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PREFACE 

The Hydrologic Analysis reported herein was performed by C. E. 

Maguire, Inc. of Providence, Rhode Island under contract to the 

New England Division, Corps of Engineers. A review and some 

modifications have been made in the report by the Hydrologic 

Engineering Section of the Engineering Division at NED subsequent 

to, and as a result of, a stage 3 checkpoint conference held at 

Waltham on 30 May 1980. 
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1. INTRODUCTION 

BLACKSTONE RIVER BASIN 
HYDROLOGIC ANALYSIS 

This appendix presents the hydrologic analysis performed for the 
Water Resources Study of the Blackstone River basin. The report 
presents hydrologic data and includes analyses of floods of record, 
flood frequencies, development of the Standard Project Flood and 
analyses of various flood control measures. 

2. HYDROLOGIC DESCRIPTION OF BASIN 

a. General. The Blackstone River basin, located in south-central 
Massachusetts and northern Rhode Island, is generally elongated in 
shape with a length of about 44 miles, average width of 12 miles, 
and a total drainage area of 476 square miles. The topography is 
generally hilly with higher elevations lying in the western portion 
some of which are in excess of 1,300 feet msl. Because of short, 
steep tributaries in the upper reaches of the watershed and relatively 
longer ones in the lower reaches, there is a tendency for the tri­
butary flows to synchronize with the crest on the main river. A 
map of the Blackstone River basin is shown on plate 1. 

b. Principal Stream. The Blackstone River originates at the 
junction of the Middle River and Mill Brook in the southern part 
of Worcester, Massachusetts and flows in a generally south-easterly 
direction for 44 miles to its mouth at the Main Street dam in Paw­
tucket, Rhode Island. At Main Street dam, Blackstone flows enter 
the Seekonk River, a tidal estuary continuing 7 miles south to the 
Providence River in Providence, Rhode Island. 

The Blackstone River has a total fall of about 440 feet from its 
source to sea level. From Worcester to Fisherville, a distance of 
approximately 10 miles, the river falls 150 feet or about 15 feet 
per mile. In the next 18 miles to Blackstone, Massachusetts, the 
average fall is only about 5 feet per mile. The river valley in 
this second reach is broad and flat and has some modifying effect 
on floods in the basin. Downstream of Blackstone, the river drops 
75 feet in 3 miles, then flattens out to become a rather uniform 
slope of approximately 11 feet per mile to tidewater. A profile of 
the Blackstone River is shown on plates 2 through 9. 

During the 19th century, several small dams were constructed 
across the river to develop water power for industrial plants located 
along its banks. In recent years, a number of these industrial plants 



have been abandoned. Most of those remalnlng buy their electric 
power and use the dams solely for industrial purposes. Several 
dams on tne Blackstone River and its tributaries were damaged 
during the August 1955 flood, and some failed at, or near, time 
of peak flow. 

c. Tributaries. Principal tributaries of the Blackstone River 
are Kettle, Beaver', and l1ill Brooks and the Middle River which 
combine 10 form the headwaters of the Blackstone River in Worcester, 
fo 11 owed, 1 n downs tream order, by the tri butari es: Qui ns i gamond, 
Ijest, '!;!J:1lford, Branch, Mill and Peter Rivers, and Abbot Run Brook. 

,1) Headwater Tributaries 

(a) Kettle Brook, located entirely in l1assachusetts, 
originates in the uppermost northwesterly part of the watershed at 
Reservoir 4 near Paxton Center and drains 32.8 square miles. The 
brook flows southeasterly through the town of Leicester into Auburn 
\vhere at citonevi 11 e it turns northerly toward Worcester. Termi nus 
of Kettle Brook is at the outlet of Curtis Pond at the confluence 
of Beaver Brook, with this point marking the beginning of Middle 
River', In its entire length of 12.7 miles, Kettle Brook has been 
extensive'ly developed with reservoirs providing water supply to 
the city of Worcester and downstream industrial purposes. The 
Worcester' Diversion Project, completed by the Corps of Engineers 
in 196U, diverts floodflows from 30.5 square miles of Kettle Brook 
nround Worcester. 

(b) [;eavel' Brook with a dra,nage area of 15.h square 
miles Y'ises along the northern city boundary of Worcester approx­
imately 1-1/4 miles westerly of Indian Lake. It flows southward to 
join Kettle Brook, forming the Middle River at the outlet of Curtis 
Pond. Approximately 4.2 miles upstream from its terminus, Beaver 
B!'ook intercepts its major tri butary, Tatnuck Brook on the westerly 
sidE. Tatnuck Brook, having a drainage area of 11.3 square miles, 
or'jginac,'s in the Holden Reservoir in Paxton which is part of the 
Wor~e~t2r water supply system, 

(el Mill Brook, located on the easterly side of Beaver 
Brook wa~ershed and draining approximately 15 square miles, originates 
near Chaffinville, in the town of Holden. It flows southward through 
Indian I.ake and tnence through the center of Worcester to join the 
I'iiddl (, R'j ver on the southern s ide of the ci ty, Throughout most of its 
length., partlcularly in its most densely populated section below 
IndiJfl Ldke, Mill Grook is enclosed in an underground conduit. There 
dy'e "PY" few ponds or wetland aredS other than Indian Lake, Marshall 
dnd Sci I i ';bury Ponds, 

2 



(d) The Middle River flows generally southeasterly for 
a distance of approximately 2.5 miles through a wetland area, two 
ponds and then intercepts Mill Brook to form the Blackstone River 
at the American Steel and Wire Company dam northeast of Quinsigamond 
Village in Worcester. At this point, it has d total drainage area 
of about 65 square miles of which 1.7 are local and lies entirely 
within the limits of Worcester and Auburn. 

(2) Quinsigamond River. This basin lies in Boylston, West 
Boylston, Shrewsbury, Grafton, Millbury and Worcester, Massachusetts. 
It has a 12.2 mile length oriented along a north-south axis, a max­
imum width of 4.5 miles and drains an area of 37 square miles. The 
river measures about 13 miles in length, of which 8 miles are a suc­
cession of lakes, the largest being Lake Quinsigamond with a water 
surface of 539 acres. This lake is one of three closely related 
bodies of water (combined area = 929 acres), the other two are Flints 
Pond with an area of 322 acres, and Hovey Pond with a 68 acre area. 

(3) West River. The river, located entirely in Massachusetts, 
rises in Upton State Forest in the southwest corner of Westboro, three 
miles northeast of the center of Grafton. It flows in a southerly 
direction through the towns of Upton and Northbridge joining the 
Blackstone River about 0.6 mile downstream from the confluence of 
the Mumford and Blackstone Rivers. In a clockwise direction from 
its source in the headwaters, Hopkinton, Mendon and Millville are 
other perimeter towns within the watershed. 

The watershed, elongated in shape with a maximum length of about 
12.5 miles and a width varying from about 5 miles in the upper portion 
to approximately 2 miles in the lower section, has a total drainage 
area of 35 square miles, with 80 percent (27.9 square miles) con­
trolled by the existing Corps of Engineers West Hill flood control 
reservoir. This reservoir, completed in 1960, is located approx­
imately 3.2 miles upstream from the mouth of the West River. 

(4) Mumford River. The Mumford River originates from a system 
of lakes, ponds and reservoirs in the towns of Oxford, Douglas and 
Sutton, Massachusetts. It follows a rather sinuous course in a gen­
erally easterly direction through Sutton, Northbridge and Uxbridge, 
where it joins the Blackstone River 0.5 mile east of the business 
center of Uxbridge. 

The basin has a length of 10.9 miles, a maximum width of 8.1 miles 
and drains an area of 58 square miles. Scattered throughout the water­
shed are small and large impoundments which are principally utilized 
for storing process water for finishing textile goods. 

3 



(5) Branch River. In terms of drainage area, the 'largest 
tributary of the Blackstone River is the Branch River (drainage 
a~ea 96 square miles), of which 12.6 miles are in Massachusetts 
and the rpmainder in Rhode Island. The basin is shaped like an 
equilateral triangle, with each side approximately 15 miles in 
1 ength , 

The main stem of the Branch River is formed by the confluence 
<)f tne Chepachet and Pascoag Rivers near the village of Oakland in 
BlJn'il"lvllle, Rhode Lland, and terminates at the Blackstone R'iver 
in Noy'tll ~mithfie'ld. Rhode Island near the Massachusetts-Rhode 
hland ',tate boundary. The northern fork of the Branch River (drain­
age dlOM 44.7 square miles) originates on the Clear River at Wallum 
Lake in t.he extreme northwestern corner of Rhode Island and flows 
in a southeasterly d'irection through the Wilson Reservoir to join 
with the Pascoag River just north of the village of Pascoag. The 
Pascna9 River, joined by the Nipmuc River just north of thp. village 
of Harrisville, Rhode Island, continues flowing southeasterly to 
Ilakland to form the Branch River. The southern fork (drainage area 
21,2 square miles) originates in the swamps upstream of the Smith 
and Sayles Reservoirs in Glocester. and flows in a northeasterly 
direction through the village of Chepachet to Oakland. Rhode Island. 
Another southern tributary Tarklin Brook join~ the Branch River at 
the southwestern extremity of the Slater"ville Reservoir near the 
village of Nasonville, Rhode Island. 

The Branch River and its tributaries drain a watershed with a 
mean elevation of 475 msl, extending from a high elevation of 804 
msl at Durfee Hill in northwestern Rhode Island to a low elevation 
of lRO msl at its junction with the Blackstone River. The main 
,tream slope averages 16.0 feet/mile. Scattered throughout the 
hilly terrain of the basin are many lakes, ponds and artificial 
reservoirs which were originally developed for processing of in­
dustrial goods in connection with textile manufacturing and fin-
ishirliJ Table I lists pertinent data relating to the existing 
n~jor Impoundments of the Branch River basin (for surface areas 
greater than 100 acres). Branch River profiles are shown on plates 
I D thr'oughI4. 

(6) Mill River. Tile Mill River ha, its source at North 
Pond in the tbwns of Hopkinton, Upton and Milford, Massachusetts 
and f1 OVJS southerl y for 15 mil es t.hrough Mendon and Bl acks tone, 
M~ss"c:h"cetts to the Blackstone River, a short distance above the 
U.S, 5d,]ogica1 Survey gaging station at Woonsocket, Rhode Island. 

TIle! tlasin (drainage area 3') square miles) is located almost en­
ti re I i 'vi thi 11 the Commonwealth of Massachusetts and is elongated in 

i, 
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Reservoir 

Wa11um Lake 

Wilson Reservoir 

Keech Pond 

Burlingame 

Pascoag 
Reservoir 

Smith & Say 1 es 
Reservoir 

(Upper & Lower) 
Sl atersvi 11 e 
Reservoir 

Tarklin Reservoir 
Pond 

Location 

Burri 11 vi 11 e, 
Rhode Island 

Burri11vi11e, 
Rhode Island 

Glocester, 
Rhode Island 

Glocester, 
Rhode Island 

Burri 11 vi 11 e­
Glocester, 
Rhode Island 

Glocester, 
Rhode Island 

No. Smithfi e 1 d­
Burri11vi11e, 
Rhode Island 

North Smithfield 
Rhode Island 

TABLE 1 

PERTINENT DATA FOR RESERVOIRS IN BRANCH RIVER BASIN 

Purpose 

Flood Control 
\~ater Supply 

Recreation 

Recreation 

Recreation 

Recrea t ion 

Ora i nage 
Area 

Tsq. mi.) 

2.35 

11 .47 

1.87 

1. 95 

7.86 

89.60 

8.66 

Stream ---

Cl ear 
River 

Cl ear 
River 

Chepachet 
River 

Pascoag 
River 

Pascoag 
River 

Chepac het 
River 

Branch 
River 

Branch 
River 

Gross Capacity 
Surface Area 

(acres) 

322 

114 

53 

67 

352 

175 

227 

20 

Es t i ma ted** 
Storage 
(ac-ft) 

1,600 

800 

100 

135 

3,520 

350 

1,800 

100 

Equi va 1 ent 
Runoff 

( inches) 

12.7* 

1.3 

1.0 

1.3 

7.8* 

.83 

.38 

.22 

Overflow 
Elevation 

(msl) 

586 

439 

426 

594 

441 

424 

249-230 

279 

*Runoff in inches and storage capacity is excessive compared to its drainage area, and these reservoirs are not likely to be filled up. 
**From U.S.C. and G.S. Maps 



shape, being 10 miles long with an average width slightly in excess 
of 2 miles. 

The largest impoundment within the basin is Harris Pond located 
almost entirely within Blackstone, Massachusetts, with the dam and 
appurtenant structures straddling the Woonsocket city limits on the 
Rhode Island-Massachusetts State Line. During the record flood of 
August 1955, this dam failed and compounded the flood problems with­
in one.ection in the northern quadrant of Woonsocket. Since then 
it. ha<; I,een rebuilt by the city as one of its main sources of water 
supply. 

Sub<,equent to the di sastrous flood of 1955, the Lower \,oonsocl<et 
Loca I Protection Project was compl eted by the Corps of Engi neers in 
1967. This project consisted of channel improvements, dikes, walls, 
drains, I'ressllre conduits, pumping stations and dam removals. The 
~lll and Peters Rivers enter the Blackstonp in adjacent pressure 
conduits. 

(1) Peters River. The Peters River has its origin north of 
Silver Lake in Bellingham, Massachusetts. From Silver Lake, the 
Peters River flows ';outherly for approximately 3.5 miles before 
crossing the Massachusetts-Rhode Island State Line at Woonsocket. 
Approximately I mile further downstream, the Peters joins the Black­
stone River in a pressure conduit at the Lower Woonsocket local pro­
ject. The river hasin averages about t' ,iii les 'In width, 5 mi les in 
length and has a drainage area of 12 square miles. 

(8) Abbot Run Brook. lhis brook originates, respectively, 
in the towns of~Wrentham and Cumberland along the Massachusetts and 
Rhode Island State Line. A short distance from its origin, it is 
impounded in the Diamond Hill Reservoir which supplies water to 
Pawtudet. From the re';ervol r, Abbott Run f1 ows south for approxi­
mately :! mi Ie', through some sr,,~l1 ponds, crossing the State Line in­
to North Attleboro, Massachusetts. It then meanders in a southerly 
directiun for another three miles, again crossing the State Line. 
Abbott Run jOins the Blackstone River in the village of Valley Falls 
in Cumberland, Rhode Island. 

The watershed is about 11 miles long and roughly 3 miles wide 
with a total drai nage area of 27 square mil es . It is cha racteri zed 
IJY many ,wamps and several small ponds with hi lly topography more 
pronounced along the outer fringes. 

3. Cl.i~:ATOLOI;Y 

d. General. lh~ Blackstone River basIl) has a variable climate 
characterized-by frequent but generally shor·t periods of heavy 

. ..;,:....-



precipitation which is distributed quite uniformly throughout the 
year with much of it occurring as snow during the winter months. 
The drainage basin lies in the path of the "prevailing westerlies" 
and other cyclonic storms that move easterly across the country 
from the western or southwestern United States. Because of its 
proximity to the sea, it is also subjected to coastal storms, locally 
known as "northeasters", which travel up the Atlantic Seaboard from 
the Carolinas, occurring mostly durng the fall and winter months. 
Intense rainfall in combination with a melting snow cover can result 
in flood producing runoff. In addition, tropical hurricanes con­
stitute an infrequent but very important potential for flood-pro­
ducing precipitation, particularly from July to October. Thunder­
storms may occur over the basin at any time of the year and may be 
of local origin or associated with a stationary front. 

b. Temperature. Average annual temperature of the Blackstone 
River basin is about 490 Fahrenheit. Average monthly temperatures 
vary widely throughout the year, from 250 in January to 730 in July. 
Extremes in temperature may range from occasional highs above 1000 
to infrequent lows below 100 Fahrenheit. Long term temperature 
records, available for Worcester and Providence, are summarized in 
table 2. 

c. Precipitation. The mean annual precipitation over the basin 
is about 42 inches distributed rather uniformly throughout the year. 
Average monthly rainfall at Providence ranges from a minimum of 2.98 
inches in June to a maximum of 3.84 in December and at 110rcester, 
from 3.19 inches in February to 4.01 in August. Average monthly 
precipitation values are listed in table 3. 

d. Snowfall and Snow Cover. About one-third of the precipitation 
that occurs during the winter months is in the form of snow. Annual 
snowfall for the entire basin varies from 55 to 60 inches, with extremes 
ranging from 40 inches in the southern portions to about 60 inches at 
inland pOints to the north. In recent years, surveys of snow cover 
have been taken regularly in the Blackstone basin. The mean annual 
water content of the snow cover over the basin seldom exceeds 3 inches. 
On occasions, however, a maximum water content of more than 6 inches 
has been experienced in the upper Blackstone basin. Moderately high 
springtime discharges frequently occur as the result of melting snow, 
but runoff from this source alone generally has been insufficient, 
during the period of record, to cause a major flood. However, serious 
flooding due to a combination of heavy rain and snowmelt is a possi­
bility nearly every year. Tables 4 and 5 summarize data on snowfall 
and snow cover. 
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TABLE 2 

MEAN ~10NTHL ( TEr-1PERATURES 

t1crcester, Mass. Pray j dence, R.l. 
69 'I ea t's of Record 45 Years of R.ecord 

-~-. --- --~--------

i'l'Jl1tr r~ean HaximiJm ~~inimum Mean r~a., imum Mi n 1mum 
----~. ----

Janua t·y 25.3 69 -18 29.3 68 - -13 
February 25.8 67 -24 29.4 69 -17 
t·1a rch 34.8 84 - 6 37.6 90 1 

, .. 
I-\pr· ~ 45.:: 91 8 47.6 98 11 
Iljay ~-, ~ 

~I • i.- 93 25 53.S 95 32 
June 65.9 j6 33 67 .~) 1 n' ," ' 39 

~. 

July 7'1 ~ 102 41 72. 7 101 49 v.:'" 

JI,ugu"t 68.9 99 38 7' CJ '04 40 
SeptEmber c. ~ a 

'- , . -' 100 ~6 63 ~ 99 33 

Octobe" ')1 . S 89 18 53.9 9C 20 
Novembey 40.0 81 3 43.2 0" 9 ,,'-
December 28.4 67 -17 32.6 69 -12 

Annual 48.0 102 -24 50, 104 ·17 

I: 
" 



TABLE 3 

MEAN MONTHLY PRECIPITATION 

Worcester, Mass. Providence, R.I. 
112 Years of Record 74 Years of Record 
E1ev. 628 Feet ms1 E1ev. 51 Feet ms1 

Month Mean Maximum Minimum Mean Maximum Minimum 

January 3.63 11. 16 0.70 3.63 7.12 0.50 
February 3.20 8.09 0.67 3.29 5.80 1.18 
March 3.85 11.l3 0.04 3.70 8.31 0.07 

Apri 1 3.60 10.77 0.35 3.54 7.32 0.72 
May 3.74 8.84 0.76 3.13 9.25 0.57 
June 3.36 9.25 0.66 2.97 7.21 0.04 

July 3.62 11 .41 0.62 2.43 8.08 0.24 
August 3.96 18.58 0.35 3.61 12.24 0.78 
September 3.67 13.13 0.20 3.35 9.79 0.48 

October 3.65 11.67 0.36 3.09 11 .89 0.15 
November 3.84 10.40 0.56 3.69 8.50 0.31 
December 3.64 9.83 0.78 3.86 10.75 1.05 

Annual 43.92 71.66 27.92 40.29 65.06 25.44 



Januar'l 
Fpf,ruarv 
Mil rch 

Apn I 
tt:ay 
,June 

Ju'ly 
!lugu,' : 
S(~pternt;~~¥ 

Or tore',' 
Novemh. 
Of'C ('milE'" 

Arnual 

Date 

i FebY'lldl j 
!.s FebY'ua r'y , 

tt:arch , 
lb Na I'Ch 

I Apr.l 
15 "IWl I 

iJ'\8LE 4 

MEAN MONTHLY SNOvJFALL (DEPTH IN INCHES) 

Worcester, Mass. Providence, R.l. 
66 Years of Record 73 Years of Record 
Elev. 628 Feet msl Elev. 51 Feet ms1 

--~. 

14.9 9.60 
15.8 10.2 
10.2 6.7 

3 -, 
d 0.9 

TRACt 0.1 
0.0 0.0 

TRACE 0.0 
TRACE 0.0 
TRACE 0.0 

0.1 TRACE 
3.G 1.0 

1 0.1 6.6 

57.3 15.1 

TABLE 5 

WAH,8SQUIVALENTS OF SNCIL} COVER (IN INCHES) 
BLACKSTONE RIVER BASIN 
----1957 - 1971 

Minimum Mean 

0.0 1.85 
0.2 2.55 o . .L 2.75 
0.0 2.25 
0.0 0.70 
0.(1 0.00 

".:.:.:;.-

t1aximum 

3.9 
5.2 
6.0 
5.0 
3,3 
0.7 
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e. Storms. Three general types of storms occur in the Black­
stone River basin - continental, coastal, and those associated with 
thunderstorms which may be of local origin or the result of a sta­
tionary front. Continental storms originate Over the United States 
and southwestern Canada and move in a general easterly and north­
easterly direction. These storms may be rapidly moving intense 
cyclones, or the stationary type. They are not limited to any 
season or month but follow one another at more or less regular 
intervals with varying intensities throughout the year. Coastal 
storms can be either tropical or extratropical. Tropical hurricanes 
originate either near the Cape Verde Islands or in the Western 
Caribbean Sea and generally move in a westerly or northwesterly 
direction, curving inward to the north as they approach the main­
land, and then to the northeast when approaching New England. Al­
though the normal path is to the south and east of New England, they 
can be deflected over this area by continental cyclonic disturbances 
or by a large, slow-moving, anticyclonic center, if these are present 
to the northeast of New England at the time. The latter diversion 
is known as a "blocking" high pressure cell. For the most part, 
hurricanes are likely to occur during the months of July through 
October with greater incidence of such storms during August and 
September. Coastal storms of an extratropical nature differ from the 
storms accompanying hurricanes principally if they originate off the 
Carolina coastline. These storms travel a path that is parallel to 
the coastline, but more westward than the path of hurricanes, covering 
a much greater area with precipitation, and occurring most frequently 
during the autumn, winter and spring months. Thunderstorms may be 
either of local origin or of the frontal type associated with the 
summer months. 

The greatest storm rainfall for wide area coverage now recorded 
in New England occurred during 17-19 August 1955, accompanying 
hurricnae "Diane". This storm exceeded all previous New England 
records for total rainfall in a single storm and for a 24-hour 
period. Of particular significance is the fact that less than a 
week before "Diane", her predecessor "Connie" had deposited a rain­
fall of 4 to 6 inches or more along the Atlantic coast from North 
Carolina to southern New England. Consequently, the watersheds 
were well soaked and streams, reservoirs, and ponds were relatively 
full when the intense rainfall of 17-19 August 1955 occurred. The 
amount of precipitation was greater in the upper Blackstone River 
basin than in the lower basin. At Kettle Brook, near Worcester, 
a rainfall of 13 to 15 inches was recorded, while at the lower end 
of the basin, in Pawtucket, the recorded rainfall was 8 inches. 

f. Droughts. 

(1) General. The long term annual rainfall of approximately 
42 inches in the southeastern New England area is really the average 
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of the Jnnual rainlall for all years of record. When rainfall is 
be low average fat' a per i ad of ti me, the area ex peri ences what is 
rpferl'ed to as a "drought". In this case, a drought is defined 
as a prolonged perIod of precipitation deficiency which seriously 
<lftects tnth Y'iverflow and ground water supplies and represents 
periods of minimum rainfall. 

12) Drought of 1963-196~. The drought of 1963-1966 in 
'0uthe.,tern New England, for its duration, wa~ the greatest ever 
,·XI"'tir·,,,,'d,., the area in 200 year,. of record. Severity of this 
.!r .. luLjht t:lIlawed d per'iad of abovl' normal rainfall which contributed 
J,r, r,·la;(<ltion 0/1 thi' pal't of citie, and to'~ns durcng a penod of 
rapHlyincreasing water demand. The drought was more severe in the 
intenor than along the coast The accumulated deficiency in the 
dVf;ragc nmof" of the Blackstone River at. Woonsocket for water years 
1964 through 196/ \,.15 27 inches, \vh1chh equivalent to more than 
onp ye,lr's average runoff. 

d D15ChaY'ge Records. file U:, i,eoioglcal Survey publishes records 
of nin~ stream gaging stations in the Blackstonr River basin, seven 
of Whl"il . .11'1' on t .. ibutaries and two on thp main stream. Gaging sta­
tiow: "II the tributary streams within the basin are located on 
Kett.I·, Biook at I'!orcester (discontinued in 1979), Quinsigamond River 
at Nor:,h Grafton, \~est River below I!est Hill Dam near Uxbridge, a1l 
in Massa' hU';etts, the Nipmuc River near Hanic.ville, Chepachet River 
at Chepachet (discontinued in 197'i), dnd t~e ~ranch River at Forest, 
dale and a Blackstone River tributdr'Y at Woonsocket, all in Rhode 
Island On the main stream itself, there are two gaging stations -
one at N,\rthbridge, Massachusetts, measuring runoff from about 30 
percent of the basin, and the other at Woonsocket, Rhode Island, 
measurinq runoff from about 85 percent of the basin. A gaging sta­
tion 0n the Mumford River in East Douglas, Massachusetts, was dis­
continuer! in 1951. Pertinent runoff data from the existing gaging 
stations is (ompiled in table 6. Locations of the gaging stations 
are showil on plate 1. 

b Runoff. The mean annual runoff from the Blackstone River 
-~-

for th:, ~eriod of record, adJllsted for upstream storage and diversion, 
is ?44 cfs at Northbridge, Massachusetts, 726 cfs at Woonsocket and 
165 cis for the Branch River at Forestdale, Rhode Island. At Wor­
(J~stE,·. the average runoff from Kettle Brook is 53 cfs for 53 years 
of lecorYJ. The instantaneous maximum and minimum flow rates and mh!n 
monthly runoff values for these four stations as well as the Nipmuc 
dnd Chepachet Rivers are given in table 7. Average annual runoff 
in the basin is about 1.75 cfs per square mile which is equivalent to 
ai'out 24 inches of runoff per year or about 57 percent of average 
annual i'recipitation. 
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TABLE 6 

S,REAMFLOW DATA 

Location of Ora i nage Period of Discharge Datum 
Station Gaging Station Area Record ~(eraJe Mi nimum Maximum Date of Gage 

"(:;q. ml~) cfs (cfs) ( cfs) (ft. msl) 

Blackstone River Bas;n 

1095 Kettle Brook; Worcester, Massachusetts 31.3 1923-1979 53.2 0.2 3,970 8/19/55 472.86 

1100 Quinsigamond River; North Grafton, Mass. 25.5 1939-P 41.3 0 820 8/20/55 335.00 

1105 Blackstone River at Northbridge, Mass. 139.0 1939-P 244.0 2.0* 16,900 8/20/55 260.00 

1112 West River below ~Iest Hi 11 Dam near 
1.1 * Uxbridge, Massachusetts 27.9 1962-P 43.1 370 3/26/68 240.00 

w 1113 Nipmuc River near Harrisville. 
Rhode Island 16.0 Fl64-P 27.1 0.09 1 ,020 3/18/68 340.00 

1114 Chepachet River at Chepachet, R. I . 17.4 1964-1975 31.4 1.9 1,080 3/18/68 355.00 

Chepachet River at Gazzavi11e, R.1. 19.2 3j73- D 8.1 264 7/1/73 335.00 
* 

1115 Branch River at Forestdale, R.l. 91.2 i940-P 165.0 5.2 5,800 3/19/36 180.00 
* ** 1125 Blackstone River at Woonsocket, R.l. 416.0 1929-P 725.0 21.0 32,900 8/19/55 107.42 

1127 Blackstone River Tributary at 
Woonsocket, Rhode Island 2.31 1965-P 3.45 285 3/18/68 150.00 

*Minimum Daily Flow 
**Includes Failure of Horseshoe Dam 



~ PIaL c. 

>It''''-:, "~QNTH~ , <:~Iy; 

*Ket":l e Brook at B 1 acks tone Rive( at 81 a,-"s tJne River at Branc~ River • :heoEhet Ri ver at Ni;Jmli: Rive,- rear ;.l 

Worcester, Ivia;5. Northbndge. i·lass ' .. Joonsocket, R. ! rorestC:ale R Cne~achet R I 'ian"' :;;, i ~ 1,;_. t::. i. 
~~~~=:_~ . :! ___ ~.s~_3~~ ~~ _ ,J:J,=D:.< 29..._r:11. i __ .;,~~l' ~{:_.'~.:_L_ (DA=~I.~-.---is.~ _ _,---0;""17 ,~ .A.~ \:JA= ___ :.:~[_:.~~·l 

'i0llth Mean ~lax !·1; n !>lean f-iax ~1i n i'lean Ha" Mi Ii Near. Me", i,~, ; , :-1ed :~ ~1ax :,1; n r:L~~~ t'lax I~; n 

January 56 123 13 252 546 66 362 1 ,609 177 198 ~26 46 34.84 i68 8.9 26.43 217 7 i.1 

February 60 127 27 303 828 128 938 2,489 354 226 418 78 5C.19 416 8.7 41.08 395 .6 
March 104 313 39 500 1,070 229 1,521 4,056 732 325 547 169 76.30 791 19.0 65.44 764 12.0 

--\pr~ 1 100 208 20 47i 91E 166 i ,395 2,640 451 287 538 89 55.79 395 7.5 S-l.ZS 4 I ~ , , n,) 

"lay 61 121 1 9 290 094 105 840 1,783 285 "i 3::: 39~ 
7, 
" 40,28 3Zi 6. 1 39.20 408 6.3 

Ju'le 44 133 " . , Z06 529 67 jlJj 1,838 142 '·::;6 29<:1 38 27 19 133 3.7 23.88 211 . 

J'e,: :y r' , '~, !63 14 121 417 22 31:: 2.450 90 52 :SS i~ 12.39 222 3.2 7,82 i J:' .53 
..b _-iugust 30 257 Ii) 112 i,182 16 269 .:::.,6&8 6:; 54 -" t.: is o - 1',.2 2.0 3 _., 22- .36 :I.v . -" 

September 32 169 J ' ~ ': 796 21 323 1,972 75 68 19~ 21 8.48 FE 1.9 3.62 40 .28 

.::tober 3C -~ 711 I :20 02 2S 34C .999 00 72· 47; G ;8.24 1 8 2.7 5.32 l05 S3 
''1oljembE:~ 44 147 1 I 201 66 4; 5a6 2,233 2: -! 3i:; 472 30 28.65 1 C 3.5 20.52 284 .63 
December 5:, 139 10 232 03 6; 794 2,262 59 '7" 422 35 41.85 2 S 

, 35.1: 344 0 
-."i- i."., 

Annual 53 244 730 165 33.60 27.17 

*L\dju;:,teo mrwthly discharge f,:,r 1923-58 may be subject to error becaus.e of regulaticm upstrear.<. 



5. HISTORY OF FLOODS 

a. General. Major floods on the Blackstone River occur during 
any season of the year. Rain combined with melting snow resulted 
in the March floods of 1936, 1968, 1969 and January 1979. Heavy 
rains of tropical origin during summer and fall months caused the 
floods of November 1927, July 1938, September 1954, and August 1955. 

b. Historic Floods. The flood history of the basin extends 
back more than 160 years. Records concerning early floods, although 
meager in most cases, mention March 1818, March 1823, February 1866, 
March 1876, February 1886 and September 1887. The greatest occurred 
in February 1886 and exceeded any previous event for which inform­
ation is available. The storm, lasting about 60 hours, had a max­
imum rainfall of 5.65 inches near Providence, and about 2 inches 
of water was added to the runoff from melting snow. 

c. Recent Floods. Since 1927, five major floods, described 
below, have been experienced: March 1936, July 1938, August 1955, 
March 1968 and January 1979. Minor flood events have also occurred 
in November 1927, September 1938, September 1954 and October 1955. 
Table 8 lists the five greatest floods at selected USGS gages. 

(1) The March 1936 flood, considered to be a single hydraulic 
event, actually occurred as two peaks of almost equal magnitude six 
days apart. At Woonsocket, a peak discharge of 14,200 cfs was 
recorded on 13 March and on 19 March a peak flow of 15,000 cfs was 
attained. The first peak was the result of a combination of rain­
fall and snowmelt, but the second was due to rainfall alone. Ground 
work for the flood was really prepared in December, when the tempAr­
ature played a very important role. From December through February, 
the temperature was below normal, and a snow cover remained over the 
basin. As late as 9 March, the snow depth at Worcester was recorded 
as 10 inches, although most of the snow had disappeared by this time 
from the southern part of the basin, near Providence. Due to the 
low temperatures, thick ice covers were still on the ponds, lakes, 
and rivers. Even where ground surfaces were clear, the underlying 
soil strata were frozen preventing significant ground water perco­
lation. 

Beginning on 9 March and continuing through to 28 ~1arch, a period 
of abnormally high precipitation occurred throughout all New England, 
with the total rainfall for the month being twice the normal quantity. 
Although the major center of the first storm was in northern New 
England, a second center occurred in the lower Housatonic River basin 
in Connecticut. From 9 March to 13 March an average of 4 inches of 
rainfall per day fell in this area, with the maximum storm intensity 
recorded on 11-12 March. The second storm pattern was similar to 
the first. A secondary storm center occurred in the Blackstone basin 
at Worcester, where rainfall of 8.22 inches was recorded for 16-19 March. 
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USG~ GagIng Statior, 

Kettl e Brook 
Worcester, Mass, 

Quinsigamond River 
North Grafton, Mass. 

Blackstone River 
Northbridge, Mass, 

Branch River 
en Forestdale, R.I, 

Blackstone River 
Woonsocket, R.1. 

! 

TABLE g 

RECORDED FLOOD DISCHARGES 

Drainage 
Area i~ar 1936 JUi,Z: 1938 AUt 1955 ~lari 968 

( sq. mi.) ( cfs) (cfs ) cfs ) ( cfs) 

31.3 2,520 880 3,970 1 ,400 (4 ) 

25.5 820 452 

139.0 7,500 3,900(2) 16,900 4,760 

93.3 5,800(3) 3,950(3) 4,240 4,980 

416.0 15,000 15,100 32,900(1) 15,400 

(1) Affected by dam failure on Mill River. Flow 
without dam failure estimated to be 29,600 cfs 

(2) Maximum average daily discharge 

(3) Gage not established at this time - discharge 
value obtained by computation 

(4) Estimated 

Jan 1979 
(cfs ) 

1,700+(4) 

652 

6,180 

5,470 

16,100 

I' 
" 



High rates of runoff during this period of heavy rainfall resulted 
in the flood that crested on 19 March. The reduced rate of in­
filtration into the frozen soil mantle contributed to the production 
of runoff coefficients for the basin that were as high as 90 percent. 

(2) Ouring the period of 17-25 July 1938, an irregular 
series of showers and thunderstorms deposited widely varying amounts 
of rainfall over the eastern seaboard. Total precipitation exceeded 
10 inches through eastern Connecticut and Massachusetts and north­
western Rhode Island. The individual storms within the 8-day period 
were not unusual, but the rapid sequence in which they succeeded one 
another prevented the streams from recovering during that inter­
vening time. Consequently, the streams were pushed to successively 
higher stages in a series of peaks. Because of this series of rain­
fall events, numerous textile mills, homes and highways in the lower 
part of the Blackstone basin were flooded. This flooding was the 
highest flood on record until August 1955. 

(3) The flood of August 1955, the maximum known to have 
occurred on the Blackstone River, produced peak discharges that were 
nearly twice the magnitude of any others experienced on this river. 
The flood resulted from record rainfall accompanying hurricane 
"Dianf>" falling on ground previously saturated by the precipitation 
of hurricane "Connie", which had occurred only one week earlier. 
Augmented by water released when the Horseshoe Dam on Mill River 
failed, the Blackstone River flow at Woonsocket, reached a peak 
of 32,900 cfs, 2.2 times the previous reak flow which occurred 
during the July 1938 flood. The maximum stage at Woonsocket, 
reached on 19 August 1955, was 7.4 feet higher than the maximum 
attained during the July 1938 flood. Storm rainfall in the water­
shed averaged approximately 13 inches. Total rainfall at Mendon, 
Massachusetts, was 13.7 inches with 5.2 inches occurring in a 2-
hour' peri od. 

(4) The March 1968 flood produced a single peak discharge 
of 15,400 cfs on 19 March on the Blackstone River at Woonsocket. 
At this gaging station, the flood reached a maximum stage of 14.6 
feet, slightly greater than the 14.4 foot stage of July 1938, and 
much less than the maximum stage of 21.8 feet recorded during the 
August 1955 event. Like the March 1936 flood, the March 1968 event 
was really the result of precipitation from the two storms. The 
first less intense storm occurred on 12-13 March. This rainfall 
together with snowmelt from scattered, Sheltered, and wooded areas 
throughout the basin produced considerable runoff, filling ponds, 
lakes and reservoirs and contributing to local flooding. When 
heavy rainfall of the second storm fell on 17-19 March, the ground 
was fully saturated and surface water storage basins were full. 
Conditions were right for generation of the major flooding 
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that fonowed. Total storm rainfall over the basin during the 
peri cd 17-19 March averaged about 5 inches. 

(5) In January 1979, two separate severe storms, four 
days apart> each deposited between 3 and 4 inches of rain over the 
watershed. Runoff from these storms caused major flooding in some 
unprotected areas which experienced the highest water levels since 
August 1955. 

~. EXISTING FLOOD CONTROL PROJECTS 

a. Reservoi r~!... Subsequent to the Augu, t 1955 flood, the Corps 
of Engineers bui 1t the West Hi 11 Flood Control Reservoir Project. 
Cilrrently, there are no other flood control reservoirs in existence 
in the I>.3s1n, nor are there any authoY'ized. 

Wes t Hn 1 Reservoi r is 1 oca ted in the towns of Uxbri dge, North­
bridge and Upton, Massachusetts, with the dam proper located in 
Uxhri dge on the Wes t Ri ver about 3.2 mil es il bove its confl uence with 
the, Blackstone River. The project, controlling 27.9 square miles, 
or approximately 80 percent of the West River watershed, serves 
rnncipally to store flood waters providing stage reductions at 
downstream communities as far south as Pawtucket, Rhode Island. 
During normal riverflow the project also provides limited re­
~reational opportunities. The Corps of Engineers has developed 
d puhlic. park within the project with facilities for swimming, 
picnicking and other related outdoor activities. Under an in­
tensive management program, the Massachusetts Division of Fisheries 
and Game is developing the fish and game resources of reserved 
lctnds and ,vaters. 

The regulated storage capaci ty of the project is 12,400 acre­
feet, with a surface area of -, ,025 acres, equivalent to 8.3 inches 
of runoff from its i nter'cepted watershed area. The dam j s a 2,400 
foot long- r'o11ed, earth-filled structure with a dumped rock shell 
and lias a j,jdximuffl height of 48 feet above normal streambed. In 
addition, there are four earthen dikes totaling 1,200 feet in length 
with a maximum height of 19 feet. The project was completed in 
1961. lt~ location is shown on plate 1. 

b. ~ocal Protection Projects 

(1) Upper Woonsocket. An Upper Woonsocket local protection 
, ',ject was completed by the Corps of Engineers in 1959. This 
pr,l.lloct was designed to protect an area of Woonsocket, along an 
8,3G'i f Jot reach of the Bl acks tone Ri ver between the Massachusetts 
\tate Line downstream to South Main Street bridge, in Woonsocket. 
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The project affords complete protection to the area against flood­
flows equal to those experienced in the August 1955 flood (29,600 
cfs). The project protects industrial properties in the city, as 
well as many homes, commercial establishments and extensive trans­
portation facilities and public utilities. In addition, it reduces 
flood stages in the upstream communities of North Smithfield, Rhode 
Island and Blackstone, Massachusetts. 

Major components of the project include channel improvements, 
construction of four dikes, a floodwall and pumping station, replace­
ment of an industrial dam, underpinning and modification of two 
railroad bridges, relocation of a highway bridge, and relocation 
of four sewer siphons and two sewer lines. 

Channel improvement included widening, deepening and straigh­
tening 6,700 feet of the river channel and constructing 1,600 feet 
of new channel at the Singleton Street bridge and downstream of the 
Fairmount Street bridge. The industrial area in the vicinity of 
Singleton Street is protected by 1,200 feet of earth dikes and 315 
feet of concrete floodwall with a pumping station having a capacity 
of 33 cubic feet per second (cfs) handling the interior drainage 
during high river stages. The Woonsocket Falls Dam, formerly a 
fixed-crest masonry structure about 100 feet upstream of the South 
Main Street bridge was replaced by a 266-foot long concrete dam 
equipped with four tainter gates, each measuring 50 feet wide by 
10.1 feet high. The piers of a railroad bridge at the lower end 
of the project area were underpinned and an existing trestle 
approach span was replaced by a new 50-foot plate girder span and 
abutment. A second railroad bridge located near River Street was 
also underpinned. 

The city of Woonsocket assumed responsibility for the reloca­
tion of the highway bridge at Singleton Street, as well as all 
associated project utility revisions. It furnished lands, ease­
ments and rights-of-way; and maintains and operates the project as 
provided by law. Subsequent to the implementation of the project, 
the city replaced three other highway bridges over the Blackstone 
River. 

(2) Lower Woonsocket. The Lower Woonsocket local protection 
project was completed by the Corps of Engineers in 1960. The project 
is located in Woonsocket along the Blackstone River and the tri­
butaries, Mill and Peters Rivers. The project protects an area of 
the city downstream of the South Main Street bridge, supplementing 
the completed Upper Woonsocket protective works upstream. 

The project consists of 4,950 feet of channel improvements along 
the Blackstone, Mill and Peters Rivers; 2,300 feet of pressure con­
duits on the two tributary rivers; alteration of utilities; and 
modification of the Bernon Street bridge to provide additional 

19 



channel capacity along the Blackstone River. It also affords pro­
tection to the Social and Hamlet districts of Woonsocket by 10,200 
feet of earth dikes and concrete floodwalls with two pumping 
stations to hand12 the interior drainage during flood periods. 

As modified by West Hill Reservoir in Massachusetts, the project 
was des igned for flows equal to those of il standard project flood 
as tonOl'ls: Blackstone River from South Main Street bridge to the 
conflupnfB of the Mill and Peters Rivers 33,000 cfs, and 40,000 
cts for i eaches below the confluence. Design flows on the Mill 
and Peters Rivers are 8,500 and 3,200 cfs, respectively. As 
designed, thp nroject affords complete standard project flood 
prGteclion to the industrial and commercial establishments and 
congested resIdential developments of the area. 

c. Diversion of Floodflows. The Wor«'ster Diversion Project, 
located 1n the towns~of Auburn and Millbury on the south side of 
Wor::estrr, vias completed by the Corps of Enginee~s in 1960. It 
consists of a bypass for floodflows orlglnat1ng 1n the 30.1 square 
mile di'ainage area above thf' Leesville Pond diversion structures. 
Thf"ie f'!clodflows would otherwise transit tlH~ rH,rthward looping 
7 mile> of Kettle Brook, Middle River and the Blackstone River 
through heavily bu; II .. -up vJorce~ter. 

The improvement includes a gated (;Ont('oi dam across I <,esvil1e 
Pond, lbout I ~ miles upstream and south of the existing Leesville 
Dam. lust dp';tream on the right bc,nk, an ungated diversion weir and 
intdke struc.turE" pro'vide entrance to a 16··foot diameter, concrete 
1 ined diversion bmne·l. The 4,205 foot tunnel runs southeasterly 
and empties into an 11,300 foot open channel which follows the 
generdl f·asterly alignment ot Hull Brook to the Blackstone River. 
The improvement also included the construction of four new highway 
bridges, including one under 1-290, and a railroad bridge across 
the open channel. 

The IJroJect, operated and maintained by the city of Worcester, 
is designed for a flow of 6,000 cfs which is 75 percent of the 
standard pt·o.]ect fiood, or 50 percent grpater than the record 4,000 
cfs flood of August 1955. The Worcester Diverslon provides sign­
ificant "eductions of floodflnws thr'ough Worcester where heavy flood 
los';es to industrial, commercial, residential, and publ ic property 
hali(, occur'red in the past, particularly in 1955. 

d Other"; 

( 1 ) Federal 

(a) Under the flood emerge"cy prOV1Slons contained in 
P"b 1 j; laW 99, as enacted on 28 June 19~~, emergency fl ood contro I 

".:..;.co" 



funds were provided following the March 1968 flood for the re­
storation of a flood control project along the westerly bank of 
the Blackstone River in Blackstone, Massachusetts between St. Paul 
Street bridge and the downstream railroad embankment. This former 
flood control project consisting of a stone masonry floodwall was 
originally constructed in 1936 under the Emergency Relief Act (ERA) 
for the protection of the town hall, courthouse building, residen­
tial homes and the town's recreational and athletic field. During 
the March 1968 flood, the original floodwall was fractured and 
collapsed into the river. 

Project reconstruction was completed by the Corps of Engineers 
in 1971. The project includes about 1,025 linear feet of improvement 
consisting of 863 feet of earth dike, 162 feet of stone slope pro­
tection and appurtenant works. The project, as designed, affords 
protection for the August 1955 flood of 26,000 cfs which is about 
87 percent of the standard project flood of 30,000 cfs. 

(b) Disaster Relief Operation (DR) - Emergency funds 
were expended by the Corps of Engineers, following the August 1955 
flood "Diane", to rehabilitate the deteriorated main stem channel 
conditions within the State of Rhode Island. Channel improvements 
involving removal of obstructions and sediment deposits were con­
ducted for the following communities: 

Towns of Cumberland and Lincoln 

Removal of two islands and bridge obstructions 
which inhibited river flows. 

Widening 1,900 linear feet of channel an addi­
tional 25 to 60 feet. 

City of Central Falls 

Removal of over 200 feet of sand and gravel bars 
and protruding boulders. 

Widening 400 linear feet of channel an additional 
20 feet. 

Removal of rubbish and debris and clearing of trees 
and brush from riverbanks. 

Removal of snags from the channel. 
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City of Pawtucket 

Removal of rubbish and debris from riverbanks. 

Removal of rock spur and snags from the channel. 

Spoil areas were established for the removed materials with a 
considerable quantity of the excavated material utilized in the 
construction of temporary protective dikes. 

(2) Non-Federal 

(a) Commonwealth of Massachusetts - Subsequent to, 
and as a result of the severe damages experience in August 1955, the 
Massachusetts Department of Public Works, Division of Waterways, 
completed modification and restoration of numerous damaged projects 
within the Massachusetts portion of the Blackstone River watershed. 
A synopsis of completed work is as follows: 

Worcester 

Flood control work for Beaver Brook and Middle 
River to relieve flooding in Webster Square -
project completed in August 1960. 

Stream channel improvements and reinforced con­
crete box culvert along Mill Brook - completed 
November 1961. 

Stream channel improvement along West Tatnuck 
Brook - completed May 1962. 

Channel improvement at Marshall Pond and Mill 
Brook - completed November 1964. 

Construction of reinforced concrete box culvert 
and incidental work along Mill Brook - completed 
July 1970. 

Mi 11 bury 

Channel improvements along Kitchen Brook and the 
Blackstone River in the upstream portion of the 
town of Millbury - completed prior to 1960. 

Grafton 

Channel improvement and diversion of the Blackstone 
River near Pleasant Street in the village of Saunders­
town (Grafton) into two channels - the existing 
channel plus a new channel using the old Blackstone 
Canal alignment. 

22 

.. ...: .. 

. .:.,;.:.. 



Northbridge 

Reconstruction of Kupfer Dam - completed August 
1958. 

Stone slope protection work at Riverdale Street -
completed April 1962. 

Uxbridge 

Reconstruction of Rice City Dam. 

Supplementing the above projects, the Division of Waterways 
has also reconstructed, since the August 1955 flood, numerous 
bridges across the Blackstone River that were either destroyed 
or severely damaged. Channel improvements resulting from recent 
interstate highway construction near, and in the vicinity of, 
Worcester have also been completed. 

(b) State of Rhode Island - Other than bridges re­
constructed by non-Federal interests in conjunction with the two 
Woonsocket local protective works, no flood control projects have 
been undertaken or completed by the State of Rhode Island. 

(c) Public - On 9 September 1972, the Blackstone 
River Watershed Association established "Project Zap" and launched 
the first of several phases of a massive clean-up campaign for the 
Blackstone River. On this day, "Project Zap"l mobilized 10,000 
volunteers to remove more than 10,000 tons of debris in a 14-mi1e 
reach of the Blackstone River from Pawtucket to the Woonsocket 
Falls Dam, and upstream of South Main Street Bridge in Woonsocket. 

"Project Zap" is a first step in a continuing community effort 
for enhancing the beauty of the riverbanks and the river environ­
ment. The second phase, to be accomplished in the near future, 
would consist of the removal of silt and muck from the riverbed, 
thereby temporarily producing a more efficient hydraulic water 
course. Concurrent with this clean-up operation, a further thrust 
would be made to create and establish a series of ministrip or 
linear parks along the flood plain area of the river. This would 
inaugurate a series of recreational sites and areas to become the 
Interstate Park system and possibly a part of the National Recre­
ational and Historic Parks managed by the US Department of the 
Interior. Such a bill was recently introduced in the US Congress 
by Representative Fernand St. Germain, 1st Congressional District 
of the State of Rhode Island. 
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7. FLOOD FREQUENCIES AND STAGE DISCHARGE RELATIONS 

a. Discharge Frequencies. Peak discharge frequencies were 
determined by statistical analysis of the recorded annual peak 
flows at the six gaging station sites in the Blackstone basin. 
The frequency analysis was made using a Log Pearson Type III 
distribution in accordance with procedures described in Water 
Resources Council Bulletin No. 17A: "Guidelines For Determining 
Flood Flow Frequency". Weilbu11 plotting positions were used for 
plotting experienced data, and frequency curves were computed in­
cluding expected probability and 95 and 5 percent confidence limits. 
The finally adopted skew for each site and resulting curve, was 
based on analysis of the computed curves, the plotted data, con­
sideration of regional skews, and hydrologic experience and famil­
iarity with the region. 

The analysis and adopted curve for each of the six sites are 
graphically illustrated on plates 15 through 20. Recorded annual 
peak flows at the six sites are listed in table 9. For the Woon­
socket statistical analysis, the data prior to 1960 was adjusted 
to reflect the present modifying effect of the West Hill Reservoir. 

b. Discharge Frequencies at Index Stations. Discharge fre­
quencies at selected index stations were determined by analyzing 
the adopted discharge frequency curves at gaging sites and de­
veloping relations between discharge frequency and drainage area 
for intervening index stations. Selected index stations and 
developed discharge frequencies for the mainstem Blackstone River 
are listed in tables 10 and 11. Similar analysis was also performed 
on the Branch River. 

c. Rating Curves for Index Stations. Stage-discharge rating 
curves were developed at the established index stations as follows: 

(1) For index stations at gage sites, information was ob-
tained from the US Geological Survey. ' 

(2) For index stations at dams, rating curves were computed 
using the basic broad crested weir equation with computations for 
both nonsubmerged and submerged conditions, where warranted. 

(3) At other locations, ratings were developed by backwater 
computations. All ratings were checked against experienced high 
water levels and flows, where available. Adopted stage-discharge 
rating curves are shown on plates 21 through 34. 
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TABLE 9 

RECORDED PEAK DISCHARGES 
USGS GAGING STATIONS 

(Discharge in cubic feet per second) 

Kett1 e Brook Northbridge Woonsocket Branch River Nipmuc Chepachet 
Water Year No. 1095 No. 1105 No. 1125 No. 1115 No. 1113 No. 1114 

1924 740 xxxx xxx x xxxx xxxx xxx x 
1925 450 xxxx xxxx xxxx xxxx xxx x 
1926 400 xxxx xxxx xxxx xxxx xxxx 
1927 230 xxxx xxxx xxxx xxxx xxxx 
1928 790 xxxx xxxx xxxx xxxx xxxx 
1929 473 xxxx 4,570 xxxx xxxx xxxx 
1930 116 xxxx 1,970 xxxx xxxx xxxx 
1931 935 xxx x 8,220 xxxx xxxx xxxx 
1932 404 xxx x 4,530 xxxx xxxx xxxx 
1933 586 xxxx 5,780 xxxx xxxx xxxx 
1934 570 xxxx 6,560 xxxx xxxx xxxx 
1935 1,020 xxx x 7,500 xxxx xxxx xxxx 
1936 2,520 xxxx 15,000 xxxx xxxx xxxx 
1937 429 xxxx 6,340 xxxx xxxx xxxx 
1938 1,300 xxxx 15,100 xxxx xxxx xxxx 
1939 337 xxxx 3,840 xxxx xxxx xxxx 
1940 500 1 ,840 5,850 1,530 xxxx xxxx 
1941 219 1,560 4,480 1,480 xxxx xxxx 
1942 540 1 ,600 5,330 1,97U xxxx xxxx 
1943 237 1,600 5,310 2,120 xxxx xxxx 
1944 291 1,400 3,830 1,300 xxxx xxxx 
1945 312 1 ,440 3,410 1 ,160 xxxx xxx x 
1946 396 1,210 3,830 1 ,080 xxxx xxxx 
1947 213 1,480 3,150 782 xxxx xxxx 
1948 393 1,620 5,810 1,800 xxxx xxxx 
1949 162 768 2,030 532 xxxx xxxx 
1950 195 1,280 3,620 966 xxxx xxxx 
1951 596 2,270 4,920 1,370 xxxx xxxx 
1952 508 1,750 4,090 1,310 xxxx xxxx 
1953 584 1 ,860 5,570 1,260 xxxx xxxx 
1954 1,530 4,510 9,400 3,080 xxxx xxxx 
1955 3,970 16,900 32,900* 4,240 xxxx xxxx 
1956 852 2,830 8,710 2,550 xxxx xxxx 
1957 246 1,500 3,850 1 ,060 xxxx xxxx 
1958 687 2,120 4,980 1,590 xxxx xxxx 
1959 747 2,870 5,390 1,640 xxxx xxxx 
1960 580 2,520 5,500 1,470 xxxx xxxx 
1961 210 2,270 4,020 1,250 xxxx xxxx 
1962 270 2,620 5,790 1,170 xxxx xxxx 
1963 400 2,350 4,510 866 xxxx xxxx 
1964 195 1,670 5,520 1,500 xxxx xxxx 
1965 181 2,280 5,900 1,050 300 112 
1966 115 1,620 2,280 742 150 148 
1967 227 2,010 7,000 2,520 527 371 
1968 1 ,100 4,760 15,400 4,980 1,020 1,080 
1969 480 3,290 8,200 2,560 603 456 
1970 360 3,470 8,100 2,780 742 553 
1971 181 1,290 3,090 784 203 180 
1972 640 2,820 8,290 2,470 550 384 
1973 360 2,590 6,940 2,150 592 375 
1974 200 2,210 5,920 1,790 501 428 
1975 158 1,510 3,950 988 286 200 
1976 154 2,840 9,130 2,780 600 Discont. 
1977 220 1,770 4,590 1 ,440 305 xxxx 
1978 93 1,560 9,010 2,590 632 xxxx 
1979 258 6,190 15,900 5,470 1,840 xxxx 

*Affected by the failure of Horseshoe Dam on Mill River 
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TABLE 10 

INDEX STATIONS (BLACKSTONE RIVER) 

Zone State River Zone Extent Index Station 

0 MA Kettl e Brook Stoneville Pond Dam to Worcester Diversion Worcester Diversion 
Structure (Sta. 2B05+00 to 2742+40) Structure (Sta. 2742+40) 

1 MA Kettl e Brook Worcester Diversion Structure to Curtis Worcester Gagin~ Station 
Pond Dam (Sta. 2742+40 to 259B+00) (Sta. 2661+60 

II MA Mi ddl e Ri ver Curtis Pond Dam to the former Middle River Former location of M.J. 
Bridge, Worcester (Sta. 2598+00 to 2515+00) Whithall Assoc. Dam 

(Sta. 2535+00) 

III MA Blackstone River Middle River Bridge to Mouth of Hull Brook* Worcester-Millbury Town 
(Sta. 2515+00 to 2331+50) Line (Sta. 2370+00) 

IV MA Blackstone River Mouth of Hull Brook to Millbury Woolen Mills Former location of Millbury 

"'-
Dam (Sta. 2331+50 to 2196+50) Woolen Mills Dam (Hayward 

0\ Schuster Dam) (Sta. 2196+80) 

V MA Blackstone River Millbury Woolen Mills Dam to Saundersville Saundersville Dam (Damaged) 
Dam (Sta. 2196+50 to 2043+50) (Sta. 2043+50) 

VI MA Blackstone River Saundersville Dam to Mendon St. Bridge Former location of Paul Whitin 
Uxbridge (Sta. 2043+50 to 1357+00) Dam (Sta. I 775+00) 

VII MA Blackstone River Mendon St. Bridge, Uxbridge to Blackstone Blackstone Mfg. Co. Dam 
Mfg. Co. Dam** (Sta. 1357+00 to 933+00) (Tupper Corp. Dam) 

(Sta. 933+00) 

VIII MA Bl acks tone Ri ver Blackstor.e Mfg. Co. Dam to Hamlet Dam Former location of Hamlet 
RI Woonsocket (Sta. 933+00 to 699+00) Dam (Sta. 699+00) 

IX RI Blackstone River Hamlet Dam to Valley Falls Dam, 
Falls (Sta. 699+00 to 106+00) 

Valley Valley Falls Dam (Sayles 
Finishing Co. Dam) 
(Sta. 106+00) 

X MA Blackstone River Valley Falls Dam to Slater Mill Dam, Old Slater Mill Dam, Paw-
RI Pawtucket (Sta. 106+00 to 4+00) tucket (Sta. 4+00) 

*Downstream end of the Worcester Diversion Channel 
l*~nown as the Blackstone Mill of the Lonsdale Co. (Tupper Dam). 
'I, ( 



TABLE 11 

FLOW FREQUENCY (BLACKSTONE RIVER) 

Zone Drainage Area Peak Discharges (CFS) 
( sq. mi.) (500 yr) (200 yr) (100 yr) (25 yr) (10 yr) (2 yr) 

0 Worcester Diversion Dam 30.0 8,000 5,350 3,900 1,850 1 ,150 400 

I Worcester Gaging Station 31.3* 1,050 650 420 150 80 20 

II Former Location of 
M.J. Whitall Assoc. Dam 50.0* 6,200 4,100 2,900 1,350 800 270 

III Worcester, Millbury Town 
Line 65.0* 8,900 6,000 4,300 2,100 1,300 460 

IV Former Location of Hayward 
Schuster Dam 78.0 14,900 10,300 7,600 4,000 2,600 1,020 

V Saundersville Dam 100.0 17,400 12,000 9,100 4,900 3,200 1,300 
N ...., 

VI Former Location of Paul 
Whitin Dam 138.0 21,400 15,000 11 ,500 6,400 4,200 1,800 

VII Tupper Corp. Dam 261.0** 32,000 22,800 18,000 10,500 7,300 3,300 

/ VIII Former Location of Hamlet Dam 369.0** 40,000 28,500 23,000 14,000 9,700 4,600 

IX Sayl es Finishing Co. Dam 453.0** 46,000 33,000 27,000 16,400 11 ,600 5,650 

X Old Slater Mill Dam 478.0** 47,000 34,500 28,000 17,000 12,000 5,950 

*Flow from approximately 30.0 square miles routed through Worcester Diversion 
**Flow from approximately 33.0 square miles detained at West Hill Flood Control Reservoir 



d. Stage-Frequencies for Index Stations. Stage-frequency 
curves for index stations were developed using the adopted stage­
discharge and discharge-frequency relationships. Developed stage­
frequency curves are shown on plates 35 through 48. 

8. ANALYSIS OF FLOODS 

a. General. The Blackstone River has been the subject of a 
number of hydrologic studies by the Corps of Engineers in the past, 
particularly as related to the planning design of the West Hill 
Reservoir and Upper and Lower Woonsocket local protection projects. 
These past stUdies involved in-depth analysis of past floods up to 
and including the major August 1955 event. Current studies princi­
pally involved supplemental studies of the more recent March 1968 
flood and study of both the 1955 and 1968 floods on the Branch 
River. Past analysis of the August 1955 flood development in the 
basin is graphically presented on plate 49. An analysis of the 1955 
flood and unit hydrograph development for the river at Woonsocket 
plus a summary of unit hydrographs for earlier floods are presented 
on plates 50 and 51, respectively. Supplemental unit graph analysis 
of the 1968 flood at Woonsocket is shown on plate 52, and analysis 
of the Branch River at Forestdale for both 1955 and 1968 events 
are shown on plates 53 and 54. 

b. Flood Profiles. Flood profiles of recurring August 1955 and 
March 1968 floods were computed for both the Blackstone and Branch 
Rivers. A standard project flood profile was also computed for the 
main stem Blackstone. Profiles were computed using the computer 
program HEC-2, "Water Surface Profiles", developed at the Hydrologic 
Engineering Center, Army Corps of Engineers, Davis, California. 
Flood plain topography was obtained from an aerial photogrammetric 
survey of the mainstream of the Blackstone River dated May 1973, 
and from a prior report entitled "Flood Plain Information" - Black­
stone River - Cumberland, Rhode Island - June 1971. Terrain data 
for the Branch River basin was taken from US Geological Survey maps. 
All data was supplemented by conventional ground surveys to determine 
elevations of river structures, channel cross sections and bridge 
openings. Channel sections used in the analysis were measured in 
the field at all river structures, and at intermediate points for 
long reaches of the river. Flows used in the analysis for the 1955 
storm were obtained from past studies as illustrated on plate 49 
with modifications for West Hill flood control reservoir and 
Worcester Diversion. Flows used in the analysis for the March 1968 
storm were derived from recorded flows at Kettle Brook, Northbridge 
and Woonsocket. A discharge-drainage area relationship was estab­
lished by plotting known information for the three gaging stations 
on log-log paper and fitting a curve to the three points. Flows 
at key locations along the river were then obtained by computing 
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the contributing drainage area at each point in question and reading 
the associated flow from the log-log plot. Similar drainage area -
discharge relationships were developed for the Branch River relating 
flows to those recorded at the Forestdale gage. Discharges used in 
developing the profiles are listed in tables 12 and 13. 

The flood plain shown on the Blackstone River plans represents 
those areas susceptible to flooding as a result of the 1955 storm 
of record and are plotted approximately using a contour interval 
of 5 feet. It is a~sumed no clogging of the bridge openings 
occurred. If clogg1ng were to develop, river stages immediately 
upstream of the structures would rise. 

A comparison of the recurring 1955 profile with the actual 
storm profile indicated the effectiveness of the flood control 
structures already in existence on the river. The stage had been 
reduced in the Worcester area by the Worcester flood control di­
version and in the lower basin by the West Hill flood control re­
servoir. Local protection projects in Woonsocket confined re­
curring 1955 flow to the channel and eliminated considerable damage 
in that area. 

9. STANDARD PROJECT FLOOD 

a. General. Standard project flood discharges for the main 
stem Blackstone were determined in past studies, particularly in 
connection with the planning and design of the Lower Woonsocket 
local protection project and the West Hill flood control reservoir. 
The standard project flood was developed by applying standard 
project storm rainfall excess to developed unit hydrographs at 
gaging sites and ungaged locals, and then progressively routing 
the component hydrographs downstream. The standard project flood 
development for the Blackstone basin including adopted unit graphs 
is graphically illustrated on plate 55. The standard flood is shown 
at Woonsocket both with and without the effect of the West Hill 
project. 

b. Standard Project Storm Rainfall. The standard project rain­
fall was based on criteria set forth in EM 1110-2-1411. Total 48-
hour storm rainfall for the entire basin was 11.2 inches, with a 
maximum 24-hour amount of 9.6 inches. The maximum 6-hour amount 
was 7.4 inches. Maximum loss rates due to infiltration and other 
factors was assumed to be 0.1 inch per hour. Six-hour rainfall, 
losses and excess amounts are listed in table 14. 

c. Flood Routings. Approximate coefficients for the progressive 
average-lag method of flood routing were developed for component 
routing in the Blackstone basin. Coefficients were based on analysis 
of historic floods with consideration of inflow and outflow of various 
reaches, distance of travel, and relative storage within the reaches. 
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TABLE 12 

PEAK DISCHARGES FOR WATER SURFACE PROFILES 
BRANCH RIVER BASIN ".:.;,:. .. 

Drainage 
Location Area 1968 1955 

(sq.mi.) (cfs) (cfs) 

Branch River 

Junction w/Blackstone, 
Forestdale 93.2 5,059 4,307 

#48 Forestdale Dam 91.2 4,960 4,240 
#46 Slatersville 

(Middle) Dam 89.4 4,905 4,182 
#43 Slatersville 

(Upper) Dam 85.8 4,755 4,066 
#40 Mohegan Dam 72.2 4,188 3,629 
#38 Glendale Dam 70.7 4,lll 3,581 
#37 Oakland Dam 66.0 3,868 3,429 
Junction w/Chepachet 65.22 3,828 3,404 

Pascoag-Clear River 

Junction w/Chepachet 44.02 2,529 2,404 
#8 Harrisville Dam 41.3 2,372 2.135 
#7A Graniteville Dam 
(Former) 22.5 1,258 1,132 

#6 Premier Worcester 
Dam 12.4 659 593 

#5 Green Shoddy Mill 
Dam 12.3 653 588 

#4 Prendergast Mill Dam 12.1 643 579 
#3 Wilson Res. Dam 11.7 622 560 

Chepachet 

Junction wi Pascoag 21.2 1,299 1,000 
#10 Mapleville Dam 20.0 1 ,225 943 
#35 Gilleram Mill Dam 19.8 1,213 934 
#34 Gazzaville Dam 19.3 1,183 911 
(Gage @ Chepachet) 17.6 1,078 830 
#33 Steere's Dam 17 .4 1,066 821 
#26 Valentine Mill Dam 12.2 748 576 
#25 Mowry Dam 12.0 735 566 
#23 Smith & Sayles 
Res. Dam 7.9 484 373 

#22 Keech Pond Dam 6.1 474 365 

Nipmuc 

Junction w/Pascoag 22.62 1,452 1,437 
Nipmuc Dam (Proposed) 16.3 1,039 1,028 .:,.;.::.-

Nipmuc Gage 16.0 1,020 1,009 

30 



TABLE 13 

PEAK DISCHARGES FOR WATER SURFACE PROFILES 
BLACKSTONE RIVER BASIN 

Location 1968 1955 SPF 
(cfs) (cfs) (cfs) 

Stonevi 11 e Pond 
Worcester Diversion 1,100 3,500 7,700 
Consolidated Rendering Company Dam 100 500 1,700 
Small Weir 100 500 1,700 
Worcester Electric Dam 100 500 2,500 
American Steel & Wire, Dam No. 8 650 2,500 5,500 
American Steel & Wire, Dam No. g 650 2,500 5,500 
N. E. Power Company 3,000 12,600 16,650 
Sagdaw Storage Company Dam 3,000 13,600 16,800 
Cenco Mills Dam 3,300 13,800 18,500 
Saundersvi11e Dam 3,700 14,000 18,500 
Fischer Manufacturing Dam 4,400 16,200 19,500 
J. J. O'Donnell 4,900 16,000 19,500 
Duppfer Brothers Dam 4,900 14,800 20,900 
Rice City Pond Dam 4,900 13,800 19,000 
Tupper Dam 8,000 18,400 29,880 
Saranac Mills Dam 11 ,600 21,500 34,760 
Woonsocket Falls Dam 12,000 22,200 35,710 
Manville Mill Dam 13,100 26,100 40,750 
Berkshire Hathaway Dam 13,400 26,000 41,530 
Ashton Fiberglas Dam 13,700 26,000 41,400 
Pratt Dam 13,700 26,000 43,360 
Sayles Finishing Company 14,800 25,700 43,070 
Pantex Dam 15,300 26,700 43,290 
Old Slater Mill Dam 16,000 26,700 43,000 
BVG & E Company (Main St.) Dam 16,000 26,700 43,000 
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TABLE 14 

STANDARD PROJECT RAINFALL 
BLACKSTONE RIVER BASIN 

Time Rainfall Losses 
(hours) Dnches) (i nches) 

0 0 0 

6 7.43 0.6 

12 1.16 0.6 

18 0.68 0.6 

24 0.38 0.38 

30 1.21 0.6 

36 0.19 0.19 

42 0.11 0.11 

48 0.06 0.06 

Total 11 .22 3.14 

FLOOD ROUTING COEFFICIENTS 

Reach 

Kettle Brook to Northbridge gage 
Quinsigamond River to Northbridge gage 
Northbridge gage to Woonsocket gage 

Mumford & West Rivers to Woonsocket gage 
Woonsocket gage to Pawtucket 
West Hill Dam to Woonsocket gage 

1? 

Excess 
(inches) 

0 

6.83 

0.56 

0.08 

0 

0.61 

0 

0 

0 

8.08 

Coefficients for 
3-Hour Periods 

7/2 
5/1 

15/5 

11/4 
7/2 

11/2 
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10. NIPMUC LAKE RESERVOIR 

a. General. This proposed reservoir, on the Nipmuc River in 
the town of Burrillville, Rhode Island, would extend upstream across 
the Rhode Island-Massachusetts State Line into the town of Douglas, 
Massachusetts. The reservoir, as contemplated, would be a multi­
purpose facility providing a degree of flood control along the Branch 
River and in the lower Blackstone River basin, and water supply for 
the northern area of Rhode Island. The dam would be a zoned rolled 
earth embankment, located approximately 0.8 mile above the confluence 
of the Nipmuc and Clear Rivers at Harrisville, Rhode Island. A con­
crete chute spillway is proposed on the easterly abutment with a 
control tower and operating gatehouse near the easterly abutment of 
the dam (see plate 56). 

b. Spillway Design Flood Rainfall. The spillway design flood 
represents the most severe conditions of runoff that would result 
from probable maximum precipitation falling on ground saturated 
from previous rains. It was also assumed that the reservoir would 
be full to the elevation of the crest as a result of such previous 
rainfall (i.e. the top of the flood control pool). A discharge of 
500 cfs through the flood control outlet was assumed during the 
routing computations to determine the spillway design discharge. 
Two types of spillway design floods were considered: (1) a summer­
type flood with reservoir filled to the top of the flood control 
pool at crest elevation and (2) a spring-type flood involving snow­
melt contributions with the pool at maximum water supply elevation. 
The summer-type flood was determined to be critical. 

c. Probable Maximum Precipitation. Values of rainfall for the 
spillway design flood were obtained as Probable Maximum Precipitation 
from "Hydrometeorological Report No. 33 - Seasonal Variations of 
the P.M.P. East of the 105th Meridian", dated April 1956, as prepared 
by the Hydrometeorological Section of the US Weather Bureau. The 
adopted storm was adjusted to conform to this drainage basin. Losses 
from infiltration, surface detention transpiration and other tangible 
factors were assumed at a rate of 0.15 inch per 3-hour period which 
is consistent with minimum losses determined in previous studies 
for the New England area. Rates of precipitation, losses and rain­
fall excess as used in the selected storm pattern to compute spill­
way design flood inflow are shown in table 15. 

d. Spillway Design Flood Hydrograph. The spillway design 
flood representing the inflow to a full reservoir is shown on plate 
57. It was derived by applying the rainfall excess of table 15 to 
the developed unit hydrograph, shown on plate 58, plus a flow equal 
to the rate of rainfall on the 1.4-square mile reservoir water surface 

33 



area. An assumed base flow of 100 to 250 cfs was also added to the 
flood runoff. The peak of the spillway design flood inflow was 10, 
121 cfs, equivalent to 679 cfs per square mile. 

TABLE 15 

PROBABLE MAXIMUM PRECIPITATION 
(SPILLWAY DESIGN STORM) 

Rainfall Runoff 
Time Rainfall Losses Excess Pattern 

(hours) (inches) (i nches) ( inches) (inches) 

0 0.00 0.00 0.00 0.00 
3 11.75 0.15 11.60 0.60 
6 5.95 0.15 5.80 0.70 
9 2.25 0.15 2.10 1.40 

12 1.55 0.15 1.40 11.60 
15 1.35 0.15 1.20 5.80 
18 1.15 0.15 1.00 2.10 
21 0.85 0.15 0.70 1.20 
24 0.85 0.15 0.70 1.00 
27 0.75 0.15 0.60 0.70 
30 0.75 0.15 0.60 0.60 

Total 27.20 1.5 25.70 25.70 

e. Development of Spillway Surcharge - Length Curve. The spill­
way capacity was derived in accordance with established procedures, 
using the unit hydrograph and the synthetic storm of probable maxi­
mum precipitation, centered over the watershed. The spillway design 
floods were routed through the surcharge storage, assuming the out­
let operative, to determine various lengths of spillway versus 
elevation (see plate 59). The selected length of spillway and corres­
ponding surcharge was based on the most economical combination. 

f. Spillway Site and Type. Selection of the zoned rolled earth 
fill dam embankment and topography of the site were the basis for 
selecting an uncontrolled overflow chute spillway. The spillway 
would be located on the easterly abutment and would be constructed 
as one monolith. The overflow section of the dam would be an ogee­
shape crest, parallel vertical training walls to contain the flow 
and limit spray and a curved concrete chute discharge channel. To 
dissipate high discharge velocities, a stilling basin and riprap 
discharge channel would be provided. 
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g. Spillway Design, Size and Shape. The spillway would be a 
chute type, located on the southeast abutment. The weir would be 
an ogee section, straight in plan and founded on bedrock. The 
length of the spillway weir would be 60 feet at crest elevation, 
401 feet above mean sea level. Height of the weir above the spill­
way approach would be 5 feet making the maximum elevation of the 
approach 396 feet mean sea level at the upstream face. The approach 
channel would slope toward the reservoir on a 1 percent grade for 
drainage. The concrete chute spillway, 1200 feet long, would 
return its discharges to the Nipmuc River through a tailwater 
channel excavated in the overburden. It was assumed that critical 
depth and velocity conditions would be attained just downstream 
of the crest centerline. It was estimated that the supercritical 
depth before the hydraulic jump on the chute having a 5 percent 
grade would be 1.83 feet with a velocity of 60+ ft/sec. The chute 
would be a smooth concrete channel with sidewall heights ranging 
from 15.0 feet at the crest to 5.0 feet at the start of the hydraulic 
jump. Maximum tailwater depth was calculated to be 20.0 feet; how­
ever, site conditions in the flat lowlands of the valley would 
produce a backwater condition at the dam with a water surface not 
exceeding elevation 345.0 msl, so that the change in stage of flow 
would probably occur at a lower elevation and downstream from the 
spillway toe. A 60-foot long stilling basin for energy dissipation 
would be provided at the terminus of the spillway. Beyond the 
stilling basin a 30-foot wide discharge channel would lead to the 
Nipmuc River (see "Inflow-Outflow Diagram", plate 60). 

h. Storage Requirements. 

(1) Flood Control. Flood control reservoirs in New England, 
constructed by the Corps of Engineers, generally have capacities 
equivalent to 6 to 8 inches of runoff from the contributing drain-
age areas. The exact amount of storage is dependent on the geo­
graphic location of the reservoir and physical limitations of the 
site. This amount of storage is required for effective control 
of the standard project flood and also for control of floods, the 
magnitude of such historical events as the August 1955 or more 
recently the March 1968 flood. 

Hydrologic characteristics of the watershed dictated that at 
least 6 inches (5,200 acre-feet) of flood storage be recommended 
for authorization. Based on US Geologic Survey mapping of the area, 
the Nipmuc Project would provide flood control storage for 16.3 
square miles of contributing drainage area, which represents approx­
imately 3 percent of the entire Blackstone River basin at Pawtucket. 

Natural discharge frequency curves were developed for the Branch 
and Blackstone Rivers (Woonsocket) gaging stations as well as the 
lower Blackstone River basin at Pawtucket. The Nipmuc Project would 
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reduce floodflows at Woonsocket by a 6 and 3 percent for the 1968 
and 1955 floods, respectively. In a recurrence of these floods, 
the reservoir would generally reduce the flood stages at Woonsocket 
by 0.4 foot and would become progressively less downstream to about 
0.2 foot at Old Slater Dam in Pawtucket. Area-capacity curves as 
well as reservoir storage capacities for Nipmuc Reservoir are shown 
on plates 61 and 62, respectively. 

(2) Water Suppl~. For a "Development Plan for the Water 
Resources of Rhode Island, August 1967 by Metcalf and Eddy, Inc. 
to the Water Resources Coordinating Board, a plan was presented where­
by a Nipmuc-Tarkiln Reservoir development would be considered. In 
this plan, the Tarkiln Reservoir would be constructed by the year 
199D and supplemented by flood skimming from a diversion structure 
at Nipmuc Reservoir. In 1995 the Nipmuc Reservoir would then be 
fully developed with transmission facilities to Tarkiln Reservoir 
and would produce an aggregate safe yield of 14 mgd. 

This study, considered Nipmuc Reservoir as an alternate solution 
to the single purpose facility at the Nipmuc-Tarkiln sites. Growth 
figures developed by the Rhode Island Statewide Planning Agency to 
the year 2020 were used to select a yield of 10 mgd for the water 
supply component of a mUltipurpose reservoir. A yield of 10 mgd 
would require a reservoir storage of 11,500 acre-feet or the equi­
valent of 13.22 inches of rainfall on the watershed. 

Monthly mean flow data was derived from the recordings of the 
Nipmuc River flow gage from the US Geological Survey. The station 
was established in March 1964 and data has been accumulated con­
tinuously to the present. Although the data is limited, it does 
reflect a recent drought period starting in April 1964 through 
February 1967. The data was adjusted for precipitation and evap­
oration and plotted as an accumulated mass inflow curve shown on 
plate 63. 

(3) Low Flow Augmentation. An examination of the limited 
available records for the Nipmuc River gaging station indicates that 
the mean discharge for the lowest ten consecutive days, 3-12 September 
1965, discharge was 0.59 cfs for the 16.0 square mile drainage basin. 
Although this is generally the method used to determine low flow 
releases, an adopted value of 0.2 cfs per square mile has been used. 
This would be equivalent to 3.0 cfs or 2.0 mgd. 

(4) Dead Storage. A dead storage of 1,000 acre-feet (1.15 
inches of runoff) with a pool elevation of 354.0 msl will also be 
provided. This storage will increase the head of the reservoir for 
water supply discharges as well as provide a sump area for collection 
of sedimentation accumulations. 
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i. Evaporation on Proposed Reservoir Storage. To estimate 
the evaporation losses from Nipmuc Dam Reservoir, evaporation maps 
from the US Weather Bureau Technical Paper 37, Washinoton D. C. 
1959 were used. The following pertinent data from this technical 
paper for the proposed site are as follows: 

Surface area of reservoir (El. 385 msl) - 460 acres 

Mean annual evaporation - 27.0 inches/year 

Average May to October evaporation in percentage 
of annual - 75 percent, 20.25 inches 

Plan evaporation factor - 0.70 to 0.80 

Adopted year for analysis of evaporation -
October 1964 to September 1965 

Adopted total evaporation (an increase of 10 percent 
to account for water year 1965 - maximizing conditions) -
27.0 x 1.10 = 29.80 inches 

Total precipitation on reservoir for water year October 
1955 to September 1956 - 24.28 inches 

Assuming 50 percent of this rainfall to be additional 
input on inflow, the net loss of evaporation: 

29.80 inches - 12.14 inches = 17.67 inches = 676 acre­
feet = 0.5999 mgd 

Say 0.60 mgd 

Consequently, during a dry year similar to October 1964 to 
September 1965, net evaporation loss will equal 0.60 mgd through­
out the year. 

j. Sedimentation Effects on Storage Reguirements. Historically, 
loss of storage for the New England region, in general, has been a 
negligible problem. At Nipmuc Reservoir, the dead storage proposed 
is approximately 1,000 acre-feet, and the recreational storage, 
3,900 acre-feet. Using an accepted rate of sedimentation for New 
England of 0.01 inch/year, calculations indicate that loss of the 
dead storage of 1,000 acre-feet, requires an erosion of 1.17 inches 
from the contributing watershed which would likely occur in a time 
period of greater than 100 years. Sedimentation, therefore, is not 
considered a significant factor in loss of storage. 
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k. Downstream Channel Capacities. Cross sectional areas and 
channel capacities, downstream from the dam are considered in­
adequate to provide desired emptying rates from the project. Since 
its establishment in 1964, the Nipmuc River gage has recorded dis­
charges greater than 1,000 cfs (1968). Although no .significant 
damage was reported in 1968 from the 1,000 cfs discharge, an 
adopted design emptying flow of 500 cfs, which represents a run­
off rate of 30 cfsm, has been selected. To contain this design 
flow within the downstream channel banks, improvements will be 
needed from the dam site to Shipee bridge at Sherman Road. 

1. Outlet Works. 

(1) General. The outlet works for Nipmuc Reservoir will 
consist of separate flood control and water supply systems, with 
capacity of the outlets adequate to satisfy the following criteria: 

Passing the required needs of water supply up to three 
times the maximum yield available (10.0 mgd x 3 = 30 mgd 
or 46 cfs) 

Passing low flow discharges without interference to water 
supply (3 cfs) 

Passing the 10-year frequency storm plus inflows during 
the construction period with 3.0 feet of freeboard for 
the construction cofferdam 

Passing normal flows of the stream and safe channel 
capacities (500 cfs) 

Permitting evacuation of the flood control reservoir 
(5,200 acre-feet) and inflow within 10 days and full 
reservoir within 25 days 

Permitting evacuation of the water supply storage and 
inflow during 130 days. 

(2) Outlet Works. The outlet works will be located 
approximately 700 feet west of the easterly abutment and will con­
sist of an inlet channel, a control tower, a conduit under the dam 
and an outlet channel. Location of the outlet works is shown on 
the General Plan, plate 56. 

(a) Inlet Channel. A 600-foot long channel of a 
uniform width will be excavated in earth, with bottom elevation 
at 334.0 mean sea level. The channel will be curved in plan. 
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(b) Control Tower and Operating House. The intake 
tower will house the flood control and water supply outlets. It 
will be a dry well type structure about 100 feet in height and will 
be located about 200 feet upstream from the centerline of the dam. 
A service bridge will provide access from the top of the dam. 

The intake structure at the base of the tower will have an 
invert elevation of 339.0 feet ms1 and will consist of a 10-foot 
wide by 8-foot high trash bar structure, a rectangular entrance 
conduit 5-feet wide by 5-feet high with a vertical slide service 
gate and an emergency slide gate of the same dimensions. A vent 
pipe will be installed within the tower to satisfy the air demand 
at the service gate when operating at partial openings. Pro­
visions will be included on the upstream face of the tower to permit 
lowering steel bulkheads for repair of the conduit or emergency 
slide gate. 

The water supply outlet works will consist of four 2'-6"x3' 
screened inlets, controlled by 30-inch knife gates, discharging 
into a 48-inch diameter standpipe. Externally mounted slide gates 
will be provided at each intake for emergency closure. The vertical 
standpipe will discharge into a rectangular conduit at a point up­
stream from a 4 x 4-foot slide gate. The rectangular conduit will 
transition into a 36-inch diameter pipe leading to the treatment 
facilities. Centerline elevations of water supply inlets will be 
390, 378, 366, and 356. Two cross connections between the 48-inch 
flood control outlet pipe and the 36-inch water supply discharge 
will be made. A 16-inch pipe with gate will be used to discharge 
low flow augmentation releases and a 36-inch line with gate will 
be used for emergency flood control or water supply. 

The intake tower will contain three floors: (1) the heater 
room floor (elev. 404); (2) operating floor (e1ev. 417); and (3) 
the equipment room floor (elev. 432). The tower will house the 
hydraulic system for operation of the gates, a continuous water­
stage recorder, an emergency generator, an overhead high lift crane, 
a forced warm air heating system and other appurtenant equipment. 
Electric power will normally be obtained from commercial sources. 
A metal spiral ladder will be provided for access to the lower tower 
for frequent inspection, servicing and operation of gates, valves, 
and pumps. 

(cl Conduit and Transition. It is estimated that 
the rectangular conduits from the 48-inch diameter water supply 
standpipe and the flood control inlet will transition to circular 
sections within the limits of the control tower configuration. 
The control tower will be founded directly on bedrock. 
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(d) Outlet Channel. The outlet channel excavated 
in earth will be 30 feet wide and extend 700 feet to its junction 
with the spillway discharge channel. High velocities will require 
stone slope and bottom protection. 

m. Freeboard. Freeboard refers to the difference in elevation 
between the maximum water surface and the top of the nonoverflow 
section of the earth embankment of the dam. A determination of wave 
height, run-up and wind setup followed the procedure outlined in 
Technical Memorandum No. 132 - "Waves in Inland Reservoirs". Winds 
producing the maximum waves and setup on the riprap slope of Nipmuc 
Reservoir dam would have to be aligned in a north-south direction 
due to the configuration of the water surface. Although it is 
unlikely that hurricane force winds would occur simultaneously with 
maximum reservoir surcharge, wind velocities of 70 mph across the 
water surface were selected for computation of the wave height and -
setup. A maximum effective fetch of 1.8 miles was used. Results 
indicated a significant wave height of 3.9 feet, a wave run-up 
ratio of 1.15:1.0 and a wind setup of 0.10 feet totaling 4.65 feet. 
A value of 5.0 feet was adopted as the minimum allowable freeboard. 

n. Reservoir Regulation. Nipmuc River Reservoir will be 
regulated to reduce flows at downstream damage centers on the 
Pascoag, Branch and Blackstone Rivers. Outlet gates would be 
partially or completely closed whenever flood discharges were ex­
pected to exceed the downstream channel capacity, or when flood 
damages were anticpated. The reservoir will also be regulated in 
conjunction with West Hill Reservoir on the West River in south­
eastern Massachusetts to modify floods on the Blackstone River 
at Woonsocket, Cumberland-Lincoln, Central Falls and Pawtucket. 
Water supply capacity of the reservoir will be controlled to meet 
the needs of the anticipated users. As these needs increase, the 
manner of regulation will be adjusted. Under present conditions, 
downstream flows are not regulated by State law, however. a low 
flow release of 2.0 mgd exists. This flow is considerably greater 
than the natural flow for extended periods in dry years. In addition, 
downstream riparian and water right agreements will need to be 
satisfied. 

11. HYORAULICS OF LOCAL PROTECTION PROJECTS 

a. Berkeley Local Protection Project 

(l) Description of Improvements. The proposed Berkeley 
Local Protection Project would be located on the east bank of the 
Blackstone River, extending from river stations 280+00 to 320+00 
in Cumberland. The project would include construction of about 
5,000 feet of earth dike embankment and floodwalls, two railroad 

40 

'.~. 



gate structures, one highway gate structure, and one pumping station 
with appurtenant structures to be located just downstream from Martin 
Street bridge (see plate 64, and the Plan Formulation Appendix). 

(2) Height of Protection. The project would be designed 
to protect against standard project flood levels in the river. Water 
surface profiles on the Blackstone River were computed for the SPF 
peaks using the computer program developed by the Hydrologic 
Engineering Center, Davis, California. A rating curve was developed 
for the Pratt Dam downstream from the site to obtain the starting 
elevation for the water surface profile for the design flood. From 
river stations 280+00 upstream to 320+00 water surface elevations 
range from elevations 75.0 to 84.5 In this reach, with the im­
provement in place, the river will be confined within the river-
bank on the east bank and the Blackstone Canal bank on the west. 
Confining the flows caused the standard project water surface to 
rise from 81 feet NGVD to 84 at the upstream end of the project, an 
increase of 3 feet. Similarly, the August 1955 flood level would be 
increased from 77 to 78.5 feet NGVD at the upstream end of the pro­
ject. However, it was found that the with and without project pro­
files would converge quite rapidly upstream of the project with the 
August 1955 flood profile reducing to a 0.7 foot difference about 
2,000 feet upstream. The design water surface elevation was com­
puted from backwater calculations using an "n" value of 0.030. 
Average velocities range from 14 feet per second downstream from 
the Martin Street bridge to 7 feet per second upstream at the upper 
end of the project. Losses through the Martin Street bridge were 
about 3 feet using contraction and expansion coefficients of 0.1 
and 0.3, respectively. A minimum freeboard of 3 feet was used 
throughout the project. Plan and profiles of the project are 
shown on plate 65. Hydraulic computations were based on a minimum 
of cross section data and more detailed surveys and analysis would 
have to be made a part of any further design studies. The river­
ward slope of the dike would be riprap protected against flow 
velocities and the possible need for right bank protection would 
also be the subject of further study during any final design. 

(3) Interior Drainage. The total interior area inter­
cepted by the Berkeley Protection would be 270 acres. Of this total 
about 26 percent or 70 acres is the low level area lying west of the 
Providence-Worcester railroad. This low level area is below the 
design flood level of the river. The high level area is generally 
that area lying east of the railroad, is 200 acres in size and 
above the design flood level of the river. The interior area con­
tains light to moderate development comprised of commercial, in­
dustrial or residential properties. 
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Runoff rates from the interior area were computed assuming hourly 
runoff equal to hourly ra1nfa11, of varying frequencies as determined 
from US Weather Bureau Technical Paper No. 40, less an assumed loss 
rate of 0.1 inch per hour. 

Elevation-storage data was computed for the interior area and 
levels A, B, and C established in accordance with EM 220-2-1410. 

Ponding levels were then determined for a range of runoff 
frequencies and assumed discharge capacities as shown graphically 
on plate 66. Gravity discharge capacity and pumping station capacity 
were then selected based on potential damages, frequency of occur­
rence and overall project objectives. The selected gravity capacity 
was 530 cfs which would prevent 100-year frequency runoff from ex­
ceeding ponding level "A", elevation 65 feet NGVD. The selected 
pumping capacity of 180 cfs will maintain a 5-year frequency run­
off, coincident with high river stage, within ponding level "B", 
and would maintain a 100-year storm runoff. coincident with high 
river stage, below level "C", elevation 69.5 feet NGVD. 

Local officials would be charged with operating and maintaining 
the project. As part of the local assurances, 10 acre-feet of 
useable storage would be specifically preserved as ponding area 
below elevation 65 feet NGVD, no new development would be permitted 
in the protected area having first floor grades below elevation 
69.5 feet NGVD and zoning would be enacted to prevent undue loss 
of existing storage capacity below elevation 69.5 feet NGVD. The 
operating floor of the pumping station would be at or above ele­
vation 69.5 feet NGVD and equipped with two or more pumps so that 
the station would have two-thirds design capacity with one pump 
inoperable. Discharge lines from the station would pass over the 
dike and all gravity drains would be equipped with emergency gates 
on the riverward side of the dike. 

An alternative interior drainage plan was studied but found 
more costly. It consisted of intercepting 150 acres of the high 
level drainage at three different points and conveying the runoff 
through the low area via two pressure conduits, one 42 inches in 
diameter and the other 72. This plan, would greatly reduce the 
drainage into the low level area but would not alleviate the need 
for a smaller capacity pumping station. This plan would have a 
pumping capacity requirement of 36 cfs to be comparable to the 
recommended plan having a pumping capacity of 180 cfs. The cost 
of the alternative pressure conduit plan was found to be about 
85 percent more costly than the recommended plan. 
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b. Ashton Local Protection Project 

(1) Description of Improvements. The plan of improve­
ment at Ashton would be located on the east bank of the Blackstone 
River, extending from river stations 330+00 to 350+00 in Cumber­
land. The project would consist of about 2,000 feet of concrete 
f100dwa11, 400 feet of earth embankment dike, two railroad gate 
structures, and one pumping station with appurtenances (see plate 
67) . 

(2) Water Surface Profiles. Design SPF water surface 
profiles for the project were computed using the "Backwater Computer 
Program" mentioned earlier in this report. A rating curve was 
developed for Pratt Dam downstream from the site to obtain a 
starting water surface elevation. From river stations 330+00 
upstream to 350+00, water surface elevations ranged from elevations 
84.5 to 89.0 ms1 assuming that dike protection had been provided 
at the Berkeley local protection project just downstream. In this 
reach, with the improvement in place, the river would be confined 
within the riverbanks on the east bank and the Blackstone Canal 
bank on the west. The design water surface profile was computed 
using a Manning's "n" coefficient value of 0.03. Average velocities 
ranged from 6 feet per second at the downstream limit of the project 
to 11.0 feet per second at the upstream limit near the Ashton Fiberglas 
dam. A freeboard allowance of 3 feet was used throughout the project. 

(3) Interior Drainage. The protection at Ashton would 
intercept the runoff from 1,074 acres of interior area, with much 
of this area drained by Scott Brook. The interior drainage plan 
would convey Scott Brook, with a drainage area of 1,048 acres, 
through the protected area in a pressure conduit. The pressure 
conduit would be sized for a 100-year frequency runoff of 900 cfs 
based on the rational formula using a coefficient of 0.4. Runoff 
from the residual 26 acres would be allowed to pond to shallow depths 
(inches) during intense rainfall, but a small 20 cfs pumping station 
would be provided to prevent long term or accumulative ponding. An 
interior collector drain would be provided along the protection with 
capacity to convey the 10-year storm runoff. Gravity drains would 
be designed to discharge a 100-year storm runoff against normal river 
1 eve1 . 

12. HYDRAULICS OF DAM REPLACEMENTS 

In an effort to reduce flood stages on the Blackstone River, 
analyses were made of possible modifications to and/or removal of 
existing dams located on the main stem of the lower Blackstone River 
in the vicinity of Pawtucket, Rhode Island. 
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a. Old Slater Mill Dam 

(1) Description of Existing Dam. Old Slater Millon the 
lower Blackstone River at Pawtucket, (see plate 68) is part of a 
historical site listed on the Federal Register (i.e. Slater Mill 
was the first successful cotton spinning mill in the United States). 
The dam is owned by the Blackstone Valley Electric Company and 
lies in the center of a highly industrial and commercial area. The 
east abutment of the dam appeared to be constructed on bedrock 
while the west abutment is an integral part of the supporting wall 
for the historic Slater Mill. For historic as well as aesthetic 
reasons, the dam should not be removed nor its upstream pool 
jeopardized as part of any proposal for reducing flood stages. 

(2) Proposed Dam Modifications. The following modifications 
to Old Slater Mill Dam were considered in an effort to reduce flood 
stages on the Blackstone River: 

(a) Diversion of floodflows over the easterly bank 
of the existing dam via a proposed conduit 

(b) Lengthening the present crest from 176 to 250 feet 

(c) Installation of bascule-type crest gates. 

The effectiveness of these proposals on the March 1968, August 
1955 and standard project floods are listed in tables 16, 17, and 18, 
respectively. While each modification had about the same effect on 
the August 1955 and standard project floods, the bascule gate modi­
fication was found to be most effective on the March 1968 flood 
and was therefore adopted. Under this proposal, the crest of the 
dam would be lowered 3 feet to elevation 21.08 feet NGVD and a bas­
cule-type gate, hinged at the bottom on the modified crest, would 
be installed. At flood stage the gates would be automatically 
lowered to allow passage of high flows and in the closed position 
would maintain the upstream pool at its present elevation. The 
gates would be constructed in two leafs 88 feet long and operated 
hydraulically by level sensing eqUipment mounted on the westerly 
abutment. 

(3) Crest Gates. The gates considered for this modification 
would be the "Pelican" style. The gates would be two leafs, 3'0" 
by 88'0", positioned on the lowered crest. The Pelican gate con­
sists basically of a long leaf type structure hinged along its 
bottom edge and operated hydraulically. The gate operation is ac­
tivated by a float sensor installed on the west abutment to measure 
upstream water levels. The leafs will be 3'0" high in order to main­
tain the original crest elevations (elevation 24.08 msl), but when 
activated will lower to a fully open position providing a modified 
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TABLE 16 

1968 FLOOD - DAM IMPROVEMENTS 

Main Street Dam Old Slater Oam Central Avenue Pantex Dam Sayles Finishing Broad St. Bridge 
Description DLS ULS DIS ULS DLS ULS DLS ULS DLS U/S DLS ULS COJ111lents 

Existing Conditions 24.76 29.10 29.66 31.67 34.99 35.02 35.02 42.52 50.53 57.81 57.77 57.82 

Scheme 1 29.66 34.42 34.45 34.00 -- Reduces W.S. by 2.01 
Lower Old Slater 
Crest to El. 21.08 

Scheme 2 35.52 50.55 Reduces W.S. by 7.0' 
Remove Pantex Dam 

Scheme 3 50.53 52.80 53.03 Reduces W.S. by 7.28 
Lower Sayels Finishing 

... Crest to El. 42.94 
~ 

Scheme 1, 2, 3 29.66 34.42 34.45 34.00 35.52 50.55 50.53 52.80 53.03 Reduces W.S. @ O.S. 
2.01, .57' @ Central 
Ave: 7 1 @ Pantex~ 
7.28' at Sayles 
Finishing 

Scheme 4 30.52 34.42 34.45 34.00 -- Reduces 1.15' not 
600 SF Diversion At effective 
Old Slater Dam 

Scheme 5 29.66 34.42 34.45 34.00 Same as Scheme 
(Scheme 1 & 4) 

Scheme 6 30.67 34.42 34.45 34.00 -- Reduces 1.0' not 
Extend Crest of Old effective 
Slater Dam to 250' 

Scheme 7 29.66 34.42 34.45 34.00 -- Same as Scheme 
(Scheme 1 & 6) 

NOTE: " __ " denotes £1. remai ns as existing as indicated in Line 1. 
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TABLE 17 

1955 FLOOD - DAM IMPRDVEMENTS 

Description 

Existing Conditions 

Scheme 1 
Lower Old Slater 
Crest to El. 21.08 

Scheme 2 
Remove Pantex Dam 

Scheme 3 
Lower Sayles Finishing 
Crest to El. 42.94 

Scheme 4 
Scheme 1, 2, 3 

Scheme 5 
Scheme 1, 2, 3 with 
Central Avenue Raised 

Scheme 6 
600 sf Diversion 
at Old Slater Mill 

Scheme 7 
Extend Dam 250 1 

Main St. Dam 
D/S U/S 

28.11 33.70 

Old Slater Dam Central Ave. 
D/S U/S O/S U/S 

34.37 34.58 38.74 41.11 

34.37 38.68 41.04 

34.37 38.68 41.04 

34.37 38.68 38.83 

34.37 37.78 40.28 

34.37 37.20 39.70 

NOTE: 11 __ 11 denotes E1. remains as existing as indicated in Line 1. 

Pantex Dam Sayles 
D/S U/S DLS 

41.2345.43 54.81 

41.17 --

41.2354.77 

41.17 41.23 54.77 

38.99 38.99 55.00 

40.58 

40.00 

Finishing Broad St. Bridge 
U/S DLS ULS Corrments 

60.82 60.86 61.87 

Reduces W.S. by .21' 

Reduces W.S. by 4.20' 

54.81 55.12 55.73 Reduces W.S. by 6.01' 

54.81 55.12 55.73 

55.00 55.21 55.80 

Reduces Old Slater by 
.211, Pantex by 6.4419 
Sayles by 5.82' 

Same as Scheme 1 
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TA8LE 18 

STANDARD PROJECT FLOOD - DAM IMPROVEMENTS 

Main St. Dam Old Slater Dam Central Avenue Pantex Dam Sayles Finishing 8road St. 8ridge 
Description DLS ULS DIS U/S DIS U/S DIS U/S DIS U/S DIS ULS Comnents 

Existing Conditions 32.63 32.63 39.60 39.60 45.21 50.68 51.6851.68 59.48 64.68 64.68 67.96 

Scheme 1 Not effective 
Lower Old Slater 
Crest to E1. 21.08 

Scheme 2 51.68 59.48 Not effective 
Remove Pantex Dam 

Scheme 3 59.48 59.48 60.14 
Lower Sayles Finishing ... Crest to E1. 42.94 

~ 

Scheme 4 50.68 51.68 51.68 59.48 59.48 59.48 60.14 
Scheme 2 & 3 

Scheme 5 45.21 45.26 46.75 46.75 59.48 
Remove Pantex plus 
Central Avenue 

Scheme 6 Not effective 
Extend Crest of Old 
Slater Dam to 250' 

Scheme 7 Not effective 
(Scheme 1 & 6) 

NOTE: " __ " denotes E1. remains as existing as indicated in Line 1. 



crest elevation of elevation 21.08 to pass large flows. Fully 
open, the gate leaf rests on the dam crest and presents no obstacle 
to the flow. As floodwaters recede, the gates would automatically 
raise, thereby restoring the upstream storages. 

(4) Approach Channel. The channel approaching the dam is 
relatively uniform in width with the bottom dropping 7 feet in approx­
imately 4,000 feet from the Pantex Oam to Old Slater Dam. Leading to 
the dam, the river flows through the Central Avenue Bridge and the 
Exchange Street Bridge, then turns sharply, approximately 450 to the 
southwest as it approaches the dam. The low chord elevation (El. 37.4+ 
msl) of the Central Avenue Bridge obstructs large flood flows. River­
bank elevations vary with retaining wall structures or industrial 
buildings aligning both banks. Both upstream and downstream river beds 
are ledge with little cover material and adjacent walls and buildings 
are supported on this ledge. Approach velocities for the 1955 flood 
flows range from 6 to 9 feet per second, under existing conditions, 
and change little with the dam crest modified to El. 21.08 ms1. 

(5) Downstream Channel. Downstream from the Slater Mill 
Dam on the eas t oanR, the r1 Vel' is confi ned by new reta i ni ng wa 11 s 
for that reach fron the dam to Main Street bri dge. Top of wa 11 
elevations average 31.0~ msl. The overbank area beyond the wall 
slopes steeply up to Broadway Avenue with grades ranging from 
elevation 50.0 to 36.0 ms1 at the bridge. The east abutment of 
the bridge is founded on bedrock and constructed of granite block. 
On the west bank, the west abutment of the Slater Dam is an integral 
part of the end wall of the Mill building. Just below the abutment, 
the tailrace from the mill complex discharges into the river (now 
inactive). Top of wall grades in this area average 26.0~ msl. 
From this point, downstream to the Main Street bridge, the west 
bank is walled with top of wall grades of 31.0+ msl. Overbank beyond 
the wall is a small grassed park area, with grades at elevation 
28.5+ ms 1. 

The channel bed below the Old Slater Dam is bedrock with little 
overburden. This reach of the river diverges from a width of 200 
feet at Old Slater Dam to an effective width of 100 feet at the 
Main Street bridge and dam, a distance of 375 feet. 

At the Main Street Dam, the riverbed drops from crest elevation 
17.0 to 9.0 msl. The dam and its abutments are constructed in bed­
rock and tied integrally with the bridge above. Main Street bridge 
is a two-span granite-faced arch bridge, with arches 50 feet in width 
and a crown elevation of 31.20 ms1. From this point downstream, the 
river is tidal. 

(6) Water Surface Profiles. Backwater computations were 
performed on the Blackstone River to show the effect of the proposed 
bascule gate modification at Old Slater Mill Dam. Profiles were computed 

.. .:.;,:;.-

for various floodflows coincident with the 100-year tide elevation, down- .~. 
stream of Main Street (see plates 69, 70 and 71). It was determined that 
for flows in excess of 30,000 cfs, the downstream hydraulic control becomes 
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the Main Street dam and bridge, which causes the existing Slater Mill 
Dam to become submerged. By lowering the crest of Slater Mill Dam 3 
feet to elevation 21.07 feet NGVD and installing bascu1e gates, sub­
mergence·would continue to occur; however, water surfaces elevations 
at the dam and upstream would be lowered as indicated in table 19. 

TABLE 19 

WATER SURFACE ELEVATIONS - OLD SLATER MILL 

Existing Crest Modified Crest U/S 
Elevation 24.07 Elevation 21.07 Differential 

U S DIS U/S D/S 

1968 - 16,000 31.67 29.66 29.66 29.66 2.01 
20,000 32.83 31 .52 31.52 31.52 1.31 
25,000 34.17 33.66 33.66 33.66 .51 

1955 - 26,700 34.58 34.37 34.37 34.37 .21 
30,000 35.67 35.67 35.67 35.67 0.00 

In addition, table 20 indicates that the modification to Old 
Slater Mill Dam would have little effect on existing channel velocities 
upstream or downstream of the dam. 

1955 Q Pantex Dam to 
(26,700) Central Avenue 

Existing 7-9 ft/sec 
(24.08) 

Modified 7-9 ftlsec 
Dam (21.08) 

TABLE 20 

VELOCITIES 

Central Avenue to 
Exchange Street 

6-12 ft/sec 

6-12 ftlsec 

b. Sayles Finishing Dam 

Exchange Street 
to Slater Mill 

6-9 ft/sec 

6-9 ft/sec 

(1) Descri tion of Existin Dam. The Sayles Finishing Dam 
(formerly the Valley Falls or Samoset Dam built in 1853-54, is a 
masonry arch dam located on the Blackstone River approximately 80~ 
feet downstream from the Broad Street bridge in Central Falls, Rhode 
Island (see plate 72). Field observations, as well as reference plans 
and records, indicate the dam to be an arch-gravity type construction 
bearing on bedrock, approximately 187 feet arc length with a masonry 
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thickness at the crest of about 9 feet. Examination of the abut­
ments coupled with the shallow arch of the dam indicates the structure 
gains its stabil ity through its mass gravity section rather than 
transmitting any significant thrust to the abutments. Records in­
dicate the upstream face is of granite. Upper portions of this 
face appear to be quarried cut stone in fixed courses, while lower 
reaches of the dam are of quite irregular field stone. Appurtenant 
to the dam proper on both banks upstream, sluice gates were built 
to divert the Blackstone's waters into adjacent mill complexes. The 
dam, and abutting property as well as water rights, are at present 
part of the estate of the Sayles family. 

A condition survey to examine the present state of the existing 
dam was beyond the scope of this phase of the study; however, future 
design phases must investigate, in detail, the structural integrity 
of the dam as well as its ability to sustain increased loads and 
thrusts from the installation of crest gates. 

Channel improvements in the lower Blackstone River basin con­
sidered the replacement of this dam with a gated structure. 

(2) Description of the Proposed Structure. It is proposed 
to replace the upper portions of this dam with water control type 
gates, such that in the closed or normal position the crest of the 
dam would reamin at its present crest elevation. During flood stages, 
the gates would be opened, reducing the upstream water surfaces. 
The communities of Lincoln, Cumberland and Central Falls, in con­
junction with the State of Rhode Island, have proposed a conservation­
recreation area for the Valley Falls Pond upstream from the dam, 
hence installation of a gated dam would maintain present water levels, 
reduce flood stages, and be consistent with this planning. 

The crest of the existing dam elevation 49.94 msl would be 
lowered to elevation 42.94, the upstream average bed elevation, and 
hinged crest bascule gates 7 feet high installed. Three leaf-type 
gates, 60 feet in length, hinged along their bottom edge and operated 
hydraulically would be constructed on the reduced crest. The gate 
would be automatically controlled by means of a level sensing device 
in order to be fully open as floodwaters increase, but still maintain 
upstream storages under nonflooding conditions. 

(3) Proposed Crest Gate. For this proposed installation, 
the crest gate would be the "Pelican Gate" style as manufactured by 
Allis-Chalmers. The gate would be in three 60'0" sections placed 
as chords across the lowered crest of the dam (elevation 42.94). 
The Pelican gate consists basically of a long, leaf-type structure 
hinged along its bottom edge. The hinged edge is attached to the 
crest of the dam and operated by hydraulic cylinders. The gate 
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regulator is controlled by a float actuated sensing device to position 
the gate properly for upstream water level conditions. The leafs 
will be 7'0" high and when closed, the original crest elevation of 
49.94 msl will be maintained. Once the hydraulic head on the dam 
actuates the regulator, the gates will open incrementally and be 
fully open for floodflows so that the crest elevation will be 42.94. 
In open position, the gates lie flat on top of the dam to become 
part of the spillway with no obstacle to the passage of floodwaters. 
As floodwaters recede, the gates are raised and increase the effective 
height of the dam. Controls for the gates operation would be in­
stalled in a metal enclosure on an abutment protected by fencing. 

(4) Approach Channel. The approach channel leading from 
Valley Falls Pond is approximately 1,300 feet long and relatively 
uniform in width with a straight approach to the dam. On the south 
bank, the terrain is quite steep with top of bank elevations of 90.0+ 
with the exception of that area immediately upstream from the Broad -
Street bridge. 

On the north bank, grades range from elevations 60 to 70.0 msl. 
Upstream from the Broad Street bridge approximately 300+ feet, the 
Blackstone Valley Sewer Commission has a trunk sewer line crossing 
the channel. Leading from a sewer gaging chamber on the north bank, 
two subaqueous pipes (one lB-inch and one 24-inch pipe) cross to the 
south bank siphon outlet chamber. Available plans indicate both 
pipelines lie 2 feet below river bottom with their low point at 
approximately elevation 30~. 

The Broad Street bridge, a granite faced 3-span arch bridge, 
lies approximately BO~ feet upstream from the Sayles Finishing Dam. 
Field survey indicates the arches to be 62.0+ feet wide with a crown 
elevation of 62.0. Appurtenant to the dam proper on both banks up­
stream, sluice gates were built to divert Blackstone's waters into 
adjacent mill complexes. It appears that at present, both gate 
structures are slightly open to equalize hydrostatic pressure and 
reduce the loads carried by these structures. Elevations of both 
structures are approximately 59.0+. At present, approach velocities 
ranging from 6 to 8 feet per second under existing conditions will 
be increased to 10 to 12 feet per second for a flood equal in mag­
nitude to the storm of record (1955) with the lowered crest and 
gates fully open. With no modifications to Sayles Finishing Dam, 
Broad Street bridge starts to raise upstream water surface elevations 
above flows of 30,000 cfs. 

(5) Downstream Channel. Record drawings indicate that the 
downstream face of the dam varies in height from 10 to 24 feet. In­
spection of the dam by "Jencks and Ballou" in 1952 revealed two large 
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"holes" in the river bed just downstream from the dam and that 
further downstream the river bed was exposed bedrock. The Providence 
and Worcester Railroad Company tracks cross the Blackstone River 
400 feet below the dam. The three-span structure supports two lines 
of tracks. The piers are granite-faced with the northerly pier on 
the island formed by the north bank of the main stream and the northern 
tailrace while the southern pier was constructed at the midpoint of 
the river. Low chord elevation of the supporting plate girder is 
62.82. 

(6) Water Surface Profiles. The results of backwater 
computations illustrated in tables 16, 17, 18 and 21; and plates 69, 
70, and 71, indicate that reducing the crest is an effective means 
of reducing upstream water surface elevations at the site. It was 
found that removal of Pantex Dam further downstream from the Sayles 
Dam has little or no effect on water surfaces above Sayles Finishing 
Dam. In addition, for discharges more than 30,000 cfs, the railroad 
bridge immediately downstream from the dam as well as Broad Street 
bridge just upstream of the dam affect the upstream water surface 
elevations under the existing conditions; however, when the crest is 
lowered by 7.0 feet, the hydraulic controlling effect of these two 
structures is decreased. With Sayles Finishing Dam lowered by 7.0 
feet, the comparative water surface elevations are listed in table 21. 

Q in cfs 

1968 
1955 
SPF 

- 16,000 
- 26,700 
- 43,500 

TABLE 21 

WATER SURFACES - SAYLES FINISHING DAM 

Upstream Water Surface 
Existing Crest 

57.81 
60.82 
64.68 

Upstream Water Surface 
7.0 foot Lower Crest 

50.53 
54.81 
59.48 

Replacement of the Sayles Finishing Dam with a gated structure 
will reduce the August 1955 flood stage approximately 6 feet upstream. 
To protect all riverbank property upstream, a 300-foot dike would need 
to be constructed on the south bank immediately above the Broad Street 
bridge. With a 3-foot allowance for freeboard, the top of dike would 
be at approximately elevation 57.5. Reducing the crest elevation has 
no effect on downstream water surface elevations, however backwater 
computations for the 1955 flood for the downstream reach between the 
Providence-Worcester railroad tracks and the Sayles Dam indicate water 
surface elevations ranging from elevation 51 below the bridge to elevation 
55 above the bridge to the dam. Existing bank elevations are approx­
imately 70 on the north bank along Mill Street and 41 to 45 on the 
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on the south bank and would require dike protection. Water surface 
elevations downstream are affected by the restrictions of the rail­
road bridge for flows greater than 30,000 cfs. 

(7) Affected Bridge Piers and Abutments. As mentioned 
previously, the Broad Street bridge is 80 to 100 feet upstream from 
the dam site. Plans and records of its construction are not avail­
able; however, it appears to have granite-faced piers to an unknown 
depth. The presence of rock outcroppings in the area would indicate 
that the foundations are probably founded on ledge. Both abutments 
and piers would need to be protected from high velocity flows. Re­
sulting velocities from modifying Sayles Finishing Dam for the 1955 
flood are approximately 11 feet per second at the bridge. Four 
hundred feet downstream from Sayles Finishing Dam, the Providence­
Worcester railroad bridge piers and abutments would need to be pro­
tected from 1955 flood velocities of 6 to 7 feet per second. 

(8) Modification of Dam and Its Effect on Velocities and 
Scour. Modification of Sayles Finishing Company Dam has no effect 
on downstream velocities. Table 22 indicates resulting upstream 
velocities. 

Granite-faced retaining walls protect the upstream banks from 
scour in that reach from the Sayles Dam to Broad Street bridge. 
Unprotected banks upstream from Broad Street bridge will have re­
sulting velocities from the 1955 flood stages of approximately 3.0 
feet per second and should not effect the existing bank material 
or the subaqueous sewer crossing. 

TABLE 22 

UPSTREAM VELOCITIES (Ft/Sec) 

Event 

1955 Storm Q = 26,700 cfs 
1968 Storm Q = 14,800 cfs 
SPQ Q=43,100cfs 

Ex i sti n9 

5-7 
4-5 
4-9 

Modified 

11-12 
10-13 

7-11 

(9) Impact on Existing Sediments. No subsurface explorations 
were undertaken during this study to ascertain the quantity of upstream 
sediments trapped behind the present dam. However, a "Report on the 
Samoset Dam of the Blackstone River at Broad Street Bridge", by Jencks 
and Ballou in September 1952, refers to several photographs taken in 
1940, when the upstream pool level was lowered; these show that the 
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exposed upstream face of the dam is approximately 6 to 9 feet high 
(vertically) from the then existing ground surface to crest. Levels 
by Jencks and Ballou at the time of their report (1952) were consistent 
with these dimensions, indicating little build-up of sediments. How­
ever, it is believed that at the time of the construction of the Broad 
Street bridge upstream about 50 or more years after the present dam 
construction took place, some stone and debris was deposited against 
the upstream face of the dam. Undoubtedly the present dam has trapped 
some sediments against its upstream face, overlying this material. 
Any construction, particularly lowering of the crest, dewatering or 
bypassing flows, will release some of these deposits. It can be 
assumed that the 1955 and 1968 floodflows scoured upstream sediments 
from ponds (Valley Falls, Scotts and New Pond) as well as upstream 
river reaches and transported some of these sediments to the Sayles 
Finishing Dam. During the modifications of the existing dam, some 
removal of upstream sediments must be undertaken. 

13. REMOVAL OF PANTEX DAM 

a. Description of Existing Dam. Pantex dam, an "L"-shaped gravity 
type structure, is located in downs town Pawtucket on the main stem 
of the Blackstone River, midway between the Roosevelt and Central 
Avenue bridges. Its construction allowed the Blackstone's waters to 
fill the headraces of the Pantex Mill complex on the west bank of the 
river. The dam at elevation 34.92 msl and with crest length of 238 
feet is a stone masonry structure similar to the Sayles Finishing 
Company Dam and others constructed in the 1800's. A gate house, 
constructed on the east bank, forms the east abutment of the dam. 
At dam crest (which is elevation 34.92) the downstream bed elevation 
is 22.0 msl, while upstream bed elevations are about 27.5~. 

b. Description of Proposed Structure. An analysis was made to 
determine the effects of removing the Pantex Dam structure. Analysis 
indicated that lowering the crest elevation of Pantex Dam greater 
than 7.0 feet was noneffective since submergence occurs and downstream 
water surfaces control resulting upstream water surface elevations at 
that point. Hence, removal of the dam will be considered to a maximum 
of 7.0 feet only. 

c. Approach Channel. Pantex Dam is located about 500 feet down­
stream from the Roosevelt Avenue bridge at a sharp 90 degree bend in 
the Blackstone River. Above the bend at the bridge, river widths are 
approximately 200 feet. while at the dam they are 150 feet. Above the 
dam north bank elevations range from 50.0 to 60.0 along Japonica and 
Middle Streets, while on the south bank, highest elevations are 40.0, 
adjacent to the former mill complex. Roosevelt Avenue bridge is a 
three-span granite arch structure, with spans approximately 60.0 feet 
in width and crown elevations 50.15 msl. The southernmost arch has 
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a shallow riverbed forcing most streamflow through the two northern 
arches, Approach velocities for existing condHions range from 7 
to 10 feet/second, and with the dam crest removed to elevation 27.92 
msl, they increase from 7 to 15 feet/second, 

d, Downstream Channel. Below Pantex Dam, the BlacKstone River 
is generally uniform in width downstream to the Slater Mill Dam area, 
a distance of approximately 4,000 feet. The riverbed drops from 
elevation 22.0 msl at the downstream face of Pantex Dam to about 15.0 
at Old Slater Mill Dam, a relatively flat slope. Through this reach, 
th~ river flows through the Central Avenue bridge in Central Falls and 
further downstream the Exchange Street bridge, in Pawtucket. The 
Central Avenue bridge has two 78-foot spans with a center pier at the 
midpoint of the river. The roadway has a low chord elevation 37.35, 
which obstructs larger flood stage flows. The Exchange Street bridge 
is a two-span arch with openings 81.0 and 99.0 feet wide, respectively. 
Crown elevations of the arches are 47.64, well above flood stage. The 
east bank on the river through this reach averages elevation 40.0 
msl with several large manufacturing plants abutting the river. On 
the west riverbank, grades average elevation 30.0 ms1 with commercial 
and industrial properties fronting on the river's edge. Tai1water 
velocities for 1968 floodflow magnitudes remain unchanged at 6 to 
8 feet/second, with Pantex Dam in place or removed. Flows equal in 
magnitude to the 1955 storm generate tailwater velocities of approx­
imately 7 to 9 feet/second, with the dam intact or removed. If the 
Central Avenue bridge were to be raised, removing the downstream 
restriction, the velocities would increase to 8 to 10 feet/second. 

e. Water Surface Profiles. Analysis of this dam indicates that 
the existing crest becomes submerged at approximately 40,000 cfs; 
therefore, it has a direct influence on upstream water surface elevations 
for lesser flows (see table 23). Removal of more than 7.0 feet of 
the dam crest serves no purpose, for downstream water surfaces. How­
ever, as demonstrated in table 23, reductions of upstream water sur­
faces from 7.5 feet for the 1968 recurring flood to 1.27 feet for a 
flow of 35,000 cfs, respectively, can be achieved if the dam is mod­
ified. In addition, loss of head at the Central Avenue bridge is 
causing water elevations to rise downstream of Pantex Dam. 

Backwater computations also indicate that upstream water surface 
elevations are lowered by removal of Pantex Dam only in that reach from 
the dam to the Roosevelt Avenue bridge. Channel restrictions below 
the bridge tend to maintain high water surface elevations at the 
downstream face of Roosevelt Avenue bridge negating the effects of 
removing Pantex Dam (see table 24). 
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TABLE 23 

WATER SURFACE ELEVATIONS AT PANT EX DAM 

Existing Crest Reduce Crest Reduce Crest to 27.92 
(E1. 34.92) (E1. 27.92) and Raise Central Avenue 

Q (cfs) U/S ~ ~ Reduct. U/S Reduct. 

1968-16,000 42.52 35.02 35.52 -7.00 35.02 -7.50 
20,000 43.78 36.56 36.56 -7.22 36.36 -7.42 
25,000 45.02 40.29 40.29 -4.73 38.37 -6.65 

1955-26,700 45.43 41.23 41.23 -4.20 38.99 -6.44 
30,000 46.24 43.24 43.24 -3.00 40.32 -5.92 
35,000 47.38 46.11 46.11 -1.27 42.19 -5.17 
40,000 48.72 48.72 48.72 0 43.95 -4.77 

SPF -43,500 51.68 51.68 51.68 0 46.75 -4.93 

TABLE 24 

WATER SURFACE ELEVATIONS U/S OF PANTEX DAM 

(Existing) Removed Removed (Pantex Dam) Roosevelt 
Pantex Dam (Pantex Dam) Raised Central Ave. Avenue Bridge 

Q(cfs) U/S U/S U/S DIS ~ 

1968 42.52 43.45 43.48 
1968 35.52 43.37 43.41 
1968 35.52 Not effective 
1955 45.43 46.65 46.75 
1955 41 .23 45.46 45.58 
1955 41.23 38.99 46.87 46.97 
SPF 51.68 51.85 55.02 
SPF 51.68 51 .85 55.02 
SPF 51.68 46.75 49.10 49.40 

Table 24 also indicates the results achieved in the reduction of 
water surface elevations for removal of Pantex Dam and removal of Pantex 
Dam in conj uncti on with the ra is i ng of the roadway deck of the Central 
Avenue BridQe above the anticipated water surfaces. 
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f. Affected Bridge Piers and Abutments. Using the August 1955 
storm of record as the design storm, existing channel velocities at 
Roosevelt Avenue bridge of 7 feet/second occurred w1th the dam in 
place or removed. With Central Avenue bridge raised above the flood­
way and the Pantex Dam modified, channel velocities remain at 7 feet/ 
second. 

g. Impact on Existing Sediments. Field survey indicates that 
riverbed elevations immediately upstream from the dam average 27.0+. 
With removal of the upper portions of the dam to elevation 27.92+,­
sediments transported to and deposited against the upstream face­
should not move. However, with the modification to the dam crest 
elevations, velocities will increase from 10 to 15 feet/second and 
upper layers of the trapped sediments will be scoured away. 

[ 
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