sg nS Ls 37 

1 Re eS SE ER PE LAR RR CR IR ER fn a ER nS 34         
The supply is partly from filter galleries about to be abandoned. 
Findlay, Ohio—Findlay, Ohio, formerly took part of its water supply from filter galleries 

in Blanchard River, also pumping directly from that stream. 

Typhoid mortality at Findlay, Ohio, 1897-1903. 
  

  
Year. Pops. Deaths. |B Ay: per 

BOY cE Fe A AN SA ee LR in se nie 5 16, 000 8 50 

JE A eR RA a SANE eS Re pa ha LE NI Ge SR 16, 500 2 12 

B00 oi ad Sy I AT aR EE A Ye See eA Pe a a hs FELD 17,000 10 59 

1301 DE Ee MAR a Be a SE En Se een Bel SSUES SR Sa 17,613 16 91 

008.05. Ee ER peta 18,000 6 31 
00D ai a a a ee at 18, 500 7 38 

O08. or dr a a hs a aE a re wi win eine 19, 000 5 26       
  

a Estimated, except for 1900.
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The figures for 1899 and 1900 show a general infection, indicating a polluted water supply 

Springfield, Ohio—In Springfield, Ohio, with a population of 38,253 in 1900, and a 
supply in part from filter galleries of this kind, the typhoid fever death rate has been as 
follows: 

Deaths per 100,000 from typhoid fever at Springfield, Ohio, 1898-1903. 

  

  

Year. Deaths. Year. Deaths. 

1808 i A BE Oe Me a 20 
B00 ro rm a 64 O02 oe eS SR A ae 51 

LE SR DN en I SR Cn 2 RALER LY a SE ei EE RR 42           
Plainly this is contaminated surface water. 
Grand Rapids, Mich.—In Grand Rapids, Mich., where water is taken from three filter 

galleries beneath the river bed, the mortality as shown in the table is too high. 

Deaths per 100,000 from typhoid fever at Grand Rapids, Mich. 

  

  

Year. Deaths. Year. Deaths. 

WS a re ae : TRE AA ee I 35 
A LE 1 SD SE SLA a 5 
B00 i A i ed TE BE ED a Sl San 35           

These galleries were installed in 1890, the raw Grand River water being pumped before 
then. The death rate since has risen. 

Summary.—The evidence shows that filter galleries have no bacterial efficiency, and 
that these to be successful must be so constructed as to impound ground water only. 

FILTER CRIBS. 

Tarentum, Pa.—At Tarentum (population 7,000), about 19 miles above Pittsburg, a crib 

in Allegheny River, designed by Messrs. Chapin and Knowles, is the only means of purifi- 

cation at hand. The sample taken shows such high turbidity as to make it evident that 
the crib is out of commission, probably having been damaged by the spring freshets. 

- Field assay of water from Allegheny Rwer at Tarentum. 

[Parts per million.] 

  

  

                

Determination. Determination. Determination. 

Tirbldity: a oases 430-0 Col cos sR 180 Chlorides: ih .c.i. mot 24.5 

Calcium (Ca). .....-.-.:- 66 || Total hardness (as dron-(PeY snoii tours 4 + 

Sulphates (SOg) ......... 33 CaCO) snes rnin BL. 4 Aalinity Ao ne 41 

a Estimated. 

The statistics of deaths from typhoid fever at Tarentum are too few to justify conclusions 
as regards the supply. In 1896 there were 48 cases; in 1897 there were 27 cases, 2 dying; 

in 1898 there was 1 death from this disease. 

Montrose, near Brilliant, Pa.—The figures below show the results of analyses of Alle- 
gheny River water before and after it had passed through the Montrose crib, 4 miles 

above Brilliant, which furnishes also a portion of Allegheny’s water supply.
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Analyses showing efficiency of Montrose crib, near Brilliant, Pa. 

[Parts per million.] 

  

  

  

3 Albu- | goo. : : Bacte- 
Date. Water analyzed. Turbidity. ammo. aries a Eh Ohio Ha per 

1897. 

July 28 | River water,raw...... Muddy... 0.310 | 0.034 | None. | 1.036 9.1 9,150 

Effluent from erib..... Muddy... 0 .315 .046 | None. | 1.165 10.2 9,200 

Aug. 9 | River water, raw...... SHght i ois .197 .011 | None. . 888 12.0 700 

Effluent from erib..... Slight... ccm. . 250 .027 | None. .666 | 14.0 725 

Aug. 16 | River water,raw...... Very turbid...... .340 .060 | None .750 47.0 2,225 

Effluent from crib. .... Decided... L200 L174 .050 | None. .375 15.0 | 15,050 

Aug. 23 | River water, raw...... Slight =< Joss. nn .190 .020 | None. .750 12.4 3,050 

Effluent fromerib. .c..0 Slight... ii. .195 .020 | None. .525 13.0 2,575 

Aug. 30 | River water,raw...... Decided... luis . 190 .028 | None. 1.200 18.6 4, 550 

Effluent from crib. .... Slight. ans: L175 .018 | None. L750 17.5 | 10,050 

Sept. 7 | River water,raw...... SHghiy rs oy: . 140 .024 | None. .600 20.9 | 15,050 

Effluent from crib..... Slight... 5a. L176 .032 | None. | .675 21.51 17,500 

Sept. 22 | River water, raw...... Very slight... +122 .014 | None. 712 10.8 2,250 

Effluent from crib. .... Very slight. ...... . 180 .034 | None. .300 29.6 2,425               
  

It has already been shown that typhoid fever is constantly present in severe form at 
nearly every important town on the watershed of the Allegheny, and the sewage from these 
towns unquestionably carries disease-producing bacilli into the river. The efficiency of any 

plant for purifying the river water may therefore be rated by its effect on the bacterial 
content. 

Inspection of the above figures, bracketed together to permit convenient comparison of 
analyses made on the same day, shows that the effluent water usually contains many more 

organisms than the raw water and never appreciably less.. Average analyses of the effluent 
water, each representing the average results for one month, follow: 

Average analyses of effluent water at Montrose crib, near Brilliant, Pa. 

[Parts per million.] 

  

  

          

Date. Diy Free a= | \ritrites. | Nitrates. Chlorine. Bacteria 
monia, | Honia. per c.c. 

1897. 
0 TRL) ER ed A i Sr PR RA 0.128 0.014 None. 0.637 30.0 97, 262 

NOV EIDOY is ide se oe ne hr WR 135 .020 None. +731 33.0 29, 250 

Desomber. =. oi i asi . 090 .017 None. .975 46.7 27,000 

1898. 
Jay i i . 090 .045 None. .637 119.4 30,400 

EODTORTY IBV: 25st iis ban ss bas .058 .028 None. 1.125 231.0 13,900 

5 DRE a TS SR CI .076 .024 None. 5.000 257.5 7,967 

ADE. a be a da eh Se .070 .024 None. .675 120.5 © 7,850 

MAY Lr esis .099 .042 None. .300 110.0 7,600 

June; far des nl a da Le he «126 .026 None. 22D 51.5 43,000 

Jy RN ie as .094 L017 None. .975 24.1 19, 300 

Augngt ton oe EN TR TA SS L111 .025 None. . 562 41.8 21,000   
  

Not one of these effluents can be truthfully called a filtered and safe water, and it is evident 
that so far as bacterial purification is concerned the crib might as well not be there. The 
crib 1s of approved form, about 2,500 feet long, 32 feet wide, and 7 feet deep, its framework 
having been built of 6 by 8 hemlock timbers, laid flat. The timbers are spread by blocks
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4 inches thick, spaced about 3 feet apart. It is tightly planked over on top with 3-inch 
planks, but its sides and bottom are open. In placing the crib an excavation somewhat 
larger than the area of the structure was made and the crib was floated over and sunk into 

place. It is covered with stones and coarse gravel with sand upon top. The average 
depth of gravel and sand on the crib is 5 feet. The depth of the crib below the surface at 
low water is 16 feet at the upper end and 10 feet at the lower. Upon two occasions fresh 

sand and gravel have been dumped in places upon the crib to replace material thought to 

have been washed away. 
Hulton, Pa.—At Hulton, about 11 miles above Pittsburg, a crib similar to that at Mont- 

rose was built in 1894. Its timbers are 2 by 4 inch hemlock. It is 96 feet long, 16 feet 
wide, and 4 feet deep, and is covered to a depth of about 4} feet with large stones, sand, 

and gravel. The average depth of water at low water is about 7 feet. Here similar exhaust- 

ive analyses were made both of the raw water of Allegheny River and of the effluent from 
the crib. 

Analyses showing efficiency of crib at Hulton, Pa. 

[Parts per million.] 

  

  

Albu- 

Date. Water analyzed. Turbidity. Joinoie Enh Thiam Boi Chios pin 
ia nia. G-C, 

1897. 

Aug. 9 | River water,raw...... Slight. > 000 0.215 | 0.021 | None. | 0.815 11.7 650 

: Effluent from crib. .... Clear: ohn snares . 108 .009 | None. . 592 35.3 135 

Aug. 16 | River water,raw...... Decided’. ...... .. . 208 .021 | None. .900 11.0 525 

Effluent from crib. .... Slight... 5. Gn, .130 .014 | None. . 605 24.0 1,071 

Aug. 23 | River water,raw...... Slight... .185 .016 | None. .638 11.0 1,150 

Effluent from crib. .... Very slight. ...... .130 .018 | None. . 528 44.8 135 

Sept. 14 | River water,raw...... Sheht. oo... he 153 .024 | None. .450 19.7 250 

Effluent from erib.....| Very slight....... . 094 .016 | None. . 450 29.7 68 

Sept. 28 | River water, raw. ..... Sight... .174 .028 | None. . 900 20.1 | 3,300 

Effluent from crib. .... Slight =e. 00 .102 .014 | None. L750 39.0 2,250 

Oct. 5 | River water,raw...... Very slight....... .162 .012 | None. 2775 3.2 12,250 

Effluent from crib. .... Cleary. ii retin .096 .014 | None. .825 36.8 6, 336 

Oct. 12 | River water,raw...... Slight. coated .108 .010 | None. . 600 28.4 5,700 

3 Effluent from crib..... Very slight. ...... L118 .005 | None. .825 39.7 3,846 

Oct. 19 | River water,raw...... Very slight. ...... . 105 .012 | None. . 600 27.9 | 90,000 

Effluent from crib. .... Very slight. .....: .090 .010 | None. .675 38.0 | 34,560 

Oct. 26 | River water,raw...... Very slight... ..: .078 .014 | None. -375 37.5 | 87,000 

Effluent from crib. .... Very slight. ...... .080 | - .016 | None. .525 51.4 | 39,825 

Nov. 2 | River water,raw...... Clear. cons nates . 060 .012 | None. .450 35.13] © 32,000 

Effluent from erib..... Very slight....... . 084 .014 | None. .450 53.4 | 27,000 

Nov. 9 | River water,raw...... Slight. o-..o i .122 .016 | None. .525 34.5 7,800 

Effluent from erib..... Clear sr re anna .088 .018 | None. .525 63.1 2,100 

" Nov. 16 | River water,raw. ..... Decided... .c...% . 266 .054 | None, | 1.200 18.5 | 15,010 

Effluent from crib..... Clear. ion. .m .160 | .058 | None. . 825 62.2 100 

Nov. 23 | River water,raw...... Slight. ou ira . 140 .010 | None. .675 14.4 | 15,700 

Effluent from crib. .... Clear....cusiines . 068 .014 | None. .450 60.7 167                 
  

In all but one of these thirteen sets of analyses a reduction of bacterial content is noted 
in the effluent, varying from the 6 per cent, removed September 28, to the 93 per cent, 

removed November 16. The highest efficiency, 93 per cent, is not sufficiently high to war- 
rant the use of this water as a public supply; the lowest needs no comment. Lest it may 
be claimed that some further reduction in bacterial content takes place in the taps the 
following analyses are presented to show the condition of the effluent from the crib, side by 

side with that of samples from the taps in Verona, supplied from this source.
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Analyses of water from Hulton crib and Verona tap. 

[Parts per million.] 

  

  

                
  

Albu- 

Date. Water analyzed. Turbidity. nea amino- ef Che ra por 
nia. ; as 

1897. 

Pee, 7. Kfluent ooo. ouin Clear... ious 0.048 | 0.016 | None. | 0.975 68.1 48 

Verona tap:..-- -. a+ Clear. isin. . 064 .014 | None. . 825 65.1 175 

Jan. 4 {-Efuent ca onal. Clear. srs. ii 000 .044 .018 | None. 750 22.7 93 

Verona tap... «5 ..uas Very slight. ...... .040 .022 | None. .675 26.0 444 

Jan. 18: Efluent os oa sivas Clear: ccive il .040 .028 | None. .825 50.4 952 

Verona tap. ....... 0 Clear cei .038 .026 | None. .600 52.1 323 

Feb.=) | Effluent: soi ic iii Clear... ...;..-.. .028 .020 | None. L750 51.8 333 

Voronn taps. os. aa Clear coc ol .032 | .014 | None. | .825| 49.2 1,980 
¥eb. 16. Effluent; ...i.oi..0 00 Clears ci is: .040 .016 | None. .825 44.5 861 

Verona tap... .... 7: Clean. Co losis . 042 010 | None. L750 49.2 130 

Analyses are available through August, 1898, but it is unnecessary to quote further. It is 

evident that the quality of the water in the taps is sometimes improved and sometimes not. 
In the five cases given three show an increase in bacteria; two a decrease. If pathogenic 

bacilli are in the water, there is absolutely nothing to prevent this water from carrying con- 
tagion from the infected river to every tap in Verona. 

Sharpsburg, Pa.—At Sharpsburg (population about 7,000), on the west side of the Alle- 
gheny, a mile below Brilliant, the supply is derived from the river through a crib 100 feet 

long, 8 feet wide, and 5 feet deep. It has been in use since 1893. There is about 2} feet 
of river material over it, but it is tight near the top, being open on the bottom and the lower 
part of the sides. Timbers and openings are 6 inches wide. Low water is about 3 feet above 

the top of the crib. There are no analyses at hand of the raw Allegheny water at Sharps- 
burg, but the average analyses of the Sharpsburg effluent, taken in connection with analy- 
ses made to determine the efficiency of the Etna crib, shown below, furnish sufficient data 
for judgment on the supply of the former. 

Average analyses of effluent from Sharpsburg crib. 

[Parts per million. ] 

  

  

  

Albu- . 

Date. | Turbidity. | MOI | ammo | NE | (NE | Chloe | HSC | angen 
nis. a. e-c: number. 

1898. : 
Moy oo ofa 0.056 | 0.019 | None. 0.375 18.9 3,710 |  800- 7,450 
RE et .124 .016 | None. .300 19.4 | 15,800 | 11,100-20,500 
July ta aa ne . 096 .016 None. L750 20.5 13,400 | 13,000-13,800 

August co. vee . 085 0.19 None. . 525 22.3 25,500 | 18,800-32,200               
  

Evidently, whatever may be the nature of the purification this has undergone, its effi- 
ciency in removing bacteria is not high. Disease-infected water would therefore pass 
through this crib without sufficiently complete loss of organisms to make it reasonably safe 
for drinking. 

Etna, Pa.—Comparative analyses of water at Etna show similar conditions. At this 
point there is also a crib in the river. It is a wooden box 40 feet long, 16 feet wide, and 4 

feet deep, perforated with many openings and covered to the depth of about 4 feet with 
stone, river gravel, and sand. The following analyses show the efficiency of the crib:
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Analyses showing efficiency of Etna crib. 

[Parts per million.] 

  

  
  

  

  

Albu- 

Date. Water analyzed. Turbidity. Goi amino- a | £80 Ohio: Taper 
nia. 2 rage 

1897. 

Sept. 7 | River water, raw...... Sight. oo iain 0.222 | 0.028 | None. | 0.750 21.0 6,125 

Effient i. nase Clear. ~5 215% .126 | .018 | None. .975 30.2 1,288 

Sept. 21 | River water, raw...... Flight... .... .186 .012 | None. . 600 28.0 2,625 

Blaent 0 out nase Very slight. ....... .118 .014 | None. .900 42.3 133 

Sept. 28 | River water, raw...... Very slight... .118 .024 | None. .812 22.1 5,250 

Eflnent.. cn o0 2500 Very slight. i: .098 .026 | None. .900 28.7 1,841 

Oct. 5 | River water, raw...... Very slight: ...... .188 .014 | None. .900 29.4 7,200 

Bfflgent........ hi Char. vii .09 | .018 | None. | 1.500 | 41.0 | 1,652 
Oct. 12 | River water, raw...... Very slight. ...... .160 .032 | None. . 600 32.0. 28,750 

: Effluent ot aiid. ob) Very slight... ... .148 .018 | None. L750 45.8 2,730 

Oct. 19 | River water, raw...... Very slight... ... +122 .022 | None. .600 46.1 | 27,300 

Effluent... coin Very slight....... . 096 .010 | Nome. | 1.275 48.3 | 13,260 

Oct. 26 | River water, raw...... Yery slight. --.... .144 .048 | None. 750 40.0 | 75,000 

Effluent. coo io: Clear csv iris . 056 .014 | None. L750 49.4 | 38,220 

1898. . 

June 7 | River water, raw...... a(.3 .084 .042 | None. . 300 23.8 | 65,800 

Eflnent.. i vio Clear. oii. 00 .040 | .006 | Nome. | .300| 51.5| 5,200 

June 21 | River water, raw...... 29.0 L124 .028 | None. L150 14.0 16,400 

Effluent. o.oo li Very slight. .-.... .030 .008 | None. .225 48.0 325 

July 6 | River water, raw...... .09 .130 .030 | None. . 750 18.7 1,630 

: Effluent rains Very slight....... .058 .016 | None. .675 44.2 1,520 

Aug. 2 | ‘River water, raw... .. 1.8 .168| .036 | Nome. | .450 | 30.0 | 239,000 
: Effluent. i Shahtoa an . 068 .018 | None. . 525 48.6 10, 850 

Aug. 16 | River water, raw...... 1.6 L120 .044 | None. .675 18.4 | 159,000 

Bfluenty oi. ois Clear oe tan |» 070 .026 | None. .525 54.1 1,600 
|               

  

a Reciprocal scale. 

These analyses indicate a higher degree of efficiency at times than has been previously 

noted, but they bring out strikingly the greatest drawback to crib filtration; that is, the 
lack of regularity in efficiency. During the summer of 1898, when the structure had been 

in place a year and should have shown as good results as it ever will, the efficiency is seen 

to vary from 98 per cent on June 21, already quoted, to less than 7 per cent on July 6. 

Before a city ventures to use the water of Allegheny River it should demand better assur- 

ance of purification than this. 
Millvale, Pa.—At Millvale (population about 7,000), about 4 miles below Brilliant, on 

the western side of the river, there are two cribs, one of which is owned by the Bennett Water 

Company. This crib is 100 feet long, 16 feet wide, and 4 feet deep, built of 2 by 4 inch 
timber, and covered with stone, gravel, and sand. The flow of the current has necessitated 

frequent refilling to replace material washed away. At this crib the bacterial purification 

is so slight as to make detailed figures unnecessary. The averages are given below: 

Determinations showing efficiency of Millvale crib. 
  

  

Average Average 
number of | number of 

1897. bacteria in | bacteria in 
river water | effluent wa- 

per ¢. c. ter pere.c. 

7H tte Ea SR A I Sa SS PE RE TE cha en SR ED SE a 4,600 7,533 

LC RSet Re SAGE ERE a SN IL Le SE SE 3,762 4,144 

Ye NR CR Dr A PR SE LR Sel Rn SAE NOY Ce 69,126 41,669     
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That the crib had not improved much by the following August is shown by the fact that 

a sample of the effluent water taken August 2, 1898, showed 18,200 bacteria per cubic cen- 

timeter, and a sample taken August 16 showed 19,500 bacteria per cubic centimeter, both 
numbers too large to speak well for the process. 

Wildwood, Pa.—A large quantity of water is pumped from the Wildwood crib, on Alle- 
gheny River, about 14 miles above the Brilliant pumping station, to supply the town of Wil- 

~ kinsburg, part of Pittsburg, and some neighboring places. The crib is in the middle of the 
river, 304 feet long, 32 feet wide, and 4 feet deep, built of 2 by 8 inch planks, with 2-inch 

open places on top and sides, and open bottom. Upon it and around it there were placed 
large stones to the depth of 1 foot, then 1 foot of coarse gravel, and then 3 feet of river sand. 
There is said to be 30 feet of gravel in the bed of the stream under the crib, which should 
improve the quality of the water. It was installed in June, 1897. 

Analyses showing efficiency of Wildwood crib. 

[Parts per million.] 

  

1) 

  

os mivowd| Free | xi | ni | ono. | Bacte 
Date. Water analyzed. Turbidity. ammo- So: trites;: trates. | rine. i Per 

nia. ’ - Pe 

1897. 

July 13 | River water, raw...... Slight. ora 0.162 | 0.016 | 0.003 | 0.015 18.0 520 

Efffaent ..........0..00 Clear. =; oi ions . 046 .012 .001 .010. 18.5 269 

July 29 | River water, raw...... Muddy... ia . 280 .031 | None. | 1.334 9.5 | 11,350 

Effluent’... oiaa 2s Clear... 5.00 .032 .023 .005 .445 22.0 59 

Aug. 4 | River water, raw...... Slight. eri . 240 . 030 . 001 .950 1 5b, 295 

Eflyentso.o.o viii Clear. csi: £2 . 062 .018 . 004 . 592 14.5 88 

Aug. 11 | River water, raw...... Muddy iovii. . 395 .035 | None. .814 37.5 | 3,600 

Effluent......c0.v00n Cleary. i... inci .110 .024 . 003 .370 21.2 50 

Aug. 18 | River water, raw...... SUght. xt. ois . 268 .018 | None. .600 15.6 | 11,200 

ERuent oo .car cia. Clear. 5vizooy: . 052 . 023 . 003 .300 18.1 262 

Aug. 24 | River water, raw...... Very slight. ...... . 204 .028 | None. .450 13.1 § . 5,200 

Effluent... 0.5.7. 75. Clear... 2 =. . 060 .028 | None. .375 19.9 106 

Sept. 7 | River water, raw... .-. Very slight... .... L122 .014 | None. . 600 18.8 | 7,425 

Bfluents. > inns Clear is nai .048 . 026 .001 .450 20.3 78 

Sept. 14 | River water, raw...... SHeht re sen +112 .012 | None. L575 21.4 300 

Bent i. casi Clear: oon oy inas . 062 .018 | None. | 2.250 21.9 12 

Sept. 21 | River water, raw...... Slight bes fan 108 .028 | None. . 300 26. 2 825 

Event oho Clear ..Li. 8x . 056 .012 | None. .225 215 160 

Sept. 27 | River water, raw...... Slight. rc -.. 2: L118 .012 | None. .675 25.1 | 3,600 

Effluent... ocr Clear raise . 040 .014 | None. .450 26.2 | 148                 
  

It is evident, taking the records pair by pair, that this crib has effected a very remarkable 
reduction in the organic content of the river water if the effluent really is filtered river water. 
On August 24 the efficiency was 98 per cent; on September 7, 99 per cent; on September 

14, 96 per cent; on September 21, 80 per cent; on September 27, 96 per cent. During the 
month of October, 1897, it was steadily about 96 per cent. This is as high a percentage of 

efficiency as many mechanical filters make; but a noteworthy difference appears in the drop 
to 80 per cent on September 21. It is impossible to know just why this happened in the 
crib, whereas in the mechanical filter the difficulty could be found and remedied. In other 
words, the crib filter may, as in this case, give wonderfully high efficiency at times—even 

most of the time—but no one knows when it may fail for a brief period. Its operation is 
uncontrollable and uncertain, and in a stream so badly polluted with pathogenic organisms 

as the Allegheny the risk is too great to be taken. It is unfortunate that typhoid-fever 
statistics are unobtainable for this town except for 1899, when there were 5 deaths from this 

cause in a population of 11,886 (census of 1900), the death rate thus being 42 per 100,000.
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If the efficiency previously noted were maintained, there should not be over 25 deaths per 
100,000 from typhoid fever. 

Summary.—The foregoing statement discusses filtering cribs operating under different 
conditions. Where the crib has been placed in a swift current of water its efficiency is prac- 

tically too low for serious consideration; under peculiarly favorable conditions, such as 
those at the Wildwood crib, an amazingly high efficiency is realized for a time. The mass 

of data compiled as to the operation of slow sand filters shows that in time, whether it be 

one, two, or three years, the filtering sand and gravel must either become so much clogged 
as to diminish seriously the supply, or the bacteria caught by the particles of sand must pass 
farther and farther into the mass until the effluent is no longer pure enough to drink. It is 

possible to remove the polluted sand from a sand filter and allow the filtering action to 
begin over again on fresh material, but no such removal can occur in the case of a crib 

except through the scouring of the river bed in time of flood, ete., a very irregular and uncer- 
tain agency. The important point is that such a mode of filtration is beyond control by 
ordinary means and is only properly efficient when favorable conditions happen to be met 
more by good fortune than by anything else. 

The inefficiency of the cribs at Allegheny and Pittsburg is well known. The city of Alle- 
gheny installed a crib in Allegheny River in 1897 at an immense cost. The inefficiency of 

this structure in filtering the polluted water may be seen from the following figures showing 
typhoid-fever mortality: 

Deaths per 100,000 from typhoid fever at Allegheny, Pa., 1898-1902. 
  

  

Year. Deaths. Year. Deaths. 

§ 170 RE Be LE Bw a Re Ge 3S OO. es a RE re a 101 

800. cn ri ar A Se a en a ae 107 A I a de Bin he is va ae BE bo ard 120 

A000 Cs Sl a a Rw Pe 93         
  

For Pittsburg, filter cribs in Monongahela River supplying the South Side and six bor- 
oughs of the city gave the following results: 

Deaths per 100,000 from typhoid fever at Pittsburg, Pa., 1898-1903. 
  

  

Year. Deaths. Year. Deaths. 

RO Re a Pl aa a Ll AOL. RE IN EU 125 

2 £1.01 BONE ASE Sh SEE Ai ar NS 10 00, a RT eet i fee 144 

OO Cr Pe nei dd 1 008 rr de RE SIR IE 139         
  

These figures are worse than Allegheny’s. It is evident that the water supplied to these 
consumers was totally unpurified, so far as disease bacteria are concerned. 

At Sharpsburg the figures are few, but sufficient to show a general infection every year. 
In 1895 there were 47 cases, with 4 deaths; in 1898, 33 cases, with 7 deaths; in 1899, 57 cases, 

with 6 deaths out of a total mortality of 72, or 8 per cent. In 1902 there were 73 cases. 

As the population of the town is only about 7,000, the above figures have startling signifi- 
cance. Evidently in 1902 one person in every hundred had typhoid fever, many of them 
probably through drinking the polluted river water. 

The foregoing discussion of crib filtration has reviewed figures showing bacterial purifica- 

tion and typhoid-fever mortality derived from absolutely reliable sources for several cities. 
In every case it has been shown that crib filtration, no matter how excellent the results may 

be at times, is absolutely unreliable as a means of ameliorating a public water supply. 

FILTER WELLS. 

General discussion.—The third method of natural filtration is by wells sunk in river sand 

and gravel, varying in diameter from a few inches to 20 or 30 feet, and so constructed as to
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allow the polluted river water to seep through its own bed into the well. As has been 
already stated, this method of filtration produces a water of excellent appearance, but the 

data given relating to filter cribs and filter galleries show that there can be no real purifica- 
tion of the water by this means. It has seemed to be very possible that efficient filtration 

could be obtained by a modification of this plan where local conditions are favorable, as in 
some islands in Ohio River. If wells are drilled to a moderate depth on some of these 

islands of clean river sand, through which the water may percolate before entering the wells, 
very efficient purification ought to be secured until the outer layers of sand become clogged. 

The frequent scourings to which these islands are subject by the rise and fall of the river 

as well as by its strong current should be favorable to the periodical removal of the clogged 
layers. The idea is not new. 

M. Leforte, Ingenieur des Ponts et Chaussees, engaged in improving the water supply of the city of 

Nantes, proposed a dozen years ago to secure artificially the most favorable conditions for natural 

filtration by creating at many places in the bed of the Loire, alittle above the city, islets of fine'sand, in 

the middle of which were established wells provided with suitable works for their control, from which 

water was to be taken. Notwithstanding a satisfactory trial of the process it was not applied.a 

The same procedure was suggested by M. Janet, engineer of mines, who recommended 
that water be pumped from the Seine and the Oise to the summits of sandy hills at Mont- 
morency, Fontainebleau, etc., and allowed to percolate to the bottom of the sand to be 
collected, thus making use of a natural filter over 50 meters thick. 

Gallipolis, Ohio.—It has remained for an American municipality to apply this plan and to 
“demonstrate its ultimate inefficiency. The city of Gallipolis, Ohio (population about 6,000), 
gets its water supply from filter wells drilled on an island in the Ohio River. The records 

of typhoid fever mortality show a wonderful temporary efficiency, not a single death from 
this cause being reported during two years, at the end of which former conditions recurred. 

Typhoid mortality at Gallipolis, Ohio. 

  

  

Total | Typhoid Total | Typhoid 
Year. deaths. | deaths. Year. deaths. | deaths. 

B07 0 is inns aN SE Bee 116 le YOO aaa 57 0 

1d EAC SI SA IE SE 146 D002 Ea aN 83 8 

TELE BE Pa SE eS BC 101 Fo Ui1903. Ts err a Se ar 65 4 

0005.0 rh err TR 64 0             
  

Evidently if the decrease in deaths is to be ascribed to the filtration of Ohio River water 

through this river sand the return to the epidemic conditions shown in 1902 and 1903 must 
have had a similar origin. It is probable that the pathogenic organisms carried in the 

river water have grown completely through the sand, so that even the scouring of the top 

does not carry away all the polluted sand. The experiment shows the uncontrollable 
character of such a purification scheme. 

Similar supplies exist at Moundsville, W. Va., and Point Pleasant, W. Va., both described 
later in this paper (pp. 87, 92-93). 

CONCLUSION. 

Every form of natural filtration so far attempted has been unsuccessful except the rather 
rare type last described, and that was successful only for a time. At many other places 
which could be cited the death rate shows that these devices have no efficiency in removing 

bacteria from polluted water, so that towns which attempt to purify water by natural filtra- 
tion are likely to spend more money annually in avoiding epidemics of water-borne diseases 

than many times the interest on the cost of an efficient sand-filtration plant. 
  

aTrans. Am, Soc. Civil Eng., vol. 54, Pt. D, p. 184. 
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SELF-PURIFICATION. 

OXIDATION, DILUTION, AND SEDIMENTATION. 

The conditions on the Monongahela (see pp. 54-55) show the existence of sources of pollu- 
tion sufficient to make the river water unsafe as a source of public supply without purifica- 
tion, unless complete self-purification takes place in the river. If Professor Sedgwick is cor- 

rect in his conclusiona that the population of the Allegheny basin scattered along the main 
stream and its tributaries is practically equivalent under present conditions to an equal 

population massed at the lowest point considered, then the same conclusion applies to the 
more concentrated population of the Monongahela basin with drainage slopes as far down 

as Greensboro steeper than those of the Allegheny. It would seem, then, that the contami- 
nation in Monongahela River from above Point Marion is probably equivalent to that of a 

city of 25,000 or 30,000 population located at Point Marion, and the question arises whether . 
complete self-purification takes place below that point. 

From a drainage area of 11,400 square miles Allegheny River discharges, as is shown by 
official measurements made by the U. S. Geological Survey, from 1,312 cubic feet per sec- 

ond (September, 1903) to 40,000 cubic feet per second or more at flood stages. Mononga- 
hela River has a drainage area of 7,625 miles, 67 per cent of that of Allegheny. Its dis- 

charge can not be given with accuracy since few figures are available. The discharge of 
the Youghiogheny at Ohiopyle, Pa., measured by Kenneth Allen in 1892, was 106 cubic 

feet per second at a very dry time; Indian Creek, entering some miles below, usually carries 

50 to 100 feet per second, but has been known to go as low as 12 cubic feet per second in 
periods of extreme drought. The table herewith shows the flow of Indian Creek as com- 

puted by the Geological Survey? from data furnished by Charles H. Knight, Rome, N. Y., 
in 1893. | 

Estimated mean flow of Indian Creek from August, 1892, to July, 1893. 

Sec.-ft Sec.-ft 

AAS rr a aL SL a SL 4 OP UarY . oe i SL SIE RY 659.0 

BeDIeMIDOT i oe re aR i a Se a us 15.2: kMayeh. ooo di hae se en rs 290.5 

October..5. 5.0... @iiiiiiriiiiiioiiiac: 1256 ADIL. Sou, rt ar SSR Me es 278.0 

NOVO 2. tr cn aan aan she Saas sore sn ts 48 8 LL May rR tn rr a 523.3 

December tty to a 102. Saf-Jine ss ed ie ade ane 41.3 

JY i a a Bo a pee ie 103-8 aly re SO aS a ae 13.1 

The table giving the discharge of Cheat River shows that that stream at times 

carries less than 200 cubic feet per second. In October, when Indian Creek is at its lowest, 
Cheat River carries about 700 cubic feet per second. It may be roughly estimated that 

Cheat River, Indian Creek, and Youghiogheny River together contribute about 825 cubic 
feet per second to the Monongahela in the fall. The discharge of Tygart and West Fork 

rivers aggregates about 75 cubic feet per second. No figures are available for these streams, 
and this is merely a rough estimate based on experience in measuring similar streams. 

Altogether the Monongahela may be said to carry about 900 cubic feet per second in the fall, 

or about two-thirds the volume of Allegheny River at that time. The flood flow of the 

Monongahela is considerably over 40,000 cubic feet per second, or about the same as that 
of the Allegheny. The facts about the Monongahela are therefore as follows: 

1. The drainage area of Monongahela River is 67 per cent of that of the Allegheny, and its 
discharge is about 70 per cent of that of the latter. 

2. The flood discharge is nearly the same for the two streams. 

3. As far down as Greensboro the Monongahela drainage area is rugged, the soil lacks fer- 
tility and therefore absorbs very little storm water, and the run-off is rapid. 

4. The region is practically deforested. 

These facts indicate that the Monongahela, as far down as Greensboro, is by far the quicker 
  

a Rept. Pittsburg Filt. Com., p. 2 
b Water Sup. and Irr. Paper No. 5, U. S. Geological Survey. 

IRR 161—06   5
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spilling of the two streams, and as it has at its headwaters about the same population per square 
mile of drainage area it will deliver as much pollution to any point above Greensboro in the 
same time or less. 

From Greensboro to Pittsburg, a distance of approximately 80 miles, the Monongahela has 

a fall of about 72 feet, or about 0.9 foot to the mile. This is so little compared to that above 
Greensboro that evidently it is on the conditions prevailing in this stretch of the stream that 
self-purification of the stream will depend. The element of time is of the greatest impor- 
tance in this process. If the rate of flow of the water is so low as to detain pollution a long 

time, then the river will be practically a long, narrow reservoir, affording conditions more or 
less favorable for self-purification. But the rate of flow depends on slope, cross section, and 
quantity of water. The slope of the Allegheny from the mouth of Clarion River to Pitts- 

burg, a distance of approximately 85 miles, is about 1.95 feet to the mile. The lower slope 

of Monongahela River would tend to lessen the velocity of the water and lengthen the period. 
of detention. The latter may be said to be inversely proportional to the rapidity of flow, or 

Detention—_, where V =c,/ rs a 

the Chezy formula usually employed in computation of flow in open channels. If fairly accu- 
rate data were obtainable for cross sections of the two streams at numerous points, the for- 
mula could be used to express numerically the degree of detention, and hence the degree of 

self-purification going on in a given stream. In this case the lack of such data is complicated 
by the fact that the Monongahela is so completely canalized below Greensboro as to make the 
slope above calculated valueless for this discussion, as the fall of each slack-water basin is 

practically zero. At low water, therefore, the velocity of the water is so very slight as to 
give an enormously high value for detention in the proposed formula, pointing to an infi- 
nitely high degree of purification. For streams not canalized the degree of self-purification 

would seem to be directly determinable. 

If pollution be supposed to enter the Monongahela at Greensboro only and all sources of 
contamination below that point to be eliminated, the degree of self-purification going on in 
the 80 miles under discussion is so high that it is conceivable that the watgr might be com- 

pletely purified. But it is not at all certain that this is the case. It is now agreed by sani- 
tarians that the process of self-purification can hardly be complete and perfect, and that 

therefore it can not be depended upon as sufficient in itself to assure a pure supply. 
The main factors in self-purification are evidently oxidation, dilution, and sedimentation, 

and for the last the term ‘detention’ is proposed as more properly expressing the time ele- 
ment necessary. As far as oxygen is concerned it has long been known that the typhoid 

bacillus, the very organism it is desired to eliminate from water, “grows most abundantly in 
the presence of free oxygen,” though ‘it may also develop in its absence.”a It is well known 

to bacteriologists that ‘ the great majority.of pathogenic bacteria are facultative anaé- 
robes’’b—that is, they may develop with or without oxygen. As to dilution of sewage, Pro- 
fessor Sedgwick believes that 1 gallon of sewage dumped into Illinois River might cause 
trouble in the water supplies below. Without going to this extreme, it is perfectly evident 

that no lines can be drawn between ‘‘ sufficient’ and “insufficient’’ dilution. It takeslittle 
sewage, compared to the volume of the stream, to cause an offensive appearance. Very 
little is necessary to poison the water for drinking. The question resolves itself into one 
of the vitality of pathogenic organisms in water, a question discussed later in this paper. 

The exact amount of self-purification due to sedimentation can not be stated positively. 
Turbidity has a great influence on purification by sedimentation, for turbid water contains 

many heavy particles which settle to the bottom, entangling and carrying with them great 
numbers of bacteria as they go down. Long detention, therefore, will cause turbid water to 

become not only clearer, but remarkably better in quality, by causing the greater part of the 
pollution to settle to the bottom. In running water sedimentation can not occur to any 
great degree unless the current is retarded by obstacles, natural or otherwise, which convert 
  

a Sternberg, Bact., 1896, p. 358 b Muir and Ritchie, Bact., 1899, p. 23.
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the river into a chain of pools, and the greater the number of pools or reaches on the river 

and the closer together they are the more will self-purification be assisted. 
The mill pond at Lowell, Mass., is 16 miles long. The well-known epidemic of typhoid 

fever at this place was traced to dejecta, principally from one patient, which entered a large 

brook from an overhanging outhouse, was delivered into the Merrimac, and reached the 
intake of the waterworks. At Lawrence, Mass., an equally well-known epidemic was caused 

by contaminated water which had been kept in the storage reservoir two weeks, with excel- 
lent opportunity for sedimentation. At Covington, Ky., the badly polluted water of Ohio 

River is kept at times as long as thirty-two days, yet Covington suffers severely from typhoid 
fever. At New Albany, Ind., the water supplied to the city is stored for a month before it is 

~ used, yet there is much typhoid fever.a These instances show that sedimentation alone, under 
the best conditions, does not make contaminated water safe. Settling basins alone are not an 

efficient and adequate means of purifying the sewage discharged into a stream. 
Decisive evidence on this head is supplied by the schematic representation made for the 

Report of Streams Examination for the Sanitary District of Chicago, showing the belief of 

some water bacteriologists that the polluted water from Chicago is completely purified by the 
time it reaches Averyville. The drawing shows pollution in heavy black shading; lightening 

as the purification goes on, proceeding down the river. The pollution is heaviest at Chicago 
and gradually thins out until it reaches Averyville, when it disappears, to be renewed pres- 

ently by the sewage of Peoria. This diagram is the result, presented in graphic form, of 
numerous bacteriological analyses of the river water by the commission. The distance from 

Chicago to Henry, where the sewage has very largely disappeared, is about 114 miles; from 
Chicago to Averyville, where apparently it has wholly disappeared, about 142 miles; from 
Peoria, with its heavy pollution, to Kampsville, where it is claimed that that pollution has 

disappeared, about 150 miles. Therefore, without going into the merits of the Chicago-St. 
Louis controversy at all, it may be said that both parties agree that within about 100 miles of 

the source of pollution self-purification is so incomplete that contamination is recognizable, 
and that the infection of a stream of the character of the Illinois by the sewage of Chicago may 

be dangerous to the health of communities using the infected water raw within that distance. 
Conditions on one stream can not be exactly like those on another. Illinois River, carry- 

ing the sewage of an immense population, is not in any respect exactly like the Monongahela. 
Yet a comparison of the two streams brings out similarities. The discharge of the Monon- 

gahela has been computed at roughly 900 cubic feet per second or 54,000 cubic feet per min- 
ute. That of Illinois River at Peoria at the same season of the same year, in September, 

1903, was about 15,000 cubic feet per second or 900,000 cubic feet per minute. The popula- 
tion of the Monongahela drainage area above and including McKeesport may be assumed at 

about 134,000. That of the Illinois River drainage area above Peoria would probably be at 
"least 2,250,000. These figures show the proportion— 

54,000: 134,000: : 900,000: 2, whence 

x=2,233,000, 

almost exactly the population of the Illinois drainage area. The volumes of the two streams 
therefore, even allowing for errors in estimating, are practically directly proportional to the 
population served. There are numerous lakes and sluggish reaches on Illinois River where 

the fall is practically zero, so that there is probably as much opportunity for self-purifica- 
tion by detention in that stream as in any. It is unnecessary to enter into further details. 

It is evident that the uncertainty of self-purification on over 100 miles of Illinois River ap- 
plies with great force to the conditions on the Monongahela, notwithstanding the difference 
in population. 

The history of epidemics has repeatedly shown that it is not necessarily an extensive out- 

break of typhoid that starts another below it, but that one or two cases may infect a large 

population. "A few instances will be given. The typhoid-fever epidemic at Lowell, pre- 
  

a Sedgwick, W.T., Test., Chicago Drain. Com. vol. 3
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viously referred to, was traced to contamination from but one or two cases. The New Haven 

epidemic was caused by dejecta from typhoid-fever patients in one family passing into the 

water-supply reservoir. In the Windsor epidemic infection was washed by ordinary rains 
into a small thread of a stream and thence into a larger brook, which delivered it into the res- 

ervoir. The epidemic at Ithaca, which attracted so much attention, was due to the washing 
into the city supply of fecal matter deposited on the watershed. Scores of similar cases 

could be cited. The smaller population of the Monongahela is therefore no bar to the spread 
of typhoid fever by the use of the raw water. The industries along the river employ many 
foreign laborers—ignorant, uneducated, and of uncleanly habits—whose dejecta all go into 

the stream. This fact is well known, and the sole protection of the communities using the 
water has been the germicidal effect of detention in the chain of slack-water basins that con- 

stitute the lower Monongahela. It is clear that such purification is not certain nor perfect, 
and that there is grave risk in using this water raw. 

The foregoing discussion started from the tentative assumption that no pollution enters 

the Monongahela below Greensboro, and it has been shown that contamination introduced 
at that point may live to reach the mouth of the river. As a matter of fact, however, fresh 
and dangerous sewage pollution enters the stream at hundreds of places below Greensboro, 

sometimes in enormous quantity. The real efficiency of the detention going on in the 80 
miles of slack water is therefore measured by the efficiency of the last basin receiving pollu- 

tion or the last basin on the river. The above discussion makes it evident that such a basin, 
even several miles long, can not be relied upon to completely purify polluted water. 

Nor should it be forgotten that to settle the bacilli to the bottom of the basin is by no 
means to get rid of them. If by any means the mass of corruption at the bottom is dis- 
turbed, there is nothing to prevent it from being returned to the stream to be carried down 

to breed disease in towns below. This has been shown by the typhoid epidemic at Detroit, 
which resulted from the disturbance of sewage deposits in the bed of Black River at Port 
Huron. This caused sediment to be carried down St. Clair River through St. Clair Lake 

into the intake of the waterworks. Professor Sedgwick well sums up the situation as 
follows: 

Dams undoubtedly so far as they produce slack water or quiescence favor purification and the disap- 

pearance of disease germs for the time being; but if the sediment or sludge is allowed to remain in the 

bottom of the stream and not removed artificially or taken out and put off out of a position of danger 

the chances are good, as experience shows, that in freshets it may be returned to the stream again, be- 

come a part of it, travel with it, and produce trouble below. That was thecase at Newburyport. * * * 

The Merrimac is often a series of mill ponds or a series of quiet lakes in which sedimentation goes on 

nicely, and the water shows great purification at such times, but just as soon as a thunder shower comes 

[scouring takes place with the rise of the stream]. 

In other words, detention while undoubtedly of very great value in many cases does not 

and can not take the place of steady and regular purification of the stream by such a process 

as sand filtration, so that however great may be the improvement by detention the detained 
water must always be regarded with suspicion and once polluted can not be considered per- 
fectly safe for drinking without being filtered. 

It can not be held that the greater dilution of sewage in the Monongahela in times of flood 
is of assistance in purification. In the first place it is sufficiently evident that mere dilution 

can not be a complete safeguard. In the second place all the beneficial effects of detention 
gained by the slow current in the river may be nullified by a slight increase in velocity. 

The addition of such a volume of liquid as passes through the Drainage Canal must often materially 

quicken the flow of the Illinois River. It must, therefore, hinder effective sedimentation, and by 

thus shortening the time required for infectious germs to pass through the river and by interfering 

with their detention aggravate the danger of their arrival at the mouth of the river. * * * The 

time allowed in these matters is very important, so that any quickening of flow is a grave consideration.e 

How much more grave becomes the interference with purification when a stream like the 
Monongahela rises within a few days, as it did twice in March, 1905, from about 9,000 cubic 
  

a Sedgwick, W. T., Test, Chicago Com., vol. 3.
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feet per second to over 40,000 cubic feet per second, or from 540,000 cubic feet per minute, 
about six-tenths of the discharge of Illinois River at Peoria, to over 2,400,000 cubic feet per 

minute, nearly three times the discharge of the Illinois. This enormous increase in volume 

is bound to wash out the great mass of pollution that has accumulated at the bottom, which 
will be carried downstream into the water supply of every city that uses the river water raw. 
Any increase in the speed of the current increases the liability to the spread of typhoid fever 

under the conditions given. 

ACID MINE DRAINAGE. 

There remains for discussion the theory held by some persons that the mine wastes that 

enter Monongahela River along much of its course containing much acid are sufficiently 
germicidal in their effects to insure reasonable safety in the use of this water in its raw state. 
This conclusion is not warranted by the facts. 

The mine wastes present in this stream enter principally in the form of ferrous sulphate, 
though free sulphuric acid is sometimes distinguishable. The lime content of the stream is 

considerable, and this, together with the free acid and sulphate of iron, evidently brings 

about a coagulation and sedimentation which also drags down the organic impurities. This 

action is similar to that of the coagulating processes used extensively in mechanical filter 
plants as a preliminary to filtration. As is shown by the tables given below, this process is 

useful in clearing a muddy or highly colored water, such as that of Mississippi River; but 

it is the practically unanimous opinion of engineers that such purification, although exceed- 
ingly valuable in many cases and indispensable in some, can be regarded only as a prepara- 

tion of the water for filtration and is by no means as adequate in itself to assure its safety 
for drinking. 

The treatment of the St. Louis water supply by this process has attracted attention, and 
is regarded by local authorities as sufficient to safeguard the public health. Doctor 

Snodgrass, city bacteriologist of St. Louis, admitted before the American Public Health 
Association, in 1905, that the chemicals are added for coagulating purposes only, and that 
the completion of the process of purification must be accomplished by filtration. This 

treatment of contaminated water for use as a source of city supply, without filtration, can 
be regarded only as a device for diminishing danger, not as a means of abolishing it. “It 
does not provide pure water for the city. It is simply a makeshift.”e 

Its percentage of efficiency in removing bacteria seems at first glance very high, as is 
shown in the table herewith: 

Efficiency of coagulation at St. Louis waterworks in, removing bacteria. 
  

  

Percentage Poroopsens 

Number | Number | “Number {01 220telia| 01 bacteria 
Week commencing— olisaviaia 91 hackeria of Jasna between a 

water. water. water. en ane 

outlet. tap. 

1904. 

2% EL SR a I ln 19, 000 8,700 937 55 91 

ATTY. oreo is eS Da 17.5000. a 0,200 fires 9 
EY, HE EO el SR GR SOC 34,000 8,225 1,550 76 95.5 

APE 20 nL Pi per A 136, 500 2,850 3,950 98 97 
Ma Be ie a a a ie 22, 500 1,800 550 92 98 

9h Eh 1 ME CR ee 103, 500 37,500 16, 250 64 85 

May iT ih aa as a Se a 45,000 600 750 99 98 

TUNE Bo i i itive as sss wails uns anise 30, 000 3,500 600 89 98 

TUNE 0, a Re a Se 24,000 1,100 2,000 95.5 92 

THC AY ot a a it a OL Se Le 16, 000 550 500 97 97 

Ne SN Tri, 38, 000 1,600 650 96 98 

Th a LE Te EE ea a 26,000 | 4,300 323 84 08.8           
a Weston, Am. Pub. Health, XXX,
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Efficiency of coagulation at St. Louis waterworks in removing bacteria—Continued. 
  

  

  

Doenings Dojoontags 

Smit, | Pumper, | umber, “removed | removed: 
Weck commencing in river | in outlet in tap betwesn beiwan 

water. water. water. | FIYerin. |} xe a 

outlet. tap. 

: 1904. 

Angagt 12. nl ee te he 27,000 2, 500 1,100 91 96 

Angas a Lr aa 14,000 3,200 1,550 77 89 
J. ¥i Try pics mi | ESE i FE I il Fee le 10, 575 - 450 590 96 94.5 

Sn Th ploy rt SON a ee EE OS pan 9, 150 300 30 97 99. 6 

September 2... 0: be en eh en aaa 2,100 200 20 91 99 

September 9... or so El RRR 4 a Nn Be 99.6 

September 16. .:.. i. i. tdi Feist nsn eis 11,275 4,550 600 60 95 

September 23. oP ith ce en et 14,375 300 375 98 97.5 

Sopteer 30. i cscs a a niin 25,475 300 55 99 99.8 

November 8.0... ci ii i so radiations 8,125 300 950 97 89 

November 25. oii a vs as 40,000 6,100 1,000 85 76 

74 on ede SR Re Re SOA Ren be Re I CR a Re IR OR 87.4 94.7             

The efficiency of a purification system may very justly be held to be the lowest percent- 
age of removal of bacteria that it accomplishes. On this basis the efficiency of this system 

would be low indeed, sometimes going down to 76 per cent, and apparently not under such 
influences as can be controlled or regulated. The average removal of bacteria at the outlet 
of the sedimentation reservoirs is 79 per cent, and in the city taps is 94 per cent. If the 

latter figure be accepted as the regular daily performance of the process, it can not be con- 
sidered thorough enough to warrant the use of the treated water without filtration. Effective 
sand filtration will remove over 99 per cent of the bacterial contents of polluted waters. 
The difference—about 5 per cent —may mean a great deal if the original bacterial content of 

the water be high and the sources of pollution not far removed. The experience of Law- 
rence, Mass., is significant. At this city 93 or 94 per cent of the total number of the bacilli in 
the polluted Merrimac River water were removed by storage in the city reservoir. Never- 

theless typhoid-fever epidemics recurred year after year, showing that enough pollution 
was left to spread disease. The death rate from typhoid fever in this city is now one of 
the lowest in Massachusetts, with the filters removing 99 per cent of the pollution. The 

difference of 5 per cent there was evidently the difference between a poisoned supply and 

a healthful one.a 
The treatment at St. Louis is made with great care, under the best conditions, calculated 

quantities of chemicals being added to the water, which is sedimented in basins not exposed 
to uncontrolled or irregular variations in depth, wind action, velocity of flow, quantity of 
water, etc. Nevertheless, as shown above, the degree of purification is not sufficient to 

make a water so treated safe without subsequent filtration. 
How much efficiency, in the face of the above evidence, can be claimed for the coagulat- 

ing process going on in the Monongahela River, with every element of the problem depend- - 
ent on chance? Even if the process were carried on under the most favorable conditions 

purification could not be expected in the Monongahela water, because the chemicals are 
not present in sufficient amount. At St. Louis, iron is added to the water at the rate of 
from one-half to three grains per gallon. The minimum rate, one-half grain, is equivalent 

to 8} parts per million of iron, which is necessary to purify the water in the partial degree 
already described; the water of the Monongahela River generally contains less than one 

part per million of iron, and seldom more than four.b 
  

a Clark, H. W., Am. Pub. Health, XXX. 
b Rept. Pittsburg Filtration Com., Analyses, p. 271.
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The possibility that there is enough free acid in the water to destroy pathogenic bacteria 
is worthy of consideration. 

The experiments made by various workers to determine the germicidal efficacy of sul- 

phuric acid have been sufficiently numerous and extended to permit definite conclusions 
on the question to be formed. Many years ago Koch a first announced that the cholera 

bacillus was fatally affected by acid solutions. Subsequently, Kitasato showed that 
cholera bacilli are destroyed in a few hours by hydrochloric and sulphuric acids. Davainec 

had shown that the bacilli of anthrax are destroyed by sulphuric acid in the proportion of 
1 to 5,000 and that the bacilli of septicemia are destroyed by the acid in the strength of 1 to 

1,500. In Sternberg’s experiments of 1885 it was shown that the multiplication of putre- 
factive bacteria was prevented by the presence in a culture solution of sulphuric acid in the 
strength of 1 to 800, and the micrococci of pus were destroyed in two hours by the pres- 

ence of the acid in a solution of 1 to 200. The work of Boer, quoted by Sternberg,d showed 
the germicidal effect of sulphuric acid on the following organisms: 

The anthrax bacillus was destroyed in two hours in a solution of 1 to 1,300. 
The diphtheria bacillus was destroyed in two hours by a solution of 1 to 500. 

The typhoid bacillus was destroyed by a solution of 1 to 1,550. 
The spirillum of Asiatic cholera was destroyed in two hours by a solution of 1 to 1,300. 

Stutzer showed ¢ a solution of 0.05 per cent of sulphuric acid was fatal to cholera bacilli 
in fifteen minutes. A weaker solution (0.02 per cent) took twenty-four hours to kill the 
organisms, while a 0.03 per cent solution failed to kill the bacteria in five hours. Asa 

result of his experiments, he estimates that 100 kilos of sulphuric acid at 60° Beaumé would 

disinfect 40,000 liters of water, a strength of 1:400, or 1 pound of acid to 40 gallons of 
water./ In the same year Doctor Ivanhoff showed¢ that a 0.04 per cent solution of sul- 

phuric acid destroys cholera bacilli in Berlin sewage and an 0.08 per cent solution destroys 
the organisms in Potsdam sewage. Rohe showed that sulphuric acid in a proportion of 1 
to 800 is antiseptic in some cases. He does not believe, however, that it can be depended 

upon as a general antiseptic.” The experiments of Kitasato quoted by Rideale show that 
in a 0.049 per cent solution of sulphuric acid there is growth of bacteria; in a 0.065 per 

cent solution growth is restrained; in a 0.08 per cent solution growth cases. The experi- 

ments of Rideal and Parkes in 1900, to devise a portable disinfectant for use by soldiers in 
purifying drinking water, showed that chemically pure sulphuric acid diluted in the pro- 

portion of 20 minims to the pint of infected water reduced the number of bacilli in fifteen 

minutes and killed them in forty-five minutes. The amount of water used was 750 cubic 
centimeters, which was infected with 1 drop of a twenty-four-hour 37-degree broth culture 

of bacillus typhosus. Further, 100 cubic centimeters of boiled water infected with 1 cubic 

centimeter of the same culture gave the following results, the plus (+) sign indicating the 
presence of the organisms, the minus (=) sign their absence: 

Effects of sulphuric acid on bacilli. 

  

  

  

: A Results. 
Minims per pint of infected 

water. 7% minutes. 15 minutes.[30 minutes.[45 minutes.{60 minutes. 2 hours. 

LER a eI LI eR iE + + x - =» 

Fie Se ty RR AA Re I St Bl TL Re + + + — 

[| SPREE ERTS Se IR IP FR + is +         
  

a Virus de Septicémie; Gas. Med., Jan. 10, 1874. 
b Quoted in Sternberg, Bact., 1896. 
¢ Bact., 1896. 
a Zeit. fiir Hyg., 1893, p. 116, quoted by Rideal. 
e Disinfection and Preservation of Food, 1903, p. 375. 
7 The English imperial gallon is equivalent to 10 pounds. 
g Zeit. fiir Hyg., 1893, p. 86. 
kh Hyg., 1890, p. 357.
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The largest amount used, 20 minims to the pint, or 1: 384, about 2,600 parts per million, 

would take an hour to kill typhoid bacilli under conditions closely resembling the actual 

conditions. 
The most important of all experiments of this kind, perhaps, and those which apply most 

closely to the problem under discussion, were those made by Rideal to determine the vital- 

ity of the typhoid organism. Typhoid-fever bacilli were introduced into impure water, 
which was kept at room temperature, with the following results: 

Effect of sulphuric acid on typhoid fever bacilli. 

  

  

3i nai : = me of , Results. 

Per cent. Hours. 

0.025 20 Killed. 
.030 3 Alive. 

L030 20 Alive. 

.035 3 Killed.           
All these experiments show conclusively that sulphuric acid can and does kill organisms 

in water, but the question remains, How far are these facts applicable to the problem of 
the purification of the water in Youghiogheny River? 

Certain conditions in the problem under discussion show that the action of the acid is 
valueless as a means of purification. 

1. There is never sufficient acid to do the work. 

2. It is impossible to apply the acid in constant quantity, owing to the wide variation 

in the flow both of the stream and the acid, the former being subject to wide and rapid varia- 

tion, while the flow of acid may be as high as 30 or 40 parts per million at some periods and 
may cease altogether at others, as shown by the analyses. 

Rideal’s experiments show that a 0.025 per cent sulphuric-acid solution, equivalent to 

250 parts per million, requires 20 hours exposure in impure water at room temperature to 
kill typhoid bacilli, while a solution of 350 parts per million (0.035 per cent) will kill the 

organisms in half an hour. There is never so much sulphuric acid in the water of Monon- 

gahela or Youghiogheny rivers. As shown above, at one time, in August, 1905, the amount 

was so small as to be undistinguishable by field-assay methods which readily distinguish a 
slight trace, amounting possibly to one-fiftieth part per million. The analyses made for 

the city of McKeesport, referred to above, show 44 parts per million of the acid uniformly 

distributed through the body of the stream and never as many as 100 parts per million, 
except possibly at isolated points immediately below the outflow of mines. It is clear, 

therefore, that although sulphuric acid is a germicidal agent under favorable conditions, 

such conditions do not and can not exist in the rivers under discussion, and the acid can 

not be counted on to purify them of sewage bacteria. Even if there were more acid present, 
it is to be remembered that its strength is not entirely available for the elimination of 

pathogenic bacteria. “A chemical disinfectant will frequently combine almost instantly 
with organic or other matters present in sewage, thereby becoming partially or entirely 
inert before it has time to attack the bacteria.” If 200 or 300 parts per million of sul- 

phuric acid were being poured into the river, there is so much lime and other alkaline 

material present that the greater part of the acid would immediately combine with these 
to form merely a neutral sulphate instead of persisting as a free germicide. This difficulty 

has long been encountered in the various attempts made to chemically sterilize sewage. 
Sulphates are not germicidal at all, and only moderately antiseptic; the difference, be it 
  

a Rideal, S. S., Disinfection and Preservation of Food. New York, J. Wiley & Sons, 1903.



U. 8S. GEOLOGICAL SURVEY WATER-SUPPLY PAPER NO. 161 PLY. 
  

  

  

  

  

  

  

PITTSBURG FILTER PLANT. 

A, Collecting galleries; B, main conduit. 
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said, for nontechnical readers, being that an antiseptic will restrain or check the growth of 

bacteria while germicides kill them. Though the recent notable study of copper sulphate 
as a disinfectant of water supplies by Moore and Kellerman and others @ has shown that 

under some conditions it is destructive to certain forms of bacteria, the sulphates of lime 

and magnesia actually encourage the growth of some organisms, while the sulphates of 
iron depend for their antiseptic power not on the acid but on the metallic base present; and 

this is probably the effective agent in the copper sulphate. Miquel classed iron sulphates 

as moderately antiseptic; finding that 11 grams per liter, which is equivalent to 1.1 per 

cent, were required to prevent the putrefaction of beef juice—that is, to prevent the growth 

of putrefactive bacteria in a food medium. Certainly no such enormous proportion of iron 

sulphate (11,000 parts per million) is ever present in the river water. 
The people who have been using this water on the assumption that it is free from danger- 

ous pollution have been relying principally on the statement, made by certain persons and 

repeated by others without investigation, that sulphuric acid is a germicide and that there 

is enough of it in the stream to purify the Youghiogheny River water. In depending on 
the antiseptic action of sulphuric acid to kill pathogenic organisms in Youghiogheny River 

water, the people of McKeesport and other cities drinking such water are making a mistake 

which has cost many lives and many thousands of dollars annually. - 

PUBLIC WATER SUPPLY AT PITTSBURG, PA. 

The attention of sanitarians has for years been focussed on Pittsburg, on account of the 
notoriously high death rate from typhoid fever in that city. The Pittsburg Filtration 

Commission of 1897 so thoroughly investigated the questions of the pollution of the present 

sources of supply and of the possible sources of pure water as to make extended remark on 

this subject quite unnecessary here. The preceding discussion of the quality of water and 
drainage on both watersheds supplying this city should be sufficient to show the character 

of the supply. It is drawn directly from the running streams, without attempt at purifi- 

cation, to reservoirs too small to permit sedimentation for periods longer than a few days, 

after which the water enters the mains. The Filtration Commission showed the necessity 

for immediate and thorough filtration of the water if the typhoid death rate is to be in any 
great degree diminished, taking up the Allegheny River watershed in detail. 

The filtration plant now in course of erection under the superintendence of Mr. Morris 

Knowles contemplates the use of Allegheny River water after sand filtration of the most 
thorough description. The plant is located on the river at Aspinwall, about 5 miles north of 

Pittsburg, nearly opposite the Brilliant pumping station. The new pumps on the Aspin- 

wall side will pump the river water into sedimentation basins, two in number, at the upper 

edge of the site, whence the somewhat clarified water will enter the central chamber and 

proceed to the filter beds, of which there will be 50 or more, as the needs of the town may 

require. Although some difficulty is being encountered with soft ground, necessitating the 
driving of concrete piles, and with the building out of the river bank, for which gravel is 

being dredged from the river, the bank being faced with firmly anchored concrete blocks, 

the work is proceeding rapidly, a few of the filter units being already finished. PIL IV 

shows sections of the work under way. The vaulting and floors of the filter beds are of 
standard construction in essential features. A noteworthy detail is the filter gallery 

between beds, a concrete passage where the purified water as it leaves the filters will be 
caught and carried toward the river, where it will be taken up by the Brilliant pumps and 

drawn across the stream. The line in the bed of the stream is in process of construction, a 
cofferdam being built out from the ends of the pure-water pipes to the Brilliant side. On 

the Aspinwall side the two pure-water pipes have been so constricted as to form two huge 

Venturi meters for the measurement of the pure water supplied from the filters. The view 
of the main conduit running along the upper side of the beds shows a small portion com- 

pleted and the grade blocks set ready for further construction. When completed the plant 
  

a Jour. New England W. W. Assoe., 1905.
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should be one of the finest in America, and will probably add a very important chapter to 
the history of decrease in typhoid fever with filtration of a polluted supply. 

The quality of these river waters at Pittsburg is shown by the field assays of the two 
streams and of Ohio River below their confluence: 

Field assays of water at Pittsburg. 

[Parts per million.] 

  

  

win Allegheny Mopouga- oe Ohio 
Determination. River at River at River at River at 

Pittsburg. Pittsburg. Cringe Pictsburg. 

PEDIC Os) ci on es ee sd a ne Ati sare wie ,§ ERTS Hain DF Pir MA Cloudy. 55 

TT IL SL ENE Ey 106 70 35 122 

Iron (Ber ih i el en nn 1 1.5 1.5 2 

CCIM (CRY) oN rth i dali s at arama Ana a Bh wats 42 65 90 56 

Total hardness (ag CaC0s).. vo. ihc idee ide sna siss 26.5 61 85 61 

ARAN drei sh ere as 51.4 23 22.6 47.4 

Sulphates (80: oo vt a a a als 84 83 a20 

Chlorides (CD ..5......... Seen Te isu 10.7 16 10.3 26           

a Estimated. 

It is notable that though the two Monongahela.samples are practically identical in iron, 
sulphur trioxide, and alkalinity contents, the three factors which best show the effect of 
mine drainage, the Carnegie water has a little more calcium, with a consequent increase in 
total hardness. This is probably due in part to the absorption of calcium from the reservoir 

at Carnegie, in part to the possible admixture of limestone spring water. The South Pitts- 
burg Water Company, which pumps from Monongahela River, supplies the South Side, 
several wards of the city proper, and many thousands of people along the line out to 
Carnegie. 

The turbidities given in the Allegheny and Monongahela assays are only approximate, the 
water being slightly cloudy in both cases. The turbidity given for the Ohio River water, 
however, is the result of careful measurement with the turbidity rod, and shows a significant 

increase in suspended matter. 

OHIO RIVER BASIN BETWEEN PITTSBURG, PA., AND BIG SANDY 

RIVER. 

GENERAL STATEMENT. 

With the sewage of half a million people entering the stream, besides an enormous amount 
of drainage from mills and factories, as well as a great quantity of material dumped into the 
stream from the numerous craft. plying in the three rivers at this point, Ohio River below 

Pittsburg is to all intents and purposes an open sewer. The increase in color downstream 
tends to strengthen this view, as does the increase in iron content, though the effect of the 

dilution by Allegheny River is to lessen the amount of sulphur trioxide in the water. The 

calcium content is practically an average of that of the two streams. The chlorides are so 
much higher than those of either the Allegheny or the Monongahela that they are undoubt- 
edly traceable in part to the enormous sewage contamination. Bearing in mind the con- 

clusions already reached with respect to the quick-spilling character of these watersheds and 
as to the massing of population near the mouth of the stream, we may say that the Alle- 

gheny above Pittsburg is as highly infected as if 100,000 people were massed at that point, 

and that the Monongahela is as badly contaminated as if there were a similar number 
located on its course immediately above Pittsburg. The population of Pittsburg being at 
  

a Pollution on tributaries of Ohio River in Ohio is discussed in Water-Sup. and Irr. Paper No. 79, U. S. 
Geol. Survey, pp. 129-187. 

.
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least 300,000 it may safely be said that Ohio River below Pittsburg is contaminated by the 

sewage of at least 500,000 people, which enters the stream untreated, carrying with it 
contamination from thousands of typhoid-fever cases, of a virulence shown by the tables 

of death rate from this disease given above. Any water drawn from the Ohio at this point 
must be purified to a high degree in order to be safe for drinking. The only sense of safety 
in communities using this water is derived from the belief that there is a tendency in polluted 
waters toward the gradual death of the disease-producing organisms it contains—a belief 

that is firmly entrenched in the popular mind. The tendency is not always in this direc- 
tion, the supposition that common water bacteria are more tenacious of life in infected 

water than the pathogenic organisms having been shown by some workers to be unfounded. 
Konradie has shown that far from being unfavorable to their growth, water is an excel- 

lent medium for the culture of many disease-producing bacteria, and that in the long 
run it is they which survive over the water bacteria. The work of Mezb showed that 

these organisms live longer in sterilized than in dirty water, and that therefore pure drink- 

ing water once infected is more dangerous than foul water, a conclusion in line with the find-_ 
ings of Frankland and Klein, previously quoted. From this statement as a beginning, 

Konradi proceeded to experiment with the anthrax bacillus and its spores, Staphylococcus 
pyogenes aureus, the organism of pus, and the typhoid bacillus, all of the highest importance 

in this connection. He found that the ordinary water bacteria multiplied greatly for a time 
after the introduction of the pathogenic organisms, and then began to die out, and that after 
varying periods, the foul water, being kept at room temperature, was found to contain pure 

cultures of the disease-producing organisms, which retained full virulence up to complete 

evaporation. For the anthrax bacillus and its spores the period of life varied from 264 to 

816 days, the water bacteria in the medium having completely disappeared after three or four 

weeks. The pus organism was found in pure culture after two months, and retained its 
virulence for 508 days. The bacillus of typhoid fever showed a similar power of conquering 

the water bacteria, which lived in the medium for four months, at the end of which time 

the bacillus typhosus was in pure culture, living in ordinary tap water at room tem- 
perature for 499 days. What more evidence is needed of the ability of the organisms of 

water-borne disease to poison a water as far as drinking purposes are concerned for a long 
time, admitting the pollution to cease, instead of continuing hourly as in the cases under 

consideration? Even sterilized water is found to allow the growth of anthrax and typhoid 
bacilli; though not of the pus micrococci. 

It remains only to "correlate these facts with the long-admitted disease-transmitting 

properties of water to make it clear that cities on the Ohio River immediately below Pitts- 

burg might as well mix a well-known poison with pure water and drink it as use the 
river water without purification. ‘Among the carriers of virus, water is, according to 

the present state of our knowledge, by far the most important.”¢ ‘Not only is typhoid 

one of the leading causes of death in America, but the greater part of it is conveyed directly 
or indirectly through water.”’d This fact has been so long established not only by scien- 

tific workers in the laboratory, but by long and costly epidemics, all traceable tothe pol- 

lution of city supplies by typhoid-fever dejecta, that it is unnecessary to go further into 

that question. The fact is clear that the water of Ohio River below Pittsburg contains 

so large a number of pathogenic bacteria as absolutely to prohibit its use for drinking 
in the raw state. 

CHARTIERS CREEK. 

Washington, Pa.—The first important tributary stream below Pittsburg is Chartiers 

Creek, which receives the drainage of Washington, Pa. (population about 12,000). The 
water supply of this town is obtained from filter wells on the banks of Chartiers Creek, 

mixed at times with spring water from gravity sources. The position of the wells seems 
  

a Centralblatt fiir Bakt., 36, May 28, 1904. 
b Mikroskopische Wasser Analyse, 1898. 
¢ Curschman, H., Typhoid Fever and Typhus Fever, Philadelphia, 1901. 
d Baker, M. N., Municipal Engineering and Sanitation, New York, 1902,
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to indicate that they are drawing largely on ground water on its way to the stream and 

not from the creek itself. That this is not sufficient protection is shown by the very high 
mortality rate for 1902. 

Typhoid mortality at Washington, Pa. 
  

  

Total | Typhoid | Typhoid 
Year. deaths. | cases. | deaths. 

A a eo a CAE al RL SR is SSN 1D aa. 4 

iL Ee RE a LS DR er Co Ee 110 42 3 

OD re ms ETE Te A es 158 61 14         

Without fuller data it is not possible to speak with certainty of this supply. It certainly 
is of doubtful quality. A field assay is given below. 

Canonsburg, Pa.—Canonsburg (population 3,000), below Washington, on the same creek, 
“has a gravity supply from a spring-filled reservoir, supplemented by raw water from Char- 

tiers Creek when the water company deems necessary. The field assay shows the prac- 
tical identity of the water with that at Washington, so that it seems likely that creek 
water is used much of the time. The presence of typhoid infection in Washington sewage 

is undoubted, and the likelihood of its occurrence in the water supply of Canonsburg fol- 
lows naturally. The use of Chartiers Creek water raw is therefore ill-advised and dan- 
gerous.. No figures showing typhoid mortality at Canonsburg are available. 

OHIO RIVER FROM M’DONALD TO BEAVER RIVER. 

McDonald, Pa.—At McDonald, Pa. (population 3,000), which drains into Ohio River 
above Sewickley, there is a mixed supply of a highly unsatisfactory character from Rac- 
coon Creek and from deep wells. The water shed of Raccoon Creek is not, so far as known, 
guarded in any way, and the tap water is nearly always more or less turbid. The field 

assay shows a highly mineralized product, the carbonates being largely due to the well 
water, whereas the high turbidity and color show a surface origin from swampy drainage 

with inadequate sedimentation. It is not considered a good water for either domestic or 
industrial uses in its present condition. 

Field assays of public supplies at Washington, Canonsburg, and McDonald. 

[Parts per million.] 

  

  

        

Determination. Wosiings eae McDonald. 

SH Tr EE ELE pe RE DE El LS See 0 a 40 140 

rn fy I Cp MI SO Ll Sa Se 96 180 140 

Irom (Be) coc ry hs a a 1.5 Trace. 0.5 

THD EE ET WR Sa LL SSE OS St Ss Sa er S 107 110 142 

Total hardness (as aC Os) or o5: Jo tia ofa senat sd tno 2 130+ 130+ 130+ 
LY NE A OR ee EO 148 120 124 

Balphaten (BOs). ca a oe. (@) a20 93 

Chlorides (Cl eee cios cae oS eS LTA RN 7 36 59 

a Estimated. b Slight trace. 

Sewickley, Pa.—The greater portion of the population between Pittsburg and Sewickley 
(population 4,000) is supplied by the Monongahela Water Company, operating from Pitts- 
burg. The Sewickley supply is derived partly by gravity from impounding reservoirs 

and partly from the Ohio River by pumping {rom cribs in the stream. The [ew analyses 
of the raw and the effluent water made in 1897 for the Pittsburg filtration commission 

show very little bacterial purification.
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Analyses of public water at Sewickley. 

[Parts per million.] 

  

  
  

Date. Water analyzed. | Turbidity. “oid am ¥roo am: Nitrites. | Nitrates.| Chlorine. He 

1897. 

Nov. 3"|"Raw water........ Slight..... 0.110 0.016 None. 0.750 53.6 23, 400 

Nov. 3*pEffluent........... Clear. i... .325 .018 None. 1.500 37.4 910 

Nov. 22 [Raw water........ Slight....- .210 .024 None. .525 20.2 54,000 

Nov. 22: Effluent .....:... = Slight..... . 080 .014 None. . 600 23.4 9,500 

1898. ; - 

June 27 | Raw water........ Slight..... .138 . 046 None. .525 24.0 15, 500 

June 27:1 Efluent.... -..5c Slight...:. . 140 .040 None. .600 27.8 14,100                 
  

The figures for 1898 show that the degree of purification by this crib is uncertain and 

unreliable, and that the water supply from this source is not safe for domestic purposes, 

Typhoid-fever statistics confirm this view. 

Typhoid-fever mortality at Sewickley, Pa. 

  

  

; Your. Sates, | TTEb | TH 

18967. olla, ER RS RE A BE Sh ES el 38 a 20 2 

LO ARE SR IS nd pa seeescsesssesecesessassenactennnanaaas 33 a 20 2 

ya RR Tr RT SR ey SL LO I 31 0 0 

SO rr a a a ye 47 7 3 

ER SR eS Se LR rl SB 54 16 0 

a a eR eT RR 53 11 3 

Es BR Se SO 57 7 3 

OBS rr ni eR A BR Ss da ES SE Ee ER prea 2 49 10 2 

a EE RE el So MR 42 17 1       
  

The percentages of deaths by typhoid fever are very high, as will be evident by refer- 
ence to those of Olean and Salamanca, N. Y., and that of Bradford, Pa. The percentages 

of mortality from this disease at Allegheny, Pa., a notorious hotbed of typhoid fever, are 
as follows for certain years: 

Typhoid mortality at Allegheny, Pa. 

  

  

Year. Dos Ta 

ER en ASL IR ee a aes 1,962 99 
RR Ran Spe ae ELL TONE ISAT EL Saba fre i See 1,995 74 
1807 HI NA APR SS a 1,778 79 
hee eR Epil a re ne RR Ee 2,036 73 
B00 re hs Sens tn Pit has fen My be Te os Se EE i Ba er RSs 2,109 135     
  

The two places are evidently in the same class, so far as the prevalence of typhoid fever is . 

concerned. Certainly the water supply of Sewickley is not beyond suspicion. The experi- 

ence of New Bethlehem, Pa. (see p. 26), a town of only half the size of Sewickley, shows 
that a filtration plant is not beyond the means of the latter if the citizens can be arcused to 
an appreciation of the loss annually suffered from this preventable disease.
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Coraopolis, Freedom, and Monaca.—Besides Sewickley there are three or four other small 

towns between Pittsburg and Monaca, where Beaver River discharges into the Ohio. Cora- 
opolis (population 3,000), a little above Sewickley, also pumps from a cribin the river. The 
quality of this supply is evident from the Sewickley figures. Freedom (population 2,000) 
also planned such a crib, but has succeeded in making arrangements with the filtration 
plant at Beaver Falls for a supply. Monaca (population 3,000) pumps its supply from deep 
wells in the gravel on the beach of the river. All these places sewer into the Ohio. 

BEAVER RIVER BASIN. 

SHENANGO RIVER. 

Greenville, Pa.—Near the head of Shenango River, one of the tributaries of the Beaver, is 

the town of Greenville (populdtion about 5,000). Its water supply is obtained by gravity 
from a spring-fed reservoir holding about 8,000,000 gallons. The daily consumption is about 

1,000,000 gallons. In case of shortage the Little Shenango is pumped raw. This is a pol- 
luted stream and should not be used for drinking purposes without purification. The field 
assay (p. 83) shows that the water strikingly resembles those of French and Oil creeks. Ar- 
rangements should be made either for filtering the river water or for adding to the present 

storage capacity. Hardly any typhoid statistics are available for Greenville. In 1894 

there were 7 cases and 1 death; in 1895 there were 15 cases and 1 death, enough to show 
that the cases were probably not isolated importations. The town sewage discharges 
into the creek. ; 

Sharon, Pa.—About 20 miles down the Shenango is Sharon, with a population of about 

10,000. The city water supply is derived from the river, the water being purified by 
mechanical filters, privately operated (see assay on p. 83). The plant consists of four large 

sedimentation tanks and eight filter units, the whole having a capacity of 1,700,000 gallons 
per day of fourteen hours. During the day the filtered water is pumped into the mains, 

whatever water is not used at the taps flowing into a 2,000,000-gallon storage reservoir. 
The field assay shows that the effluent from the filters is very similar to the raw water at 
Greenville. 5 

The efficiency of mechanical filters is a matter of grave interest to many municipalities in 
this region, because of the very turbid condition of the stream waters. Although mechan- 

ical filtration has been practiced in this country for only a few years, it is very well under- 
stood that only by the coagulating processes in use as a preliminary to mechanical filtration 
can muddy waters be successfully handled day by day. Even if the small towns in this 

section could afford to install costly systems of slow sand filtration, it is probable that the 
high turbidities would soon so clog the filters as to make their operation very unsatisfactory. 

As the muddy stream waters are in this section the natural source of supply—at some places 

the only one—water purification has here developed largely along the lines of mechanical 
filtration. : 

When efficiently operated, with due study of the chemical nature of the water treated 

in each individual case, effluent water of satisfactory quality can be obtained from mechan- 
ical filters, the bacterial efficiency in many plants being nearly 100 per cent. When results 

are not satisfactory the cause of failure is usually found either in the inadequacy of the pre- 
liminary coagulation or in the grade of supervision provided. As the efficiency of the fil- 
ters depends very largely on the complete combination of the suspended matters in the 
water with the chemicals added, failure may be expected unless each water is treated with 

the chemicals best suited to its composition and with a sufficient quantity of the chemicals. 
The majority of the processes devised for this purpose are in the experimental stage. The 

devices in most extensive use depend mainly on compounds of iron and aluminum. The 
processes depend upon the formation in the water of bulky precipitates through the combi- 

nation of the aluminum or iron with the carbonates in solution. For this reason it is neces- 
sary to determine the alkalinity, and, if necessary, to increase an alkalinity naturally too 

low to allow the requisite chemical combinations. Ten or fifteen years ago, when the proc-
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esses were not clearly understood, the coagulation basins were small and the amount of 
chemical added was frequently insufficient, so that a high degree of coagulation was seldom 
realized. In this respect the advance has been remarkable, the preliminary treatment 

receiving careful study, so that it is now very satisfactory. With the building of larger tanks, 
more complete chemical combinations are possible, so that a muddy water is very highly 

improved before going to the filters at all. Success depends so largely on the even uninter- 

rupted flow of the chemical into the tanks that improvement in these filters has followed 

closely on improvement on the design of automatic devices for regulating the introduction 
of chemicals. 2 

The second most common cause of failure of these filters is to be found in the grade of 

supervision provided. It would seem axiomatic that to install an expensive plant, designed 
to give certain results under carefully adjusted conditions, and then to hire an incompetent 
person to operate it is to make the machinery useless for the purpose for which is was de- 

signed. No business man would be guilty of such an absurdity with apparatus costing him 
the most trifling sum, yet such has been the course of action of many municipalities. 

A most striking example of the efficiency of mechanical filtration of polluted surface 

waters is furnished by the decrease in the typhoid fever mortality of Lorain, Ohio, with the 

installation of filters. The town is located on the shore of Lake Erie, about midway between 

Cleveland on the east and Sandusky on the west, each about being 30 miles distant. The 
large amount of sewage that pours into the lake from these towns and others between them 

makes the raw water dangerous for a city supply unless taken out at a prohibitive distance 

from shore (cf. Erie, p. 104). The degree of healthfulness of this water supply before the 
introduction of the filter plant is clearly shown by the following figures showing mortality 

from typhoid fever: 

Deaths per 100,000 from typhoid fever at Lorain, Ohio, before filtration. 

  

  

Year. Deaths. Year. Deaths. 

1880 Asal cian a Tea ear Ie a a 183.3 
i ast BI la li SI EL pen 8 Ge eS eR Se SRR TE Re Sa 48.8 

Lh!) ERR aE SA TL SES SEER SRS ST TERRE EL RE SS TCE LIAS AE 131.6 

AO Ra St ete Ae a a] Ee Rs ee a $3.3         
  

These figures show that the supply ranked with the worst in the country at that time. In 
1896 and 1897 mechanical filtration of this water by the Jewell system was resorted to. The 
figures showing typhoid fever mortality for the years following this installation are decisive 
as to the efficiency of the process in this instance: 

Deaths per 100,000 from typhoid fever at Lorain, Ohio, after filtration. 

  

  

Year. Deaths. Year. : Deaths. 

{5 ra Rn Ye Es SOE LR Le EL rn TE Sa RE 11.5 

5 Sr RE A Ma RS pc BE GL 5.5 

ES te EE EY ad Sas ee Sa ah ; CLE EINEL L ER  R  E e Sa 26.3       
  

The present mortality rate is as low as that of towns having carefully guarded surface 

supplies, and the filtration plant, judged by its practical results, is all that could be desired. 

A chapter of important evidence is furnished by the rise in these figures when, in 1903, 

repairs to the plant made the use of raw lake water necessary for a brief period. For the 

first seven months of the year, the filter being then in use, there was not a single death from 

typhoid fever in the city; after the unfiltered water was turned in, although notices to the



80 WATER IN UPPER OHIO BASIN AND AT ERIE, PA. 

public had been printed in the local papers, the death rate from this disease from August to 

November, inclusive, rose to 180 per hundred thousand, dropping to 60 per hundred thou- 

sand in December and practically disappearing soon after the raw water was shut off. It 
is hardly possible to get a clearer demonstration of the value of such a system in safeguard- 
ing the public health. It may be said positively that no public supply in this section should 

be taken from surface waters without filtration. The population is too dense to permit of 
the segregation of drainage areas except at a prohibitive cost, and some of the cities aie too 
large to be supplied by spring waters without extensive segregation. Accordingly it is 

found that the largest towns have installed filtration systems similar to that at Sharon. 
Typhoid-fever statistics for Sharon are too few to establish anything except the presence 

of the disease in the years given. In 1894 there were 13 cases and 3 deaths; in 1898, 16 
cases and 2 deaths—that is, about the same as Sewickley, though Sharon has three times the 

latter’s population. 
NESHANNOCK CREEK. 

Mercer, Pa.—At Newcastle Beaver River receives the waters of Neshannock Creek, carry- 

ing the drainage of a number of small towns. Chief of these is Mercer (population 2,000), 
about 25 miles above Newcastle. The public supply is pumped from Otter Creek to a 

mechanical filter. A field assay is given on page 83. The high color of this water may be 
due to drainage from the Half-moon Swamp at the head of the creek. The drainage area of 
the stream is sparsely inhabited, but there is sufficient pollution to make filtration necessary. 
There is little public interest in the question of water supply. 

Newcastle, Pa.—Newcastle (population 35,000), a large manufacturing town, has a mechan- 

ical filter plant. The water is pumped from Neshannock Creek to large sedimentation tanks, 
thence to 8 filter units. The plant appears to be efficiently conducted. The following 
analyses of raw and filtered water at this place were made by Dr. F. E. Witherell for the 
American Waterworks and Guarantee Company, which controls this plant and numerous 

others. They are furnished through the kindness of that corporation. 

Analyses of raw and filtered water from Newcastle, Pa.b 

  

  
  

  

  

Hagar por ania Colon bacillus.c 

Effi 
Date. Raw | Filtered | ©P¢Y-| Raw | Filtered 

water. water. water. water. 

1902. Per cent. i 

May I. rr a eee 760 36 LE a Re D 

May 2. medi moni a an tra a a 740 38 i reat bentley ERR a 

May 3. NI 670 30 LE a SRE 

May 4. er a a ee a 710 19 Ee Fe Rian as bebe 

May 5. oe a as ee a RT 720 41 Od ae sa 

May 0 I 980 43 1 TIE bal eR CSR 

May a Ne Re Sa 770 38 ECE RR Te LR Ce 

ERR Rae CIRO ha San EL Be 530 35 RE ER RR 

May 0. rr a a a 420 28 LL Eg Se Rh Lr SE 

1 Eel LE BSR IE Ee ee 630 30 Tr EE ES LE OE) 

May I). ra ee a a ns 420 24 EE Ee a eR 

May 2, rE en we i a 370 22 LE Lenn yh ERE 

May 180. i a A a a 610 32 REEL Ll 

May Wd: sr ne a nh 560 40 Sin RS Caer 

May 18. oe tal el ra a aks 550 33 LL ERE BOL CR ty Len ar 

Mayi6.. rite rd aS ea 600 33 1% IE SE SO | BER es 

May17......- eR Nr CEE SE 610 34 SRN SMe fe rR 
MAY: 18. es ra ae ae a 530 37 08 te GU eel         

a Engineering News, 1894. b All analyses made by Doctor Witherell. c+4positive; —negative.
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Backes poz able Colon bacillus. 

Date. 2 i, : 
Raw Filtered | ¢1€NCY- Raw | Filtered 

water. water. water. water. 

-1902. Per cent. 

May 19. Er I SE a ee 470 23 LE HR To BO Bot 

My 2 te eS 770 48 ry REE a eae Er Ce le 

EAA ee A Sa Ba Le AI 730 41 LL El Ea 

TTR Sa RO Se SR RE a EL a eR A 550 21 1 ed EE a DSi gC 

Danie a a A ER Se TR 2,000 70 96.5 + 

DO a i 1,200 40 97 + + 

Re Tp i Se lS LS Cee Pe EE 1,100 37 97 + - 

PIO. a rd he Se See Se SA eh 1,400 80 94 + + 

DIO ts Sd Ee ee a SL 900 54 94 + + 

JUNG B Sn 2 el NS Sn Be 1,200 36 97 4 — 

De AN Rl Te I ER SE EATON, 600 68 89 + + 

8 AE RS STE BL SR ie Sl ID Se 1,060 44 96 + +2 

Ol a NL 1,100 42 96 + = 

ir re Rs ee Se Be Sl RT a 45,000 112 99.75 HBR bein 
Tome 20. yr eR An Se RT 15,000 127 00.2 lo e 

JOLY 2 a a Pei ah 12,000 86 90.8 rina: = 

Jy dt RR RL 24,000 93 99.602 ona = 

JY Gas wa Sw LI AR 8,500 93’ 99.9: 4. cs = 

1903. 

7% TO Ln SEE Se Sa RR a 1,205 50 98.3 —- —- 
7 el A Bt A i DRS ee 2,500 $74 97 + = 

v0 EE BU DU Se Be RS Pl NT De eT 9,000 85 90.1 + = 

Set. A Le i rN 2,300 35 98.5 + = 

TL Ba i OS Le Rg Se le 8,000 27 99.7 + od 

1904. 

AE TIN 1,260 20 98.4 + ro 

A Ee rd a SL 780 23 97 + = 

AE ee Ee are 1,620 21 98.6 + He 

ANE AT Sa See rae 2,800 10 99.6 + = 
A A nt I Sd 3,200 15 99.5 + = 

A I 4,200 18 99.6 + = 

ARE AG i rs A Sa Rr a 3,320 5 99.8 + = 

AUG A a ro dha i a aes my Peet Sh 4,800 25 99.5 + = 

a ete MeL BS Ee ES te Sr ne 3,130 10 99.7 - 
A ai a a, 6,200 38 99. 4 + x 

ANG. 205 ot i SU Ee Te 4,200 8 99.8 + = 

70) EO Bn eS NB SO a a Se AT SI 3,720 29 99.2 + = 

Agr 22, laa i a seh Ne RE i 3,120 43 98.9 + - 
Ang 2s a Re 3,010 55 98.2 + 

ARE a Ns SP 2,760 2 99.99 + 

AM IS a TE 5,100 3 99.94 + 5 

AEB SE a Es 6,600 8 99.9 + = 

FE TE SE a ee SR LEN ie en es 6,400 3 99. 95 + a 

FT SI CR Re SE Te pe 3,900 2 99.95 + = 

AUB es a a in a pa 3,000 3 99.9 pe — 

AOE Lhe 3,800 3 99.92 + = 

3 a Le en rR SN CR LR Se SR 2,500 5 99.8 + -— 

DEC 20. or hr rant a Er Se 2,000 15 99.3 + — 

Re I ER I CR TC TT OR AI SO 15,000 vi] 90.5 + — 

18 TEL OR A I Le cs 21,500 450 98 + -— 

IRR 161—06——6 
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Analyses of raw and filtered water from Newcastle, Pa.—Continued. 

  

    

  

Bacteria per sible ok Colon bacillus. 

Date. Rr : ciency. ; 
aw Filtered Raw Filtered 

water. water. water. water. 

1905. Per cent. 

Ja Bis Pa a DS ra hh eae at 4,760 54 99 X —_ 

ALTRI a a A a A ER SR NL I 4,250 35 99.2 4 — 

FATT enna a Se A nl 3,950 21 99.5 Ru — 

Jane Oa rr a i ee 7,210 12 99.8 oe — 

AF ThE Le ee a NE ER 3,100 6 99.8 — — 

Tan A ee SI eR 2,800 2 99.93 RY — 

7 ES ESE a Ce CE Ra CH Re 5,220 9 99.9 RY — 

FATT oot on in Th a Er i 12,000 72 99.4 RY — 

Joan abso il AE Lp I CE Li SE 15,200 12] mel x = 
Rh a Rg DR A ER ea CIM Xa 5,600 20 99.6 RE —_           
  

The percentages of efficiency are calculated from the figures given and show marked 
improvement since 1902. For May of that year the efficiencies are low, averaging 94.5 per 

cent. For a water so grossly polluted as the Neshannock such an efficiency is not high 
enough to assure a reasonable immunity from disease, and the condition is reflected in the 
high typhoid-fever death rate for 1902, shown in the table below. For June, 1902, the aver- 

age efficiency was 95.9 per cent, also a low figure. The figures for July show improvement if 
they represent average conditions. For 1903 the few figures given show an average effi- 
ciency of 98.5 per cent, which is much more satisfactory. The typhoid mortality in that year 
was so high as to suggest that at other seasons of the year the filters were not working so well. 

For 1904 the figures are fuller and show a percentage efficiency averaging 99% per cent, 
reflected in the 50 per cent decrease in typhoid deaths for 1904. The figures for 1905, so far 

as they go, seem to show that this high standard is being kept up; altogether the plant at 
Newcastle may be considered to be doing very good work at the present time. 

In the foregoing table it is noteworthy that the colon bacillus was positively identified 

in the raw water in nearly every case where the test was made, and in the filtered water 
during 1902. Since then the results have been negative. Doctor Witherell made the fol- 
lowing statement in a letter dated November 17, 1905: 

The tests made for B. coli communis were as follows: For the first inoculation a glucose neutral red 

bouillon is used, made up of— 

1,000 cubic tentimeters distilled or soft water. 

5 grams beef extract (Liebig’s). 

20 grams Witte’s peptone. 

5 gram Grubler’s neutral red. 

20 grams grape glucose. 

1 gram sodium taurocholate. 

Reaction is +1, Fuller’s scale. The broth is inoculated with 15, , 1, 5, and 10 cubic centimeter water 

samples and incubated 24 to 30 hours at 104° F. If the presumptive test is positive—that is, if 30 to 70 

per cent of gas is formed, approximately one-third being carbon dioxide, with the medium strongly acid 

to litmus, andthe neutral red changed to canary yellow with green fluorescence—samples are plated into 

gelatin stab, agar streak, milk, potato, nitrates, Dunham’s solution, and confirmatory results are looked 

for.
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The typhoid statistics below are from the reports of the Pennsylvania State board of 
health, except for the years 1903, 1904, and 1905. 

Typhoid mortality at Newcastle, Pa. 
  

  

Year. P opie Deaths. Spar 

I ee en ea Ee er Le ER ER 19, 600 Ee pa 

B97. Sri REAR TE SRR a es ea a 21,000 13 62 
Teh es a SS RC EO RE Se ed Sri 24,000 6 25 

ea Se Ae 26, 000 29 112 

Lees ne enn Ses OUR a TR a De 28, 350 36 127 

IT dC ne A IC SE SS LL BN Sa IE CR 30, 000 10 33 

0 Re Re Rr SR 32,000 39 122 

To Leet eT ae SANE TEL be De ie A a Te Ml Le al 34, 000 34 100 

a as 35,000 18 51 

B0TaL Lo reste le a Ee 36, 000 11 530.6       
  

a Furnished by C. C. Honne, health officer of Newcastle. 
b Up to Nov 11, 1905. . 

The figures showing population are roughly estimated from those for the census years 1890 
and 1900. The estimates are only approximately correct, but are probably not far from the 

truth. As the number of cases is not obtainable for some years, the rate is calculated per 
100,000 of population. 

The field assays of this water show a very low alkalinity, probably due to acid drainage 
from manufacturing establishments on the stream. This is visible in the sulphate content 
also. The water is of fair quality for domestic purposes. 

Field assays of public supplies in Shenango River and Neshannock Creek basins. 

[ Parts per million.] 

  

  

Determination. Greenville. | Sharon. Mercer. | Newcastle. 

ebay. a, a ST Ee a ey 0 0 0 0 

BITTY i ete Ee AE Sp IEE SE 106 122 122 35 

ron (Ie) a ms. RR RR Se A Sse rah 1 5 5 Trace. 

Calelum Ca) co ee Pt AS a 42 44 43 76 

Total. hardness (as CaCO0s): <i ts dea 5 47 47 42 61 

Alalinby ir ra ns SR i Se IE SC 43 49 49 26 

Sulphatesi 80)... visit ves i a ets aj a10 0 41 

Oorides (C1). or i a A Ba Stee 5.6 11.2 9.7 9         
  

a Estimated. 

CONNOQUENESSING CREEK. 

About 15 miles below Newcastle Connoquenessing Creek enters the Beaver near Ellwood 
City. The most important places in its drainage area are Butler, Grove City, Evans City, 
and Ellwood City. 

Butler, Pa.—Butler (population 10,000), near the headwaters of Connoquenessing Creek, 

is well known to sanitarians for a noteworthy epidemic of typhoid fever occurring there a 

few years ago, caused by defects in the operation of the filters. The epidemic has been fully 
discussed by leading sanitarians, and in this place it is sufficient to remark that conclusive 

evidence was afforded by the costly experience of this period that the raw creek water was 
highly dangerous for drinking, and that constant vigilance in the operation of the filters is 

necessary to assure safety. The plant is now operated by the American Waterworks and 

Guarantee Company. Frequent bacterial analyses are made by Doctor Witherell, the coli 

tests being made as at Newcastle, except for the omission of the taurocholic acid control,
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The Butler supply (see assay below) is undoubtedly the best of those examined in the 

Connoquenessing Creek drainage, as it contains far less mineral impurity than any other. 

Evans City, Pa.—Evans City (population 1,200) is situated on Breakneck Creek, a tribu- 
tary of Connoquenessing Creek. Its supply is obtained by gravity from a hill reservoir 

impounding spring runs. The high chlorides and alkalinity suggest the presence of ground 
water. This water probably contains calcium chloride and would corrode boiler tubes. 

Field assays of public supplies in Connoquenessing Creek basin. 

[ Parts per million.] 
  

  
Determination. Cove Biand Butler. fons 

Pari Ey. Sst Ss 0 a20 0 0 

BE Ll NN ER LS Tr Ne I SOR INE Se 35 140 45 44 

Tron (Fe) nirdosh tate salen nd ob atain ino 2.7 1 0 1; 

Calcium (Cay... io. 0.5 A BRR Cn eR en 119 67 28 94 

Total: hardness (a8. CaCO). Lo coi i ona sonia t doy, 130+ 66 39 66 

ATKAUNITY . os cise sats see A Sa EE tien Wess Sa 3 Pass Ena Th 201 40 40 191 

Sulphates (S08): ir i i dR ar I ab a 20 a3 Trace. 

Chlorides (Ch vi ti harem a ln les 5 23 2 19 78           
a Estimated. 

Grove City, Pa.—Grove City (population 1,600) is situated on Wolf Creek, one of the head- 
water streams of Slippery Rock Creek, the most important tributary of Connoquenessing 
Creek. Its water supply is pumped from a 200-foot driven well to a standpipe. The field 

assay (above) shows the water to be of a fair quality for a ground water, although it is hard 
and contains a little more iron than usual. It gives satisfaction for drinking purposes, but 

would be wasteful for laundry uses and is so high in incrusting carbonates that it would 

certainly incrust tubes. ; 
Ellwood City, Pa.—Ellwood City (population 2,500) draws its water supply from Con- 

noquenessing Creek. The water is said to be mechanically filtered. Before entering the 
Ellwood supply the creek receives the sewage of Butler (population 10,000), Evans City 
(population 1,200), and the two small towns of Harmony and Zelienople. The water is 

undoubtedly too grossly polluted to be safe in its raw state. 
The traces of sulphur and iron, shown in the field assay (above), are probably due to a 

little mine drainage. The turbidity is higher than it should be for a filtered water and casts 
grave doubt upon the efficiency of the process. The color of the water is also high. 

It will be clear from the foregoing data that Beaver River drains much sewage pollution 
from this section of western Pennsylvania. Filtration of this water is absolutely necessary 
before it can be safely used as a public supply. 

BEAVER RIVER. 

Beaver Falls, Pa.—The largest city on Beaver River is Beaver Falls (population 10,000). 
At this point the supply was until 1900 obtained directly from the river without purification. 
The result of the use of such water is indicated by the following figures showing the typhoid- 
fever mortality, which is among the highest in the country: 

Typhoid mortality at Beaver Falls, Pa. 
  

  
Year. {ed pe 

LY NET SRT a SE Se A Ee 124 28 8 
a a MT RETR 134 105 11 
TE Irn SMe Sars Sk, Es Ma re Len ciel Re io vs bE TR 128 80 15 
EE a SP 138 27 8 
MA A a a La a er 169 22 15           

Figures for later years are unobtainable,
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In 1900 mechanical filters were installed, supplying Beaver Falls, New Brighton, Roches- 

ter, Freedom, and other places. Four of the filters are of the Jewell type, the remaining 
four of the old closed or oil-tank type. The plant seems to be efficiently operated, and local 

physicians speak well of the decrease in the number of typhoid fever cases since its installa- 
tion. Bacterial analyses of 20 samples collected at the intake and at a tap in Beaver Falls 

show an average bacterial content as follows: 

Bacterial analyses of water at Beaver Falls, Pa.a 

[Bacteria per cubic centimeter.] 

  

Raw water. Filtered water. 
  

Total. B. coli. Total. | B. coli. Efficiency. 
  

Per cent. 

246, 850 195 29, 300 12 94           
  

a Data furnished by water company. 

This is a low efficiency both for total organisms and for bacillus coli, yet the filtrate is very 

much better than the raw water. 

The field assay (p. 87) shows a water typical of the river waters of this section. It is 

soft enough to be suitable for any purpose. 

OHIO RIVER BETWEEN BEAVER RIVER AND FISH CREEK. 

Below the mouth of Beaver River the Ohio flows nearly southwest for about 10 miles 

through a rolling farming country. It crosses the State line a few miles above Chester, 

W. Va, a little town of about 1,000 population. From this point on, notwithstanding the 
enormous pollution in the river, the water is very commonly used as a public supply in its 
raw state. It is evident from the foregoing discussion that the inevitable effect of such a 

practice is the sacrifice of many lives annually, with the additional waste of thousands of 

dollars by the communities affected. Although West Virginia has laws on its statute 

books forbidding stream pollution under penalty of $5 fine for each offense, there is wanton 

and wholesale contamination of every stream in the State. As no typhoid-fever statistics 

are obtainable for towns in this State, except for Wheeling, it is impossible to supply that 

concrete evidence of the disease-producing quality of the water which is furnished by such 
figures. The quality of these supplies will be evident, however, from the following descrip- 

tions of conditions in this section and from the typhoid-fever records of those towns in Ohio 

which take their supply from the river unpurified and which have collected figures con- 

cerning this disease: 
Chester, W. Va.—At Chester the public supply is pumped from a filter well that is sunk 

in the fine sand of the river bank. The well is about 8 feet in diameter and is covered with 

a brick and concrete dome. The pumping machinery is mounted in a larger well close by, 

a gallery connecting the two. The effluent from this plant is beautifully clear and spark- 

ling at all times, although the river is usually muddy. There can be no question, however, 

that so far as organic contamination is concerned no change of importance occurs during 

the natural filtration of this water. It can not be regarded as a safe supply for this munic- 
ipality, and if typhoid-fever statistics were available the town would probably be found 

to suffer heavily from the disease. That this is not mere conjecture is evident from the 
high typhoid-fever percentages for East Liverpool, Ohio, directly across the river. This 

town pumps its water supply from the Ohio River raw, and is seen to be suffering constantly 

and heavily from typhoid fever.
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Typhoid mortality at East Liverpool, Ohio. 
  

Total | Typhoid 

  
Year. deaths. | deaths. 

Eh ns a Sue se a Se ee 154 9 
000 SS Le a SR Se re 196 17 
0 TS eS eh 187 2% 
02 a 226 15 
he 337 13       

The field assay (p. 87) shows the increased mineral content resulting from the passage of 
the water through the river sand, the mineral contents being appreciably higher than those 
of the river water at Pittsburg. This water is too hard to be considered excellent for boiler 

uses, and its muddy condition in the raw state makes it very poor for other industrial pur- 
poses. It is, however, of better quality than the ground waters in this section, as will be 

evident from the field assay of the wells at Wellsburg and Wheeling, given below. 

New Cumberland, W. Va.—At New Cumberland, about 15 miles below East Liverpool, 

the city supply is also raw Ohio River water. The town has about 1,200 inhabitants, 

and is partially sewered. Above it on both banks of the river are visible evidences of 
pollution, besides the accumulated filth coming down in the river from Pittsburg. The 
supply of Steubenville, Ohio (population, 14,000), is of the same kind. The officials of 

this town have for years made no report of typhoid mortality. 

Wellsburg, W. Va.—Wellsburg (population, 2,500), about 10 miles below Steubenville, 
also uses raw Ohio River water. The field assay of water from a 60-foot well much used for 

drinking purposes on one of the main streets of Wellsburg is given on page 87. There are 
are numerous drilled wells on the the streets, to which resort is had for drinking water to 
some extent. This water is very hard and not suitable for any use except drinking. 

Wheeling, W. Va.—Wheeling (population, 40,000), on Ohio River about 14 niiles below 
Wellsburg, has probably one of the worst typhoid-fever records for a town of its size and 

wealth in this or any other country. Like the towns just mentioned, it pumpsits supply 
raw from Ohio River, without any attempt even at adequate sedimentation. Wheeling 

Creek, which flows through most of the town, is an open sewer. The intake of the water- 

works is located a very short distance above the town. The works are owned by the city, 
and considerable thought has been devoted to the regulation of rates, but none to the 
quality of the water supply. In view of the conditions above described, under which town 

after town turns its disease-polluted sewage into the river, the strange thing is not that 

Wheeling should lose many lives and thousands of dollars through the use of polluted water 
for drinking, but that any American community should tolerate such a state of affairs. 

The figures shown below are available from the reports of the United States Public Health 

and Marine-Hospital Service. Although for but a portion of the years shown, they indicate 
closely the character of the supply: 

Typhoid mortality at Wheeling, W. Va. 
  

  

7 i Deaths 
: ota from 

Quarter ending— deaths. | typhoid 
fever. 

March BL 0 or cD i Ee I ET daha se wen Ce Se a Ben ay a 200 8 

re TAL a a pe Eee ea I Oe 187 18 
Mare OL, 000. rh a a re ea ss A a EE A Sa Lr A Eas 182 7 

June 30, 1005. . NSD ER 141 8       

The significance of these percentages may be better understood when they are com- 

pared to the figures previously given as to Sewickley, Allegheny, Pittsburg, McKeesport, 
and other places. The condition here is almost incredibly bad.
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The field assays below shows that the river water is considerably softer than the natu- 
rally filtered water at Chester. The well of the Acme Box Company is used for all purposes, 

both steam making and drinking, in the factory of the concern. It is unfit for any of them, 
being so excessively high in sulphates and iron as to corrode boiler tubes very rapidly. The 

use of this water represents a heavy annual expense for needless repairs. It is not very 

palatable, and its high color is not reassuring as to the safety of the well [rom contamina 

tion by surface water. 
Moundsville, W. Va.—At Moundsville (population, 6,000) the water supply is obtained 

from wells on an island in Ohio River of the rather rare type in use at Gallipolis, Ohio, 

described on page 64. The typhoid-fever statistics of the latter town may very well be 
applied to the consideration of Moundsville’s supply, the conditions being practically iden- 

tical at the two places. The wells are four in number and 16 feet deep. The borings are 
carefully cased, admitting water only through strainers at the bottom. They are connected 

near the top so as to be pumped together. The effluent is beautifully clear and pleasant 

to the taste. The field assay shows considerable diminution of the sulphates in the river 

water, with entire absence of suspended matter and color, though at this period the raw 
water is a muddy brown. 

Field assays of water from towns along Ohio River. 

[ Parts per million.] 

  

  

            
  

Peover Chester, Weimar, Whealing, Wheeling, Mounds- 
i . Falls, Pa. + Vib; Va, : ry Va, ville, W. 

Petorminoiion, public | public | 60foot | WO | Tiity™ | va, city 
supply. supply. well, Co. supply. supply. 

Tarbidity : oi aa i = 0 0 0 0 0 0 

COLO. ds re Fo Pe RE 83 90 5 123 45 0 

Tron (We). =. .c. x. oils, (a) Trace. .5 20 (0) 0 

Caleium (Ca)... i: =. 20250 45 102 200 274 55 96 

Total hardness (as CaCOsg)... 51 A ye la re Fird 111 

Alaliniby Com cilea 29 88 267 380 22 63 

Sulphates (80s). iti tai: ¢20 40 54 +522 41 15 

Chlorides (C1). =. .i 0 2 ase. 12 27 15 99 19 24 

a Slight trace. b Very slight trace. c Estimated. 

FISH CREEK. 

Fish Creek, which enters the Ohio about 8 miles below Moundsville, drains a country 

very deficient in water resources. Along the West Virginia Short Line of the Baltimore 

and Ohio Railroad the small communities have to get their supplies from individual wells, 
the deep-well water not being of very good quality. 

Hundred, W. Va—At Hundred (population, 300) there is a 118-foot well, which, as 

shown by the field assay, is of very good quality for water drawn from such a depth. The 

high alkalinity may indicate the presence of magnesium. Although somewhat hard, this 
water would make a good public supply. 

Littleton, W. Va.—Littleton (population, 700), a few miles farther west, has a public sup- 

ply very similar in quality to the well at Hundred. It is drawn from 2 wells 145 feet deep 

recently drilled to replace the public supply from Fish Creek, a little stream which is prob- 

ably as highly polluted for its size as any stream could be. The springs in this section are 

not very numerous nor very large, most of them drying up in the summer. The Farrell 

Spring at Littleton, a limestone spring of unusual hardness, is piped into a few dwellings 

for domestic purposes. Its water is strikingly similar in mineral content to that of the 
deep well. 

Board Tree and Cameron, W.V a.—The Bill Spring at Board Tree (population, 50), a few 

miles west of Littleton, is also very hard, the water seeming to come from a limestone
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formation. It is much used for domestic purposes. The 66-foot well at Board Tree is the 
only bored well in this section. Its water is so high in incrusting solids as to be of no use 

except for drinking. Fish Creek itself is a small stream that flows over the naked rock in 

most of its course and practically dries up in the summer. The field assay shows that its 

water is considerably harder than the river waters of the Monongahela basin, but still com- 
paratively soft and available for industrial purposes. The railroad leaves the stream soon 

after passing Board Tree, going north to the terminus at Moundsville. The only important 
town in this section is Cameron, which has about 1,000 population. It has a city water 
supply pumped to reservoirs from 5 driven wells 100 feet deep. The field assay shows this 

water to be far too hard for any use except drinking, the sulphates being so high as to 
incrust boiler tubes. The railroad uses the waters of Graves Creek, a small stream empty- 

ing into Fish Creek, for steaming purposes. A large brick filter well has been constructed 

in the bank of the stream, in which the water is collected. The field assay shows it to be 
but little better than the well water. 

Field assays of waters in Fish Creek basin. 

[Parts per million.] 

  

  

  

                  

Hundred. Board Tree. Littleton. Cameron. 

Determination. 118-foot | Fish | Bill | 66-foot | Farrell| 145-foot | 100-foot | Graves 
well. Creek. |Spring.| well. |Spring.| well. wells. | Creek. 

TODAY on dss ns 0 0 0 0 0 0 a4 
Color. [nase Sina se 5 37 35 96 35 90 17 10 

Iron (Fe)... oi dm ainsi. 75 0 0 1.75 0 .8 29 0 

Caleliim (Ca)... = 5 -ornuls 70 32 87 156 110 119 137 102 

Total hardness (as CaCO;)..| 118 63 : 8 Lo PA 130+ 132 130+ 132 

Alkalinity... conc sn eh 187 35 61 171 78 7 216 47 

Sulphotes (8Cs).....5. ico. 20 5 30 58 35 42 83 52 

"Chlorides (Clyro: 19 14 14 80 24 19 Sirs AY 19 

a Estimated. 

FISHING CREEK. 

At New Martinsville another small stream, Fishing Creek, enters the Ohio, draining also 
a poor and sparsely populated country. The industry of this section has always been 

dependent on the oil wells, and the decline or failure of these has caused the abandonment 
of many habitations. 

Smithfield, W. Va.—Smithfield, near the crest of the divide between the Monongahela 
and the Ohio, is a typical oil town of a few hundred population, without any public water 

supply. The 160-foot well assayed is one of three 8-inch wells bored by the South Penn 

Oil Company for boiler uses and also for town supply. It yields a surprisingly soft water, 
the total hardness not being much higher than that of Fish Creek. The chlorides, however, 

are so enormously high as to make the water very corrodant in boilers (see assay below). 

It is probably best used for drinking only. A sample from a 46-foot well showed a total 
hardness of 91 as compared with the 42 parts per million of the last supply, so that in this 

instance it is not necessarily the deep-well water that is harder. There are very few per- 
manent springs in this section. The water of Carlin Spring (see assay below), which is 

80 feet above the house into which it is piped, is of fair quality, the total hardness, it is 
noted, being exactly the same as that of the shallow well. 

Pine Grove, W. Va.—At Pine Grove, about 10 miles west of Smithfield, a once prosperous 
oil town, having at present about 500 population, there is no public supply, the townspeople 
using individual wells and small springs. The 50-foot well shown in the assay is probably 

high in magnesium carbonate and the alkalies. It is of fair quality for domestic purposes. 

The Newman Spring is much better in every respect, but is not large enough to supply more 
than a few families.
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Field assays of water at Smithfield and Pine Grove, W. Va 

[Parts per million.] 

  

  

  

Smithfield. Pine Grove. 

Determination, 46-foot | 160-foot | Carlin | 50-foot | Newman 
well. well. Spring. well. Spring. 

i BEd v1 13 bY nb CA AME el PL Rt LB He SORT Sal i a red 0 0 0 0 

el Be I BE a pnd 35 96 17 37 

ON (BO) La i a Se a aes em Trace. | ° 0 0 0 

Caleium eCa). .. so fl in ee SE J (@) 46 32 35 

Potal hardness (CaCO). lal wrest oii ish 91 42 91 77 63 

ARB or i TES it nia wet aa sans swine 236 49 229 47 

Siphates (80s). ot. bie toe out ay Cra i ee a 0 (a) 0 0 

Chlorides (OL). . oo inn 50 oh Rn rd Sdn ais 5 hy niaraais lors 574 de wit 393 19 90 9           
  

a Very slight trace. 

OHIO RIVER FROM FISHING CREEK TO MIDDLE ISLAND CREEK. 

New Martinsville, W. Va.—New Martinsville (population, 2,000) has expended much 

money in experimenting with water-supply methods without adequate return. Its supply 
is now pumped raw from Ohio River. An attempt was made to get water from filter wells 

similar to those at Moundsville, but unsuccessfully. Recently it has been planned to 
dig large brick wells in the shore of the river and pump the public supply therefrom. 

This would give a very clear water satisfactory for industrial purposes, but it would be no 

safer from a sanitary standpoint than the raw water itself. The condition of Ohio River is 

well recognized in this town, which has gone to the length of providing a number of drilled 
wells scattered over the city, from which pure drinking water is obtainable. The field 

assay shows this water to be extremely hard, but it should be excellent for drinking. 

Sisterville, W. Va.—The only important town between New Martinsville and St. Marys, 

about 35 miles down the river, is Sisterville, a manufacturing town which had a population 

of 3,000 in 1900 and which is growing with great rapidity. Its supply is pumped directly 
from Ohio River to tanks. 

St. Marys, W. Va.—The public supply at St. Marys (population, 1,000) is also pumped 
raw from Ohio River. The high turbidity of the sample indicates that the inhabitants of 

this town are practically drinking diluted mud for a large part of the year. The water of 

the 60-foot well at this point seems to be of good quality for drinking, although somewhat 

hard. The high hardness as compared to the calcium content would seem to indicate that 

the alkalinity is due mostly to magnesium carbonate. The town is built directly on the 
river and contributes liberally to its pollution. 

Field assays of water at New Martinsville and St. Marys, W. Va. 

[Parts per million.) 

  

  

  
  

New Martinsville. St. Marys. 

Determinaiion, Ohio | 53-foot | Ohio | 60-foot 
River. well. River. well. 

1103 2 LA A SS a aE ia Be 0D RE i le 140 0 240 0 

Color... Re gE RG EL EO 88 22 35 35 

Ironia) cs a SS SN ES 1 5 0 (@) 

CRITI NCA),. 57 ont es invipis inns aie Robin dd eg ee Bia dd on arnt 64 200 47 60 

Total hardness (CaCO aq)... rd erly A Pe ran 97 130+ 

A Ra ICY i eR CR, A 35 203 32 42 

SAPNALES ABO 2) 1 J cr oe ed dS win a EA Ena Sama ah b 20 b 10 b 20 0 

Chlorides Cl) os or i sanity 19 40 29 29         
a Slight trace. b Estimated. 
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MIDDLE ISLAND CREEK. 

Middle Island Creek, which discharges into the Ohio a little above this point, drains a 

sparsely populated farming country. As far as contamination goes, however, the scatter- 
ing nature of the population is more than counterbalanced by the directness of the pollu- 

tion. In nearly every case where it was possible and convenient to build a privy on or 
close to the creek it has been built there instead of where it would not pollute the water. 

West Union, W. Va.—The only important town on this drainage area is West Union, on 
the Parkersburg division of the Baltimore and Ohio Railroad, about 30 miles west of Clarks- 

burg. The assay below shows the water of the creek to be of very fair quality for indus- 
trial purposes. The high color is due mostly to organic pollution. West Union (popula- 
tion, 1,200) has no public supply, the inhabitants getting their water from wells varying in 

depth from 20 to 150 feet. The 128-foot well assayed (below) is in very general use, being 

on the public street. The water is of poor quality for any purpose except drinking. That 
of the 38-foot well is strikingly similar in its mineral contents. 

OHIO RIVER FROM MIDDLE ISLAND CREEK TO THE LITTLE KANAWHA. 

Williamstown, W. Va.—Williamstown (population, 400), on Ohio River, about 15 miles 

below St Marys has no public supply. The field assay shows that the water from a 60- 
foot well at this place is of fair quality though somewhat hard. It is noteworthy that the 
field assay of Ohio River at this point shows exactly the same chlorine content. The well 
is about 300 feet from the river. 

Field assays of water from West Union and Williamstown, W. Va. 

[ Parts per million. ] 

  

  

  

          
  

West Union. Williamstown. 

Detormingiion, Middle | 23 foot | 38-foot | 60-foot | Ohio 
Creek well. well. well. River. 

BAY DIRILY oi va sna Ci ea a TE EASA Sr on 0 0 0 0 0 

RR RE AS CS Ee SST se 160 0 17 22 22 

dyn (Be). 0. Sh rR rr TELS 0 (@) 5 0 0 

Caleta (Ca): va ia anita nt ssp nel is Trace. 126 133 87 46 

Total hardness (CaCOs). ii. Sars a ns a 63 1304= rina 139+ 139+ 

Alaliniiy ef SE a ST 36 116 0 42 29 

Sulphates (SOs). fu: notion anced unis noo (®) ¢20 c20 44 c20 

Chlorine (C0) rf. rs ae toon 9 90 70 40 40 

a Slight trace. b Very slight trace. ¢ Estimated. 

Marietta, Ohio—Opposite Williamstown is Marietta, with about 15,000 population, dis- 
charging its sewage into the river. Three streams in Ohio—Little Muskingum River, Duck 

Creek, and Muskingum River—enter Ohio River within a mile or two of each other at Mari- 
etta. Each drains an area comprising considerable population, so that the sewage entering 

at Marietta alone would be sufficient to make the raw river water unsafe, even if the pollu- 

tion entering above were eliminated. 
Parkersburg, W.Va.—In spite of the pollution at Marietta, which is evident from a cur- 

sory inspection of the river, Parkersburg, otherwise a growing and progressive town (popu- 

~ lation, about 17,000) takes its water supply unpurified from Ohio River. The supply is 

extremely bad, being almost always very turbid and unsatisfactory for any domestic uses. 
The claim is made in the city that this water is used only for fire purposes, spring water 

being largely bottled and sold for drinking. The value of this claim has already been esti- 

mated. There is no doubt that if typhoid-fever statistics were obtainable for this city a 
very serious condition of the public health would be manifest. It may be very well esti-
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mated from the typhoid-fever statistics of Marietta, Ohio, except that conditions at Par- 

kersburg would be much worse. 

Typhoid mortality at Marietta, Ohio. 

  

  

Total | Typhoid || - Total | Typhoid 
Year. deaths. | deaths. Year. deaths. | deaths. 

807 cn a ven Le en 115 TM A00] NE Ray 5 256 21 

itn ES alg ee 123 ella Sree Ln 174 13 

1890. oh ous BLE ver ina 163 ull A008 se NS ene . 194 8 

LY LEER LO te He OS IL ai 192 10             
  

These percentages are so high as to need no comment. Both Marietta and Parkersburg 

have the distinction of being in the same class with Wheeling as to water supply. 

Of great interest in this connection are the filters of the Parkersburg Steel and Iron Com- 
pany a few miles above the city. These wells are about 13 feet in diameter, 34 feet deep, 

and about 75 feet {rom shore. They are bricked up from the bottom, the pumping ma- 
chinery being incased in one of the wells, which is connected with the other. Six hundred 

thousand gallons of clear water are pumped from these wells every day, although the Ohio 

River water is usually muddy. It is found quite satisfactory in the boilers of the com- 
pany, but it is hardly necessary to say that in spite of its brilliancy and inviting appearance 
it would not be safe for drinking. The well on the public street in Parkersburg is one of 

two or three that are much drawn on for drinking purposes. The water is utterly unfit for 

anything else, being very high in sulphates and chlorides (see assays below). 

Field assays of water from Ohio River and well at Parkersburg. 

{ Parts per million.] 

  

  

                
  

Sana Raw | Filtered | Well : 33d Raw | Filtered | Well 
Determination. water. | water. | water. Determination, water. | water. | water. 

NE IAEY or os 180 0 0 Total hardness CaCOs. 76 1394 fo... 

Color. St nee Sd Ses 90 45 5 Alkalinity. i... 27 100 42 

Tron (Me).. Jf hriai. ter (@) 0 .5 || Sulphates (SO3).-.-... b 20 b 20 144 

Caloinm (Ca). o- x. ic 50 142 | 137 Chlorides (Cl)... .....- 19 19 101 

a Slight trace. b Estimated. 

LITTLE KANAWHA RIVER BASIN. 

A great deal of drainage enters the river at Parkersburg by way of Little Kanawha River, 

which flows nearly west across the State from Upshur County. The principal tributary of 
the Little Kanawha is Hughes River, which enters at Newark station. 

LITTLE KANAWHA RIVER. 

There are several small towns on this stream, the largest being Clenville (population, 400), 
Grantsville (population, 300), Spencer (population, 900), Reedy (population, 400), and Eliza- 

beth (population, 800), comprising a total urban population of 2,500, all of which contribute 

privy pollution to the stream. The water of Little Kanawha River is one of the purest in 

the State so far as inorganic content goes, being so soft as to rank with the Pennsylvania 

spring waters. The field assay at Burnsville, not far from its source, shows a very excellent 
water. The field assay of water from Little Kanawha River at Parkersburg shows a com- 

plete change in its character. The turbidity at the mouth of the stream is very high at all 

times on account of the character of the soil through which it flows in the lower half of its 

course. It gains very much in hardness also, and is altogether undesirable in its raw state 

for domestic use at Parkersburg, although soft enough to be of fair quality for boilers.
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HUGHES RIVER. 

Pennsboro, W. Va.—Pennsboro (population, 800) has no public supply, the inhabitants 

using individual wells, which are few and yield water of poor quality. The 207-foot well 
assayed below is too high in mineral content to be of use for any purpose, there being too 
much calcium to be correctly estimated by field methods and a qualitative test showing 
the presence of much magnesium. The water of the 46-foot well is somewhat better in 
quality, but only by comparison. Both these wells are subject to shortage in dry times. 
The town is built on steep slopes, draining into the North Fork of Hughes River, privy 

contamination being conspicuous, and the same is true of the other small stations along the 
stream. : 

Cairo, W.V a.—The most conspicuous carelessness in public supply in this sectionis at Cairo 
(population 800). Thistown pumps its supply from Hughes River, the claim being made that 
it is only for fire protection, and that drinking water is taken entirely from individual wells. 

About 100 feet above the pumping station on the creek are a privy and barn right on the 
banks of the stream, so that at high water filth from both places goes directly into the river 

and heavy rains at all times wash pollution into the stream. Thisis a representative condi- 

tion in this section. Field assay below shows the creek water to be of fair quality for indus- 
trial purposes, the well water not so good. It seems probable that the calcium is present 
almost entirely as calcium chloride, the alkalinity being extremely low. The color of this 

well water is so high as to create a suspicion as to its freedom from contamination. 

Field assays of water from Little Kanawha River basin. 

  

  

  

            
  

“» 

[Parts per million.] 

Pennsboro. Cairo. : 
AT Burns- | Parkers- 

Determination. 207-foot | 46-foot | 40-foot | Hughes | ville. | burg. 
well. well. well. Creek. 

Parlay a aR Tr ans 0 0 0 | Cloudy. 0 150 

COO, fa nh a a Rn 35 17 44 244 70 35 

ron: (ey: toy or Al i hor (@) 0 2 ®) Trace. (a) 

Coleium (Ca). rie iia iirs ove sia: High. 130 130 61 0 15 

Total hardness (as CaCO3) .............. 139+ 139+ 132 76 28 104 

Afkaliniby: ol OE re Ee aa 424 185 26 41 23 34 

Sulphates (80g): . i oa. nian c10 0 0 0 0: > (a) 

Chlorides (CD) co oy a ain 60 40 172 40 9 40 

a Slight trace. b Very slight trace. c Estimated. 

OHIO RIVER FROM LITTLE KANAWHA RIVER TO KANAWHA RIVER. 

Between Parkersburg and Point Pleasant there is no important city on the Ohio River. 
Little places having a hundred or more inhabitants are dotted along the stream, the largest 

being Ravenswood and Millwood, which are the termini of short branch lines of railroads. 
Neither have public supplies. 

Point Pleasant, W. Va.—Point Pleasant (population 2,500) has a water supply of the 
natural filtration type in use at Gallipolis, Ohio, and Moundsville, W. Va. It is derived 
from two wells drilled in the Ohio River sand, the water seeping through the sand and 

entering the wells through strainers at the bottom. It is pumped into the city reservoir by 

compressed air. The water is of crystal clearness and low temperature in summer, so that it 

is very inviting and much used. The experience of Gallipolis would indicate that for a year 

or two this will be an ideal supply, but it is doubtful whether it will be safe for drinking a few 
years hence. Comparison with the raw river water shows high turbidity eliminated by the 

natural filtration and some gain in mineral content by the passage through sand. Except 

for its muddiness the raw water is much more desirable for industrial purposes.
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Field assays of Ohio River water from Point Pleasant, W.Va. 

[Parts per million.] 

  

  

            
  

Determination. Filtered.| Raw. Determination. Filtered. | Raw. 

Turbidity... oss A ns 0 429 || Total hardness (as CaCOs) .. 118 83 

BI nT we tn eA a a SRSA DR i YE I Aliniby oon Lc a NES 124 47 

Tron (Fe) ii i imas mann THe re Sulphates (SO 5... a0 a20 a0 

Calclumi(Ca) i nda 98 82 Chlorides (Cly. ... ..:.. 0. : F378 Re Te 

a Estimated. 

KANAWHA RIVER BASIN. 

Kanawha River has a drainage area about as large, roughly, as that of the Monongahela. 

It drains nearly all the southern half of West Virginia. The principal industries of the 
country through which it flows are coal mining and lumbering, but the latter is rapidly dis- 

appearing. Typhoid-fever statistics are hardly necessary in this drainage area. Ocular 

evidence of the pollution of the surface waters is so plentiful on all sides that the mere 
description of conditions is enough to condemn nearly every supply in the section. 

The principal tributaries of the Kanawha are Gauley, Greenbrier, and New rivers, the 

last being really the Kanawha under a different name. 

NEW RIVER BASIN. 

New River has its rise in North Carolina and enters West Virginia at its southern boun- 

dary. It flows through a beautiful mountain country, sparsely inhabited, and is compara-~ 
tively unpolluted until it receives the waters of Bluestone River. 

BLUESTONE RIVER. 

Bluestone River is a very small stream, draining a number of mining camps and flowing 

into New River about 5 miles above Hinton. Field assays at Pocahontas, Va., and Gra- 

ham, Va., (p. 93), show the presence of a great deal of free acid in the mine effluent 
waters, probably not, however, in sufficient quantities to be germicidal, even if the flow of 

both were constant. It is noteworthy that all along this stream alge flourish, apparently 

unharmed by the acid. The disgusting pollution by privies in this section is therefore car- 

ried down practically unchanged, except for the worse, into New River. Pl. V, B gives a 
fair idea of sanitary conditions at the head of this stream at low water. The place pictured 

is by no means the worst on the course of the stream. It is evident that rain at all times 

washes privy droppings into the stream, and that at high water the contents of the privies 
find their way directly into the current. The population of this town is largely composed 

of colored coal miners, who live herded together along the banks in squalid huts, under the 

most unsanitary conditions. Typhoid-fever dejecta poisoning this water from these people 

would have ample time to be carried down for many miles before the case would even be 
brought to a physician for treatment. 

Graham, Va.—Good water is scarce in this section. The 52-foot well at Graham, Va. 

(population 1,500), shows very hard water, unsuitable for domestic use, yet it is considered 

one of the best in the town. The water stratum from which this well draws has apparently 

been contaminated by a cesspool sunk a few hundred feet above the well. A sample 
recently sent to the State University at Morgantown, W. Va., for analysis is said to have 

shown the presence of intestinal pollution. 

Pocahontas, Va.—The public supply of Pocahontas (population 2,800) is obtained from 

Bluestone River, which is also pumped by the Norfolk and Western Railroad to supply its 
shops at Bluefield and its station at Graham. The partial field assays show results of quali- 

tative tests for sulphuric acid in Baby mine drainage at Pocahontas, Va., and quantitative 

determinations of iron and sulphates,
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Field assay of water of Bluestone River at Pocahontas, Va. 

[Parts per million.] 
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Bluefield, W. Va.—The public water supply of Bluefield (population 7,000), on Brushy 

Fork, forms an exception to the general filthy character of the water supplies in this section. 
The supply is derived from two large springs a few miles above town, which are carefully 

walled up and protected against pollution, accidental or otherwise. The supply is always 
abundant and seems to be of good quality, though a little hard for laundry uses. The high 

color is a little disquieting, but may be due to marshy drainage or a foul condition of the 
pipes. It is undoubtedly the best water in this section. The water of the deep wells at 

the brewery, one of which was assayed, is very much harder and contains an appreciable 
amount of sulphates. It is used for steam making at this establishment and causes con- 
siderable trouble in the boilers, as might be expected. 

Field assays of water from Graham, V a., and Bluefield, W. Va. 

[ Parts per million.] 
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GREENBRIER RIVER. 

At Hinton, New River receives an enormous amount of pollution from Greenbrier River, 
an important tributary, on which the conditions are very unfortunate. It is one of the most 

beautiful streams in the State, the water almost always being very clear, but it is poisoned 
at its very source by privy contamination. 

Durbin, W. Va.—Above Durbin, on the headwaters of the stronms, there are a great many 
sawmills. Sanitation in these mill camps consists in building the privies directly over the 
river and in throwing all waste and refuse either into the stream or on the ground near by, so 

that they can be washed into the water. At Durbin fecal pollution is nauseatingly abun- 

dant on the banks. The railroad privy is so located as to discharge into the river, and a num- 
ber of the houses drain almost directly into a small run that enters the river at this point. 

More heedless contamination of a pure and beautiful river could hardly be imagined. The 

field assay (p. 95) shows a water of almost perfect purity, its high color being the only objec-
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A. CHARACTERISTIC VIEW ON NEW RIVER, WEST VIRGINIA. 

Showing rapid flow. 

  

    
B. HEAD OF BLUESTONE RIVER, WEST VIRGINIA. 

Showing existing conditions.
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tionable feature. The water of the 84-foot well at this place is of fair quality, not too hard 

for laundry use. 
Marlinton, W. Va.—Between Durbin and Marlinton the contamination from mill camps 

is as bad as above Durbin. Marlinton, the largest hamlet in this section, is a pretty and rap- 
idly growing lumber town of about 500 population. It has no public water supply. Green- 

brier River at this point shows an increase in hardness, but is still a very soft water (see table 
below). The pollution at Marlinton from outhouses is considerable. A quasi public supply 

is piped into the railroad tank, and thence into a few buildings, from Knapp Creek, a little 

trout stream, comparatively clean and pure. The field assay shows the Knapp Creek water 
to be of excellent quality for any purpose. Still better is the water of the large spring that 
is piped to two banks and a boarding house in the town. There is practically no mineral 

impurity in this water except the iron. ~The high color is probably due to the nature of the 
drainage. It is the best supply in this section. : 

Ronceverte, W. Va.—Between Marlinton and Ronceverte (population about 1,000) there 

is a scanty population and but little drainage from houses. It is unfortunate, however, 
that at almost every place where there is a house a privy either overhangs the stream or 
stands close to it. The Ronceverte water supply is pumped directly from Greenbrier River 

into a reservoir, whence it flows by gravity into the mains. It is used unpurified for all pur- 

poses, and the townspeople regard it as pure water, because there are no houses directly 
above the intake. In the light of the above discussion of Allegheny and Monongahela 

rivers it is plain that self-purification in this stream is a negligible factor. While by no 

means an unusually rapid stream, it is too small for navigation, and its occasional pools 
are separated by numerous stretches of swift water. It is so grossly polluted from its very 

source to a point a mile or two above the pumping station as to leave no doubt of its unhealth- 

fulness when used raw as a public supply. Ronceverte is not sewered, and its drainage and 
that of the railroad shops at this point form an important contribution to the river. 

Alderson, W. Va.—At Alderson, about 8 miles below Ronceverte (population 800), there 

is no public supply. The water of the 80-foot well (assay below) is a typical ground water of 
this locality. Although very hard, it is a good water for drinking, the well being carefully 

cased into the rock. There is much defilement of the river at this point from outhouses. 

Talcott, W. Va.—At Talcott, a hamlet of a few families, 10 miles above Hinton, some 

privies overhang the river. Dejecta from these drop directly into the river, and could cer. 

tainly infect supplies below in a few hours. 

Field assays of water from Greenbrier River basin. 

[ Parts per million.] 
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NEW RIVER FROM GREENBRIER RIVER TO GAULEY RIVER. 

Hinton, W. Va.—Hinton (population 4,500) is an important town commercially and 

a railroad division headquarters, Sanitary conditions are unfortunate here. The water
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supply of the town is pumped raw from Greenbrier River, about a mile above Hinton. In 
view of the above-described conditions in that stream the quality of this supply needs no 

comment. 

At the junction of Greenbrier and New rivers there is in the stream a sharply marked 

dividing line between the clear Greenbrier water and the muddy brown current of New 
River. The drainage area of New River yields to that stream a great deal of silt and clay, 

besides ore washings from mines, so that a summer shower will make its water very turbid 

for several days, yet will not appreciably cloud the Greenbrier. Field assay shows that the 
water of New River is of fair quality except for this feature. Sedimentation in properly 
constructed basins would make it very good for industrial purposes. The accumulated 
pollution of Greenbrier and Bluestone rivers should bar it from use as a source of domestic 

supply, yet it is so used at some places. 

Between Hinton and Thurmond, on New River, there is no town of more than about 1,000 
population. The hamlets are massed along the river bank, house after house having its 

privy located on the river, so that no one would be inclined to drink the raw water at Thur- 
mond (population 450) after inspecting the contamination. It is nevertheless pumped for 

domestic purposes, though not for drinking by guests, at the large hotel at that town below 
the mouth of Thurmond Creek. 

Field assays show the turbidity of Thurmond Creek, a rapid mountain stream draining 

a coal region, to be somewhat less than that of the main stream and its quality to be fair in 

other respects. It is polluted by drainage from a cluster of houses about 100 feet above the 

mouth. ; 
Pl. V, A gives some idea of the rapidity of the current of New River at this point and 

makes unnecessary the discussion of its profile. It is evident that a stream so rapid will 
show very little self-purification, so that pollution entering at any point will be carried down- 

stream practically unchanged, except, perhaps, as to the coarser matters, for many miles 
below. The domestic use of this water raw at Thurmond is very dangerous. 

Field assays of water from New Riwer and Thurmond Creek. 

[ Parts per million.] 
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Below Thurmond the banks of the river are thickly dotted on both sides with little ham- 
lets inhabited by coal miners. The Chesapeake and Ohio Railroad runs along the west bank 
and the Kanawha and Michigan Railroad along the east bank. At every station privies 

overhang the banks, sometimes half a dozen within a few feet. Although the total popula- 

tion as far down as Montgomery is not over a few thousand, it is unfortunately true that 

nearly all its excrement discharges into the stream. 

GAULEY RIVER. 

What has been said of New River is also true of Gauley River, a beautiful stream enter- 
ing New River at Gauley Bridge, a village of a few hundred population. At Camden, near
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the source of the Gauley, the water is very clear and as pure as any found in a state of 
nature so far as dissolved mineral solids are concerned. With proper sanitation along its 
course the stream would be an asset of great value in the wealth of the State. The privy 

of the railroad station at Camden on the Gauley is located on the bank of the stream, so that 
excreta may seep from it into the water at all times and ordinary rains may wash much 

pollution into the stream. As the population of this section is very small the sum total of 
the pollution as far down as Gauley Bridge is not great. The field assay at Gauley Bridge 

shows that the Gauley at this point is still a very pure and clear stream, its waters being 
sharply defined against the yellow current of New River. A sample of Cherry River, the 
principal branch of Gauley, taken at Richwood, shows water of the same character, although 

somewhat highly colored. Much lumbering is carried on in this section and there is some 

pollution of the stream by the floating population of the lumber camps, so that at Rich- 
wood the water of Cherry River is not used for drinking. This follows the rule observed in 
other sections—that the small towns at the head of a polluted stream are the first to abandon 
its use as a water supply. The water supply of Richwood is derived from drilled wells that 
range in depth from 200 to 300 feet. The water is of very good quality for a water drawn 

from this depth. It is fairly soft and should be quite satisfactory for general use, although 
it is by no means equal to the water of Cherry or Gauley rivers if they are kept clean. 

Richwood is the principal town drained by the Gauley. There are a number of small 
communities besides, but it is probable that the total population of the area drained is not 

over 3,000. It would require only the most ordinary care to keep this stream pure and 
undefiled. 

Field assays of waters of Gauley River basin. 

[Parts per million.] 
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There are very few springs in this section and most of these fail during the latter part of 
the summer. The spring at Fayette, which comes out of the rock beside the railroad track, 

a hundred yards or so below the railroad station, is much used for drinking. Its water is 
very soft, but the high chlorides are disquieting. The spring at Kanawha Falls is much 

larger and is piped down from the rock for the use of the village, which has a population of 
about 100. It is a typical soft water. 

KANAWHA RIVER FROM GAULEY BRIDGE TO ELK RIVER. 

Below Gauley Bridge, New River becomes the Kanawha and is lined on both banks with 
coal-mining hamlets, all contributing privy droppings to the stream. 

The field assay of Kanawha River at Gauley shows a poor water in comparison with that 

of the Gauley or of Cherry River. The stream was fairly clear at the time of the assay—a 
rare condition. The channel is very rocky and rough, the river in many places flowing 
over bare ledges of rock. Although many coal mines discharge into the stream with more 

or less regularity, the traces of iron and sulphates are so slight as to show that so far as the 

disinfecting influence of mine drainage is concerned the consumers of this water have no 
protection. 

IRR 161—08-—-7
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Montgomery, W. Va.—In spite of pollution the raw water is used as a public supply at 

Montgomery. At this place the belief is entertained, as at other places in the Monongahela 
basin, that the mine drainage entering the river exercises sufficient germicidal influence in 

the water to make it safe for drinking. The field assays of water from New and Kanawha 
rivers fail to disclose a single instance where there was free acid in the water or where the 

+ sulphate and iron contents indicated the presence of mine drainage to more than a slight 

degree. Inspection of both shores of the river from its source down to the mouth at Point 
Pleasant reveals no considerable outfall of mine drainage. While there are a large number 
of mines, there seems to be very little acid water coming out of them, certainly not enough 

to be of any sanitary importance. 
The quality of ground water obtainable at this point is shown by the field assay of water 

frgm the 145-foot well at Montgomery. It is too hard to be very satisfactory for domestic 
uses and its slight cloudiness casts some doubt on the safety of the well from contamination. 

Field assays of waters from upper Kanawha basin. 

[Parts per million.] 
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ELK RIVER. 

Sutton and Clay, W. Va.—Elk River is used raw for public supply at Sutton (popula- 
tion, 1,200), about 40 miles below its source at Webster Springs. Previous to the use of 

the stream water as a public supply at Sutton (assay on p.99) there was much typhoid fever, 

traceable to the use of contaminated wells. The local physicians claim that there has 
been a great falling off in the number of typhoid-fever cases since the introduction of the 
river water. Sutton drains into the stream, and below it a number of small hamlets 

contribute their pollution, especially in the neighborhood of Clay (population, 1,000), 
the county seat of Clay County. A large mining population drains into the stream from 

this town down to Charleston, so that the raw water can not be considered safe for domestic 
use at any point below Sutton. 

KANAWHA RIVER AT AND BELOW CHARLESTON, W. VA. 

Charleston, W.V a.—The largest town in the southern half of the State is Charleston (popu- 
lation, 15,000), which has gained amazingly in wealth and population within the last few 
years. It isin advance of other places in this section in recognizing the fact that the water 
of Kanawha River is unfit for use. Its public supply is drawn from Elk River, a stream of 

great natural beauty, similar to Cherry River and Gauley River. 
The intake of the Charleston waterworks is about a mile and a half above the mouth of 

Elk River; at this point the current of both Kanawha and Elk rivers is very sluggish, form- 

ing a stagnant pool, polluted by the city sewage outfalls. The water company is planning
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to move the intake upstream, so as to guard against this pollution being backed up to the 
intake by wind. The company is'also considering the installation of a crib in the bed of Elk 
River. The present plant is excellent so far as it goes, there being eight modern filter units 

in use. This plant, however, is sufficient to purify only about one-third of the daily con- 

sumption, so that the present procedure consists of filtering one-third of the supply and 
then mixing the pure water with the polluted water from Elk River. The installation of 
a crib for Charleston water supply would be of no value whatever, as it would only clarify 

the water and would not purify it from organic contamination. In view of the large invest- 

ment already made in mechanical filters at this point, it would seem best to buy a sufficient 
number of additional filters and provide for their economical operation, insuring a safe 

water supply from one of the purest streams in the State so far as mineral contents are con- 
cerned. Public opinion will probably compel some such plan in the near future. 

The quality of ground water obtainable at Charleston is not very good for domestic uses 

Field assays (below) of the two deep wells here show that the water of one is fairly soft for 
water drawn from so great a depth. It is, however, extremely high in iron, which leaves a 

heavy yellow deposit on the tanks through which it passes. The other well is so high in 
chlorides that it would probably give trouble in boilers. Both waters are allowed to pour 

out of pipes into wooden tanks so arranged as to allow free oxidation. The water is then 

used in the manufacture of ice. 
St. Albans, W. Va.—St. Albans (population, 1,200), about 15 miles below, is located at 

the point where Coal River enters the main stream. The field assay of Coal River (below) 
shows it to be of good quality except for high turbidity and color, both due to the nature 
of the drainage area, which is mostly a heavy red soil in a forest country, rapidly being - 

denuded. There is no public supply at St. Albans. The 70-foot well assayed is typical 
and shows a rather hard water for domestic purposes. From this point the river flows 

through a rolling farming country, with scattering hamlets along the banks, the largest 

town being Winfield (population, 500). The stream is not used for public supply below 
Montgomery. 

Field assays of water, Kanawha basin. 

[ Parts per million.] 
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OHIO RIVER FROM KANAWHA RIVER TO BIG SANDY RIVER. 

GUYANDOT AND MUD RIVERS. 

Below the confluence of the Ohio and the Kanawha there are no important towns above 

Huntington, where two small streams enter, both muddy and sluggish. Guyandot River 
drains a rather flat valley in southwestern West Virginia, and there are no large towns on 

its drainage area. It is much used to raft lumber down to Ohio River and is much polluted 
The field assay (p. 100) of the stream at its mouth at Guyandot (population, 1,800) shows 

very high turbidity; otherwise the water is of fair quality for industrial purposes. Mud
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River, a tributary of the Guyandot, joining it at Barboursville, drains a well-populated 
section along the line of the Chesapeake and Ohio Railroad. The largest town on this 

stream is Milton (population, 100). At this point a somewhat interesting experiment was 
made by the railroad in the attempt to get boiler water free from high turbidity. A pool, 

8 by 8 feet and 18 feet deep, was dug about 100 yards from the river bank, the water seep- 
ing through the bank from the stream into the pool. This water was pumped to a tank 
for locomotive use, but has been for sometime abandoned. Comparison of field assays 
show that the water gained about 50 per cent in hardness by its filtration through the 

ground and lost only about one-third of its turbidity, the particles of soil probably being 
too fine to be caught by the filtration. Both Mud River and the Guyandot would be suit- 
able for industrial use if properly sedimented with coagulant so as to remove the suspended 
matter. . 

OHIO RIVER AT HUNTINGTON, W. VA. 

The water supply of Huntington (population,12,000) is drawn from Ohio River, filtered. 

As the river receives the drainage of Kanawha and Guyandot rivers in West Virginia and 
Raccoon Creek, Guyandot Creek, and Symes Creek, Ohio, near Huntington, the water 

must be purified to a high degree to be safe for drinking. For this reason the complete- 
ness of the equipment of the Huntington waterworks should be a matter of local pride 
and general congratulation. Huntington has the best filtration plant in West Virginia— 

perhaps the only one employing a bacteriologist. It is controlled by the American Water- 
works and Guarantee Company, which employs Doctor Witherell to make serial analyses 

here as at Newcastle and Butler, Pa. The plant pumps from Ohio River by means of five 

large mains, separately controlled by gate valves and opening at varying distances from 
the shore so that the disturbance of the water resulting from variations in the height of 

the river can, to some extent, be counteracted by pumping from different levels. The sedi- 

mentation basins are very large and discharge the clarified water into six modern steel 
filter tanks designed by the company, differing slightly from the Jewell type in the form of 

cleaning apparatus and in minor details. The pure water is caught in a large tank below 
the filters and pumped into the mains. The plant is kept in fine condition within and 
without and is in every way a credit to the town. 

The field assay shows the effluent from the mechanical filters to be of very good quality, 
the mineral content being not appreciably higher than that of the raw water at Pittsburg. 

The incrusting solids are not high enough to cause trouble in boilers. A fair quality of 

ground water is obtained in this section, the field assay below being of water from a 57-foot 
well at the machine shop. The wells in this section range from 50 to 70 feet deep, the one 
given being typical. : 

Feld assays of water from Milton, Guyandot, and Huntington, W.Va. 

[ Parts per million.] 
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TWELVEPOLE CREEK. 

Twelvepole Creek, which enters the Ohio at Kenova, drains a long, narrow valley con- 
taining a scattering farming population. 

Dunlow, W. Va.—Dunlow, near the head of the stream, is a small village without either 

public water-supply or sewerage. The well assayed (below) is at the railroad station and is 

disused. The high color of the water is due to débris thrown into the well. Evidently a 

fair quality of water could be obtained here. The spring water is much softer but is liable 

to high turbidity after excessive rain, as at the time the assay was made. The supply is too 

small to be of value except for private uses. The field assay of the creek (below) shows excel- 
lent water except for the high suspended matter. The hardness is very low, probably being 

mostly magnesium carbonate. For any industrial purposes this water could be made avail- 

able by plain sedimentation. It is somewhat used for drinking purposes in the raw state 
and evidences of privy contamination are plentiful. 

Wayne, W. Va.—The stream follows the course of the railroad and receives dejecta from 

outhouses at every station, so that at Wayne (population 400) the most considerable town 

on its drainage area, it is altogether unfit for use. There is a deplorable scarcity of water at 
Wayne, the well assayed (a dug well) being the only important source of supply. Although 

this water is of good quality so far as mineral matter is concerned, the well is liable to surface 

contamination, being partly supplied from the roofs of the court-house, which are guttered 

to lead into it. There are no drilled or bored wells in the town. In summer all the ground 

water fails, when water is drawn from Twelvepole Creek and used raw. Conditions here are 

very bad. 
Field assays of water from Dunlow and Wayne, W. Va. 

[Parts per million.] 

  

  

  

        
  

Dunlow. Wayne. 

Determination. i. Sain 66-foot | 60-foot 

Talon € | well. well. 

RAED AY on ss a Ld RF ee Cl Sn oy 350 250 0 0 

COlOT «ec 35 35 +200 17 

ron Ce): SE Be paw le wa Re D 0}: Trace. 12.1 75 

Caleiomr da) cv i er a a a ges 36 | Trace. 

Total hardness (as CaC0Oz)-.. ie. ii ts stan veins 28 48 as Lie 42 

A IY SR Re Re Sal a 26 36 75 23 

Sulphates (80s). or oh oth te ace ca er Su Sa ve bi she Sun Se 0 0 aj 

Chlorides (CB br 1 Ey dE Eres ht sir tii oat 9 9 4 9 

a Estimated. 

BIG SANDY RIVER BASIN. 

TUG FORK OF BIG SANDY RIVER. 

Tug Fork of the Big Sandy, which forms part of the boundary line between West Virginia 
and Kentucky, probably carries more offensive pollution than any stream in West Virginia, 

which is saying a great deal. It has its rise near the Virginia line and flows through a 

densely populated coal region, its tributaries and its own banks being lined at every possible 
opportunity with privies and other sources of pollution. 

North Fork, W. Va.—North Fork, a typical coal camp of this section, has a public supply 
from a 90-foot well, said to be carefully cased (see assay on p. 103). The only safe water in 

this section is that drawn from such sources. The Norfolk and Western Railway has put 
down wells at approximately this depth all along its line. A few of these are not in use, but 

the majority of them furnish fair water. The field assay shows this well water to be some-
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what hard, the high sulphates making it undesirable for use in steam making. Tug Fork is 

incredibly polluted in its course through this town. A large negro population lives in 
squalid huts along its banks and discharges excreta continually into its waters, the privies 

being thickly clustered together in places. The stream is very small at this point, running 
probably not more than a few second-feet in dry times, so that the state of affairs can be 

readily imagined. 
Welch, W.Va.—At Welch (population 600), the largest town at the head of the creek, the 

extent of the pollution going into the stream is probably greater, but the public supply is 

rather carefully guarded. It is derived from 200-foot wells, which are pumped to reser- 

voirs. The field assay (p. 103) shows this to be very hard water, undesirable for any purpose 
except drinking. The assay of the Norfolk and Western well at this point is interesting for 

comparison with that at North Fork, which shows a somewhat better water. The chief 

impurities are calcium carbonate and chloride. For industrial uses the water of Tug Fork 
is far better than either. 

Panther, W. Va.—A characteristic case of lL niDpiY pollution in this State may be 

seen at Panther, a small lumber hamlet (population 100) situated at the confluence of 
Panther Creek with Tug Fork. Pl. VI gives two views showing the character of the pollu- 

tion at this point. The upper picture shows a number of houses located on the creek about 
a mile above its mouth. : 

It is evident that drainage from these privies and from the iouses must continually find its 

way into the creek. About 100 feet above the mouth of this creek is the intake pipe by 
which its water is pumped into a large tank for supplying the mill and the town. The mill- 

dam crosses Tug Fork at a point a short distance below the mouth of Panther Creek. The 

lower picture shows the greater part of the mill, with a large privy close to the boiler house 

and another across Panther Creek on the left bank of the Tug Fork. It is evident that 
heavy rains may at any time cause a sufficient rise in Tug Fork to carry contamination 

from either or both these privies into the intake pipe on the creek. This supply is filthy. 

Typhoid-fever statistics are unobtainable, but a practicing physician in this neighborhood 
informed the writer that he had more cases of typhoid fever than of anything else. 

The field assay (p. 103) shows the water of Panther Creek to be very excellent as to inor- 
ganic content. 

Williamson, W. Va.—Between Panther and Williamson, a distance of about 35 miles, 

numerous thriving little hamlets scattered along the river, each having a population of a few 
hundred, add a large amount of privy pollution to its water. Notwithstanding this state of 

affairs, which is well known to all who travel on the Norfolk and Western Railroad, the raw 
water is used as a source of public supply at Williamson (population 1,800). A number of 

the citizens realize the danger of using this polluted water and efforts are being made to raise 

enough money to provide a pure supply. It has been planned to build a filter well in the bed 
of Tug Fork for this purpose. This would free the supply from the high turbidity which is at 

present one of its drawbacks and would make the tap water clear and inviting, but would not 
assure safety to the consumers from water-borne disease. No really satisfactory supply can 

be gotten for Williamson by this means. Either a ‘complete ground-water system should 
be installed or steps should be taken to provide a mechanical filter. The quality of the 

ground water obtainable here is shown by the field assay of the Norfolk and Western Rail- 
road well at the station. Although somewhat hard it is good water, quite satisfactory for 
general use, and if the well were properly cased would be free from danger of pollution.
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TUG FORK OF BIG SANDY RIVER, NEAR PANTHER, W. VA., PUBLIC-SUPPLY 

INTAKE. 

A, One-half mile above intake; B, 50 feet below intake.
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Field assays of water from basin of Big Sandy River. 

[Parts per million.] 

  

  

  

            
  

North- 
fork, Welch, W. Va. Panther.| Williamson. W. Va. 

Determination. Ways 

90-foot Well. 200-foot | Panther | 93-foot Tug 
well. well. Creek. well. Fork. 

ParDIAICY i a a se a Pee ed 0 0 0 0 0 0 

LOL os a rr 0 ren rE a fs a irs 22 10 34 78 70 44 

Tron (Te)... or ou an NE PN SES 2.5 1 1.25 1 4 0 

Calciumi(Cayt a a at SL To os 96 56 110 0 96 27 

otal hardness (as CaC0s): wisn ciao sla ils 132 a bl POE 62 

ATRONNILY i aN Ea 77 58 43 32 120.0: - 28 

Sulphates (SOx)... us ns ta iia: 106 ah 115 0 ab a20 

Chiorides (Cl). coin ein olan din sl 20 Ole na 7 9 14 

a Estimated. 

BIG SANDY RIVER BELOW TUG FORK. 

Kenova, W. Va.—Kenova (population 1,000), a few miles below Huntington, formerly 
took its water from driven wells. The supply is now drawn from Big Sandy River with- 

out purification. The field assays show this to be a much better water for any purpose 
than that of the Ohio River, the extremely high turbidity of the Ohio putting it out of 
the question for industrial uses before filtration. 

Field assays of water from Big Sandy and Ohio rivers at Kenova, W. Va. 

[Parts per million.] 

  

  

Determination. Dis Sandy Ohio River. 

Ti Lh ee Ne Sn hy Sl RR Ee ES a 0 422 
AT ea A NE IE ee a an eg SER ME EE I SE 70 44 

Tron dFe). cai esti oti sn ie pte wl Alley a Te So PIRI Salt 0 0 

SAE Ee LB SR eS A EE RA RRR ne SG Be a 51 50 

Total hardness (as Cat 0s): iv iris teri co an un he dala BT be a i 49 69 

AlRaNItY re lai de ere rd se Ad sl Yn als ae Sore ee da de a 78 52 

Sulphates (803)... ore ons is vases Pen is a a Se a Sr al10 a10 

Cordes (Cl). rn eB LB meds Sas ph tn i de oe Salrotinn gta LE 19 24     
  

a Estimated. 

SUMMARY OF CONDITIONS BELOW PITTSBURG. 

The water-supply problems before municipalities on Ohio River and on the Kanawha 
are not fundamentally different from those confronting towns on Allegheny and Monon- 
gahela rivers. In the case of the Ohio we have seen that although the water is heavily 

contaminated by sewage from over half a million people, it is extensively used for drink- 
ing in its raw state. The only possible plea for such use is that there is self-purification 

going on in the river. No elaborate argument is needed to show the fallacy of this plea 
after the discussion already presented. It is sufficient here to say that conditions on the 

Ohio are less favorable to purification by detention than on the Monongahela, where 
purification has been shown to be imperfect or inefficient. For this inefficiency there are 

two reasons: First, although the Ohio is well canalized, its greater slope and greater quan- 
tity of water make its velocity considerably higher than that of the Monongahela; second,
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enormous freshets, which occur in the Monongahela in the spring, happen much more fre- 

quently in the Ohio, every heavy rain causing a sharp rise, and as the difference between 
high and low water in this river is 50 feet or more, it is perfectly clear that pathogenic 

material deposited at the bottom by sedimentation could be scoured out at frequent inter- 

vals, poisoning the water for use as a source of public supply. The only way to ‘obtain 
pure water from the Ohio is to resort to filtration, and the experience of numerous towns 

in the valley and on the Mississippi River has shown that for this turbid water mechan- 
ical filtration is more practicable than slow sand filtration. This is partly because of the 

ability of small towns to purchase and operate a small filter plant, the cost of the English 
system being prohibitive, and partly because waters of such high turbidity clog sand filters 
very rapidly, causing a greatly increased operating expense. 

In spite of these conditions, on the whole stretch of stream between Pittsburg, Pa., 
and Catlettsburg, Ky., there is but one town—Huntington, with about 12,000 inhabitants— 
efficiently operating a filtration plant, and but three towns where natural filtration of any 

importance has been attempted—Moundsville and Point Pleasant, in West Virginia, and 
Gallipolis, in Ohio. The typhoid fever statistics obtainable for Gallipolis condemn all 
three supplies, and it is altogether likely that a heavy percentage of unreported cases 
should be added to the official figures. Altogether there is urgent need in this section 
for education along sanitary lines. 

The tributary streams seem worse than the Ohio, because they are so much smaller 
and the contamination is so much more apparent. The cases noted where privies are 
located but a few hundred feet or a few miles above the intake of a public supply are not 

cited as unusual or extreme cases. On the contrary, in describing these conditions, an 
effort has been made to speak as moderately as possible. The facts themselves are suffi- 

ciently startling. It is a practically universal custom in West Virginia to build privies 
on running streams if it is possible to do so without going too far from the house. This 

was found to be the case to a greater or less degree on every stream, of whatever size, 
in the State. As a result every stream in West Virginia is grossly polluted and at the 

same time used without purification for domestic water supply. 

On New and Kanawha rivers the conditions are even worse than on the Ohio, on account 
of the closely collected coal-mining population along the banks of the streams. The veloc- 
ity of the water in these streams is so high that detention is a negligible factor although 
the Kanawha is to some extent canalized, and the only influence toward self-purification 

that need be considered is the germicidal effect of mine drainage and ore washings. 
It has been shown above that neither sulphuric acid nor the sulphates are present in this 

water in sufficient quantity to make them at all comparable with the waters of the Monon- 
gahela. and Youghiogheny. It has been shown such influences are ineffective in puri- 
fying the Youghiogheny. On Kanawha and New rivers they are practically negligible, 

being just sufficient to impart unpleasant qualities to the water without having any germi- 

cidal effects. : 

ERIE, PA. 

The city of Erie (population, 60,000) is located on the south shore of Lake Erie and of 
Presque Isle Bay, a small body of water about 4 miles long and 1} miles wide, with an 

average depth of 15 feet, although a portion of the bay is 22 feet deep. The bay is land- 
locked save at the eastern end, where a 300-foot channel connects it with Lake Erie. 

The first city supply was derived by gravity from a spring-fed reservoir. On the aban- 
donment of this system, many years ago, the supply was drawn from the bay at a point 975 
feet north of the southern shore. As the city grew in population and the sewers of many 

thousands of people poured their daily pollution into the bay, the supply speedily became 

unfit for use, and in 1896 the present intake was built. It is 60 inches in diameter and 

extends for 8,000 feet out into the bay. 
The present supply is therefore taken from what is practically a large sedimentation basin 

of the dimensions above given, the detention in which, though somewhat disturbed by the
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wind and the rising and falling of the lake level, would yet cause great improvement in the 
quality of the water if the pollution were not of the grossest character. . The fact is, however, 
that the contamination is so offensive in kind and so great in amount as to make the 

water utterly unfit for drinking or domestic use in its raw state. The conditions were very 
well summarized by Judge Walling in his recent decision of the suit brought by certain per- 
sons to restrain the commissioners of the city of Erie from proceeding with the improvement 

of the supply. 

The city is situated on land descending to the bay, into which the contents of 62 miles of 

sewers are emptied, and which also receives the washings from 31 miles of paved streets and 
much filth from barns and other buildings. Nearly 10,000 water-closets are in daily use in 
the city, the discharge from which is carried into the bay. A large amount of garbage and 

offal is also thrown into the bay from ships in the harbor and from fish houses and other 
buildings on the shores. The creeks that run through the city into the bay are practically 
open sewers from the county farms and other places west of the city. The city of Erie is 

thus using the bay both as a cesspool and as a source of water supply. With the sewage 

from all these sources daily going into the bay, there to be circulated by the movements of 

the water till the whole is simply somewhat diluted sewage, and the city at the same time 
pumping its water out of the pollution, the figures showing typhoid mortality seem surpris- 
ingly low. The following table, taken from statistics by the board of health of the city of 

Erie, given in its annual report for 1904, shows the number of deaths in this city from typhoid 

fever as well as the rate per 100,000 of inhabitants, from 1876 to 1904, inclusive: 

Typhoid mortality at Erie, Pa. 

  

  

  

Year. Deaths. ur Yeéar. Deaths. ie per. 

BIB aa Te sa 13 20AB0L LL Tn a 30 71 
BR a 10 0 amas i pi in 24 55 
Tt on Een 6 RET RCs Se SER 15 34 
1879 nati la Ee ray 7 a8 co ra YW 17 37 

AT SN SRS 4 14 assis en te 21 45 
Wh 17 RIN RN Set 18 37 
PL 19 TRL A Rh Gee 13 2 
1983 AR re 6 OR RT AO Ce Ee ead 8 16 
ISB Eas EST ha 6 Basen sn RAs 18 35 
FL A IE AL 10 oy aim a 18 34 
1886, ol en 11 syd anel:; i tan ae erty 8 15 
WS a haat 7 or EB a DO SAEs 25 
PRR en 9 LG RU CR CEN ARs 17 29 
a INR . 19 TT LT Se SNC CG 27 46 
Ty RAPT ee SL 29 71           
  

That the figures show no uniformity of increase during the earlier years is probably due 
in part to incomplete returns and in part to the more accurate methods of diagnosis of the 

present day, which distinguish as typhoid fever some diseases that were formerly classified 

otherwise. For the years 1887 to 1895 the tendency is seen to be quite clearly upward. The 
extension of the intake pipe in 1896 had its effect in lowering the mortality rate for a time, as 

is shown by the steady decrease for three years, 1896 to 1898, inclusive. That this improve- 
ment could continue long with the rapid growth of population and coincident increase in 

pollution was not to be expected. With the exception of the year 1901 the figures have 

climbed steadily upward until in 1904 there were in the city 46 deaths from typhoid fever to 

the hundred thousand—certainly too many. 
The dangerous character of this water should be obvious to anyone who sees the sewage 

going into the bay and then sees it pumped out as drinking water. Sanitary inspection is 
to-day considered more trustworthy, in the absence of conditions allowing perfect control,
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than sanitary analysis. In this instance there are no factors modifying the character of the 
supply that can not be accurately estimated, as the water is not subject to great fluctuations 

in quality or quantity. The evidence at hand may therefore be well supplemented by sani- 
tary analyses of this water made by Dr. W. P. Mason, covering the period from 1892 to 1901, 

which show the gradual increase in sewage pollution by the steady rise of the chlorine con- 
tent. As the quantities considered in water analysis are very small, a change of a small 
fraction of a part per million may be significant, in the absence of adequate cause for it. No 
sanitary analysis of water is valuable except when it is considered in conjunction with the 
exact conditions. In this case the conditions exclude any factor but the increase in sewage 
pollution to account for the increase of chlorine. : 

Sanitary analyses of water at Erie, Pa. 

[Analyses by W. P. Mason, in parts per million.] 

  

  

  

Sanipis Place and date. Tom foid am Sires os Nitrates. Chlorine. 

PRS | Intake June, 1892... .. 0... 132 0.175 0.100 Trace. 6 

Le SET | Pittsburg dock, June, 1892. ....... 128 .200 L130 Trace. b 

EA Big Bend, June, 1892... 0.0 138 145 .065 | Trace. 7 

dy Faucet in residence, June, 1892.. ..| ° 141 .190 . 050 Trace. 6 

2 Lat Ue iets New intake, June, 1900 . ..... Sgt 115 |° . 146 .155 0.137 2 

Le New intake, September, 1900 ...... 105 .133 L073 . 063 9.5 

Woes New intake, November, 1900 ...... 171 . 048 . 081 . 087 8.0 

8 ri New intake, February, 1901....... 135 +112 . 080 .200 8.5             
  

Aside from the remarkably low figure for June, 1900, the rise in the chlorine content of 

this water is too steady and too uniform to be mistaken. The low figure mentioned may 
have been due to the fact that the sample was taken just before the seasonal change in the 
water strata, due about August at Erie. The summer’s accumulation of sewage was prob- 

ably stirred up from the bottom, making the chlorine content in the next sample higher and 
the figure for the June sample very low. This, however, would only partially explain the 

difference. The final figures, 8.5 parts per million, acquire further significance when com- 
pared with those of December, 1889, when at the inlet of the water works, then much closer 
to the shore, the chlorine content as determined by Doctor Cresson was but 3.188 parts per 
million. 

The columns headed free ammonia, albuminoid ammonia, and nitrates give the quantity 
of nitrogen in this water expressed in the three forms in which it was determined. So 

expressed, the amount of nitrogen found in water is an index, under proper conditions, 
of the amount of organic matter present. Taken by itself, any one of these factors is mean- 
ingless; taken in conjunction with a number of others in cases where it is impossible to con- 
trol the factors of impurity, as in the Mississippi River, they may be misleading; but in the 

case of Presque Isle Bay there is no possibility that much organic matter gets into the 

water except through sewage contamination. This being admitted, the figures show that 

there was much organic pollution at the time of the analyses. 
Nor is bacteriological evidence wanting of the contamination of the basin. The following 

figures, summarizing analyses made by Doctor Mason from April, 1901, to February, 1903, 
shows the presence of bacteria which are invariably associated with wastes from animal 

intestines:
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Bacteriological analyses of water at new intake, Erie, Pa. 

  

  

  

  

Date. Taste. | Odor. | Color. Tyrta- Alkaline Taster col om’ 

APL 100) 2a i EE 0 | 0 0.1 6 47.5 5,500 Present. 

Jane 10, 100)». oun erate 0 0 0 0 IV en ea Present. 

Oet. 1, 1000 o.oo i via shan 0 | 0 | Trace. Slight. 50 119 None. 

Fan, 20 his 0 | 0 22 (@ 50 637 | Present. 
ADT A002 rs a 0 0 2 Slight. 90 402 Present. 

Feb: 20.1008. 0 ini aa 0 On Pra a a 
|             
  

a Very slight. 

All but one of these samples contained bacillus coli, which could only have entered the 
water by feecal contamination. The evidence seems conclusive that Presque Isle Bay is, as 
was said by Mr. George Y. Wisner in his report to the commissioners upon the advisibility 
of getting a new supply, ‘little less than a diluted cesspool.” 
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Fi16. 3.—Map of Erie, Pa., and Erie Harbor, showing proposed improvement in water supply. 

  

It became necessary either to filter this water or to get a new supply from Lake Erie. The 

former course would involve a very large first cost, both for the filtering plant itself and for 

the intercepting sewer that would be necessary to convey all contamination out into the 
lake, as otherwise the imperfections of practical operation would make the effluent highly 

suspicious. The most economical solution of the problem, as well as the best in the long 

run, is certainly the plan adopted—that of extending the present intake pipe out into Lake 
Erie to a sufficient distance to insure a pure supply for some time to come.
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The following analyses of Lake Erie water show that it is greatly superior to the water of 

the bay, and that it contains no bacteria that point to sewage contamination: a 

Analyses of Lake Erie water. 

[Parts per million.] 

  

  

: Free | Alb. ET 

Date. Color. | Tir.” ammo ammo Tod” | trates. nity. | ond. | tora. 

APY, 1,100 ol Sarin 0.1 12 | 0.039 | 0.075 6.5 0.15 42.5 140 © 3,000 

June 10, 190%. . oon. ool 0 0 .02 . 095 6 .075 50 126.0... 

Qct. 10,1900. ooh a 0 Slight. .071 . 093 6 . 037 50 134 70 

Jan. 22-1902... isla di «1 Slight. .053 . 109 7 125 55 172 126 

Apr. 19,0002. 0 Cas ba ash C02 Yl .056 | .159 8 .025 100 142 80 

Feb. 20,1003: 0 aoe 5 25 . 039 | . 105 5 ii 97.5 147 2,490                   

Although this water is far superior to the present supply, the increase in alkalinity, proba- 

bly due to sewage contamination, would seem to indicate that in time filtration will be nec- 
“essary. The direction of the prevailing winds on the lake, together with the eastward cur- 

rent, causes the sewage from Toledo, Sandusky, Cleveland, and Ashtabula to be drifted east- 

ward. The great distance of Toledo and Sandusky from Erie make it probable that their 
sewage is completely oxidized before it reaches the Erie intake. Ashtabula, a city of 13,000 

population, lies about 48 miles west of Erie, and Cleveland, with 381,000 people, about 90 
miles west. The currents set along the south shore and such sewage from these places as 
does not sink to the bottom within the first few miles after leaving the towns is swept east- 
ward, steadily decreasing in quantity and becoming less dangerous in quality until near 

Presque Isle it begins to take a more northeasterly direction. Yet at no time can it proba- 
bly dangerously affect the quality of the new supply, as there seems to be every favorable 
condition in this immense body of water to insure perfect oxidation of the contaminating 

influents before the Erie intake is reached. The contingency of increasing pollution of the 
lake water is of less present importance than the turbidity occurring at certain seasons of 
the year, which, as may be seen from the foregoing analyses, may be high enough to give 

the water an objectionable appearance. This difficulty can certainly be overcome by the 
construction of sedimentation basins on Presque Isle, as provided in the plans. 

The projected improvements, designed by Mr. George H. Fenkell, and now going rapidly 
forward under his direction, contemplate the extension of the 60-inch steel intake pipe about 
10,000 feet northward beyond the present intake, across Presque Isle Peninsula and into 

Lake Erie, with 5-foot gate valves for connections with the settling basins, ete., and a timber 

crib, weighted with stone, protecting the end of the intake pipe, which terminates in a 
special opening about 25 feet below mean lake level. The work shows a number of con- 
struction features of interest, in particular the submarine joint designed for this work. This 

has a gasket of lead pipe snugly fitting the steel intake pipe, and when the joint is made the 
16-inch bolts are screwed up so as to bring the flanges together, compressing the lead between 
them and insuring a tight joint. 
  

a Rept. Dept. Health, 1902 and 1904.
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WHEE SUPPLY 0. vin al J HST 83-84 

C. 

Cairo, W. Va., water from, assay of........ 92 

water supply of... sa iia ii iid 92 

Cambridge, Mass., typhoid fever at. ....... 10 

Cambridge Springs, Pa., typhoid fever at .. 19 

water from; assays. oft. ious 19 

water supply of: =... 0 oa suas 19 

Camden, W. Va., water from, assay of ..... 97 

water supply of. .. lo il ar sil SU 96-97 

Cameron, W. Va., water from, assay of .... 88 

avater supply Of <3 Soot lid LS iiiatiidond 88 

Canonsburg, Pa., water from, assay of..... 76 

water supply:of. ol il ay Sh 76 

Carnegie, Pa., water ab... o.oo iiisio0 ig: 74 

Casselman, Pa., water a6 .......0ccvai oon 48 
water from, assay. of i Losin 48 

Casselman River, pollution of ........... 46-48,53 

water from, assay-of Ju i or Casa 47,49 

Charleroi, Pa., typhoid fever at............ 43 

water Supply: of. sll asian. 43 

Charleston, W. Va., water from, assays of . 99 

Water supply of oo er, 98-99 

CHhartiers Creek, pollution of. .............. 75-76 

Cheat:River, flow.ol ... wu... lacing 42,65 

pollitionof.c... oowun on. tn, 39-40, 53 

profile of, plate showing................ 30 

water from assgysol ih in La 40 

Cherry River, pollutionof.................. 97 

water from, assays of... dsl lanl 97 

Chester, W. Va., water from, assay of...... 87 

water supply of... ioasier sila, 85 

Clarion, Pa., typhoid fever at. ............. 23. 

water from, assay of. ots ion 24 

water supply of rot poranas oats. 23-24 

Clarion River, Talliol J. ida. en sn eens died 29 
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Clarion River, pollution of .............0... 22-24 

water irom, assay of coi rim vr 24 

Clarksburg, W. Va., water from, assay of. . 36 

Water supply of. J. oli a os 35-36 

Clay,"W. Va., water supply of... .........: 98 

Clover Run, water from, assay of. ......... 27 

watersupply from... cio sini oa 27 

Coagulation, eflectsiof .. iis aaa ni 69-70 

See also Sedimentation. 

Coal River, water of .......... i ei 99 

water from, assay. of. si. Soto aia iriils 99 

Colfax, W. Va., water from, assay of....... 33 

Water SUPPL aE rs SL 33 

Columbus, Ohio, filter gallery at. .......... 56 

typhoid fever abi... ......5. RR 56 

Conemaugh River, pollution of............. 27-29 

water from, assays of. oii ai 28 

Conewango Creek, pollution of . ............ 14,15 

Confluence, Pa., water from, assay of. ..... 40 

water supply-of i... cto coc sini Tn 48-49 

Connellsville, Pa., typhoid fever at......... 49 

waterirom, assay of. ci rai ia 50 

Water SUPPLY. Of Fi od tn ants 49-50 

Connoquenessing Creek, pollution of . ...... 83-84 

waterirom, assay of... 0. 0 ieee 84 

Copeland, SWOIR OF Sub onl hey 11 

Copper sulphate, effects of... ...........5... 73 

Coraopolis, Pa., water supply of. .......... 78 

Corry, Pa., typhoid fever at..............5. 18 

water from, assay of... ii ua. 19 

watersupply oft. Soro Ua oie 18 

Covington, Ky., typhoid fever at .......... 67 

Coxes Creek, water of... .. i. ictal oun. 48 

water from, assay of. i io en 48 

Cribs, filter. See Filter cribs. 

D. 

Davaine, on.germicides . i... ...ccovvecnovs 71 

Derry, Pa., water supply at............c... 52 

Detention, meaning of... tii icici van 66 

See also Sedimentation. 

Detroit, Mich., typhoid fever at............ 68 

Dilution, effects of. =: s.r al a0 An 66, 68-69 

Disease-producing organisms, vitality of... 54, 

72-73,74 
Drakes Ran, water of .............. Te nah 48, 49 

«Waker TrOIn, ASSAY OF ou une ve earees 49 

Dry Fork, water from, assay of ............ 40 

WREEIOF Jo er tts 39, 40 

Dubois, Pa., typhoid feverat, ......:...... 25 

water supply. of..... 0 cise ida in 25,26 

water from, assay of. .-.c......0 0.0. 26 

Dunbar, Pa., water from, assay of ......... 50 

water supply Of. 0. ool or ma ie 50 

Dunlow, W. Va., water from, assay of ..... 101 

water supply of. rs si an a 101 

Durbin, W. Va., water from, assay of...... 95 

water supply. of. i a ra. 94-95 

E. 

East Liverpool, Ohio, typhoid fever at. .... 85-86 

water supply of... Nas ii ta 85-86 

Eldred, Pa., typhoid fever at............... 12 

water Irom, assay Of... la a. 12 

Water SUPPLY. OF. . overs sn seb Sins 12 

Elk Creek, water of......cccu...... SE 22   

Elk Lick, water from, assays of... ......... 47 

‘Elk River, pollution of .................. SEER 

water from, assay od. . i nliiininan 99 

Elkins, W. Va., water from, assay of....... 33 

water supply. of.o call rani 31,33 

Ellwood City, Pa., water from, assay of ... 84 

Water Supply OF. ts es ones 84 

Emlenton, Pa., water from, assay of ....... 22 

Water SUPPLY. OF. =. od i aha ma 21-22 

Erie, Pa., map of, showing new water supply 107 

typholdieveriat i: ou. Couiivariiiing 105 

Water SUPPLY. Ofc Cais Yet ir re aon, 104-108 

analysisiof cians singin TT ny 106,107,108 

Erie, Lake, water from, assay of........... 108 

Eton; Pa. filter eribat oui trains 60-61 

filter crib at, water from, assay of...... 61 

water fron, assay of... sh arn Tavis 61 

Evans City, Pa., water from, assay of...... 84 

watersupply of=. iv. tu al rail aii 84 

F. 

Fairchance, Pa., typhoid fever at........... 41 

Water supply of. oo. oat Loi eas 41-42 

Fairmont, W. Va., water from, assays of.. 37,38 

g water Supply of: =o. Cn Ts i els 37-38 

Fall of rivers, self-purification and, relations 

PNET LG 29,53-54,103-104 

Fall River, Mass., typhoid feverat......... 10 

Fayette, W. Va. waterat... .. ..... 0.000. 97,98 

waterfrom, assay ol... i. fai. ee 98 

Filter cribs, deseriptionof..... iu... 00% 54-55 

efficiency of. il ncn iin in 63 

instances of, descriptions of........ 2... D763 

Filter galleries, description of.............. 54-55 

efficleficy of o-oo .50 bse un 57 
instances of, descriptions of. ........... 55-57 

Filter wells. description of.......... 0.0. 63-64 

instances of, descriptions of... .. 54,87,92-93 

Filtration, devices for. ......s... 00.000 35,78-80 

Filtration, natural, discussion of. .......... 54-64 

efficiency of 5 vio nh eimmaiivese . 57,63,64 

explanationol.. .... aetna 54 

methods of. sii nse i iinie inet 5 54 

See also Filter cribs; Filter galleries; 

Filter wells. : 

Findlay, Ohio, filter gallery at.............. 56 

typhoid fever at... cia iaitar. Bu d 0 56-57 

Fish Creek, pollution of... 2. ci. cocic ll 87-88 

Fishing Creek, pollution of... ....o 00... 88-89 

Flaugherty Creek, pollution of............. 47 

water from assay of... =. a. ii, 47 

Ford City, Pa., typhoid fever at........... 27 

Franklin, Pa.,elevation ab... Co. .000.. 29 

water from assay.ol...... 0 ina. be 4 

WAL SUPPLY OF. 5. vices as ii sa vrai ewe 21 

Freedom, Pa., water supply of............. 78 

French Creek; {all ol. . ct itis iiase 29 

poludionof oc. cs 18-20 

water from, assay of... lc corn 19 

G. 

Gallagher Creek, water from................ 23 

Galleries, filter. See Filter galleries. 

Gallipolis, Ohio, filter wellsat............. 64,104 

Garrett, Pa., water from, assay of......... 48 

48 water Supply Of... coi i i ie ea
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Gauley, W. Va., water at................... 97,98 | Kampsville, T11., pollution at. .............. 67 
Gauley River, pollution of.................. 96-97 | Kanawha Falls, water from, assay of . ..... 98 

water from, assay Of..............oon.. 97 Wolor SUPPIT Of soot er fe Sa 97,98 
Grafton, W. Va., water from, assay of..... 33 | Kanawha River, basin of, description of... ~~ 93 

water supply at..................o...o. 32-33 basin of, pollution in............... 93-99,104 
Graham, Va., water from, assay of......... 94 Tr TT es EE he SN 97-98, 98-99 

water supply of......................... 93,94 water from, assays of. ...........ieuunn 98,99 
Grand Rapids, Mich., filter gallery at...... 57 | Kane, Pa., typhoid fever at................ 14 

typhoid fever at...............ieannn.. 51,57 waler (70m, a880Y Of. ..o ces silsnnmosise 14 
Greenbrier River, pollution Of dieihnaas 94-95 water supply ofS Ter 14 

water from, assays of.................. 95 | Kenova, W. Va., water from, assay of..... 103 
Greensburg, Pa., typhoid feverat . .. ov... 53 water supply 7 AIR EE SA RL SA ER 103 

water from, assay of .........cccinen..... 52 | Keystone Junction, Pa., water from, assay 
water supply oft. l.it vel eae es 52 ann Ra ete Se 47 

Greenville, Pa., typhoid fever at............ 78 | Kinzua Creek, pollution of.................. 14 
water from, assay of..........-........ 83 | Kiskiminitas River, basin of, pollution in.. 27-29 
water supply of........----.oanee...... 78,83 polation of is tu sn See. 29 

Grove City, Pa., water from, assay of...... 84 | Kitasato, on germicides.................... 71 
water supply of..................-...... 84 | Kittanning, Pa., typhoid fever at.......... 27 

Guyandot, W. Va., water at............... 99, 100 water Supplyiol-2 co ra a 27 

water from, assay of................... 100° | ‘Knapp Creek, waterof. ohne... .0 oti 95 
Guyandot River, pollution of.............. 99-100 water irom, assay ol. ci io. a 95 

water from, assay of................... 100 | Knight, C. H., flow data from.............. 65 
H. Koch, A, on germicides. . = -. hei ior. 71 

Konradi, , on vitality of bacteria. .... 75 
Hays Mill, Pa., water from, assay of........ 48 

Henry, Tl water ats. ; oe Ut de Jira 67 L. - 

Hinton, W. Va., water from, assay of...... 95,96 | Laurel Creek, Pa., pollution of... .......... 48 
water supply of......................... 95-96 water from assay of... oi eens 48 

Homestead, Pa., typhoid fever at.......... "53 | Laurel Creek, W. Va., water of............. 94 
water supply of... 53 water of, assaysof.. 0... i. = 04 

Hughes River, pollution of................. 92 | Lawrence, Mass., typhoid fever at.... 10,54,66,70 
water frony, assay of. ccc. nateicinea. 92 watersupply ol Scat ti nnn 70 

Hulton, Pa., filter crib at................... 59-60 | Little Kanawha River, basin of, pollution in 91-92 
filter crib at, water from, assays of...... 59,60 polintion ots: hn id ns ese “91 

water from, assays of.................. 59 water from, assays of........cceeuuuen.. 92 
Hundred, W. Va., water from, assay of.... 88 | Ljttleton, W. Va., water from, assay of.... 88 

watersupply of----..---......o..-. 0 87,88 War SIDPLY OF cit. iri ana tun dene 87,88 
Huntington, W. Va., water from, assay of.. 100 | T,orain, Ohio, typhoid fever at............. 79-80 

water supplyof.....................c. 100,104 | Lowell, Mass., filter gallery at.............. 54-55 
I typhoid feverat-.. ............ 51,54,55,67-68 

Lycippus, Pa., water supply of............. 52 
Illinois River, self-purification in........... 53,67 

Indian Creek, flowol. oc ni veins 65 M. 

Water OF. cv... otras a anh Sn a 43,49 | McDonald, Pa., water from, assay of....... 76 
water of, assay of ............ eens 49 water SHpBLY Of... cc hooves bosunss 76 

Indiana, Pa., water from, assay of......... 28 | McKeesport, Pa., typhoid fever at......... 51,54 
water supply iol ot Sa din ata, 28,29 water from, assay of. ov. cose lll 50 

Indianapolis, Ind., filter gallery at......... 55 water supply of. .c aida canes 50-52, 53-54 

typhoid iever at. oo iit. vivir ht ce 51,85: Melains Run, walecirom.:..... 0... a0. 23 

Iron sulphate, coagulation by.............. 70 | Mahoning Creek; pollution of............... 27 

Ithaca, N. Y., typhoid fever at............. 68 | Mannington, W. Va., water from, assay of. 39 

Ivanhoff, Doctor, on germicides............ 71 water sapply of: ool it ha amo Li, 39 

7. Marietta, Ohio, typhoid feverat........... 91 

: water Supply Of... co lesi tied asi nnaa, 90 

Jamestown, N. Y., typhoid fever at........ 14-15 | Markleton, Pa., spring at.......... ENS 48 

water from assay of. or Ld cain, tls water from; assay of. co. oi... cannvenns 48 

Water supply of. of. sen oe awe 14 | Marlinton, W. Va., water from, assay of... 95 

Jersey City, N. J., typhoid fever at......... 10 Wolter sapply-of cl boo isi sv A 95 

Johnsonburg, Pa., typhoid fever at........ 22 |: Mason, WP. analyses. by... .. lo... 106-107 

water from; assay of. c.. a itr 24 | Meadville, Pa., typhoid fever at............ 20 

water supply off cil Lihat 22,24 water froin assay of: oii atoiiniiicee. 20 

Johnstown, Pa., typhoid fever at........... 28 water'supplyol oi re rr 19-20 

water from, assay. of... .-.-... iin. 28 | Mercer, Pa., water from, assay of.......... 83 

water supply of............ Sra BL Ftd 27-28 WATEL BIDPLY OF ine ess shed a nu sais 80,83
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Meyersdale, Pa., water from, assay of...... 47 

water supply of osc on vt a 47 | Oakland, Md., water from, assay of........ 45 

Middle Island Creek, pollution of........... 90 water supply of... ooo an ani, 45 
water from, assay of. ...... 00.0... go | Ohio River, basin of, pollution in......... 10-104 

Millvale, Pa. filtercribat. ............ 5... 61-62 desoriptionof: ooo... Lolo 74-75,103-104 
filter crib at, water from, bacteria in... 61 POMULION OF. ol ra Se 74-75, 

Milton, W. Va., water from, assay of...... 100 76-78,85-87,89,90,92-93,99-101, 103-104 
WOT SUPPLY OL: is sateen 100 water of, analyses of. 74,77,87,89,90,91, 93,100 

Mine drainage, effects of .......... 53-54,60-73,104 | Ohiopyle, Pa., flowat...................._. 65 
TL REET En Tat a ei Se a 72-73 Walter-abs.. lo. co rt ST a 48-49 

Mohawk Valley, typhoid fever in........... 54 water from, assay. of................... 49 
Monaca, Pa., water supply of. ............. 78 | Oil City, Pa., typhoid fever at............. 17 
Monessen, Pa., typhoid fever at............ 43-44 water irom, 9888y of. ...... cen vans 18 

Water supply.of. oc sh aa 43 water supply. of. .u... coos on us 17-18 
Monongahela, Pa., water from, assay of ... 44 | Oil Creek, pollution of...................... 16-18 

: water supply of. 2 nia 43,44, 54 water from, assay of... i ui a 18 
Monongahela River, basin of, description of. 30, | Olean, N. Y., typhoid feverat.............. 13 

53-54, 65-66 water supply of... la inlets h 12-13 

basin ol, Map of. tease re anne 30: + Oxidation, effects.of..... i... co i iin 66-69 

pollubion in -..Ltoluin al nn 31-54 

dramage ol... oot his oobisasis 65 P. 

fala eR ria 66 
dow al. oi se ae Re Tp 65,67 | Panther, W. Va., water from, assay of..... 103 

pollutionof, os ot ou 30, 37-44, 52-54, 65 water supply of....................... 102,103 
profile of, plate showing... ............ 30 views of and near................... 102 
seli-purificational. oi. ial 65. | Panther Creek, water of.............s.:.. 102,103 

water of, analyses of ....... 37-39, 41,44, 52,74 water from, assay of......... s-a=cuoror 103 
Montgomery, W. Va., water from, assay of. 9g | Parker, Pa., pumping station at, view of .. 24 

WAST SUPPLY Of. fs i tir en tnnsies 98 water supply of... 5. o.oo ons. 24 
Montrose, Pa. filter erib.at......... .. =... 57-59 water from, assay of. .................. 24 

filter crib at, water from, assay of...... 58 | Parkersburg, W. Va., typhoid feverat..... 90-91 

water from; assays.of. lol ai an 58 water from, assay of................... 91,92 

Morgantown, W. Va., water from, assay of. 39 water supply of...................... 90-91,92 
WOOL BUDDIY OL. saith oat 38-39 | Parkes, yon germieides. Luu 71 

Morrison Run, water from. ................ 15 | Parsons, W. Va., water from, assays of.... 40 

Moundsville, W. Va., water from, assay of. 87 water supply of... 39,40 
WATS SUPPLY Whe soe ss ter nanaddi. 87,104 | Pennsboro, W. Va., water from, assay of.. 92 

Mount Jewett, Pa., typhoid fever at... .... 14 water supply of...............ooieiint 92 
WALOr fTOM, ASSAY Of. ov eiininnesosans 14 | Peoria, Ill, polintionat...-......-..L.. ou. 67 
water supply.of. Sou sn 14 | Philippi, W. Va., water supply at.......... 32 

Mud River, pollution of. ........ccceuu-.... 99-100 | Pickens, W. Va., water from, assay of..... 32 

Water ITOm; Assay Of... ancien cns oe ns 100 water supply at........................ 32 
Pinegrove, W. Va., water from, assay of... 89 

N. Syater Supply of. eon dng  on] 88-89 

Neshannock Creek, pollution of............ 80-83 | Pittsburg, Pa., filter cribs at............... 54,63 

water from, assaysiol. ol. ua thie. 80-83 fltration plant at... ori nis 73-74 

New Albany, Ind., typhoid fever at........ 67 views ol. «oo a nina 72 

New Bethlehem, Pa., water supply of...... 26,77 typhoid fever ab... .... cot nia 51,63,73 

water from; assay of. 2 5 nel oui. 26 water Irom, assays of. 4. ns oll, 74 

New Cumberland, W. Va., water supply at. 86,87 Water SUPPIY 8b. - nieces vod een 51,54,73-74 

New Haven, Conn., typhoid fever at....... 68 investigation of... 00... 000 10-11,73 

New Martinsville, W. Va., water from, Plymouth, Pa., typhoid fever at........... 54 

ageny of i born a 89 | Pocahontas, Va., water from, assay of..... 94 

water supply. of s.r vali 89 Wolter SUPPIY-ol.. . os rei Ses oi ani rns 93-94 

New River, basin of, pollution in........... 93-96 | Point Marion, Pa., typhoid fever at........ 40 

descriptioniof. 0c laa a 93 swater from. assay of... 0 oi inne 40 

polutionefl oro i iis fel anita al 95-96,104 water supply of. . 5. Leal SEVIER 40 

VIOW ON 3h 2s sits iP ae ne an dennis 94 | Point Pleasant, W. Va., filter wells at..... 92,104 

waterfrom, assay of... oi. viva in 96 water from; assay iol: aia la 93 

New York, N. Y., typhoid fever at......... 10,54 water supply of: sil ori sain Tos. 2 En 92-93 

Newark, N. J., typhoid fever at............ 10 | Port Allegany, Pa., elevation at............ 29 

Newcastle, Pa., typhoid feverat........... 82-83 water from, assay of... ... aL. 12 

water from, assays of. tnt. tet Les 82,83 watersapply ofr Sov sii ci to Lio 12 

water supply Of... i io sai ivte al 80-83 | Potato-Creek, waterof..........cc.euuauus, 12 

North Fork, w. Va., water trom, assay of. 103 | Powers Run, pollution of.................. 22 

Waller SUPDIY Ofc ov - oo av eantean 101-102,103 | Profiles of rivers, plate showing............ 30
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Punxsutawney, Pa., typhoid fever at...... 27 | Smithfield, W. Va., water supply of........ 88, 89 

water from, assay of........ SEAT ae 27 | Snodgrass, Doctor, on St. Louis coagula- 

water SappIV- Ofc ou ns ta asad 27 | Bon su ol res 69 

Purification. See Self-purification. | Somerfield, Pa., water from, assay of....... 66 

Rr. | watérsapplyof.. bali mint nl, 46 
. ings TS FIOM a. 10 

RaceoonCreek, pollutionof.. ...-..o .... 76 I Sr dos 71 

Redbank Creek, Pa., pollution of. .......... 25-26 | g Sasi Se Pea 
; | Stutzer, ———, on germicides............... 71 

water from, assay of So. codie haan 26 3 % : § 71-73 

Reynoldsville, Pa., typhoid fever at 25 Sulphizie Sel; offoeis of stusenda. romans Ey 
: a RS ae ~. | Sutton, W.Va., water from, assay of....... 09 

water from, ingsay of i. Sai Le 26 | Water subpIS of 08.99 

Water SUPPLY OF. cisions ett ins 25,26 | Tye hy : 
viewers pr a RR 24 | T 

Richwood, W. Va., water from, assay of.... 97 | Taloott, Wa Vi. water supply 0. ios. oi ts 05 

walter supply Of. 20 ob oT eek 97 ; : 4 
: oe = Tarentum, Pa. filtereribat. .. oh. nts 57 

Rideal, 8.8. onigermicides. - i Jiao. 71,72 
; rs waterdrom assayol. . ioc an 57 

Ridgway, Pa., typhoid fever at..... ...... 23 : 5 
| typhoidifever at... iv nai. 57 

water from, assay of... col sl sli 24 : : 
Tenmile Creek, water from... .............. 41 

water: supply. of... so tL 22-23, 24 
; : water from, assay of. iio sai lara in 41 

Rivers, profiles of, plate showing........... 30 
$ Terra Alta, W.Va., water from, assay of .... 45 

Rockwood, Pa., Waterat...... vc ce. tome. 48 < 
water supply Of si oi lr ts 45-46 

water from, assays ol.c.. 0 na 48 : % 
: Thurmond, W. Va., water from, assay of.... 96 

Ronceverte, W. Va., water from, assay of... 95 . 
ter SOUDIV.OF 95 water sapplysof... i trl aa an 96 

¥ pp y a ° | Thurmond Creek, pollution of............... 96 
Rowleshurg, W. Va., water from, assay of.. 40 

Sater Saupiv ai 40 water from, assay of.......u.0a 00. 96 

LE RR at Tidioute, Pa., water from, assay of........ 18 

S. WALer Supply Of. ct sa ne a es 16,18 

St. Albans, W. Va., water from, assay of.... 99 | Tionesta, Pa., water from, assay of ........ 18 

water supply Of 0. os a soda mes 99 water supply:of<. o ai r s 16,18 

St.Louis, Mo., coagulation at... ........:.. 69-70 | Titusville, Pa., typhoid fever at............ 17 

St. Marys, Pa., water from, assay of....... 24 water from, assay of... oo idior. aunt 18 

water supply Of .= ts co iE 22,24 Water SuUpplyol.. a ss alos i 16-18 

St. Marys, W. Va., water from, assay of .... 20: Toby Creek, pollution of... so. tdi 23,24 

walter Supply Of oot 5e. iea a ivi ri, 89 water from, assay-of.. cn sioa lat 24 

Salamanca, N.Y., typhoid fever at......... 13-14 | Tome Run, pollution el... c=... i es. 24 

Water Supply OF: ci ss ate 13 | Tug Fork of Big Sandy River, description of 101 

Salem, W. Va., water from, assay of........ 37 pollution of oan. mil Sen en 101-103 

water supply ofa. coats tor bends 36,37 intake on, views of and near............ 102 

Sandy Creek, pollution of... ................ 25 waier from assay of......i....... tein 103 

Sedgwick, W. T., on river pollution .. 54,65,66,68 | Tunnelton, W. Va., water from, assay of ... 41 

Sedimentation, conditions favorable to .... 54,66 watersupply of ooo ar Ste 39-40, 41 

eects Of rn, 66-68 | Twelvepole Creek, pollution of ............. 101 

See also Coagulation. water from, assay of... oi. connie 101 

Self-purification, discussion of.............. 65-73 Two Lick Creek, pollationof.......o........ 29 

1 A ee ye EE KE EL pd 54 | Tygart Junction, water from, assay of..... 31,33 

Sewickley, Pa., typhoid fever at............ 77 Water sSUpnlyal ant Le Ta at, 31,33 

water from, assay-of:. .~ con au, 77 VIEW OF dsc a Ca Ss Sho ety 26 

Water SuppIVIOL: iii i sn cere tnt ean 76-77 | Tygart River, basin of, pollution in . 30-33 

Sharon, Pa., typhoid fever at............i. 80 BOW Of TL ee Tl 65 

water fromassay of. coro iol 83 pollution of a. sur Sle ee 30-31, 32-33 

waterisupply of = vi oan 78-80, 83 View of. . ote ir Ss GL, 26 

Sharpsburg, Pa., Miererib.ats..... oho. 60 water Irom, assay of tins. ore nn os 33 

filter crib at, water from, assay of...... 60 | Typhoid fever, germs of, vitality of .. 54,72-73,74 

typholdifeverat i Jt ov ele, 63 Spreadiof. ot ye ha. 67-68 

Shavers Fork, water from, assay of........ 40 statisticsol toss sre LE 9-10 

ater Of a Laine 39,40 See also particular places. 

Shenango River, pollution of............... 78-80 
U. 

waterdfrom, assay.ol..... oi al 83 

Shinnston, W. Va., water from, assay of. ... 37: Uneva, W.Va. flowat: cc... t. cos 42 

water supply of. i oii naa an 37 | Union City, Pa., typhoid fever at.......... 19 

Skinners Bun, waterfrom............... 0 12 water from,-assayv.of. 0. oul. i nes 19 

Smethport, Pa., water from, assay of...... 12 Water supply. of. ooo oi re 18-19 

water supply of... .. oo i ina a, 12 | Uniontown, Pa., water supply of........ 42-43, 44 

Smithfield, W. Va., water from, assay of.... 89 | Ursina, Pa., water from, assay of.......... 48 
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Vandergrift, Pa., typhoid fever at......... 
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99 | West Union, W. Va., water supply of...... c0 

water supplyiol at Cr ra Ge 29 
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CLASSIFICATION OF THE PUBLICATIONS OF THE UNITED STATES GEOLOGICAL 
SURVEY. 

[Water-Supply Paper No. 161.] 

The serial publications of the United States Geological Survey consist of (1) 
Annual Reports; (2) Monographs; (3) Professional Papers; (4) Bulletins; (5) 

Mineral Resources; (6) Water-Supply and Irrigation Papers; (7) Topographic Atlas 

of United States—folios and separate sheets thereof; (8) Geologic Atlas of United 
States—folios thereof. The classes numbered 2, 7, and 8 are sold at cost of publica- 
tion; the others are distributed free. A circular giving complete lists may be had 

on application. : 
Most of the above publications may be obtained or consulted in the following ways: 
1. A limited number are delivered to the Director of the Survey, from whom they 

may be obtained, free of charge (except classes 2, 7, and 8), on application. 

2. A certain number are delivered to Senators and Representatives in Congress, 
for distribution. 

3. Other copies are deposited with the Superintendent of Documents, Washington, 

D. C., from whom they may be had at practically cost. 

4. Copies of all Government publications are furnished to the principal public 

libraries in the large cities throughout the United States, where they may be 
consulted by those interested. 

The Professional Papers, Bulletins, and Water-Supply Papers treat of a variety of 

subjects, and the total number issued is large. They have therefore been classified 
into the following series: A, Economic geology; B, Descriptive geology; C, System- 

atic geology and paleontology; D, Petrography and mineralogy; E, Chemistry and 
physics; F, Geography; G, Miscellaneous; H, Forestry; I, Irrigation; J, Water 

storage; K, Pumping water; I, Quality of water; M, General hydrographic investi- 
gations; N, Water power; O, Underground waters; P, Hydrographic progress reports. 

This paper is the thirteenth in Series I, the complete list of which follows {PP 
Professional Paper, B=Bulletin, WS=Water-Supply Paper): 

SERIES L, QUALITY OF WATER. 

WS 3. Sewage irrigation, by G. W. Rafter. 1897. 100 pp., 4 pls. (Out of stock.) 

WS 22. Sewage irrigation, Pt. II, by G. W. Rafter. 1899. 100 pp., 7 pls. (Out of stock.) 

WS 72. Sewage pollution near New York City, by M. O. Leighton. 1902. 75 pp.; 8 pls. 

WS 76. Flow of rivers near New York City, by H. A. Pressey. 1903. 108 pp., 13 pls. 

WS 79. Normal and polluted waters in northeastern United States, by M. O. Leighton. 1903. 192 pp., 

15 pls. 

WS 103. Review of the laws forbidding pollution of inland waters in the United States, by E. B. 

Goodell. 1904. 120 pp. 

WS 108. Quality of water in the Susquehanna River drainage basin, by M. O. Leighton, with an 

introductory chapter on physiographic features, by G. B. Hollister. 1904. 76 pp., 4 pls. 

WS 113. Strawboard and oil wastes, by R. L. Sacket and Isaiah Bowman. 1905. 52 pp., 4 pls. 

WS 121. Preliminary report on the pollution of Lake Champlain, by M. O. Leighton. 1905. 119 pp., 

13 pls. 

WS 144. The normal distribution of chlorine in the natural Watery of New York and New England, by 

D. D. Jackson. 1905. 31.pp., 5 pls. 

WS 151. Field assay of water, by M. O. Leighton. 1905. 77 pp., 4 pls. 

WS 152. A review of the laws forbidding pollution of inland waters in the United States, second 

edition, by E. B. Goodell. 1905. 149 pp. 

WS 161. Quality of water in upper Ohio River basin and at Erie, Pa., by S. J. Lewis. 1906. — pp., 

6 pls. 

Correspondence should be addressed to 
TaE DIRECTOR, 

UNITED STATES (GEOLOGICAL SURVEY, 

WasHINGTON, D. C. 
SEPTEMBER, 1906. 
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