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QBEAT FLOODS IN NEW ENQLAND IUVERS. 

The great floods in New England during the last 63 
y e w  were those of April, 1852, May, 1854, April, 1862, 
October, 1869, April, 1895, and March, 1896. 

We may distinguish two kinds of floods: (1) Those due 
to the occurrence of heavy and cont,huous precipitation 
in the warin senson; and (2) those due to the occurrence 
of heavy rain in coniunctioa with a thaw in the winter 
or spring. The floods of 1554 and 1869 are typical of 
the first class; those of 1862, 1895, and 1896 of the 
second class. 

The flood of 1869 was due to what was probably an 
unprecedented rainfdl throughout New England and 
the adjoining territory on the west and southwest,. 
Although the United States Weather Bureau was not in 
existence at  that time, there was a small body of observers 
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single point. The flood in the Connecticut was, there- 
fore, greatest in the lower part of the river. 

The flood of October, 1869.-Probably the greatest of 
all "rain floods" in New England was t-he so-called 
"pum kin flood" of October 6, 1869. This flood was 

streams were a t  a very low stage. In point of magni- 
tude the flood of 1869 at  Hartford ranks as the sixth in 
t.he last 63 years. Since it was due to 
R rainstorin of wide extent and long duratiqn we have 
coinpiled the contemporaneous records of rainfall made 
by observers of the Smithsonian Institution, and present 
thein in Table 3 below. The rainfall reports are arranged 
by States, beginning with Virginia and the District of 
Coluinbin . 

TABLE 3.-Precipitation in  the storni of Oetobcr24,1869. 

remar E able in that it came at  a time of year when the 

(See Table 1.) 

Pennsville.. .... 'lesrlield.. ... i.. 
r'arlisle.. ....... 1:'umberlrmd.. 0.30 
Yount~indale. .. Adams ................... 
Lewisbur-. ..... Union ......... T. 
North b b h g t m .  Lumrne ............. 
Blooming Grove Pike.. ................... 
Uyberry ........ Wayne .............. 
Elamlinton.. ......... do. ............. 
F~llsington ..... Uucks ................... 
Muorland.. ..... Montgomery.. ...... 
Pi,ymuuth Meet- ..... do.. ................. 

Johnsto wn ...... 1 Cambria.-. ......... 

~~~ 

reporting to the Smithsonian Institution, of- Washington, 
D. C., and from their reports we are able to cornpile a 
fairly acrurirte table showing the amount and horizontal 
diiltribut,ion of tvhe rainfall that produced the flood in 

1 In inches and hundredths.] 

........ ..... 
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Lorut ion. 

......... 
0.76 ..... 
..... 
1.60 

1.15 
6. 00 

4.50 

question. This table appears in 'a subsequent portion 
of this paper. 

The tendency to a maximum of flood frequency in the 
spriii is a marked characteristic of New England Rivers. 

table below. 
The !!I istribution of flood3 by months is shown in the 

ing. Middletown ...................................... 5.09 
New Haven ...................................... 5.91 

Windmr ......................................... 6.90 
Waterbury ........................................ 6.03 

The rains continued over the whole of New England 
on the 14th being heavy in many places, but on the 
15th, while t,herc were shower3 at a number of places, 
heavy precipitnt,ion had ceased. 

Connecticut $id pot exceed 5 iPCh@S i?l 24 h o w  at &ny 
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Nm York. 

- . .- - ... 

01 iw. T-.. Amer. SOO. civil eng., New York, 

TABLE Z.-DisMbutinn of jlnnds by months. 

1678, 7: 0 4 .  

Floods due to rain. 
We will first consider the summer flooda or t.hose 

floods due wholly to rJnfall as distinguished from floods 
due partly io rainfall and in p r t  to mehing snow. 

The jiood of J d y ,  1897.-The month of Julp, 1897, 
waa remarkably miny in New England. The floods of 
July 16, 1897, were confined inost.ly to the stroams thrit. 
drain into the Connecticut, the maximum stnee of the 
Connect.icut a t  Hartford waa 30.8 feet, or 4.5 feet above 
its flood stage. I t  w3s due wholly to heavy and cont.in- 
iioiis r a b  in connecLion with a barometric depression 
t.hat approached New England on Jul 12, extending 

On July 13 and 14 tmhe eastward progress of t.he storm 
was retarded and heavy showers fell over New England. 
On the 13t.h the greatest amounts were recorded in Con- 
necticut, viz: 

Bridqeport, Conn ................................. 8.11 

southward from the St.. Lawrence Valey 9 to Georgia. 
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Remarks. 

5.0Y' in 18 hours. 
3.16" in 15 houra 
1.W' in 24 hours. 

More than 24 b. 

All in about 24 hra. 

In 36 hours. 
3.94" in 24 hours. 

In 30 hours. 
In 37 hours. 
In 33 hours. 
In 27 hours. 

5.21" in 27 hours. 
~n 28 hours. 
In 12 hours. 

4.20"in24hours. 
In 36 hours. 
In 30 hours. 
In 32 hourn. 
All in 24 hours. 
In about 89 how.  
In 27 hour#. 

In 27 hours; 4.10" 

In 60 hours. 

In 81 hours. 

In 36 hours. 
Do. 

in 12 hours. 
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Oswego ............. 
Putnam... 
Suffolk.. 
Kings.. 
Columbia. 
Montgomery. 

washh  gton... 
Orange.. 

.....so...... Kin s 

TABLE 3.-Pre&pitatkm iSr the storm of October 24,1869-Continued. 

-- 

In. In. 
1.10 ................ .................. 

................ ................... 
............. ............... .................... ...... 0.66 .................. 

I New York- 
Continued. 

In. 
3.00 
4.66 
5.34 
3.46 
7.90 
5.25 
4.00 
3.8% 
4.15 
5.00, 

Coo orstown.. .. 
Arznia.. ....... 
Brookhaven ..... 
Ermmiis HaIl.. . 
Hudson.. ....... 
YInavflle. . -. . -. 
New-Tork City. 

In .  

_..__. 
._._.. 
...... 
...... 
...... ...... ...... ._.._. 
1.10 ...... 

D O  .......... 
South IIartford. 
West Point ..... 

con- 

Colehrook.. ..... 
Canton.. ....... 
Brookaeld ...... 
Hartford ........ 
Mlddlotown.. ... 
New Haven.. ... 

Masaaehu~ttld. 

Amherst.. ...... 
HiusdaIe ........ 

Litcbfleld.. ............... 8.44 ...... 8.44 
Hartford .................. 12.35 ...... 11.35 
FaIr5eld .................. 5.50 ...... 5.50 
Hartford .................. 8.43 ...... 8.43 
Middlesex.. ............... 8.96 ...... 8.W 
New Haven. .............. 4.30 ...... 4.30 

Hampshire.. .............. 5.81* ...... 5.84 
Berkshire ........... 1.80 3.60 ...... 5.30 

Kingston ........ 
Lawrence ....... 
Lunenburg ..... 
Mmdon .............. 
Milton.. ........ 
New Bedford. .. 
Topsfleld ........ 
West Newton.. . 
WIllIsmstown.. . 
woreastw ....... 
Cambridge.. .... 
Boston ............... 
Gem &own ..... 
Lake Cochituate. 
wa ldam ....... 

Plymouth ................. 1.75 ...... 1.75 
Essex ..................... ?.66 ...... 3.56 
Worcestw ................. d . 5 0  ...... 7.50 

do .................... 2.80 ...... 2.80 
Norfolk ................... 1.15 ...... 
B r i t  ol... ................. 4.37 ...... 
Emx ..................... 1.77 ...... 
Middlesex.. ............... 2.33 ...... 
B e r m . .  ............... 6.00 ...... 
Worcester ................. 4.75. ...... 
Sutlolk .................... 1.58 ...... 

do.. .................. 1.76 ...... 
Esse* ..................... 2.25 ...... 
Wddlesax ................. 1.66 ...... 
..... d 0. ................... 4.00 ...... 

Mfddlebwy.. ... 
Fasrlsburg. 
Brandon ........ 
Burlin on ..... 
West& arlotte.. - 
Castle ton..... ... 
Craftsburg ...... 
Lunenburg ...... 
Randolph. ...... 
Woodstock.. ... 

Lowell ......... .................. .................. 
1 ................. 

Id..... ...... do .................... 
ield. .... ..I // ............ I 

Addhn. .  ................ .......... do.. .................. 
Rutlend .................. 
Chittend en.... ............ ..... do.. ............ 0.87 
Rutland.. ................ 
Orleans ................... 
E~sax ..................... 

8or ............ 1.75 
O r h y .  .................. 

...... ...... ...... ...... ...... ...... 

8.40 
8.60 
4 . z  
3.71 
3.12 
4.60 
4.40 
3.90 
6.00 
4.60 

In .  
3.10 
4.66 
5.34 
3.4fi 
7.90 
5.25 
1.00 
3.88 
4.81 
5. M) 

0 . 1  
0.87 

_._._. 
0.87 
1.97 

0.10 
0.80 

...... 

...... 

...... 

1.15 
4.37 
1.77 
2.33 
6. M) 
4. i 5  
1.58 
1.76 
2.25 
1.65 
4.00 
2. 81 
5.53 
8.71 
8.06 
6.00 
8.97 

New Ramphire. 
Hanovw ........ 
N. Barnst ead... 
W& Landing.. 
WhItefleld ...... 
Btratford ............. 
Tamworth ...... 
Ooffsto wn....... 
Concord ........ 
Dover ........... 

Mahe. 

I I  Grafton ................... 5.88 ...... 6 . a  
Belknap .................. 7.40 ...... 7.4E ..... do .................... 6.40 ...... 6.4C 
Coos ................ 1.60 3.41 0.40 6.31 

do .............. 1.17 2.63 ...... 3.7( 
W ..................... 6.36 ...... 6.3: 
HIIlsbora. .......... 0.78 7.28 ...... 8 .W 
MfmhaOk.. .............. 7.40 ...... 7.4( 
Stradord .................. 8.20 ...... 3 . 1  

Standish ........ 
Fort Preble .......... 
Cosniah ......... 
Gardher ........ 
West Wamvffle. 
Rumlord... ..... 
N o r w w  ............. 
Oxf ............... 
Orono ........... 
Hodton.. ...... 
Lisbon .......... 
Williemsburg.. . 

3.98 
4.37 
4.2s 
8.71 
4. BB 
6.51 
4.48 
4. on 
5 . a  
6.a 

Cnmbwlaud.. ............ 
do .................... 

York ............... 2.68 
Kamebm ................. 
...__do .................... 
Oxford. ................... 

do. ................... 
do. ................... 

Penobscot... .............. 
ArooStook-. ............... 
Androseo g i n .  ............ 
Piscataqu!s.. ....... 1.80 

4.31 
1.99 

8.37 
4.10 
8.00 
6.70 
6.70 
2. la 
8. 60 
2. 70 
3.60 

s. 80 

...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... .._._. 

4.81 
1. fl 
6.42 
3.3: 
4.U 
8. M: 
6. n 
6.7( 
2.1: 
8.M 
2.7( 
6 . N  

Remnrks. 

tn 28 hours. 

In about 31 hours. 
[n about 36 hours. 
tn about 43 hours. 
In 38 hours. 
In 36 hours. 

tn about 42 hours. 

In 30 hours. 
In 36 hours. 

In 15 hours. a.io" ID 4 hrs; 4.70" 
In 23 hrs. 

In 3bout 36 horn. 
In ahnut 35 horn. 

In 19 hotus. 
In  19 bolus. 

Do. 
In about 39 hours. 
In 28 hours. 

In 28hours. 

3.ggrr in 23 hours. 

8.05" In 37 hours. 
Mme than balf In 

8 hours. 

3.40" in 30 hours. 

4.00" in 20 hours. 
4.60" In 30 hours. 
In W hours. 
3.90" In 35 hours. 
5.00'' In 36 hours 
6 . a ~  in 35 hours. 

In about 30 hoius. 
p75"lu 11 bours. 

In 80 hours. 
4.27'' In 3 how% 
4.00" in 2 hours. 

In 37 holm 
2.63" in 26 hours. 
In 31 hours. 
In 86 hours. 
260" in 2 hours. 
In 86 hours. 
In about 64 hours. 

* Gage ovmlowed. 

From Table 3 we see that the rainstorm of October 2-5, 
lS69, was of wide extent and that its maxinium intensity 
was of unusual duration. It is ver exce t,ional that 
heavy rains peraist for so long a periogas 24 {ours. The 
rains in the Ohio Valley dunng the latter part of March, 

1913, are prominent examples of the kind of rains which 
fell over t,he lower portions of t,he Connecticut Valley 
during October, 1869. It will be noted that the Con- 
nechu t  River had reladively higher stages along it,s 
lower reaches trhan in the upper portion of its course, due 
to t.he fact that the very heavy rainfall was apparently 
concentmt,ed over t.he western port.iom of 3 Iasswhu- 
set,t.s and Connecticut. 

The lesson to be drawn from t.he foregoing a pears to 

ing what, may % e called "rain floods," occur very i fre-  
quent,ly in New E land, the probability of such a flood 
can not. he disregar ed. The occurrence of flood- roduc- 
ing rains in t,he warin season, such as t.hose of Ictober, 
1SG9, and July, 1597, seenis to be due to an extraordinary 
conibination of atniospheric conditions, such as niay 
occur probably but once in a lifet,inie. 

Springjloods due to rain and m u ' .  

A destruct,ive spring freshet or flood due solely to the 
breaking up of ice in t.he strenms find t.he melting of t.he 
snow cover, is practically unknown. The i;ccuniulat.cd 
snow on t,he headwaters of n wat.ershed is t.herefore con- 
sidered mere1 as an iiiiporhnt niodifving factor in flood 
causation. dirt,her, the writ.er is of the opinion bhat, as 
:I rule, t.he snow cover is of less iniportimce in producing 
severe floods t,han is generally believed. Snow t.hnt. hzs 
remained on t.he ground for some time melts aliiiost 
im erceptibly into itself and t,hus t.he first effects of 

ally B subsequent freezi takes place, and the snow 
cover is finally not in n con 7 ittion to molt! rapidly, thus the 
danger of a severe flood due only to melting of snow 
becomes a remote probability. 
New EnglandJeood of Apri l ,  1896.--The floods of April, 

1895, and March, 1896, in New England streams were due 
in both cases to heavy and continued rains at  n t,ime when 
the snow cover was sufficient., if inelted, to greatly inten- 
sif the flood waters. 

h e  barometric minimum t.hat was t.he direct cause of 
t.he rains that! fell over New England on April 13, 14, 15, 
1895, was not, unusual in any wuy, but it,s niovenient 
across New England occupied about. t,hree days. On the 
14t.h t.he center of the Low was partly over t.he ocean and 
part.ly over the land, a osition favorable t.0 a cont.inu- 
ous inflow of air from t rl e ocean. The precipitat,ion of 
t,he second day was t,he heaviest of the storni period; at  
11 number of places the amount exceeded 2 inches. On 
t,he third da the rains becanie lighter and ceased in some 
portions. &o average precipitation for the storni is 
shown by States in Table 4. 

be thltt. althou h sunmer floods, or more strict. 7 y speak- 

P 7 

me 7 ting are t.o inc.rease the densitmy of the snow. Gener- 

TABLE 4.-Avmge precipitation over Nm Eragland, Apr. 15-15, 1895, 
by Gtates. 

Inches. 
Mnhe.. ...................................................... I 12 I 2.17 
New Hampshire .............................................. I 16 2.87 
Vermont.; ................................................... 2.42 
Massachusetb. 2-01 
llhode Island ................................................. 
Comecticut.. ................................................ 

............................................... 

The centmrsl area of New England had, therefore, an 
average rainfall of slightly over 2 inches in t.he three 
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cbmnectieut Ricer. 
HoI he Mass ................................................ 

artford, Conn. .............................................. 
dlirrfmac R i w .  

Lawrence, Mass.. ............................................ 

$w%og&, Mass.. ........................................... 

- -- - - 

days. The extremes were of course much greater. At 
Nortsh Conway, N. H., t,he fall was 6.25 inches from t,he 
morning of t,he 13th until the morning of the l5t.h. Over 
4 inches fell in 24 hours at  N0rt.h Bridgeton, Me., Plv- 
niouth and Berlin. N. IE., Woodst.ock, Vt,., and Ntitick. 
3Iass. 

Earlier in t,he n1ont.h there had been considernble rain 
and the soil where not frozen was doubt.less sat.umted 
with wat,er; moreover t.liere wns still some snow on the 
ground in the central and nort,herii portions of New 
Hampshire, Verniont., and Maine. The greater portion 
of t.his snow was melted and ran h t ,o  the streams in con- 
nect.ion with t,he heavy locd rains of t,he St,h-lOth of 
the inont.11. The henry rains of the 13tJh-15th, thmc- 
fore, must have conic upon stmtms already nt. :I niotler- 
ately high stage. 

At the time of the flood no systematic measurements 
of the sta es of t.he rivers of New F land were being 

few private measurements were made. The few actual 
rccords we have been able to obtain are as follows: 

made by t B e Weather Bureau, and, so ‘Y ar as known, but 

Fed. 
9. a 

20.3 
25.7 

26.9 

Stations. Stages. 

. . . . . . .  ........... I- - 

. _  
Below 
highest 

prevrous 
stage. 

Feet. 

__ - 

2.1 
1. e 
3.4 

2. R 
-. 

Ncw Englaandflood of March, 1886.-A second severe 
flood occurred in New England rivers in March, 1896. 
In  the Mcrrimnc River this flood gave a stage of 29.7 
feet at Lawrence, the highest stage recorded in the sixt 
odd years during which measurements have been maz: 

The weather leading up to the flood was utormy and 
rainy. The rains beqm on Bcbruary 29, 1896, and were 
universal over New higland, the daily amount,s varying 
from less than 3 inch up to as much as 4 inches. The 
average daily amounts for eac,h of the New England States 
are shown in Table 5. 

TABLE 5.--Ziverage precipitation over New Englund, Feb. 29 to 
Mar. 4, 1896. 

Average preclpitatiron. 
Num- 
ber of March. states. 

2 1 3 ’  4 1  I ---- 
1.a 0.15 a 5 7  0.25 

Massachuset ts... ........... 30 a 07 I .74 .46 .u) .07 

1-30 .73 .25 .I4 
0.29 .16 .2Q .07 

Rhode Island.. ............ 1.22 i .67 .21 .35 .06 
COmQCtiCUt. .............. 1 1: 1 2.62 I .27 .ll .05 .02 

Maine 
New Hampshire.. 
Vermont .................. 

Total. 

- 
4.01 
3.47 
2.01 
2.a 
2.51 
3.07 - 

1 Precipitation on Mar. 3 and 4 was mostly in form ofsnow. 

When tlie rain be an there were from 1 to 2 feet of 
snow on tlie grounf in the northern portion of New 
En land, and escept in the densest woods most of it 
me f ted and ran into the streams. 

over New England was, however, apparently blocked by 
high pressure over the Canadian maritime Provinces, and 
an area of hi h pressure advancin from the west across 

of the storm to the northeast across New angland was 
mvented, with the result that it lingered over southern 
kew Eiigland until March 5 ,  when it apparently moved 
eastward south of Nova Scotia. 

The rain turned to snow on March 2, and the weather 
became much colder on the 3d and 4th, thus mitigating 
the severity of the floods. 
New EnglandfEood of May I,1864.-There remains but 

one more great flood in New E nd to consider, viz, 

Conn., and S wingfield, Mass. It was not a remarkable 

for which reliable records are available. Although more 
than half a century has elapsed since the occurrence of 
the flood, the meteorological re orts mnde at the time 
to the Smithsonian Institution &ow that the extremely 
high water in the lower Connecticut resulted from the 

t,he Great La f es. In any event, t E e ordinary movement 

P the flood of Ma 1, 1854. This Y? ood gave the h 
water in the c9 ounecticut ever recorded at Har ord, 

flood in the B 1 errimac, the only other New England river 

prevalence of heavy rains, which 
of Thursday, April 27, and 
intermission until noon of Sunday, 
about 90 hours. During these 90 
amounts of rainfall were recorded: 

Inches. 
Springfield, Msas ................................ 6.16 
Southwick, Msas ................................. 7.52 
Saybrook, Conn ................................ 6.00 
Pomfret, Conn ................................... 3.46 
Concord, N.  H .................................. 3.60 
Manchester, N. H ............................... 3.26 
St. Johnsbury, Vt ................................ 280 
New York Ci ................................. 4.67 
Philadelphis,tKa. .............................. 4.87 

and smaller amounts were recorded at many other places. 

western Connecticut. The precipitation for a part of the 
storm in Vermont, New Pork, and New Hampshire was 
in tlie form of snow. There may have been some snow 
on the north slopes of the watershed in New Ham shire 

immediately receded the storm, but of this we have no 
reliable recorg. The storm was preceded by warm south- 
erly winds and thunderstorms over southern New Eq-  
land, New Jersey, and southeastern New York on A p d  
25, 26, and 27. On the 27th there was a marked change 
to lower temperature over western Massachusetts, and a 
cold easterly rain immediately set in, continuing, as abovo 
stated, with but little intermission until Sunday, May 1. 

and Vermont a t  the beginning of the warm spel P that 

PRECIPITATION AND RUN-OFF DURINQ A TYPICAL FLOOD. 

Since it seems of interest to compare the reci itation 
and the run-off that occur durin a t pica1 Ifem ingland 

April 14-19,1895, in the Merrimac River, New Hampshire. 
The drainage basin of the Merrimac above Lawrence, 

Mass., enibraces 4,664 square d e s .  The avera e pre- 
&itation over New HamDshire for the Deriof  AD^ 

flood, the writer has compiled 8lz e ata for the flood of 

The storni wvlkli was & immediate cause of the rain 1~-15,1S95, was 2 . S  inches,’ns averaged f r o i  the rep6rta 
from the mouth of the Mississippi of 25 stations. Since 1 inch of rainfall over an area 
29, 1896. Its northeastward course of 1 square mile involves 2,323,200 cubic feet of w 8 h r ~  
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then the above rainfall of 2.87 inches depth amounted to 
6,667,584 cubic feet per square mile. Therefore the 
volume of water precipitated u on the 4,664 square miles 
of the drainage basin of the d r r i m a c  during the period 
April 13-15, 1895, amounted in all to 31,097,611,776 
cubic feet. This preci itation was carried off by the 

TABLP: B.-DiSelrarge of i% Jfmmac River at L u w r m ,  M a g . ,  Apr.  14- 
19,1895. 

Merrimac as shown by 5 able 6. 

hand would have been 10.5 feet, and that the total dis- 
charge for the 6 days would have equaled 6,53l,S40,000 
cubic feet. Subtracting this amount from the actual 
trotal flood discharge, there remains 15,2S1,3OS,SOO 
cubic feet, the approsirnate discharge due to the rains. 
The total reci itation that caused the flood WRS 31,097- 
611,776 cu % ?  IC eet and the percentage of run-off is there- 
fore 49. This run-off value corresponds fairly well with 
the run-off values for certain Maine rivciv givcii in Table 7. 

lsB5. Fed. 8m.-fcrt. Cubic fed.  
Apr. 14 ......................................... *lS.O 11.300 *a.963.520.000 
Apr. 16 ......................................... 19.9 40.267 3,479.06S.800 
Apr.16 ......................................... 269  62.100 5.365.440.000 
Apr.17 ......................................... 24.2 54.800 4.i34,7?0.000 
Apr. 18 ......................................... 18.2 35,000 3.024.000.000 
Apr. 19 ......................................... 15.2 28,OCO 2.246.400,000 

Tot& ........................................................... ?1.813.11R.S00 
__ 

*Estimated; no reading made. 

If no rain had fallen after the 13th it is estimated that 
the stage of the river due to the water supply then on 

Penobsrot: 
Natlaxamkeag. 

Keimebee: 
Kenneber ........... The Forks ......... 

Do ___. ._._ _ _ _ _ _ _  Y0rt.h Alison _ _ _ _ _ _  
* Precipitation from the few exist.ing: stat.ions of the Wenihv Burcw: nin-off from 

the values publfshed In the Water Supply PaI-ers of the U. 8. Geological Survey. 


