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EXPLANATION. 

The citizens of Providence whose duties or pleasures require 
that they shall pass over and remain for a short period upon 
anyone of thl'ee bridges spanning the Providence river at 
Burnside uridge, at the Market square bridge, or at the Crnw­
ford street bridge, have all had opportunity to express their 
opinion as to the character of the effluvia or odor emanating 
from the stream, especially upon a warm summer night, 

Time was when the citizen might inhale the salt-sea ocior, 
calling to his senses not far distant marshes of sea-green reE:ds, 
oysters, clams, and fishing grounds. Within thirty years the 
citizens have been able to discern the presence of menha!len 
at the gl'eat bridge at Market square. 

Gradually the tide of civilization with its varied industries 
utilized the streams which join to make the Providence river, 
Some would fain utilize it for power purposes, others for bleach­
ing and cleansing of cloths and yarns, still others for the dump­
ing 01' disposal of their refuse, not only human excreta., but 
also waste material. 

The city of Providence also fell into the error common to 
cities and towns located upon flowing streams, and utilized its '-.." own river for the disposal of its sewage wastes by entering the 
numerous sewers into this stream. 

The city of l>awtucket must needs dispose of the sewage 
wastes from a certain portion of an increasingly inhabitE~d dis­
trict, It, however, early foresaw the results which might ac­
crue to the addition of her quota of pollution, and sought to 
purify her sewage wastes before delivering them into one of the 
tributaries of the Providence river, 

The city of Providence, gradually awakening to the pollu­
tion of its own nest, sought to rectify matters by establishing 
a comprehensive system of drainage and sewage disposal that 
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would dispose of all of the sewage of a rapidly growing popula­
tion. 

This, by means of trunk sewers, lateral sewers, siphons under 
the river, pumping appliances to raise the accumulated sewage 
to a level whereby it might flow to the tide water, gradually 
succeeded in sending the sewage out to the true Providence 
river below Field's' Point, after being treated with chemical 
precipitants which disposed of about one-half of its polluting 
materiaL . 

With the purpose of determining the amount of pollution 
actually present, and if possible ascertain the character and 
Sources of the pollution, the State Board of Health availed itself 
of the advantages offered by the United States Geological 
Survey. . 

This department of the government, under appropriations 
from congress, has been able to make a comprehensive study 
of the amount of water available from the water sheds and 
rivers of many of the States, at the same time giving attention 
to the quality of the water in these rivers. 

By a contract made with the bureau, the State board assumed 
one-half the expense which would accrue in the investigation, 
the government, through the hydrographic department, assum­
ing an equal expenditure. 

That the money so invested was successfully applied is shown 
in the accompanying report by Mr. Herman Stabler, who was 
detailed to carry on this work in conjunction with the board. 

The board; having already a completely equipped laboratory 
for the routine chemical and bacteriological work, was not called 
upon to make extra expenditures beyond the cost of transpor­
tation of samples. 

The report presents much data of value, aside from the gen­
eral findings, which will be of interest to the several manu­
facturers located on the streams examincd as well as to the 
citizens of Providence who have wondered where the fault lay 
that their once fair stream had become a nuisance. 

While the presence of disagreeable odors may constitute a 
nuisance, it cannot be said that they are productive of disease 
or that they are dangerous to the public health. 
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That they should be corrected and that they can be corrrected, 
with time and with the cooperation of those who are parties 
to the cause of the pollution, is evident. 

That there is a willingness for cooperation was shown by the 
cordial and earnest assistance afforded and given by every 
manufacturer approached during the investigation. 

This assistance in some cases involved some considerable ex­
pense on the part of the manufacturer. Each one appeared 
willing to do his share towards an improvement in the disposal 
of his wastes so far as it might be practicable. 

In some cases it would appear as if impro\"ement of the condi­
tions encountered were almost insurmountable, while in others 
a change for the better depended upon the action taken by 
municipalities in construction of sewers. This action in some 
cases depended upon engineering problems involving large ex­
pense. 

While the report does not give the assurance of an immediate 
amelioration of the unfortunate conditions, yet it shows the 
cause and suggests the remedy. 

This remedy must necessarily be dependent upon such legis­
lation as would be fair to all the parties concerned and within 
the bounds of practicability. 

It is to be hoped that a movement to this end may be in­
augurated by the manufacturing interests involved. 

GARDNER T. SWARTS, , Secretary, State Board of Health. 
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REPORT 
ON THE 

RESULTS OF AN EXAMINATION OF TDE CONDITIONS CAUSIN& THE 

POLLUTION OF THE MOSHASSUCK, WOONASQUATUCKET, 


AND PROVIDENCE RIVERS. 


HISTORICAL RESU~IE. 

Providence river, the name applied to the head of Narra­
gansett bay, is formed near the center of the city of Providence, 
Rhode Isln.nd, by the junction of the ~Iosh:l.Ssuck and Woon­
asqun.tucket rivers, and flows under bridges and through open 
channel for several hundred yards before it widens out to form 
the city harbor. The two tributaries named flow, in all, through 
some four miles of the thickly settled portion of Providence, 
and factories, small houses, and tenements line their banks. 
The Woonasquatucket, moreover, near its mouth, passes 
through an open parklike stretch known locally as the public 
gardens, fronting along the beautiful State capitol and State 
Normal School grounds. It will be readily apparent, therefore, 
that any serious pollution of Providence river and its tribu­
taries is a matter of great importance to the public health and 
esthetics of the city. 

From their location, these streams naturally drain a large 
portion of Providence, and in earlier days all domestic and man­
ufacturing sewage, swill, and offal of all kinds was carried tide­
ward through their channels. Beyond the city limits, neighbor­
ing towns and factories have since their origin used these 
streams for the disposal of Lheir sewage and other wastes. For 
ma....~y ysars, therefore-, Pro-videnee river has been. a foul-sIllelIillg 

. stream. The earliest official record of its pollution appears 
in connection with an investigation into the causes of a cholera 
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epidemic which visited the city in 1854. Providence was then 
a city with about 40,000 inhabitants. During the epidemic 
mentioned, of 159 deaths from cholera, 64 took place in the 
section bordering on the Moshassuck river. In a report* to 
the mayor, under date of January 26,1855, Edwin M. Snow, 
M. D., made the following statements: "With regard to the 
deaths in the neighborhood of the canal (Moshassuck river) I 
answer unhesitatingly that the canal itself was the cause. The 
following are Some of the reasons for this opinion: The same 
place was one of the principal foci of the disease in 1849. In 
that year there were 60 deaths from cholera there. '. 
The condition of the canal during the summer was such that 
the common sense of the whole city regarded it as a great nui­
sance. It was as filthy as any common sewer, and the stench 
arising from it at times pervaded the whole neighborhood. At 
any time during the summer numerous fishes might be seen 
floating on the surface which had been killed by the poisonous 
water. At any time dogs, cats, and hogs might be seen in the 
water in every stage of decomposition. At any time and every­
where large quantities of gas might be seen aris~ng from decaying 
vegetable and al'J.imal substances in the bottom of the stream. 
The water is saturated with vegetable matter, is highly colored, 
and has an offensive smell from the washings of Allen's Print 
Works. . It is impossible to name a single cause of 
cholera in the location where so many deaths occurred, except 
the condition of the canal itself, which did not exist with equal 
intensity in other places in the city where scarcely a case of 
cholera was seen." 

Although this report was written more than fifty-two years 
ago, the description of the stream as given by Mr. Snow is not 
very different from a true description of the conditions as they 
exist there to-day. The causes, however, have changed some­
what. Dead fish are now rarely to be seen; all fish in the stream 
have long since been killed. Dead animals and garbage are 
also less frequently seen, the city health department removing 
all such offensive matters in an up-to-date manner. The highly 
colored water, the bUbbling gas, and the foul odor are, how­

*1J!t:y DceU:'uilt ~:u. 5, 1554-bb. 
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ever, still there. Though in early days the pollution came from 
the city of Providence itself, it now comes largely from points 
beyond the city boundaries. 

Although, as we have seen, the condition of the stream was 
made a matter of public record as early as 1854, and was further 
commented on in the first report of the superintendent of health 
of the city of Providence in 1857, it was not until 1876 that 
vigorous agitation for the betterment of this condition was be­
gun. In that year the superintendent of health again ca.lled 
attention to the foul condition of the waters of Moshassuck 
river, and was directed by the board of aldermen to make an 
examina.tion of the waters of the stream and ascertain if they 
were in any way injurious to the public health of the city. In 
conducting this investigation Mr. Snow made personal ex­
aminations of the river and heard statements of persons living 
near its banks, and also had analyses made of the river water at 
different points. In his report* the following is found: tl This 
investigation soon established a very important fact, that the 
water of the river is polluted and rendered exceedingly foul 
and offensive before it reaches the limits of the city. It is so 
polluted that frequently at least it looks black and thick and 
gives off an offensive odor of sulphuretted hydrogen gas like 
very foul sewers and privies." He says, further, "It is certain 
that much filth is turned into the river from the city, and it 
must be still more filthy when it reaches the harbor. The water 
is, however, so very foul before it reaches the city that I doubt 
if it is made any more dangerous to the public health by the 
filth that it receives in the city." In his report he names the 
principal sources of pollution above the city of Providence, 
which are, slaughter-houses in the town of Pawtucket directly 

. on the city line; Darling's tripe works, and manufactory of 
fertilizers, also in Pawtucket; a large woolen mill on Mineral 
Spring avenue in Pawtucket; and finally, Sayles bleachery in 
the town of Lincoln. He presents also the following table of 
analyses made by Professor Appleton of :Brown University: 

.,,--. .---­<--...Uty lJocument No. 33. 11111. ) 
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TABLE 1. tions by Dr. Edwin M. Snow, superintendent of health; Mr. 

MOSHASSUCK RIVER ABOVE PROVIDENCE, R. 1. Samuel M. Gray, city engineer; and Professor John Appleton 

Ii viiDATE. :=:::1 
-"to-;;g" ... ­-:I 08 

~~ >~ 

1877. 
Aug. 22, 54 23 
Aug. 22. 240 88 
July 26. 306 114 
July 26. 264 120 

July 26. 238 94 

of Brown University. A number of analyses of the water were 
made by Professor Appleton and are included in a table shown 
herewith: 

LOCATION. 
TABLE 2. 

STREA~IS NEAR PROVIDENCE, R. 1. 
(Parts per )lillinn.) Above Sayles' Bleachery. 

Below Sayles' Ble..chery. 
Below Sayles' BI.wery. , I 
Below Darling's Work. and Lor­ t.i I ~ U o.i I 

raine Mill. D.~TE. I -;~ II ~-i ~~ I LOC.\TIOS. 
Below slaudlter houses near city ell ell :Hl 

Iioe E-o:::: >= :....= 

Ii 

]:-9" 
.!Hi 
r..~ 

31 
152 
192 
144 

144 

(Parts per Million.) 

:So 
.!...-
C.-0" ..EO 0

"e IS:£!e ~e..:< r..< 

.31 .03 

.98 .12 
1.07 .08 

1.6419.84 

2.05 3.69 

! 
~ 
.c 
0 

3.3 
ll.5 
17.7 
16.2 

14.3 

~I--I----It will be seen that the stream was in very good condition 
July 25. 66' 20 46 Moshas,"ek river above 8ayles' D1eaehery. 

~above Sayles bleachery, and might well be classed all'\ong .. July 26. 1320 I, 583 737 .Portion of lloMas.uck river below So.yles' D1eo.chery. 
1 taken from ,;"ttling ponu.good river waters. Below this point, however, it is highly 

July 26.; 878 356 522 ~Io.h....suck river at Whehlen St. (below Allen Print 
conta.minated with organic and mineral matter from the bleach­ i I Works). 

July 26.: 5178 i 735 4443 ~loshlLSsuck river at mouth.ery and still further polluted by Darling's works, the Lorraine 
7. 1AUII. 49; 16 33 West river above Genem mill. 

mill, and the slaughter-houses. July 26.1 882 542 340 Part of \Vest river, eflluent of SilverSprinll Bleachery. 
Aug. 7'1 509 291 218 Woonnsquatucket river below Eagle street.In a report* dated October 23, 1878, Mr. Snow again called 


attention to the condition of Mosha.ssuck river and a. large 

branch of the same known locally as West river, mentioning' 
 Commenting upon these partial analyses, it ~ to be noted that, 
the fact that this latter stream receives large amounts of filth as in 1877, the Moshassuck is not seriously polluted above Sayies 
from woolen mills, bleacheries, and other manufacturing es­ bleachery. In this case the sample below Sayles bleachery 
tablishments. He also calls attention to Woonasquatucket shows an abnormal condition. The most highly contaminated 
river, which he states" is in some respects in a similar condition waters from the bleachery were at this time passed through a 
to the Moshassuck, though not yet as bad." In 1882 in a re­ small settling basin, and it is the effluent of this basin rather 
portt relative to the prevalence of typhoid fever in Providence, than the entire stream that is represented by the analyses. 
the superintendent of health makes mention of Providence river The sample at Whelden street includes the polluted waters of 
and its tributaries as a probable cause. In 1883 a joint stand­ the Moshassuck after mixing with the polluted West river waters 
ing committee of the engineer's department made a reportt to and the wastes from Allen's print works. That much pollution 
the city council in relation to the pollution of the tributaries enters below this point is shown by the great increase in both 
of Providence river. This committee made a thorough in­ organic and mineral matters observed in the sample taken at 
spection of Moshassuck river, and was assist-ed in its investiga­ the mouth of the river. The conclusion reached by this com­

mittee was as follows: *City Document No. 30, 1878. 

tCity Document No. 24. 1882. "First. The subject of the pollution of the waters of the Cove I,
fait;; Du~~~t:t~ N". 24, 1883. ,.Ill basin, and hence of the Providence river, is one of great magni-

I 
" 
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tude, and it is one that affects large manufacturing interests. 
1/ Second. The committee find that the objectionable con­

dition of the waters of the Cove basin and Providence river arises 
from the filth that is allowed to flow into and pollute them. 
This filth, as we have shown, flows in abundant streams from 
the West river, the Moshassuck river, and the Woonasquatucket 
river. In the case of the Moshassuck, at least, it is plain that 
the impurities introduced into the stream are not removed by 
deposition, or by any other natural influences, before they 
reach the Cove, for Professor Appleton finds that the foulest 
sample sent to him for analysis was that taken at the mouth of 
the Moshassuck river, where it enters the Cove basin. 

"If the city government shall insist that these rivers shall be 
allowed to flow into and through the city in a clear and pure 
condition and shall take such steps as will procure this end a 
most valuable result will. be secured. In order to bring back 
this state of things which once distinctly existed here, not only 
must continued defilement of the rivers flowing into the Cove 
basin and Providence river be stopped, but, moreover, the beds 
of the rivers should be so far cleaned as the foul materials ac­
cumulated there from past pollutions shall make necessary. 

"Third. We detect a considerable source of pollution from 
outhouses, privies~and similar nuisances connected with private 
estates. We believe that these will be dealt with by the health 
officers of the city. 

1/ Fourth. Another important source of defilement is re­
ferable to largl;! manufacturing establishments. We believe 
that the city of Providence has clearly the right to demand of 
these corporations that they shall not pollute the waters flow­
ing within the city limits to the Cove basin and thence to the 
Providence river. We believe that it is possible for each one 
of these manufacturing concerns, to purify, by filtration or 
otherwise, its foulliquors:-in fact our investigations have shown 
us that many of them are doing something in this direction. 
We do not think that the purification of any foul water can be 
called an impossibility; it is merely a question of cost." 

.1/Fifth. We are assured by the city engineer that the adop­
tion of any plan for the final disposition of the sewage of the 

,'.' 
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city of Providence will involve the construction of marginal or 
intercepting sewers; we are of the opinion that immediate 
steps leading to such construction should be taken." 

Recommendations for the alleviation of the conditions upon 
the stream were made in connection with the report, but beyond 
calling attention to the sources of the trouble no very material 
benefit was gained from it. 

Previous to this time no very well-defined system of sewerage 
had been designed for the city. Sewers were constructed from 
time to time as the necessities of an increasing population re­
quired, and their outlets were always upon the nearest stream. 
While combating in a desultory way the pollution of Providence 
river and its tributaries, the city was adding to the filth of the 
strea.ms by increasing the amount of <iewage discharged into 
them. About this time, however, the uesign of a complete 
sewerage system was begun, and in 1884 Mr. Samuel1I. Gray, 
then city engineer, reported to the city council plans for a 
sewerage system which included the interception of all sewage 
flowing into the streams and the disposal of the entire domestic 
and manufacturing sewage of the city by a chemical precipita­
tion plant located at Field's Point, several miles below Provi­
dence. 

The plans presented by 1\11'. Gray were approved by a com­
mittee of the American Society of Civil Engineers anll by local 
sanitarians, and their fulfillment was expected to free Provi­
dence river and its tributaries from objectionable pollution. 
The sewers were designed to divert nea.rly five million gallons 
of manufacturing wastes from the streams, and were to be con­
structed upon the" combined" system, carrying street-washings 
in time of storms in addition to the normal flow. In a prelimi­
nary report* upon the sewage system for Moshassuck and west 
river drainages we find the statement: .. The close proximity 
of each of the main branches to the rivers will make it easy to 
arrange for overflow and thus make the size of the mains much 
smaller than could otherwise be done." Again in the com­
plete reportt Mr. Gray writes: "at the junctions of the district 

*City Document No. 21,1883. 

tCity Dooumeot No. 25, 1884. 
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outlet sewers with the intercepting sewers there will be o.ver­
flows into the river for the relief of the sewers from excess of 
rain water. These overflows will be so arranged that when the 
amount of rain water coming from the district sewers exceeds 
the amount provided for in the intercepting sewer, the excess 
of water will flow directly into the river." Evidently, however, 
it was not the intention of the designer that these overflows 
should constitute a serious factor in the pollution of the streams, 
for he states, further: "It is only by keeping all sewage and 
filthy liquors out of these waters, or by clari~ing them before 
they are permitted to enter, and by thoroughly clearing the 
river beds from all deposits of filth, that we may look for im­
provement in the condition of the Providence river and its tribu­
taries." And in another place: " It is believed that if the scheme 
hel'eiQ recommended be thoroughly carried out, the Providence 
river and its tributaries may be reclaimed from their present 
filthy condition, and that the ail' which is now so often laden 
with foul gases rising from their waters may be preserved pure 
and wholesome." In the light of present conditions these state­
ments are of great interest, and reference will be made to them 
later. . 

In July, 1887, the city council adopted the proposed plan for 
a sewerage system, and construction was ordered in February, 
1889. Thus, at last, the city of Providence took active 
measures to free itself from the cesspool that had for many 
years been not only an unwarranted nuisance but a constant 
source of danger to its inhabitants. 

The city officials made several efforts after this to lighten the 
burden of manufacturing wastes (5 million gallons in ten hours) 
to be carried in: the sewers by treatment at the factories. None 
of these was successful, however, for it was found impossible to 
secure sufficient unanimity among the manufacturers in any 
one district to make the proposed plans feasible, 

When called upon in 1892 to make a statement concerning 
the continued pollution of the streams, the superintednent of 
health, Dr. Charles V. Chapin,* said: "If we wish to have the 
river water free from nuisance, it will be necessary to remove 

'!'Cit.,Y Duu1Ulleni No. :.'.8, 1892. 
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entirely the manufacturer's refuse and the house sewage. To 
accomplish this I have nothing better, and nothing in addition 
to recommend to the plan for the disposal of sewage adopted by 
the city council, and approved July 22, 1887," But after the 
completion of the sewers along the Moshassuck, the same 
official was forced to admit* that: "Notwithstanding the fact 
that the city turned all of its sewage away from the Moshassuck 
ri,ver, the pollution of that stream has increased from year to 
year, and has been greatly complained of by residents of that' 
section of the city through which it flows." 

The progress of the construction of the sewemge system has 
been as rapid as could be expected. 'Vith two exceptions, 
stream drainage areas within the city have been thoroughly 
covered. Nevertheless, Providence river and its tributaries re­
main filty streams, bubbling with gases formed by the decom­
position of organic matter, and throwing off foul and noxious 
odors. 

INVESTIG.-\TIONS BY U:"lITED ST ....TES GEOLOGIC .... L SURVEY AND 

RHODE ISLA;:IID ST.... TE BOARD OF HEALTH. 

In 1906 an agreement was made for an investigation of 
stream pollution and means for alleviation of the samr ·.n Rhode 
Island by cooperation of the United States Geological Survey 
and the Rhode Island State Board of Health. The writer was 
assigned to the investigation, and work was begun in August, 
1906. 

Examination of Providence river and its tributaries was 
made in order to ascertain the principal sources of pollution, 
and investigations relative to the best economic means of 
treating the polluted waters were begun. It is the object of 
this report to present the accumulated data relative to the con­
dition of the streams and the amount and character of the 
polluting wastes. Comments upon plans for reducing the pol­
lution of the streams will also be included, but detailed studies 
of manufacturing w:J.&tes and methods of purifying the same 
wiiI be reserved for a later report. 

*City Documen t No. 11. 1892 . 

i. . 
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LIST OF SAMPLING STATIONS UPON PROVIDENCE RIVER AND TRIBUTARIES. 

Station l.-Woonasquatucket river at highway bridge above Greystone 
. mill. . 

Station 2. Woonasquatucket river between Greystone and Centredale. 
Sample 2A was collected from the east side of the stream, 
about 200 yards above the Centredale mill. Sample 2B 
was collected at the highway bridge below the Centredale 
mill dam. 

Station 3.-Woonasquatucket river from east bank, about 200 yards below 
Centredale mill. 

Station 4.-Woonasquatueket river at head of LymansviUe mill race, 
Station 5. Woonasquatucket river from east bank, 150 yards below Ly­

mansville mill. 

~. . 
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Station 6.-Woonasquatucket river below Manton mill. Sample 6A was 
taken from east bank at fence line, about 300 yards below 
highway bridge. Sample 6B was mken at highway bridge. 

Station 7.-Woonasquatucket river at Egan street, Providence (below 
Dyerville). 

Station 8.-Woonasquatucket river opposite Bosworth street, Providence. 
Samples 8A, 8B, and 8D were taken from footbridge above 
Riverside mill. Sample SC was taken 50 yards above 
Riverside mill dam. 

Station 9.-Woonasquatucket river at lower side of Tanyard lane bridge, 
Providence. 

Station 10.-Woonasquatucket river at lower side of Delaine street bridge, 
Providence. 

Slation 11.-Woonasquatucket rivcr at lower side of ,\twell's a venue bridge, 
Providence. 

Station 12.-Woonasqllatucket river at upper side of Eagle street bridge, 
Providcnce. 

Station 13.-Woonasqllatucket river from upper side of bridge opposite 
American Locomotive :\Iotor Car Works, Providence. 

Station 14.-Woonasquatucket rivcr from upper side of and near east abut­
ment of Acorn street bridge, Proyidence. 

Station 15.-Woonasquatucket river from footbridge 500 yards below 
Acorn street, Providence. 

Station 16.-Woonasquatucket ·river from lower side of Gaspe street 
bridge, Providence. 

Station l7.-Providence river from lower side of Crawford street bridge, 
Providence. 

Station IS.-Providence river at Point street. Samples of January 30, 
1907, were taken from lower side of bridge. Samples of 

April 25, 1907, were taken 20 yards above bridge. 
Station lB.-West river, from bridge over Geneva mill race outside mill 

enclosure. 
Station 20.-West river from lower side of Douglas avenue bridge, Provi­

dence. 
Station 21.-West river from upper side of Wild street bridge, Providence, 
Station 22.-West river from upper side of Veazie street bridge, Providence. 
Station 23.-West river from lower side of Branch avenue bridge, Provi­

dence. 
Station 24.-West river from upper side of Hawkins street bridge, Provi­

dence. 
Station 25.-West river from lower side of Charles street bridge, Providence. 
Station 26.-West river from upper side of West river street bridge, Provi­

dence. 
Station 27.-Moshassuck river from upper side of highway bridge at Sayles­

viile. 
8 
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Station 28.-Moehassuck river from upper side of and near west abutment' 
of Weeden street bridge, Pawtucket. 

Station 29.-Moeha.ssuck river from upper side of Mineral Spring avenue 'f~l 
bridge, Pawtucket. 

Station 30.-Mosha.ssuck river at Grotto avenue, Pawtucket. Sample 
30A is from lower side of bridge, near east abutment. Sam­
ple 30B is from upper side of bridge, near west abutment. ,'I 

Station 31-Moshassuck river from east bank, about 100 yards below 
Grotto avenue, Pawtucket. 

Station 32.-Moshassuck river near ESten avenue, Pawtucket. Samples 
taken opposite and above drain from R. D. Mason & Co. 
establishment. 

Station 33.-Moshassuck river from footbridge near R. D. Masq4: Co. es­
tablishment, Pawtucket. ", 

Station 34.-Mosho.ssuck river from east bank, 100 yards above Cemetery 
street, Providence. I 

Station 35.-Moshassuck river from upper side of Cemetery street bridge, 
Providence. 

Station 36.-Moshassuck river from upper side of Smithfield avenue bridge, 
Providence. 

Station 37.-Moshassuck river from lower side of Branch avenue bridge, 
Providence. 

Station 38.-Moshassuck river from upper side of Pettis street bridge, Provi­
, dence. 

Station 39.-Moshassuck river from upper side of Randall street bridge, 
Providence. 

Station 40.-Moshassuck river from upper side of Mill street bridge, Provi­
dence. 

Station 41.-Moahassuck river from upper side of Smith street bridge, 
Providence. 

Station 42.-Mosho.ssuck river at upper side of Promenade street bridge, 
Providence. 

WOONASQUATUCKET RIVER. 

, This stream has a total length of about 21 miles and drains 
an area of 55 to 60 square miles. Rising in the town of Smith­
field, it gathers its waters from numerous springs and small 
brooks in a rolling agricultural area; but almost throughout 
its entire length it finds use as a water supply, 'as a source of 
power, and as a !;ewer for numerous mills which line its banks. 
These mills are chiefly textile factories, and unfortunately 
many of them have large quantities of waste waters from 
scouring and dyeing which the stream must needs carry. 
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Beginning near the headwaters of the river, we find the 
'Winsor mill at West Greenville and the Greenville Woolen 
Mills at Greenville, both small mills for the manufacture of 
men's wear, woolens, and worsteds. Farther on is Stillwater 
mill of the Centredale Worsted Co., a spinning mill for worsted 
yarns; the Bernon Mills at GeorgiavilIe, making sateens, 
twills, and point cloth; and the Enfield Mill, a newly built 
structure not yet placed in operation. None of these contri­
butes largely to the pollution of the stream, though all dis­
charge small amounts of refuse, including sewage from a total 
of 600 to 700 employees. Since inspection of the stream ac­
companied by dissolved oxygen tests showed no undesirable 
conditions, no detailed examinations were made upon this 
section of the stream, 13 miles in length. 

The next 6.5 miles may be considered, as a whole, a section 
open to suspicion by reason of the number of mills and com­
paratively dense population included. A detailed chemical 
survey of this district was made between August 29 and Septem­
ber 19, 1906. During this period the stream-flow was practi­
cally constant, there being no rainfall of consequence. The 
results are, therefore, comparable from station to station, 
without regard to date. 

Occasional samples were taken at several stations from time to 
time, and between May 15 and June 18, Ig07, a second detailed 
survey included the taking of samples for chemical and bac­
terial analysis every hour during the working day. Night 
samples were also taken alol_g the lower portion of this section 
to ascertain whether night discharge of polluting liquor oc­
curred to any great extent. 

The results of these examinations are shown in Table 3. 

! 
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Ii Ii Ii Ii Ii Ii . Ii SIi' Ii Ei Ii sIi s s ss Ii Station 1 is located just above the Greystone mill. The.'
g.d. li.d. a.d. ag. t:i.p, t:i.d. Ii. li.ti p, ti. ti.oi ti. 
~~ ~8 88 s:i.~ ~.r.I s:g i ~~ 0 Woonasquatucket at this point is shown to be a clear, limpid ~ ~2 8 
tDti:j CCO cc ~.Q ai:i~ cC~ cD cC!O ~ .ti req) u; stream, free from excessive pollution of any sort. The total o 00 0SS ss SS Ss .ss ss .s ss .s .... ...... ....

i amount of solid matters carried by the water is small and thess SS ss as as aa a ee e a aEi a 
ai~ .iai ,Ioi 01'; oioi oioi oj old. ,; Ii aici. Ii percentage of this which is organic is smull. The bacterial 
1'l~ $!8 8S 8~ ~:g S8 ~ :g:g ~ ~ ~~ 8~ count is low, and, judged from the analysis, it would be classed o.;~ ci;0:) ciaaCi ~t=.: a:;~ O:;Q; 0; ~r.:. ~ r..: r.:t:.= ci:).. 

as a potable water well adapted to textile or other manufactur­oS.;.o;SS S! 33 !S i3 is i'n 1!'~ _.; '/0. .~. .~.~ .~ .-:!.-::! e."':: ing purposes. 88 ·8 
ss sa aa aa as ss a .. e aao s The Greystone mill, opemted by Joseph Benn & Sons, is an 
~~ ~~ && && && && & !·i Q,Q,o.c" 

88 88 88 88 88 88 8 :8 88:8 alpaca and mohair factory established. in 1905, and employing 
between 600 and 700 persons. All wastes were at one time dis~:~ ~§. ~§. ~~ ~~ ~~ ~ 

~~ ~~ ~~ :~ ~~ ~ charged into 0. smull pond near the mill. The stench caused 
a nuisance in the immediate neighborhoo(/, and ovedIow to 

'UO!1JUlIr I .... .(0 ,'00 .W) .~ c-:a ... ..,. :", : : :cq the stream caused complaints from mills /ocllteJ on the stream ~ ..... .""", ...... ............ ~ •• -('01 ..., ...
no 880'1 ~r:il below. As a result of these conditions the management con­:> 
pa ·0 .", .C) .", .. structed an iron pipe line six inches in diameter, through which ··rii~~1 ;~ .... .... .., .", ;!; ::s • , ,It) 

the greater part of the wastes, including dye water, scouring~ 
,~ :~ : : :;:t; 

c<5 5~ IIt~X.~~~--'---~=-:'~~~
...-4 .... _ ... _,,;..: lOll) .... .titl) aQU) o ar,,0kO liquor, and sewage, is now forced about half a mile against a ·~lPlqnIJ. .... ~~ ~9~~~~~~ g ::: head of more than one hundred feet and discharged upon a IQ Eo< .. ... :... :.., ·00 ..., .~ ~ ·o~ O~ ·o~< -< ~ 'IIl'8,! I ... barren 'hilltop, east of the Greystone village. The liquors :~ .", .", .", ~ :~~ ~~ :~.,E-< ~ t: 

sink into the soil, and it will be many years before the area is0' •~ ~ 
ooao ........ CN t'1 ..... ~ .~ ~~ :C'ol so saturated that a stream will be formed flowing back to the
'AlJUJl'8'!IV I~"" :::.... ~.. :=lao .. ~,... .... C-lN .....z .- ~C'I ...... o river. This is a rather expensive, but Yery effectiVe, means of 

~~ ~~ ~- :~ :t.O .~ ~ oo:~ .~ 0= .~ preventing pollution. However, as evidenced by the analyses at~ ·9UJ.lOf'lO I ~~ ~~~... :~ :~ :~ ~ .;.;:~ .... ,..:,..:: ... 
station 2, about half a mile below the mill, some pollution does 

'''JUO=V! ..", "'........ .,'" .. '" .... ., '" ....,........, "' ...."'''' "' ..."'0...... 1
=!~ o~ ~o Q~ o~ ~~ ~ C!~~~ ~~ -;~~~ O __ ~'""'O occur at Greystone. At almost any hour a small stream of 
u9!Q.11.~N 

9aJ:.!l ft 
co 00 00 00 00 00 (;I OOQO oc coco what appears to be swuring-liquor may be seen flowing into 
o~ ~~ ~~ ~~ O~ o~ ~ QO~~ ~~ ooo~ 

"tIaBo'(l!N I~~ ~~ ~~ ~~ ~~ ~~ ~ ~~~~ t-:~ ~~t-:CC! the river at the upper edge of the mill. The pollution was not 
orodJo 00 oc OQ 00 co 0= Q OOOQ 00 0000 considered sufficient, however, to warrant any special investi­

gation.
"'('4 coo CUI) OCO .... 00 W) ~OCHC"" .... COO\(!

'p9mnstI()t~ I~'" • ..,; ~.. u;. ~~ 0'"., ... ., ... ~ tOaO.Qu; <Cl(I<ClQ Stations 2 and 3 are located above and below the Centredaleu8aA:lrO "'''' 
Worsted Mill, a worsted yarn factory employing about 150 

~~ O~ C~ ~~ O~ O~ ~ ~o~~ f.Of.O~~ persons. There is a thickly settled village immediately around "' ....
ai 9j99~~ ~~ ~* ~~ ~~ ~~ ~ ~~~~ ~~ ~.,!;;gj the mill that would be expected to contribute somewhat to the~ 
A ~~ ~~ ~~ ~~ J~ ~~ ~ ~~~~ ,l,J,,..!.J, 

"'~ 
pollution of the stream. All scouring for the mill is done in =~ 

~ ao 
I 

Providence, and sewage of the employees is said to be the only 
'leqm"N ,'<IQ <IQ <IQ oo(lQ <IQ <IQ <IQOa <IQ <lQca polluting waste. The analysis shows a slight increase in91d'tII'BS .......... ~~ C'I')~ ..~ lIQaQ fCc 
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'~~~ : chlorine, fats, and loss on ignition, but there is no evidence of )i 

serious pollution at Centredale.
1.1:: 

At Allendale, half a. mile further down stream, is located a.\\1 
sma.ll silk mill operated by the Ramsay & Gore Mfg. Co. This 
factory employs less than 100 persons and is not operated con­
tinuously. It is not an appreciable factor in the pollution of 
Woonsaquatucket river. 

The analyses at stations 4 and 5 show the condition of the 
river above and below the Lymansville Ilj.ill, an establishment 
of 430 employees. Worsted piece goods are manufactured 
here. This was thought to be the chief point of pollution 
above Providence, and a somewhat extensive investigation of 
the polluting liquors was made, such an investigation being 
made possible through the courtesy of the Lymansyille Co. 
AI~hough a considerable quantitY~f waste liquors is discharged 
di1lly, the effect upon the strearuysmall, much less than could 
be accounted for by mere dilution. As will be observeu, the 
analyses in table 3 show only a slight incr~ase in organic matter, 
chlorine, and a somewhat greater increase in number of bac­
teria. Just above the mill is a large reservoir which is tapped 
by a mill race, through which the main portion of the stream 
flows. A weir overflow passes around possibly 100 yards 
from the mill and is joined by the waters from the tail race 
some distance below. The factory wastes are dye water, 3,000 
to 4,000 gallons; piece scouring and rinsing water, 5,000 to 6,000 
gallons; and wool scouring-liquor, 5,000 to 6,000 gallons. Piece 
scouring suds and dye water in intermittent flow throughout 
the day are collected in two 9,500-gallon brick cisterns (used 
alternately), where they are joined at noon and the end of the 
day by charges of wool scouring-liquor to which slaked lime 
(50 pounds per day) had been added. These cisterns sen'e 
primarily as receiving and mixing basins, but the mixed liquors 
are also freed there from the coarser and heavier suspanded 
matters. The cisterns are cleaned once in three weeks, and 
about 9 cubic yards of sludge removed. This sludge is dumped 
nearby until excess of water has drained off, and is then carted 
away. It contains, as shown by a sample taken from the dump: 
Total sohds, 79.7 per cent. i volatile solids, 4.5 per cent. i fixed 
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solids, 75.2 per cent.; fats, 1.4 per cent.; and nitrogen, 0.12 per, . 
cent. It is chiefly sand, wholly unsuitable for fertilizing pur­
poses, and probably can not be utilized in any way. 

From the receiving cisterns the combined liquors are pumped 
into the first of a series of four reservoirs. The sizes of these 
reservoirs and the periods of storage afforded by them are 
shown below: 

No.1, 45 ft. by 60 ft. by 4 ft.... Capacity 81,000 gal. Storage 5.4 days. 
No.2 35 18 4" ... 
No.3,40 " 18 " 4"... " 
No.4, 45 18 4" ". 

18,000 
21,600" 
24,300 

II 

" 

1.3 
1.4 " 
1.6 " 

Total. ................... . 145,800 .. 9.7 .. 

The system is practically one of setiimentation, though the 
effluent from reservior No.4 passes through :L bank of coarse 
cinders before discharging into the river. The point of dis­
charge is located u. few yards below the weir ovedlow from the 
l'eservoir above the mill. Since by far the greater part of the 
strea.m-flow is by-passed through the mill, the discharge of the 
wastes is into 0. comparatively stagnant pool in which a very 
considerable sedimentation and a baetel'iul purification un­
doubtedly takes place. It is probably due t.o this condition 
rather than to the system of sedimentation reservoirs that the 
pollution of the stream at this point appears so slight by the 
analyses. Never"'heless much material is removed in the 
reservoirs. The first of these is cleaned about once in six 
months, an.d 15 cubic yards of scum and un equal amount of 
sludge is removed. Only slight accumulations are fou·nd in 
the other reservoirs. It will be seen, therefore, that in a year 
the following amounts of material are removed from the 
wastes: 

Receiving cisterns ...........................160 cubic yards. 

Reservoir No.1 ............. '" ............. 100 " 

Other reservoirs (estimated) .................. 10 


Total. .............................270 
 " " 
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The scum from reservoir No.1 contains 24.1 per cent. total~. 
solids; 15.4 per cent. volatile solids; 8.7 per cent. fixed solids; 

L 
! 

4;8 per cent. fat; and 0.4 per cent. nitrogen. The sludge con­~ 
~ , I •I ta.ins 29.5 per cent. total solids; 14.1 per cent. volatile solids; 

15.4 per cent. fixed solids; 4.2 per cent. fat; and 0.5 per cent.
, I 

nitrogen. 
' r\ This material undoubtedly has considerable manurial value, , 

., I but the great content of moisture (7lJ11er cent. to 75 per cent.) 
,~ .\ renders it valueless because of cost onransportation. 

Correcting for the moisture, and assuming an average weight 
of 80 pounds per cubic foot for the 270 cubic yards of material, 
it appears that a total removal of 357,000 pounds per annum 
is accomplished. This is a maximum figure. The waste liquors 
contain about 1,000,000 pounds of solid matters. A purifica­
tion of upwards of 36 per cent. is, therefore, effected. It should 
be noted, however, that by far the greater part (about 75 per 
cent.) of this purification takes place in the receiving basins. 
In table 4 are presented analyses of the various WIlRtP. liquors 
at Lymansville, together with analyses of the combined liquors 
at various stages in the sedimentation system. 
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From the figures there presented it appears that the efttireI' 
system of reservoirs (considered aside from the receiving basins) 

1\'''' with nearly ten days storage accomplishes a reduction of only 
6.0 per cent. in turbidity, 86 per cent. in sediment, 19 per cent. illl:. in total solids, 28 per cent. in loss on ignition, 2.3 pel' cent. in 

I Ii fixed solids, 12 per cent. in organic nitrogen, 27 per cent. in 
free ammonia, 18 per cent. in fats, and practically nothing in 

.: I 

t:l 
oxygen consumed or filtered solids. In the first reservoir alone 

, 'j there is a reduction of 6 per ·cent. in turbidity, 58 per cent. in 'l:j 

sediment, 16 per cent. in total solids, 25 per cent. in loss on 
ignition,"O per cent. in fixed solids, 10 per cent. in organic nitro­
gen, 8 per cent. in free ammonia, and 9 per cent. in fnts. There 
appears to be little gain in increasing the period of sedimenta­
tion beyond 5 days. It is ftJ probable that 0. carefully 
constructed sedimentation basin with a 24- to 48-hour periud 
will accomplish as much purification as the entire system 
of reservoirs in use at Lymansville; for it should be under­
stood that these reservoirs are mere excavations in the earth, 
and no precautions were taken in their construction to produce 
an even flow throughout their cross sections. It is quite cet'­
tain that the liquor moves through them in a comparatively 
narrow current, and hence is subjected to a much shorter period 
of sedimentation than their capacities indicate. 

To sum up the situation at Lymansville, treatment of the 
waste liquors by lime and sedimentation, dilution and sedi­
mentation in the stream basin, and finally dilution by the main 
stream, makes the pollution at that point negligible. Increase 
in quantity of material scoured and dyed may make this mill 
a factor in the stream pollution. 

From an economic standpoint the method of treatment 
could be improved, and the valuable product~ (wool, fat, and 
potash) in the wool scouring-liquor could be made to return a 
substantial. profit upon the cost of treatment by the Smith-Leach 
process. 

Below Lymansville, the next proba.ble point of pollution is 
, ~ , Manton. Here the Manton mill of the American Woolen Co., 

with 700 employees,· pollutes the river with dyeing, piece 
scouring, and sewage wastes, This mill is within the Provi­
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dence city limits, and the wastes will ultimately be cared. for 
by the city sewers, which have . already been extended to with­
in a mile of Manton station. 

The present condition of the stream above and below Man­
ton is shown by the analyses at stations 5 and 6. These sam­
ples show an increase here of 30 pel' cent. to 50 pel' cent. in the 
organic matter in the stream. The pollution enters in charges, 
and was noted by the appearance of the stream at various 
times during the day. On September 6, 1906, the worst ap­
pearance was at 5:00 P. ~I. A sample taken at that time was 
light blue in color; had:1 tU\'bidity of 25; organic nitrogen of 
.70; free ammonia, 0.08; uxygen consumed, 7.0; and con­
tained 66,0()O bacteria per cubic centimeter. This analysis 
shows dye-water pollution distinctly. No very undesirable 
conditions result from the pollution at Manton. 

Station i ii:i below Dyerville, whet'e the Joslin ~lfg. Co. opel'­
ates :\ shoe- and corset-lacing factory. There are about 100 
employees here, and in addition to their sewage the !l,nalysis 
indicates slight pollution by dye wuter. 

A similar mill with 250 employees is operated by the same 
company at Merino, three-fourths of u mile down stream. The 
water at station 8, half u mile below this mill, is not materially 
different from the water above. The ::\Ierino and Dyerville 
mills will both be reached by the city sewerage system in the 
course of a few years, anu it is expected that their waste 
waters will be cared for by the sewers. 

Just below station 8 lies the OIneyville mill district, a thickly 
populated portion of Proviuence, studded with large textile 
factories. Between stations 8 and 9, Bosworth street and 
TanyaI'd lane, are the Riverside Worsted mills, 1,700 employees, 
men's suitings; Centred ale Combing Co., 100 employees, wool 
tops; C. L. Blanding Mfg. Co., 110 employees, worsted; Ameri­
can :Multiple Fabric Co., 40 employees, cotton fabrics; At­
lantic mills, 3,500 employees, cotton and woolen dress goods; 
Weybosset mills (American Woolen Co.), 800 employees, men's 
goods; Pocasset Combing Co., 40 employees, wool tops; and 
Crown Worsted mills, 110 employees, yarns. Formerly sewage 
and wastes from these mills, together with OIneyville domestic 
sewage, was discharged into the Woonasquatucket, a large por­

),. '" ~., 
~ .................................
• . ,......r.~ 
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I, 
tion of the mill sewage being carried by a private sewer which 
discharged into the river at Eagle street. All the wastes are 
now cared for by the new city sewerage system, and in this 

11:" 

I:,!,,I district the effects of the new system are most apparent. Also 
between stations 8 and 9 now exist storm overflows from Hart­

iI' ford avenue, Manton avenue, and Plainfield street sewers; a 
'i storm drain from Olneyville Square, a fish market projecting 

.i over the stream, and by repute a few private sewers. At station 
"I 9 a considerable quantity of oily scum, presumo.bly from con­

densing engines at the Atlantic mills, is noticeo.ble upon the sur­
face of the stream. Notwithstanding the great possibilities of 
pollution between these two stations, the anruyses show tho.t 
the contamination is very slight. 

Between stations 9 and 10, Tanyard lane and Deln.ine street, 
are the Earnscliffe Worsted mills, 425 employees, spinning o.nd 
weavingj and the Providence Dyeing, Bleaching, and"Calender­
ing Co., 210 employees, bleaching and finishing. These mills 
n.nd the surrounding neighborhood are sewered, and there is no 
increase in the pollution shown by the analyses. 

Between stations 10 and 11, Delaine street and Atwell's 
avenue, are the National and Providence Worsted mills, 2,200 
employees, yarn, weaving, and finishi&ij; and the small Queens­
bury mill, now closed. There are ~ storm sewer outlets at 
Delaine street, Valley street, and Atwell's avenue. This dis­
trict is also thoroughly sewered. Nevertheless, some polluting 
matters enter between these stations, presumably from the 
National and Providence Worsted mills, showing an increase 
in both mineral and organic solids. This increase is from 10 
per cent. to 20 per cent. of the organic matter in the stream 
during the working day, but is not noticeable at night. Oc­
casional samples of slightly colored water were taken during 

, ; the day at station 11. 
Summing up the results upon this section of Woonasquatucket 

river, between Greystone and Atwell's avenue, Providence, a 
distance of 6.5 miles, the analysis figures for the stream are in­
creased by 3.4 parts oxygen consumed, 0.7 parts organic nitro­

! !, 	 gen, 3.4 parts chlorine, 2.6 parts fats, 10 parts turbidity, and 
10 parts of less-on-ignition. The bacterial count increases 
from a few hu!!.drerl to about 20,000, Roughly, the organic mat­
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ter is a little more than doubled. This pollution does not Occur 
at anyone point, but is gradual throughout the entire distance. 
When it is considered that the stream passes through a thickly 
settled area, including a mile and a half of densely populated 
city; that textile mills to the number of 20, with dyeing and 
scouring wastes and a total of 11,600 employees are within the 
drainage area, such a condition is remarkable, and a cause for 
congratulation to the residents of Proviuence. The credit for 
this condition is due to the city engineers of Providence and to 
the manufacturers, lawsuits and injunctions having played no 
small part in maintaining the purity of the stream. 

Remedial measures 	for the pollution that nuw exists al'e: 
Natural extension of the Pl'Ovidenee sewerage system, careful 
trapping of oil from condensing engines, and possibly more 
careful treatment or dispusal of waste liquors tit Greystone tlnd 
Lymansville. 

The lower section of \Voon:t:;quatucket l'in~r, Atwell's ayenue 
to its mouth a shol,t distance below Gaspee ~treet, presents a 
very different appearance from the section just considered. 
Atwell's (Lvenue is at the head of tide ,,"uter, and in addition to 
great pollution the rise and fall of the tides add to the nuisance 
caused by this portion of the strealll one and three-quarters 
miles in length. We have seen that at .-\twe!l's avenue, station 
11, the stream is at all times in fairly good condition, though 
pollution is easily detected during the dny. Between this 
point and Eagle street, station 12, a short quarter-mile below, 
are the following mills: Rogers Screw Co"' 100 employees; 
Queen Dyeing Co., 470 employees, dyeing :lnd finishing; Valley 
Worsted mills (American Woolen Co.), 460 employees, yarns; 
and the Joseph Banigan Rubber Co., 650 employees, rubber 
boots and shoes. A storm sewer also discharges into the 
stream from a point on the grounds of the rubber company. 
The above-named mills are very incompletely sewered and dis­
charge their manufacturing wastes into the "'oonasquatucket 
without treatment. The result may be seen through exam~na­
tion of the analyses at" station 12 (see table 5), the samples at 
that ~oint being taken from the upper side of the bridge, thus 
avoiding any wastes that enter through sewers discharging 
beneath the bridge. 
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Although the early morning samples taken on June 18 were 
praetically the same at the two stations, the average daily 
condition indicates an increase of not less than 60 per cent. in 
organic, and 30 per cent. in mineral, solids between Atwell's 
avenue and Eagle street. The samples of October, 1906, were 
taken at a lower stage of the stream, and indicate that the 
organic pollution is more than dOUbled at this point. The 
appeara.nce of the stream at Eagle street is subject to constant 
change as the charges of scouring-liquor or dye water :fre dis­
charged by the mills. . 

Below Atwell's avenue the sewers built many years ago, dis­
charging into the stream from the south, are still in existence. 
The first of these empties under the Eagle street bridge, and be­
sides the domestic sewage from a few Score houses, carries all 
the WllStes from the Providence Brewing Co. brewery on Eagle 
street and Harris avenue. Quite as one "'ould expect, there is 
it continuous flow of filthy water from this sewer. Just across 
the stream in the north abutment of the bridge is the outlet 
of a so-called stol'm sewer. Contrary to expectations, this 
sewer is found to flow in the dryest weather, and while the flow 
is not continuous, there nre many days that about noon one 
can see :J. considerable flow of filthy soapy water, apparently 
colored by dyes. Sometimes this flow continues for only an 
hour or two, while on other occasions its period may cover 
practically the entire day. Examinations of the city sewer maps 
developed the fact that at Eagle street there is an overflow from 
the Valley street intercepting sewer, Which carries the drainnge 
of the entire sewered portion of the \roonusquatucket drainage 
area above Eagle street. This Valley street sewer is a 60-inch 
circulnr brick sewer with 11 grade of 0.0005. Such n sewer 
should be nble to carry, flowing full, not more than 1,365,000 
gallons per hour. The writer has bt!en credibly informed that 
the water used in three of the large. Olneyville mills and di­
verted to the sewers amounts to 7,000,000 gallons in ten hours. 
If this statement is correct, 1,000,000 pel' hour is a conservn­
tive estimate for the day mill sewage of the district drained by 
the Valley street sewel'. Assuming the mill sewage to be dis­
charged uniformly throughout the working day, this leaves 
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but 365,000 gallons per hour for all other sewage. Actually, 
the mill sewage is by no means uniform in flow, the greatest 
discharge generally taking place just before noon and just pre­
vious to the close of the day. It is by no means inconceivable, 
therefore, that at times the Valley street sewer is overloaded. 
A natural consequence would be overflow at Eagle street, as 
noted. The pollution at Eagle street was brought to the atten­
tion of the city engineer, who stated that the overflow at Eagle 
street is controlled by a gate, and tho.t this gate is opened when 
it becomes imperative to relieve the flow in the V o.lley street 
sewer when repairs are being made upon some part of the sys­
tem below. This explanation would account for the conditions 
found only in case of a defective gate. If so, repairs to the gate 
are certainly needed. In either case the matter is one that 
should receive attention from the city sewer department. If 
the sewers are in reality already overtaxed, the question is a 
serious one. Further extensions of the sewero.ge system in the 
Woonasquatucket valley, to reo.ch the Merino, Dyerville, and 
Manton villages, will naturally drain into the Valley street 
sewer, and pollution by storm overflows will inevitably increase 
unless the least objectionable mill wastes are thrown into stream 
direct or additional intercepting sewers are constructed. 

It should be remembered that in the original plans* for the 
new Providence sewerage system, only 2,088,000 gallons of mill 
wastes were estimated as flowing into the W oonasquatucket. 
This estimo.te, while probably correct for 1884, is absurdly low 
for present conditions, and it may be true that an enormous 
increase in quantity of manufacturing wastes from the Olney­
ville district in the last twenty years is chiefly responsible for 
the overflow at Eagle street. 

About 100 yards below Eagle street is a tile di'ain carrying 
sewage from the collection of small mills at Eagle street and 
Kinsley avenue. A short- distance below this, at Sims avenu~, 
a city sewer discharges. Still further down, a tile dro.in from 
Norcross Bros. stone works discharges about 20,000 gallons 
daily of a very turbid yellowish liquid. Analysis of this liquid 

\1,,' from the composite of two samples taken in the morning and !!J.. 
• Providence City Document No. 25, 1883, pa,g. XI. ., 
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the afternoon shows in milligrams per liter: Total solids, 8,192; 
loss-on-ignition, 134; solids in solution, 122; loss-on-ignition of 
solids in solution, 46; total iron, 100; iron in solution, 0.08; al­
kalinity, 850; alkalinity of filtered portion, 68. The water is 
used in connection with the cutting, grincling, and polishing of 
marble and other stones, and produces a suspended mineral 
pollution. The suspended matter is coarse and heavy. It 
settles out rapidly on standing, leaving a clear supernatant. 
Although the pollution produced is not objectionable from a 
purely s:1nitary viewpoint, it is undesirable, rendering the 
stream unsightly for a considerable distance and depositing 
some 1,300 pounds of matter upon the bed and banks of the 
river every day. 

A storm sewer enters the stream from the north, nearly op­
posite the Norcross drain. 

Station 13 is located a shOl't distance below the Norcross 
Bros. drain, the samples being taken from the bridge leading to 
the American Locomotive lIotor Cur works. Comparison of 
the analyses at stations 12 and 1:3 will show the effect upon the 
stream of the polluting liquors which enter in the quarter-mile 
below Eagle street. Unfortunately the samples taken on June 
18, 1907, are alone available for comparison. These show 
slightly worse conditions at the lower station in the early 
morning. The average condition for the day shows an in­
crease from station 12 to station 13 of 44 per cent. in oxygen 
consumed, 108 per cent. in organic nitrogen, 45 per cent. in 
alkalinity, 50 per cent. in turbidity, 53 per cent. in total solids, 
32 per cent. in loss on ignition, 182 per cent. in suspended 
solids, and 260 per cent. in number of bacteria. This is by no 
means \l pollution to be neglected. The figures probably 
overestimate the increase of pollution between stations 12 and 
13, imperfect mixing of wastes with stream water tending to 
reduce the figures for station 12. 

Station 14, the upper side of Acorn street bridge, is about 
150 yards below station 13. Between these points several 
drains enter on the north from the American Locomotive 
works, the chief discharge being condenser water. A tile drain 
also discharges from the south, just below the ra.ilroad track 
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leading to the locomotive works. No great change in the 
water is noticeable between these stations. The increase in 
iron may be due to anyone of three causes: (1) a more thor­
ough mixing of the water from Norcross Bros. drain; (2) dis­
charge of iron-bearing water from some of the drains above 
mentioned; or (3) contamination from the drain of the Nichol­
son File Co., which enters near station 14. The last-named 
cause is the most probable one, and it will be assumed that 
the increase in iron between stations 13 and 15 is due to the 
discharge from the Nicholson File Co. drain. 

Station 15 is a footbridge over the steam about a third of 
a mile below Acorn street. Just above Acorn street the main 
drain from the Nicholson File Co. enters from the south. This 
drain carries condenser water, 240,000 gallons daily, and water 
from grindstones, 120,000 gallons daily, making a total of :360,­
000 gallons in ten hours. A composite of two samples (morn­
ing and afternoon) taken from this drain in May, 1907, gave 
tht: following analysis in parts per million: Iron, 440; total 
solids, 1,846; loss on ignition, 84. A filtered portion showed: 
Iron, 1.3; total solids, 118; loss on ignition, 38. 

A composite of ten hourly samples on June 18, 1907, gave the 
following analysis: Turbidity, 450; iron, 136; alkalinity, 56; 
total solids, 990; loss on ignition, 76. The filtered sample 
showed 126 parts of total solids and 28 parts of loss on ignition. 
The liquor is reddish-brown in appearance, discolors the stream 
and its banks for several hundred yards, and has an oily odor. 
Much of the suspended matter subsides rapidly, and after six­
teen hours' sedimentation the supernatant is clear. 

Using the last analysis as the best basis for conservative 
estima.tes, we find that the discharge here contains in suspension 
400 pounds per day of iron and 2,130 pounds per day of other 
mineral matter (undoubtedly powdered standstone, since this is 
the material of which the grindstones are composed). The first 
analysis presented indicates 0. daily discharge of 1,300 pounds 

'I. of iron and 3,700 pounds of other suspended matter. 
In the south abutment of the Acorn street bridge is the out­

ii' let of a combined city sewer which carries, among other wastes, ill 
the sewage (If t.he 900 employees of the Nicholson File Co. and~i 
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the waste pickling-liquor (one to two hundred gallons of weak 
sulphuric acid and iron sulphate) from thAt establishment. Upon 
the north side of the stream at Acorn street is the outlet of a 
small storm sewer which drains Hemlock street. A few yards 
below is a large storm sewer which curries the flow of the small 
stream passing through Davis Purk and storm sewage from 
Valley and Orms streets. A few yards further down streAm is 
a storm overflow from the large Valley street intercepting sewer, 
which from this point follows the W oonasquatucket, being laid 
under Promenade street. Unlike the overflow at Eagle street, 
this channel carries no flow in dry weather. 

Comparing the analyses at station 14 with those at station 
15, we find that in the early Illoming the results are higher at 
the lower station. These samples were taken a short time be­
fore low tide, and the increase noted is probably;due to a lack 
of removal of the previous day's pollution rather than to pollu­
tion entel'ing on the day the samples were collected. The 
composite samples, covering u. period of twelve hours, incluue 
all stages of the titie. Fortunately, on June 18, a wind uown 
stream reuuced the tidal flow greatly. To eliminate this in­
fluence still fUI·ther, the samples on that elate were taken cJo~e 
to the surface. 

Examining the composite samples, we find a substantial re­
duction in organic pollution, but an increase in iron content at 
the lower station. The cause for this is easily apparent, for the 
chief addition to the stream between these stations is the waste 
water from the Nicholson File works. Evidently the com­
paratively heavy mineral solids, in subsiding, carry down with 
them much organic matter. The precipitating effect of the 
pickling-liquor may also be a factor. 

Between station 15 and Gaspee street (station 16) are a 
number of storm sewers and a few combined sewers on both 
sides of the. stream. On the south side the Merchants' Freezing 
& Cold Storage Co. has a condenser water drain. On the north 
side are the LaureldaJe Chemical Works, Brown & Sharpe Mfg. 
Co., and the Wm. A. Harris Engine Co. All of these have 
drains entering the river, but the flows from them are largely, 
if not entirely, condenser water. Changes in the character of 
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the water as shown in the analyses a.t stations 15 and 16 cannot 
well be assigned to anyone cause. High solids, chlorine, and 
sulphates are due to the tidal influence, and other changes are 
not very marked. 

A short distance below Gaspee street, after receiving the 
flow of about half a dozen storm sewers or overflows, the W oon­
asquatucket unites with the Moshassuck to form Providence 
river. 

Summing up the results upon the section of the stream below 
Atwell's avenue, we find a serious mill pollution at and near 
Eagle street and mineral pollution by Norcross Bros. IUld 
Nicholson File Co. to be the matters most worthy of special 
attention. Remedial measures for the mill and sewage pollu­
tion are already, in a sense, under way. Plans have been pre­
pared for an intercepting sewer in Kinsley avenue, following 
the south bank of the stream from a point near Gaspee street 
to Eagle street, and thence in the bed of the river to Atwell's 
avenue. This sewer is intended to divert all mill wastes and 
sewage from the Woonasquatucket below Atwell's avenue. 

There seems to be no valid reason why such mineral wastes as 
those of Norcross Bros. and Nicholson File Co. should be dis­
charged into a sewer where the sedimentation of heavy sus­
pended matter would be sure to cause trouble. The simplest 
means will purify these wastes so that they will be suitable to 
enter the stream. At Norcross Bros.' establishment a :;edi­
mentation basin with a few hours' period will suffice. At 
Nicholson File works, separation of condenser water from 
grindstone water and sedimentation of the latter for nbout 
twelve hours will accomplish satisfactory results. If desired, 
over 60 per cent. of the iron in the grindstone water may be re­
covered by passage through a simple form of magnetic separa­
tor. 

Oil in condenser water mnkes the W oonasquatucket more or 
less unsightly throughout its entire length below Greystone. 
More careful trapping of this oil would be highly desirable. 
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FLOW OF WOONASQUATUCKET RIVER. 

The Woonasquatucket flow is very irregular, and to a con­
siderable extent under control. Near its headwaters, Water­
man, Slack, and Sprague reservoirs, shallow ponds of consid­
erable area, nre used to store a pnrt of the flood wnter, this be­
ing allowed to escape in time of lowest fiow in order to give a 
more uniform supply to the mills. In addition, nenrly every 
mill has its own smull reservoir formed by damming the stream, 
in which during the dry season water is collected at night for 
use during the following day. The largest of these reservoirs 
are at Georgiaville and Lymansville, where the ponds are n mile 
in length. 

At Lymansville, just above the Proyidcnce city line, the 
flow varies between a maximum of about 100 second feet and 
a dry-season minimum of about lO second feet. The average 
flow is probably not far from 50 second feet. These figures 
are significant in connection with the quantities of water taken 
from the stream and discharged into the sewers in the Olney­
ville district. It sometimes happens for a few weeks in mid­
summer that the stream bed is dry at Atwell's avenue. At 
such times the effect of pollution is much greater than the fig­
ures in this report indicate, and mill men on the lower portion 
of the stream make vigorous compl:lint against the condition 
of the water. The autumn samples were taken during a 10 
to 15 second foot flow at Atwell's avenue, while the samples of 
the spring of 1907 were taken at higher stage. 

It will be seen, therefore, on rare occasions the Woonasqua­
tucket below Atwell's avenue contains practically no flow ex­
cept undiluted factory wastes. If, as is now contemplated, 
these wastes are diverted to the sewer, there may be times 
when the stream bed, at low tide, may be dry for a considerable 
distance. This condition may be obviated by a project, pro­
moted by some of the manufacturers, to construct such a large 
reservoir above Stillwater that a much greater flow cnn always 
be mnintained in the dry season. This project should re­
ceive the hearty support of all interested in the sanitary con­
dition of the stream. • 
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