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LETTER OF TRANSMITTAL.

DEPARTMENT OF THE INTERIOR,
UNITED STATES GEOLOGICAL SURVEY,
DivisioN OF HYDROGRAPHY,
Washington, D. C., May 17, 1902.
Sir: I have the honor to transmit herewith a manuscript giving the
results of operations at various river stations in 1901, and request
that it be published in the series of Water-Supply and Irrigation
Papers. The material has been divided into two parts, the first part
relating to the eastern portion of the country and the second part to
the western. .
The general conclusions drawn from the operations at the river
stations, together with diagrams, maps, and illustrations, are being
prepared for publication in the new Professional Papers series, being
designed to be in form and substance similar to preceding volumes
known as Part IV of the Eighteenth to the Twenty-second Annual
Reports.
Very respectfully,
F. H. NEWELL,
Hydrographer in Charge.
Hon. CrARLES D. WALCoOTT,

Director United States Geological Survey.
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OPERATIONS AT RIVER STATIONS, 1901.
PART I—(EAST OF MISSISSIPPI RIVER.)

MAINE RIVERS.

The rivers of the State of Maine furnish some of the best water-
power sites in the United States. The large rivers have their sources
in general at high elevations among the mountains and. hills of the
central and northern part of the State. Their fall is rapid, with
frequent vertical drops over granite ledges. Building stone is abun-
dant in mnearly all the drainage basins. The rocky beds furnish
excellent foundations for dams and mills, and the excellent harbors
along the coast, together with the railroad lines following the lower
courses of the streams, give for a large part of the State excellent
transportation facilities. The extensive lake areas, aggregating 2,300
square miles, furnish natural reservoirs for the storage of storm
waters that could not be equaled throughout the United States. In
addition to the lakes, the extensive forests covering the greater part
of the State and the gravelly and porous soil tend to make the flow of
the Maine rivers remarkably uniform.

During the summer of 1901 the United States Geological Survey
commenced the hydrographic study of the State of Maine. Prior.to
that time records of flow from a few of the main rivers had been
furnished by engineers and manufacturing companies and published in
the reports of the Survey. It is hoped that these records may be con-
tinued and that the investigations may be extended, so that definite
information may be obtained of the flow, fall, and the possthilities of
increased storage on all of the larger streams of the State.

In the following pages the records of flow for the year 1901 are
published for all stations for which such figures are available. In
addition to these, gage heights are given at a number of the new sta-
tions established by the Survey, with the results of eurrent-meter
measurements made from time to time. As soon as these stations
have been continued for a sufficient period to permit of the construc-
tion of a rating curve for the stations, the records of flow for each day
of the year will be published.

During 1901 rain gages were established by the Survey at The
Forks, Roach River, Northeast Carry, Jackman, and Wytopitlock,

13



14 OPERATIONS AT RIVER STATIONS, 1901,—PART I. [No. 65.

and by the Kennebec Water Power Company at Kineo. Gaging sta-
tions were selected by H. A. Pressey and N. C. Grover, professor of
civil engineering, University of Maine, and established by the Survey
in the same year on the Kennebec River at The Forks and North
Anson, on Roach River at Roach River, on Dead River at The Forks,
on Carrabasset River at North Anson, and on Penobscot River at
Montague. :

Descriptions of the drainage areas of the Maine rivers will be found
in Water-Supply and Irrigation Paper No. 69, and records of flow for
past years will be found in the same paper.

PENOBSCOT RIVER.

The Penobscot is the largest of the Maine rivers flowing into the
Atlantie, and owing to its large fall and its numerous lakes is impor-
tant as a water-power stream. The basin is deseribed in Water-
Supply and Irrigation Paper No. 69. Few measurements of lowhave
been made on the river, but the results of two measurements made
at Orono, in 1884 and 1886, are given in Water-Supply and Irrigation
Paper No. 69.

A record of the flow at Sunk Haze Rips, near Costigan, Me., was
kept from September 15, 1899, to September 22, 1900. The rating
curve was constructed from tube-float measurements made by George
F. Hardy and reported to the supreme court of Maine on October 23,
1901. The drainage basin at Sunk Haze Rips has an area of 7,450
square miles. The results of the measurements at this point are
given in the following table:

Duaily discharge, in second-feet, of Penobscot River at Sunk Haze Rips, Costigan,

Me., for 1899.

Day ]‘ Sept. | Oct. | Nov. Dec Day Sept. | Oct. | Nov. | Dec.
3,450 | 3,300 | 4,800 2,830 | 4,400 | 10,150
4,250 | 5,600 | 5,100 2,330 | 5,100 | 10,150
5,100 | 10,850 | 5,950 2,390 | 5,250 | 10,500
3,900 | 12,200 | 8,000 2,430 | 5,950 | 11,000
3,550 1 11,000 | 8,750 2,350 | 6,240 | 11,250
3,360 {10,850 | 8,650 2,100 | 6,700 | 11,200
3,190 ! 10,500 | 8,650 2,670 | 6,800 | 10,300
3,300 | 14,000 | 7,700 2,420 | 6,450 | 9,850
3,200 | 9,090 | 8,500 2,3201 5,600 9,750
3,100 | 8,300 | 7,900 2,100 | 5,100 | 9,200
3,100 | 7,620 | 7,440 2,330 | 5,20 | 8,850
2,950 | 7,300 [ 7,230 2,160 | 5,600 | 8,570
2,750 | 6,020 | 9,400 22,000 | 5,800 | 8400
2,630 | 6,240 | 11,500 2,550 ... 9,430
2,630 | 6,100 | 11,500
2,330 | 6,100 | 10,000 2,764 | 7,170 | 9,014
2,410 | 5,800 | 9,750

2 Shut down at Montague.
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Daily discharge, in second-feet, of Penobscot River at Sunk Haze Rips, Costigan,
Me., for 1900.

Day Jan Feb. | Mar Apr. | May. | June. | July. | Aug. | Sept.
36,000 | 47,600 | 40,300 | 59,400 | 34,300 | 11,900 | 14,100 | 5,950
35,800 | 47,500 | 39,600 | 54,800 | 80,300 | 12,200 N 5,950
33,700 | 45,600 | 41,300 | 54,100 { 36,300 | 11,900 A 5,950
32,200 | 44,400 | 44,500 | 61,200 | 41,600 | 11,300 | 12,700 | 5,950
31,700 | 42,300 | 46,600 | 72,500 | 38,200 | 11,700 | 12, 6,100
31,800 | 41,400 | 43,800 | 74,700 | 34,700 | 12,500 | 12,400 | 6,950
31,500 | 39,400 | 42,600 | 69,900 | 32,300 | 12,800 | 12,050 | 6,800
31,000 | 37,700 | 45,300 | 66,900 | 30,300 ,800 | 12,050 | 6,260
30,000 | 36,500 | 48,800 | 63,600 | 27,400 | 13,200 | 12,050 | §,800
29,200 | 85,100 | 44,500 | 63,000 | 24,200 | 14,100 | 12,050 ; 5,400
27,200 | 33,600 | 48,800 | 61,700 | 24,200 | 14,100 | 12,050 | 3,140
26,200 | 32,650 | 36,600 | 58,000 | 23,900 | 14,100 | 13.400 | 3,270
27,150 | 31,100 | 88,000 ! 53,400 | 22,300 | 14,400 | 13, 3,100
29,800 | 80,500 | 42,600 | 49,400 | 22,000 | 18,900 | 12,700 | 3,270
48,000 | 29,800 | 44,500 | 50,100 | 18,400 | 14,600 | 12,400 | 3,350
51,000 | 29,200 | 46,100 | 54,100 1 19,000 | 14,000 | 13,400 | 3,250
52,400 | 34,800 | 48,100 | 50,700 | 17,500 | 11,900 | 12, 3,050
49,900 | 44,100 | 49,400 {750,800 | 14,600 | 13,200 | 12,050 | 3,020
47,300 | 33,200 | 54,800 | 48,800 | 13,600 | 16,900 | 11, 2, 800
45,000 | 32,500 | 62,400 | 54,100 | 12,600 | 21,400 | 11,700 | 2,620
43,000 | 62,700 | 62,000 | 62,400 | 10,500 | 18,700 | 11, 2,880
39,700 | 62,500 | 75,100 | 55,700 | 9,700
38,300 | 61,300 | 74,700 | 61,700 | 12,200
35,700 | 59,500 | 71,400 | 60,000 | 10,150
34,800 | 58,000 | 69,600 | 57,800 | 9,400
38,300 | 553,500 | 67,500 | 55,000 | 8,300
44,400 | 54,800 | 65,300 | 50,800 | 8,150
47,300 | 57,500 | 61,700 | 49,800 | 7,800

48,100 | 59,500 | 47,100 | 9,000
-.| 44,600 | 56,800 | 44,200 | 10,150
41,300 |_.___.. 39,900 | _.____.
43,828 | 52,407 | 56,632 | 20,435

A gaging station was established by the UnMed States Geological
Survey at Montague on November 5, 1901. The drainage area at
Montague is 6,890 square miles. The measurements are made from
the bridge across the Penobscot. A wire gage was established, read-
ing to feet and tenths and referred to a bench wark, the top of the
northwest corner of second course below bridge seat, easterly abut-
ment, the elevation being 25.78 feet. The initial point of sounding
is at the extreme end of the inclined end post on upstream side of
bridge. The channel is straight for 1,000 feet above and 3,000 feet
below the station, and the current is swift. The banks are high and
rocky, and the bed rocky, with some gravel. The gage is read twice
daily—7 a. m. and 5 p. m.—by A. H. Hanson, a merchant in Mon-
tague. The measurements made on November 5,1901, when the gage
height was 2 feet, gave a discharge of 3,073 cubic feet per second.

Daily gage height, in feet, of the Penobscot River at Montague, Me., for 1901.

Day. Nov.| Dec Day. Nov. | Dec Day. Nov.| Dec Day. Nov. | Dec.
2.0 2.8 2.0 2.1 |14.5 5:95
2.0 2.41 2.1 2.2 |11.8 6.2
2.0 2.5 2.5 2.2 | 8.7 5.9
2.0 2.5 8.3 2.2 | 7.8 5.45
2.0 2.5 | 3.8 120 (7.1 5.1
2.0 2.3 4.5 -1 2.0 | 6.45 5.3
2.0 2.2 6.2 2.85 | 6.0 5.4
2.0 2.2 |14.0 2.2 |5.8
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KENNEBEC RIVER.

As stated on page 14, a number of stations were established in the
fall of 1901 on the Kennebec River and its tributaries. Sinee 1892
records have been kept at Waterville by the Hollingsworth & Whit-
ney Pulp and Paper Company, and have been published by the
Survey. A summary of these results will be found in Water-Supply
Paper No. 69. Records for the year 1901 are not now available, but
it is hoped that these can be published in a later report.

KENNEBEC RIVER AT THE FORKS, ME.

This station was established by N. C. Grover, September 28, 1901,
at the bridge across the Kennebee River at The Forks. The gage
is a vertical rod, graduated to feet and tenths, and referred to a
bench mark which is the top of a bolt on east abutment, north end of
bridge; the elevation of the beneh mark is 12.85 feet. The initial
point of sounding is on the left bank, marked by a rod across the
bridge, just above the abutment and below the bridge floor. The
channel is straight above the station for about 200 feet and below for
a distance of 500 feet. The current is swift, the banks high and
roeky, with a rocky and permanent stream bed. The gage is read
twice daily, 7 a. m. and 5 p. m., by William W. Young. The drain-
age area of the Kennebec River at this point is 1,640 square miles.
The following measurements of flow of the Kennebec were made
during 1901 by N. C. Grover:

September 28, 1901: Gage height. 2.7 feet; discharge, 1,841 cubic feet per
second.
October 20, 1901: Gage height, 1 foot; discharge, 469 cubic feet per second.

Daily gage height, in feet, of Kennebec River at The Forks, Me., for 1901.

Day. [Sept. Oct. |Nov.|Dec.|| Day. |Sept.| Oct.|Nov.|Dec.|| Day. |Sept.| Oct. |[Nov.| Dec
) SR 2.4 126 255 | L7] 3.0 23....]...... 1.25 | 2.05 [..__..
2 2.4 2.6 265 1.8 8.4 |24 ____|._._... 2.06 | 2.0

[ N N 2.412.6 265 | L7 40| 2. . |...... 2.15 | 2.0

4 | 24|26 29 | 20| 9.0 26.___|__..__ 2.05 | 2.0

s R . 2.5 2.5 2.0 | 201 8.0 /|27, |- ... 2.05 | 2.0

[ J N S 2.25 1.45| 2.0 80128 |...... 2.0 | 2.0

QU IO 2.4 1215 1.15| 20| 7.0 20.____ 2.6 20 (20
SN U 2.4 12.05 .9 2.0 6.0 30.___. 25125 |20 |......
F* J 2.5 | 2.05 .9 2.0 ... 51 I PN 2% T PR SR
10 25| L9 1.0 | 20 ...
) 3 A IS 2.4 1.8 .9 2.0 ...

KENNEBEC RIVER AT NORTH ANSON, ME.

This station was established on October 18, 1901, by N. C. Grover.
It is located 1} miles east of North Anson, and is reached by pri-
vate conveyance. Measurements are made from the bridge across
the Kennebec. The gage is a vertical rod graduated to feet and
tenths and fastened to the bridge pier. It is referred to two bench
marks, one being the top of pier back of gage, elevation 22.5 feet,
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and the other the top of the southeast corner of the twelfth stone
from the top of west abutment, elevation 9.55 feet. The initial point
of sounding is on the left bank at the outside of the end post of the
bridge. The channel is straight above the station for 500 feet, and
below for 1,000 feet. The current is swift, the right bank high and
rocky, while the left bank is comparatively low and subject to over-
flow at the time of highest water. The bed of the stream is rocky, with
“sand over a portion of the section. The gage is read twice daily, at
8 a. m. and 4 p. m., by H. C. Stetson, the toll collector at the bridge.
The drainage area is 2,925 square miles. The following measurements
were made during 1901 by N. C. Grover:
October 14,1901: gage height, 3.2 feet; discharge, 3,145 cubic feet per

second.
October 18, 1901: gage height, 3 feet; discharge, 2,465 cubic feet per second.

Daily gage height, in feet, of Kennebec River at North Anson, Me., for 1901.

Day. Oct. | Nov.| Dec. Day. Oct. |Nov.| Dec. Day. Oct. |[Nov. | Dec.

1 3.0 2.2
2 8.0 2.55
3.. -] 2.85 .1 2.85
4. .1 8.1 -1 2.8
5. -1 8.0 | 2.7
6.. -12.9 .| 2.7
7. AN .| 2.7
8.. 125 | | 2.7
9. .| 2.55 |. .| 2.9
10.. -] 2.585 |.

11 2.35

ROACH RIVER AT ROACH RIVER, ME.

This stream, entering Moosehead Lake from the east, rises in the
highland region of Maine, its basin being well wooded and containing
several ponds of considerable size. At the foot of Lower Roach Pond
is a dam, owned by the log drivers, which controls the flow of the
river. The drainage area of the river at this point is 70 square miles.
The station at Roach River was established November 10, 1901, by
N. C. Grover. It isreached by a stage from Lily Bay. The gage is
a vertical rod spiked to the timber retaining embankment on the left
bank of the stream. It is divided into feet and tenths and referred
to a bench mark, a cross on the top timber to which the gage is spiked,
the elevation of this mark being 9 feet. The gage isread twice daily,
at 9 a. m. and 3 p. m., by C. H. Sawyer, hotel keeper. No measure-
ments have been made during 1901.

IRR 65—02——2
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Daily gage height, in feet, of Roach River at Roach River, Me., for 1901.

Day. Nov.| Dec. Day. Nov.| Dec. Day. Nov.| Dec Day. Nov.| Dec
I

2.3 ! 2.3 2.313.5 2.2 3.3
2.3 2.3 | 2.2 8.5 2.21 8.65
2.3 | 2.3 2.2 | 8.5 2.21 34
2.8 2.3 2.2 185 2.2 2.9
2.3 2.3 2.2 3.5 2.3| 2.8
2.8 2.3 2.2 |35 2.3 2.8
2.3 2.65 22182 81 ... 2.8
2.3 3.1 2.2 8.0 \

DEAD RIVER AT THE FORKS, ME.

This tributary of the Kennebec has its headwaters in the mountains
between Maine and Canada and flows in a general easterly direction,
entering the Kennebec at The Forks. Its basin contains 840 square
miles and is 40 miles in extreme length by 30 in width and completely
wooded. Through a large portion of its length the river flows through
swamps; in its lower course it has considerable fall. The only dams
on the stream are owned by the log-driving companies, and the gates
are kept open after the drive is out of the river. The station is 13
miles. west from The Forks and is reached by private conveyance.
The measurements are made from a boat guided by a half-inch manila
rope stretched across the river. The gage is a vertical rod graduated
to feet and tenths and referred to two bench marks. One is on the
right bank on the top of large bowlder at end of wharf on which gage
is placed; its elevation is 4.48 feet. The otheris on the left bank, 200
feet above the gage, on the top of bowlder; its elevation is 10.89 feet.
The channel is straight for 500 feet above and below the gage, the
current swift. The banks are rocky, though subject to overflow at
the time of highest water. The bed is rocky and permanent. The
gage is read twice daily, 6 a. m. and 6 p. m., by Jeremiah Durgin, jr.,
a farmer at The Forks.

A measurement of the flow at The Forks was made on September
29, 1901, when the gage reading was 0.4 feet and the discharge 253
cubic feet per second.

Daily gage height, in feet, of Dead River at The Forks, Me., for 1901.

Day. Sept. | Oct. | Nov. | Dec. Day. Sept. | Oct. | Nov. | Dec.

=3

00 Ui 0 85 83 30 0 0 e e e 2

=
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CARRABASSET RIVER AT NORTH ANSON, ME.

This river enters the Kennebec from the west at North Anson.
Its basin has steep slopes, partly in farm lands, with no natural reser-
voirs. Dams have been constructed and power used at New Port-
land, East New Portland, and North Anson. The drainage area is
330 square miles. On October 19, 1901, a gaging station was estab-
lished on the Carrabasset, 1 miles west of North Anson, by N.C.
Grover. Thegaging is made from a boat held in position by a manila
rope stretched across the stream. The gage is a vertical rod graduated
to feet and tenths, and referred toa bench mark on a blazed spruce
tree 40 feet from the gage. The elevation of bench mark is 10.78 feet.
The gage is read every morning by N. Q. Hilton, a farmer in North
Anson, Me. No measunrements have been made at this station.

Daily gage height, in feet, of Carrabasset River, at North Anson, Me., for 1901.

Day. Nov.!Dec. Day. Nov. | Dec. Day. Nov. | Dec. Day. Nov. | Dec.
I
|

0.2

PR

2000w

COBBOSSEECONTEE RIVER AT RESERVOIR DAM NEAR AUGUSTA, ME.

This river is described in Water-Supply Paper No. 69, and records
of discharge measurements from 1890 to 1901, inclusive, will be found
in the same paper. The measurements are made at the reservoir
dam, where the discharge of the river is controlled by gates, except
during flood stages. The gates are closed on Sundays, and, except
at high stages, no water is allowed to pass. The measurements are
made by Mr. Alexander H. Twombly, engineer of the Forest Paper
Company, at Yarmouthville, Me., who has kindly furnished the figures
for publication.
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Daily discharge, in second-feet, of Cobbosseecontee River at reservoir dam, near
Augusta, Me., for 1901,

Day Jan.|Feb.|Mar.| Apr. |May.|June.|July.|Aug.|Sept.| Oct. | Nov.| Dec.
40| 22| 120 535 | 260 | 510 | 280 | 280 | (=) 0| 250 | (%)
600 20| 120 439 | 20 | 483 | 280 | 280 | 280 270 | 250 220
250 1 (2) (®) 646 | 260 | 439 | 280 280 | 280 (*) 220
250 | 220 120 1,439 | 260 | 303 () |.(*) | 280! 250 | 250 220
250 | 20| 120| 2,118 | (» | 303 | 280| 280 | 280 | 250 | 250 220
(2) 220 120 2,343 | 260| 304 | 280 280 | 280 (=) 250 220
250 | 2201 120 2,089 | 260! 300 | (=) | 280 | 280 250 250 | 220
250 | 2201 120 3,111 | 280 300 | 280 280 ( (») { 250 { 250 | (*)
20| 220 120 3,206 | 280 | 280 | 280 | 280 | 280 250 | 250 220
250 | (») | (2) | 3,050 | 280 | 280 | 280 280 | 280 | 250 | (2) 220
240 | 200 | 130 | 2,872 | 280 280 | 280 | (») | 280 | 250 250 | 220
2401 200 ) 170 | 2,649 | (=) | 280 | 2801 280 | 280! 250 | 250 220
(®) | 200 | 200| 2,580 280 | 280 | 280 | 280 (2 | 250 220
220 | 200 220 | 2,534 | 280 | 280 | (») | 280 | 270 | 20| =50 220
220 | 180 | 220 | 2,339 | 280 | 280 | 280 280 | () | 250 | 2560 | (»)
220 | 180 | 220 | 2,213 | 280 | (=) | 280 | 280 | 270 { 250 ( 250 | 2,700
220 | (3) | (2 | 2,080 | 280 | 280 | 280 | 280 | 20| 250 (2) {2,600
20 . 125 220 | 2,034 | 280 | 280 | 280 | (2) | 210 250, 250 | 1,143
220 220 | 1,921 1 () | 280 | 280 | 2801 200 | 250 | 250 | 999
() | 125 220 | 1,756 | 280 | 280 | 280 | 280 | 270 | (») | 250 | 270
220 | 125 220 | 1,143 | 280 | 280 | (*) | 280 | 270 | 260 | 250 | 270
220 | 125 | 250 999 | 280 | 280 | 280 | 280 | (») | 250 250 | (=)
20| 125 | 250 | 1,194 | 280 | 280 | 280 | 280 | 270 | 250 | 250 | 270
220 | () [ (2 | 1,206 280 280 | 280 | 280 | 270 | 250 | (») 200
220 | 125 6| 1,194 | 280 | 280 | 280 | (2) | 270 | 260 | 250 | 270
220 | 125 | 524 | 1,046 26 280 | 280 | 280 270 | 250 | 250 | 270
(») | 120| 919 907 | 26| 280 | 280 | 280 200 | (=) | 20| 270
220 | 120 1,404 | 1,109 | 286 | 280 | 280 | 280 { 270 | 250 | () 210
20 ... ,262 985 280 | 280 | 280 | () 20| 220 | (»)
20 oeeoe 824 20| 393 | (») | 280 | 280 | 200 | 260 220 | 284
220 | ... 569 ... 483 |._.... 280 | 280 |-..._. 250 | ooooo 1,143
281 | 173 | 344 | 2,046 | 200 | 306 | 280 | 280 | 274 | 252 | 246 526

* Water shut back on Sundays and holidays when under control.
ANDROSCOGGIN RIVER AT RUMFORD FALLS, ME.

The discharge of the Androscoggin River at Rumford Falls since
1892 has been computed by Mr. Charles A. Mixer, resident engineer
of the Rumford Falls Power Company. These figures have been
published from time to time by the Survey, and a complete record to
date will be found in Water-Supply Paper No. 69.
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The following table gives the record for the year 1901:

Daily discharge, in second-feet, of Androscoggin River at Rwmford Falls, Me.,

for 1901.

238SRaRERcHRECRInRRtaRS
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Nov. | Dec.
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May. June.|July.| Aug. | Sept.

e R R B PP RS R
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Apr.

Feb. | Mar.

Jan.

Day.

Mean._’ 1,895 | 1,832 | 2,463 | 14,891 | 10,714 | 4,420 | 2,671 | 2,788 | 1,500 | 2,224 | 1,606 | 3,441

PRESUMPSCOT RIVER AT OUTLET OF SEBAGO LAKE, MAINE.

Since January, 1887, the flow from Sebago Lake has been measured,

the quantity being deduced from the openings in the regulating gates

at the dam, the discharging eapacity of which, under different condi-

The results of these measurements have been fur-

tions of head, has been determined and tabulated by Mr. Hiram F.
nished by Messrs. 8. D. Warren & Co.

Mills, of Lowell.

The drainage area at the

square

point of measurement is 470 square miles, of which about 60

th

where

The basin is described in the Nineteen

miles are lake surface.

Annual Report, Part IV, and in Water-Supply Paper No. 69,

records for former years are given.
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The following table gives the record for 1901:

Daily discharge, in second-feet, of Presumpscot River at outlet of Sebago Lake,
Maine, for 1901.

Day. Jan. | Feb. | Mar.| Apr. May.| June. |July.| Aug. [Sept.| Oct. |Nov.|Dec.
667 538 | 613 T28 | T4T | 693 | 300 650 | 630 267
667 | 538 | 673 466 | 747 | 693 1 653 | 650 | 630 | 697
550 | 538 | 678 993 | 747 | 693 | 653 | 650 R 697
693 | 538 | 673 993 | 747 | 3001 653 | 680 | 7TI7 697
693 1 538 | 333 993 | 747 | 693 | 653 650 | 17 697
693 | 538 683 993 | 747 | 693 ) 633 | 283 | MV | 697
693 | 367 | 683 993 | 400 | 693 | 653 | 647 | 717 697
693 0| 683 993 | 7131 693 | 300 | 647 7 267
693 0 683 466 | 713 | 693 | 642 | 647 | 717 700
567 15| 3833 95 | 13 642 | 647 | 283 760
833 | 19| 333 95 | 713 | 300 | 642 | 647 T00
33 | 175 | 333 795 | 713 | L20 | 642 | 647 | 667 700
467 | 175 | 693 795 | 7131 520 | 642 3 | 667 700
467 | 300 | 693 795 | 400 | 520 | 642 | 817 | 667 700
583 | 633 | 693 795 | 707 | 520 | 300 7] 667
667 | 633 | 693 450 1 707 | 520+ 667 | 317 | 667 533
333 | 633} 693 T12 ) 07 B2 | 667 | 643 | 233 583
33| 633 | 693 712 | 707 | 800 667 3 | 663 700
733 | 633 | 333 Y12 | 707 543 | 667 | 643 | 663 700
733 | 633 | 708 TR T0T | 543 | 667 663 700
It 300 | 703 12| 400 | 543 | 667 | 687 | 663 700
500 | 500 | 708 712 | 700 | 543 | 300 | 687 | 663 200
500 | 333 | 1708 400 | 700 | 543 | 658 | 687 | 663 700
333 ( 3331 350 623 | T00 | H43 | 668 | 687 | 267 700
683 | 333 | 350 623 | 700 658 | 687 | 657 700
683 | 667 623 | T00 | 662 658 | 687 | 657 700
683 | 667 | 728 3| 700 | 662 | 658 | 283 | 657 700
683 | 3331 728 623 | 300 | 662 ( 658 | 630 | €57 700
683 | 673 | 728 623 | 693 | 662 | 300 | 630 | 657 700
683 | 678 | 728 400 | 693 | 662 | 650 | 630 | 657 700
367 [ k6> R 693 | 662 ... 630 ... 700
623 | 466 | 605 22| 670 | 575 | 596 | 574 | 618 616

OTHER NEW ENGLAND RIVERS.
MERRIMAC RIVER AT LAWRENCE, MASS.

Records of flow of this river at Lawrence have been kept for more
than fifty years, but have never been published in full. Figures for
the monthly maximum and minimum discharge from 1890 to 1897
were published in the Nineteenth Annual Report, Part IV; the daily
discharge for 1897, 1898, and 1899 in Water-Supply Paper No. 35; the
daily discharge for 1900 in Water-Supply Paper No. 47. These
figures are furnished by Mr. R. A. Hale, engineer of the Essex Water
Power Company.

SOUTH BRANCH OF NASHUA RIVER AT CLINTON, MASS.

Sinece July, 1896, the flow of the South Branch of Nashua River has
been measured at Clinton, Mass., by the Metropolitan water board.
The results of these measurements have been furnished by Mr. Fred-
eric P. Stearns, chief engineer. Beginning with 1897 the flow has
been corrected for loss and gain of storage in ponds and mill reser-
voirs on the watershed, so that the results show the natural flow of
the stream. The flow for 1896, however, has not been corrected for
storage. The tables, as furnished to the Survey, gave the flow in
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million gallons a month. These results have been reduced to second-
feet, and the run-off in inches on drainage area and in second-feet per
square mile has been computed.

The following extract from the Annual Report of the Metropolitan
Water and Sewage Board for the year 1901 will explain more in detail
the method of making the gagings at Clinton:

The gagings are intended to show the quantity of water that would have flowed
past the gaging station if no water had been diverted through the Wachusett
aqueduct, and for nearly all of the time the quantity that would have flowed if
there had been no mill and other storage reservoirs upon the watershed.

As accurate gagings of streams are rare, it is thought desirable to describe in
some detail the methods of measurement.

The quantity of water passing down the river bed has been gaged at a point near
the Water Street bridge in Clinton. ‘Just above this bridge there is an unused
dam which has been partly demolished, but at which there is still a decided fall, so
that the height of the water above it, when a given quantity of water is flowing,
is affected but little, if any, under all ordinary conditions by the condition of the
stream below the dam as regards obstructions from weeds in summer and ice in
winter.

Above this dam a recording float gage was established to give the height of the
water accurately and continuously. Just below the dam and bridge a gaging
section was established having a plank bottom and so arranged that the velocity
is sufficient for accurate current meter gagings. When the flow of the river
is very small, owing to the diversion of the water through the aqueduct, arrange-
ments have been made to diminish the width of the section through which the
water flows and thereby produce a sufficient depth and current for meter meas-
urement.

By a sufficient number of meter measurements atall stages of the river a curve
was determined which showed the quantity of water corresponding to all heights
on the recording gage. The relation between the quantity and the gaged height
is frequently checked throughout the year.

The current meter used was originally rated and the rating has since been
checked from time to time ata well-arranged rating apparatus at Sandy Pond.

From July 1, when the gagings were begun, to July 15, the recording gage was
not in operation, but an average of 8 observations of height was made daily. In
February, 1900, on account of a great flood which overflowed the bank of the
river where the gage house and gage were located, it became necessary to remove
the gaging apparatus and there were two days when the heights were not kept
continuously throughout the twenty-four hours. Otherwise the recording gage
has been in continuous operation.

The first diversion of water from the river through the aqueduct was on March
7,1898. At the lower end of the aqueduct a weir was established with a record-
ing float gage, providing for a continuous record of the height of water flowing
over the weir. A current-meter station was established for gaging the flow
through the aqueduct and the weir was calibrated by many measurements with
the current meter at various depths of flow. The quantity of water flowing
through the aqueduct is, therefore, very accurately measared. In the lower
stages of the river nearly all of the water passes through the aqueduct.

There are upon the watersheds fourteen storage ponds and reservoirs, nearly all
controlled by the mills, the capacities of which have been determined. The draft
from these reservoirs materially increases the flow of the river in the drier por-
tions of the year and the flow diminishes while they are filling. The total capacity
of the reservoirs is 1,471,800,000 gallons,
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Observations of the heights of water in the reservoirs included in the table
have been taken twice each month, nsually on the 1st and 15th days, during the
following periods: June 1, 1897, to November 15, 1897, inclusive; June 1, 1898, to
November 1, 1898, inclusive; June 1, 1899, to January 15, 1900, inclusive; and
continuously since June 1, 1900. :

No observations of the heights of reservoirs were taken in 1896, nor were any
taken during the winter and spring months until after the spring of 1900. The
omission of the observations of the storage reservoirs in the summer and autumn
of 1896 materially affects the records for that period, but the omission of observa-
tions in the winter and spring of several years causes little or no error, because
at such times the reservoirs are usually full or nearly full and the flow of the
stream is comparatively large.

As already indicated, the aggregate quantity flowing in the river at the gaging
station and in the aqueduct is corrected for the amount drawn from or added to
storage, so that the records give as nearly as possible the actual flow of the river
as it would be in its natural condition.

The change in storage during the month preceding and following the observed
heights has been estimated. and during the remainder of the winter and spring
months, when there were no observations, it has been assumed that the reservoirs
were full.

The area of the watershed above the Wachusett dam was determined by the
State board of health from the topographical map of the State, after a careful
reconnoissance of the divide for its whole length, to be 118.28 square miles.
A change in the location of the north dike from that originally proposed has
added 0.08 of a squarve mile, and an additional area of 0.69 of a square mile
draining to the river between the Wachusett dam and the gaging station, makes
the total area of the watershed at the gaging station 119 square miles.

Estimated monthly discharge of South Branch of Nashua River at Clinton, Mass.

[Drainage area, 119 square miles.]

Run-off.
Month, Mean dis- Raintall.
Pe];n Sﬁga.re Depth.
1896. * Second-feet.| Second-feet.| Inches. Inches.
July. . ... 62 0.519 0.599 4.74
August - ... 56 . 467 .539 2.62
September - .. .. ___ . _______. 84 LT07 .788 7.81
October. ... .. ... 146 1.228 1.415 3.72
November .. __________ e 168 1.410 1.572 2.99
December ... __________________.___ 172 1,447 1.668 2.22
1897
Januwary - ... _____ 147 1.232 1.420 3.46
February . . ... 17 1.440 1. 500 2.86
March .. ... 508 4,270 4.922 4.01
April ... 300 2.525 | 2.818 2.82
AY i 214 1.800 2.075 5.06
June - ... 217 1.828 2.039 5.11
July . ... 266 2.231 2.572 8.65
Auwgust . __.__._. 165 1.886 1.599 3.47
September ... .. __.____. 70 .b88 .656 |, 1.93
October________ . ____.__ ... 45 .87 .434 . .9
November . _____ ... ... __.___. 236 1.984 2.214 7.62
December ... ... .. _._..___._. 419 3.521 4,059 6,41
Theyear.. ... ... ... 280 1.988 26. 308 51.84

aFigures for 1896 have not been corrected for loss and gain by storage iu ponds and mill reservoirs.
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Estimated monthly discharge of South Branch of Nashua River at Clinton,

Mass.—Continued.
Run-off.
Month Mean dis- Rainfall.
charge. Pelzn?&lfare Depth.
1898. Second-feet.| Second-feet.| Inches, Inches.
______________________________ 288 2,418 2. 787 6. 65
_____________________________ 301 2.530 2.635 3.30
_______________________________ 569 4.78 5,509 2.27
_________________________________ 374 3.137 3.500 4,43
__________________________________ 256 2.151 2.480 3.38
_________________________________ 158 1.281 1.429 3.11
July_ .. 61 .514 .593 3.01
_______________________________ 244 2.049 2.363 10.61
September____________________________ 124 1.045 1.166 3.15
October ___________ . ... 278 2.334 2.691 7.21
November ___ . ____ . ________.__. 400 3.858 3.746 6.81
December _____________: el 380 3.189 3.676 3.99
.Theyear_ . ____.__. .. ____.._. 286 2.400 32.575 57.92
1899. |
January . ... ... _.___ 385 8.236 | 8.731 2.98
February .. .. ... 201 1.687 | 1.75% 5.12
March.. ... ... 511 4.295 4,952 6.75
April ... 622 5.224 5.829 1.94
May .. 159 1.384 1.538 1.33
June ... 103 . 869 . 969 5.51
July. . ... 65 | . 548 .631 3.82
Augast ... 43 . . 365 .421 3.20
September____________________________ 46 . 387 431 4.11
October _ . ... 45 .879 . 437 2.72
November . ________ . __._.... 79 . 665 .42 1.94
December _ ... . ______.___.. 66 . 555 . 640 2.03
Theyear. .. ... ... _.__._._._..__ 194 1.626 22.078 41. 40
1900.
January ... ... . __.._... 147 1.282 1. 420 4,56
February ... ... . ... 47 6.271 6. 532 8.69
March ... ... .. 686 5.759 6.639 6.19
April . .. 291 2.444 2.727 2.76
MaY 255 2.139 2. 467 4.84
June ... 106 .894 .998 3.59
July . 40 . 836 . 388 38.20
August .. .. . 36 .804 .851 3.18
September ... _____. - 23 .197 . 220 8.46
October _.______ . ... .. ____ 52 L4387 .504 2.90
November .. _______ . _________. 161 1. 354 1.510 6.44
December ... ... .. _____. 289 2.429 2. 800 3.15
Theyear_ ____ ... .. _._________. 233 1. 956 26. 556 52.46
1901.
January ... ... ... 96 .803 . 926 1.75
February ... ._ il 66 .551 574 1.13
March ___. ... 501 4,205 4.849 5.82
April ____ ... 919 7.711 8.605 9.64
May . .. 503 4,222 4,867 7.02
June _ ... 182 1.525 1.701 1.51
July ... 88 .788 .851 5. 66
August . ... 94 792 .913 4.58
September . .__ ... ... __._. 59 .495 . 552 8.10
October_. ... __________ ... 119 1.001 1.154 8.70
November .. ______._ . . ______._. 95 .'799 . 892 2.43
December .___.______ e 596 5. 002 5.766 9.36
Theyear __.._._._ .. . . ... R 2.332 31.650 55.70
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SUDBURY RIVER AND LAKE COCHITUATE, MASSACHUSETTS.

Sudbury River and Lake Cochituate have been studied by the
engineers of the city of Boston, the State board of health of Massa-
chusetts, and the Metropolitan water board, and records of rainfall
in the Sudbury watershed have been kept since 1875, in the Cochituate
basin since 1852, but the latter have been considered of doubtful
accuracy previous to 1872. The records of run-off from 1875 to 1898,
inclusive, were published in the T'wentieth Annual Report, Part IV,
those of 1899 in Water-Supply Paper No. 35, and those of 1900 in
‘Water-Supply Paper No. 47. The following table gives the record
for 1901. All of the records were furnished by Mr. Desmond
Fitz Gerald.

Run-off and rainfall for Sudbury River watershed, Massachusetts, for 1901.

[Drainage area, 75.2 square miles.]

Run-off per Percent-

Month. Sg;lﬁlg‘g Il)%%ﬂgé) f | Rainfall. &%’g&ﬁl
. collected.

Second-feet.!  Inches. Inches.

Januvary __ ... -0.676 0.77% 1.82 42.7
February . . ... .464 .483 1.52 31.7
March ... . ... 4.262 4.912 6.57 74.8
April - ... 6.504 7.257 8.60 84.4
May . ... 4.570 5.269 7.23 72.9
June_.. ... 1.165- 1.299 1.38 94.1
July ... ‘ 473 . 545 5.71 9.6
August .. . .. . 655 .756 4.57 16.5
September . _____________ ____________ .473 . OR7 3.30 16.0
October_____ . ... __. I .637 .734 2.82 26.1
November . . ____________ .. _____. .734 .819 2.90 28.3
December ... ______ .. ______._. 4.170 4.808 9.69 49.6
Year_____ . ... 2.076 28.188 56.11 50.2

Run-off and rainfall for Lake Cochituate watershed, Massachusetts, for 1901.

[Drainage area, 18.87 square miles.]

Percent-
Run-off per
Month. sqqa,rg ?g{’ﬁg&) f | Rainfall. | rg',%r?fg,{l
mile. collected.
Second-feet. Inches. Inches.
January ... ... ... 0.840 0.968 1.85 52.3
February . ... ___.______ I . 629 . 655 1.80 36.4
March . __ . _______ I 3.845 4.434 6.35 69.8
April . ... 4,649 5.187 7.51 69.1
May ... ... 3.704 4.269 6.93 61.6
June .. e 1.019 1.137 1.26 90.2
July_ . ... .792 .913 6.67 18.7
August . ... . S, 1.101 1.269 4.48 28.3
September ______ . _______________. 1.012 1.129 3.17 35.6
October .__._.____ i 1.083 | 1.249 2.83 44.1
November _____ ___________________._. 1.034 1.154 3.08 38.1
December _______ . ________.... 3.675 4,237 8.58 49.4
Year - .. 1. 959 26. 601 54.46 48.8
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MYSTIC LAKE, MASSACHUSETTS.

This lake was formerly a source of water supply for the city of
Charlestown, Mass. A brief deseription of the watershed is given in
Water-Supply Paper No. 35; also the run-off in inches from the water-
shed from 1878 to 1897, inclusive.

BLACKSTONE RIVER AT BERKELEY, R. I.

The Blackstone River, rising in Massachusetts and flowing to tide
water at Providence, R. 1., is one of the great water-power rivers of
the United States. Its flow is largely affected by the many dams
built across the river for the development of water power. A station
for systematically measuring the flow of the Blackstone was estab-
lished in May, 1901, by John E. Hill, professor of civil engineering,
Brown University, and measurements of flow have been made under
his charge by two students of the university, George H. Gilbert
and Ienry B. Drowne. The station is located at a bridge about
one-fifth of a mile west of the New York, New Haven and Hartford
Railroad station at Berkeley. The drainage area at this point is
429 square miles. At this point the Blackstone River is paralleled
by Blackstone canal, and measurements of the canal are usually made
immediately after the measurements of the river are completed. The
canal begins at the Ashton dam, three-fourths of a mile upstream,
and terminates at the Lonsdale mills, 2 miles below the station.
Throughout the late spring and summer the gates at Lonsdale are
closed at 12.30 p. m. on Saturdays. The combined flow of the river
and canal represents the total flow from the drainage area of the
Blackstone above Berkeley. The gagings are made from bridges over
theriver and canal. The gages are vertical rods nailed to the bridges,
the river gage being referred to two bench marks—the first is a large
stone 20 feet south of road, 90 feet east of bridge, and 12 feet southwest
of old oak tree, the elevation being 8.87 feet; the second is the west
end of stone doorsill to office of Berkeley Mills; elevation, 18 feet.
There are two benches for the canal gage, the first being the top of
the same stone as used for the river gage, its elevation being 2.10 feef
below the zero of the gage rod, while the stone sill just described has
an elevation of 7.03 feet. The banks of both the river and canal are
high, the river having a straight course above the station, though
slightly curved below. The gages were read twice a day, 7.30 a. m.
and 4.30 p. m., by Joseph A. Ray, master mechanic in the Berkeley
Mills, from May 17 to August 17, and since September 22 by A. E.
Glover, station agent, New York, New Haven and Hartford Railroad.
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The following measurements were made during the year 1901:

Discharge measurements of Blackstone River al Berkeley, R. I.

Date. Hydrographer. hgisé t. Discharge.
1901. Feet. Second-feet.
June 20 | Geo,-H. Gilbert .- ______ .. ... 3.80 464
July 14 | A0 e 3.72 342
Sept. 17 | Henry B. Drowne __._ . . . ... ... _______.._ 3.92 778
Oct. 26 | Geo. H. Gilbert ... . .. ... 3.92 288

aSaturday p. m.: Small discharge probably due to closing of gates at Ashton and Lonsdale.

Discharge measurements cf Blackstone canal at Berkeley, R. I.

Date. Hydrographer. h(g% et. Discharge.
1901. Feet. Second-feet.
June 20) Geo. H. Gilbert . _____ . _____.__.__. 2.70 230
June 29
a. m.
6.85-7.06 | Geo. H. Gilbert _________ . __ . . ... .. ..._. 2.76 100
7.40-8.26 | ____ Ao oo 2.58 145
9-9.45( . .. Ao ool 2.54 195
11-11.87 | . .do . e 2. 56 259
p. m.
12.50-1.85 | Geo. H. Gilbert - . ... ___ ... ... 2.32 134
Sept. 17| . _. Ao il 2.70 224
Nov., 15| __ do el o 2.32 88

Daily gage height, in feet, of Blackstone River near Berkeley, R. 1., for 1901.

Day. May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec.
S TSR R 4, 270 | 390 |- I 405| 38 4.05
P A 375 | 3.651 3.80 | | 405 3.90 3.90
R I 4. 3.45 1 4.00 | 415 | 3.90 415
4 415 | . 3.90| 3.8 4.15
S 400 845 365 | 3.85| 3.8 4.25
2 400 | 3.80| 3.8 | 3.65 | 3.90 4.2
S M S 3.65 | 3.90 | 3.70 4.20
- R I 3.65| 3.9 | 3.9 | 3.90 | 3.7 4.00
U RN S 3.65 | 3.80 [ 4.001 3.9 3.95
10 - 3. 3.25| 3.8 | 3.85 | 3.90 4.30
) N I 4. 3.56 (... 3.90| 3.8 4.35
5 410 4.05| 3.60 3.90| 3.80 4.3
13 4. 4.00 | 3.65 4.10| 3.70 4.35
14 415 . 3.60 4.00| 3.65 4.40
15.. 4200 370 3.5 400 370 4,40
16.- R 3.80 | 3.55 400| 3.1 6.10
.. 395 4101 3.60| 3.8 410 4.00 4.85
18 365| 3.45| 3.65 (%) 4.10| 3.8 4.55
19 410 375 3550 ... . 1 4.05| 390 4.30
90 LTI 5.05| 4.25| 3.90 360! 370 4.30
) S 4801 390 | ... i 390 380 4,50
22 4.35 1 450 | 875 |l 3.90 | 3.80 4.50
23 . 4200 3.40 39| 400| 37 4.50
Q4 LI 4.15 | '3.80| 3.45 | 3.9 39| 4.00 4,40
95 Ll 425 395! 365/ 3901 4.00| 4.00 4.20
o6 LTI 400 4.00| 3.8 | 38 | 39| 4.00 4.20
2 4.40 | 3.95| 4.00 3.80| 390| 38 4.10
U 500 395 ... - 3.80 ( 3.90| 3.8 4.10
S S 580 3.80| 3.807 - 4.05| 3.9 380 4.10
80 LI 445 . 3.65 | - 3.80| 39| 4.3 6.75
L S 450 |00 3.65 |l 3.80 (... 6.75

*No record Aug. 18 to Sept. 22, inclusive. The daily gage heights during that period were
approximately 8.75.
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Daily goge height, in feet, of Blackstone canal, near Berkeley, R. 1., for 1901.

Day. May. | June. | July. ! Aug. | Sept. | Oct. | Nov. | Dec
PSRN PPN 3.20 | 2.65 2.85 | ...
2. 3.25 | 28 255 ...
3. 2.85 | 2.2 3.00._____.
4__ 225 3 S S R
5 ... 2.70 | 2.60 245 ..
6. 2.80 2.50 2, -
U IS U PO 2,

8. 2.50
9. 2.35
10 2.15
1. 2.80 ...
12 2.75
13_. 3.00
M4

207020200010 1010 101010 0N 0RO IO T 90 2O 2029 O RO LIRS FOTORO I8
FRIFLANSRIBRBREIBERBBIIZIZRBRIRE
0N L0210 9102020 200NV 2029 B0 10 0O 2010 1910 0RO 19
R R BRI RBREIBRTELRIHE3FBRIZREH
90 G0 £ 200 8000 9900 69 B0 0 59 09 Hm SO0 D0 GH G0 80 20 85 $9 101010 202080
CEIRZRGERREIBSIRBLRSSSEIERESBRE

$950 90 5010800V B0 BSOS 10
BREGFRERIARZBRRI

________ 2.45 |-
2.65 2.20 (-
2.80 2.35 |-
2.85 2.65 |-
2.7 2.80 |.
2.80 |- ... -
2.60 2.50 |-
________ 2.40 |.
........ 2.40 ... [

= No readings Aug. 17-Sept. 22, inclusive.

CONNECTICUT RIVER AT ORFORD, N. H.

This river rises in Connecticut Lake in the northern portion of New
Hampshire. A gaging station was established August 6,1900, by E. G.
Paul, on the covered highway bridge over the river between Orford,
N. H., and Fairlee, Vt. This station is deseribed in Water-Supply
Paper No. 47, where the results of observations during 1900 are given.
The following measurements were made during 1901 by Mr. Charles
A. Holden, of Dartmouth College: -

Discharge measurements of Connecticut River at Orford, N. H.

Date. Hydrographer. hgiaggh?;, Discharge.
1901. Feet. Second-feet.
April 15 | Charles A.Holden ... ___ .. ___ ... . ... _...... 17.4 216, 967
June 22 |... .. 4 o 6.80 4,244
Oct. 5 |._... do e 3.47 1,458
Nov. 2 |_.... A0 . e 3.67 1,591

2 Estimated.
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Daily gage height, in feet, of Connecticut River at Orford, N. H., for 1901.

Day. Jan. | Feb. | Mar. | Apr. | May. |June. | July. ? Aug. | Sept. | Oct. | Nov. | Dec
14.45| 9.50 110.10 8.40 | 3.00 | 3.40 | 3.90 3.60
14.80 | 9.00 | 8.80 | 8.00 | 3.80 | 3.40 | 3.90 3.70
14.35 | 8.20| 6.20 6.40, 4.00 | 3.50 | 3.80 | 3.80
13.15 | 8.40 | 7.40 ' 6.00 | 4.00 | 3.50 | 4.40 | ()
11.80 | 8.80 | 7.60 , 5.70| 3.80 | 3.60 | 3.60 | ()
10.70 | 8.80 | 8.20] 5.60| 3.50 | 3.90 | 3.40 | (V)
9.75 | 8.60 | 6.80| 530| 3.50, 420 3.40 | 24,00

9.35 | 7.85] 6.70 | 6.20| 3.50 | 4.00 | 3.80 | (®)
910 845 650 | 6.90] 4.20| 3.70 | 3.40 | (b)
9.10 | 8.50 | 6.80| 8.10| 3.60 | 3.70 | 3.50 | (})
9.40 | 8.20| 6.60 | 8.80| 3.50) 3.60 | 4.00| (P)
9.75| 8.00) 6.50| 8.7 ! 3.40| 3.60! 3.80 | »7.00
9.95 | 7.70 | 6.50 | 8.60 | B.60 | 3.50| 3.40 | 7.60
10.00 | 7.00 | 5.70 | 7.60 | B8.80| 4.20] 4.00 8.00
9.65 | 6.50| 4.60 | 6.70| 4.00| 4.60] 4.40 | 13.00
8.60| 6.20| 4.10| 6.10| 4.40| 7.10: 4.40] 2170
7.90 | 6.00| 400/ 6.8} 3.80| 7.60, 4.50| 20.80
8.05| 58 | 3.90| 6.8 | 3.70| 6,00 4.8)| 16.90
9.00.| 5.80| 5.00| 6.60| 3.90| 590 | 4.60| 1470
10.60 | 5.20 | 5.05| 6.40 | 410 560 4.10| 10.20
1215 510 5.00| 6.40| 410 5.50 | 3.90 8.40
10.00 | 6,751 470 | 5201 420 530 3.50| 8.8
9.55 | 7.40 | 4.30| 5.00| 4.50 5.10| 3.50 9.20
9.50 | 8.70| 4.00 | 4.80 | 4.20| 4.90 | 3.70 | (b)
10.60 | 8.95| 3.90 | 4.70'| 3.60 | 470 4.30| (b)
10.80 | 8.30 | 3.0 | 4.60 | 3.50 | 4.50| 4.40| (b)
975 7.20| 3.30 | 410 3.30| 4.90 | 4.50 | (»)
9.50 | 6.30 | 3.55| 3.80 3.30| 5.00| 4.30| (b)
10051 6.75 | 4.15| 3.50 | 3.20| 4.80) 3.70| (v)
10.60 | 9.50 | 4.90| 3.40| 3.90 | 4.30] 3.70| 9.40
10.50 | 7.40 | 3.00 |....._. 4.00 ... (b)

aThrough the ice. b F'rozen.

CONNECTICUT RIVER AT HOLYOKE, MASS.

Measurements have been made of the flow of the Connecticut River
at Holyoke for many years. For record see Water-Supply Paper No.
35. The figures have been furnished by Mr. A. F. Sickman, assistant
engineer of the Holyoke Water Power Company. Records have not
been kept during 1900 and 1901.

CONNECTICUT RIVER NEAR HARTFORD, CONN.

Observations of the height of Connecticut River near Hartford are
made by the Connecticut River bridge and highway district, Edwin
Dwight Graves, chief engineer, as noted in the Twentieth Annual
Report, Part IV, page 77. The zero of the gage corresponds with the
zero of the original gage used as the datw for the surveys of the
Connecticut River in 1872 to 1878, by the Corps of Engineers, U. S.
Army. (See report of Maj. Gen. G. K. Warren of surveys made by
Gen. Theodore G. Ellis, published in the report of the Chief of Engi-
neers, 1878, Part I, pages 246-391.) This same datum has been used
by all the United States Army engineers in work upon the Connecti-
cut River down to the present time.

Daily readings from 1896 to 1899 were published in Water-Supply
Paper No. 35, pages 42 to 44. The record for 1900 was published in
‘Water-Supply Paper No. 47, page 35.

-
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In the following table will be found the gage heights for 1901:

Daily gage height,in feet, of Connecticut River at Hartford, Conn., for 1901.

Day. Jan. | Feb, | Mar.| Apr. | May.|June.| July.| Aug.| Sept.| Oct. |[Nov.| Dec.

1 501 83| 2.5(10.5|18.3|13.5| 3.1 2.8| 2.5 3.4 | 2.9 2.
2 48| 32| 28] 95125 ]11.8| 31| 30| 2.8| 83| 2.5 2.
3. 4.0 [l 9.612.3|10.8| 41| 8.8 48| 83| 2.8 2.
4. 4.8 25| 25{12.2|12.3] 9.6| 40| 3.8{ 43| 3.6 3.0 2.
B .. 48] 87| 85|14.8|11.6| 86| 35| 85| 3.6| 35| 8.9 3.
N R 3.2 85160105 | 80} 35| 33| 85| 28| 3.5 3.
R, 4] 8.0} 30[19.83| 95| 75| 3.8| 43| 3.4| 8.0 3.4 3.
8 . .3 | 2.8] 8.3|23.9| 85| 7.83| 45| 5.0| 2.8| 3.6 3.5 3.
L 42| 30| 85(2.4| 8.0| 7.4| 43| 5.8| 2.7} 83 383 3.
10 B8 [ |eain 2.8| 74| 7.2| 41, 58] 35| 3.2| 1.1 4.
B 42| 1.8| 5.8[23.7! 88| 6.8| 8.7| 53| 40} 3.0 0.3 5.
12 . 47| 8.2 9.83(21.3,10.8| 6.6 4.2] 50| 8.3] 2.8| 2.4 6.
18 .....| 8.8} 7.5/19.8/10.83| 6.2| 43| 50| 3.0] 25| 2.8! 5.
B 43| 83| 5.8|18.0| 9.8 58, 38| 48| 26 25| 2.4 5.
5. 44| 82| 55(17.3| 93| 55| 83| 43| 2.3} 83| 81| 12
16._. 45| 83| 52165| 84| 52! 3.1} 40| 25} 9.0 3.0 19.
17 4.8l 15.81 7.8 451 3.0 3.8 2.8 7.8( 2.61 20.
18 45| 28| 411153} 7.2| 43| 80| 40! 83| 6.7 29| 18
B N R 351 483|15.3| 95| 41| 8.0 42| 3.3| 58 3.2 15
- | N (R 35| 40|1.213.8] 3.9| 29| 48| 3.4| 50| 30| 11.
4 .81 8.8] 50153198 36| 2.4 43 33| 48| 3.1 8.
2 e e .81 383|122 |21.7|18.8| 3.8| 28| 45| 24| 45| 3.3 6.
[ .31 8.4]12.6 |23.0(12.3| 33| 2.8| 45| 30| 43| 3.3 8.
24 .21 83/10.3 2283 |11.1| 42| 30| 40| 34| 42 4.1 9.
25 4| 201108 21.5|12.0| 45| 3.83| 48| 36| 43| 3.8 8.
Bl 0] 3.2110.3|22.2|12.2| 41| 80! 6.0 87| 3.5 3.4 5.
L7 G 35 |145 215 12.7| 43| 83| 53| 35| 29| 2.4 5.
2. 4.2) 2.8/16.7|19.811.8| 4.2| 2.8, 44| 30| 26| 1.8 5,
29 _ 4. 16.83 [17.1 | 14.3 | 4.2 2.6 3.8| 80| 2.9]| 2.8 6.
30 . . 14.315.0 | 14.8| 3.6 3.3 35| 2.0| 25| 3.2 11
2 O 12.0 ... 14.8 . ... 3.0 80 ...... 2.6 .. 14,

NS WRMIUTOROICCOROTLOoOC A STTIW I Xt

ST. LAWRENCE DRAINAGE BASIN.®

St. Lawrence River receives the drainage from a number of impor-
tant watersheds in northern New York. Its streams have their head-
waters in the northwestern slope of the Adirondacks, where numerous
lakes and ponds conserve a large portion of the naturally heavy pre-
cipitation.

There are five main streams, Oswegatchie, Grasse, Raquette, Sal-
mon, and Chateaugay rivers, which flow in a northwesterly direction
in courses more or less parallel. Important waterfalls occur in sev-
eral of these streams near the points where they emerge from the
Adirondacks, and fall over ledges of gneiss, sandstone, and granite
onto the drift-filled plains below.

Oswegatchie and Raquette rivers are described in connection with
gagings on these streams. Grasse River drains a long, narrow water-
shed lying intermediate between Oswegatchie and Raquette rivers.
The channel of Grasse River is parallel to St. Lawrence River
throughout the lower 18 miles of its course. For several miles of this
distance it is separated from the St. Lawrence by a neck of land not
exceeding 4 miles in width. Within this distance occurs the Long
Sault Rapids of St. Lawrence River, comprising a fall of 45 to 50 feet.
This fact has been taken advantage of for the construction of a great

»From report by R. E. Horton, resident hydrographer.
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hydraulic power plant by the St. Lawrence Power Company. A eanal
3% miles in length has been cut across the divide opposite Massena by
which water is diverted from near the head of Long Sault Rapids to a
power plant situated on the bank of Grasse River; 35,000 horsepower
is developed, under head of 42 feet. 'The spent water is turned into
Grasse River, which is used as a tailrace.?

Owing to its lack of storage, water power on Grasse River is of less
importance than on its neighboring streams, Oswegatchie and
Raquette rivers. At Chase Mills a power exists giving a fall of 8
feet, which, it is stated, could be increased to 30 feet by the construc-
tion of a suitable dam, which would back water to the head of Cham-
berlain Rapids, some distance upstream. Below Russell an undevel-
oped power exists where a fall of 25 feet could be obtained.

Grasse River has a drainage area above Canton of 113 square miles,
and of 637 square miles above its mouth. 'The stated high-water
marks at Chase Mills indicate a maximum discharge of 4,700 second-
feet in the spring of 1899. The drainage areas of other streams tribu-
tary to St. Lawrence River are given below:

Drainage areas of streams tributary to St. Lawrence River.

Stream. Area.
Sq. miles.
‘West Branch St. Regis River above junction of branches ___..._ ... ____ 280
East Branch St. Regis River above junction of branches ._._.____.____ 347
St. Regis River below junction of two branches .. ... ... ______.__. 627
Deer River above junction with St. Regis River_ ... ... ... .. | 212
‘St. Regis River above mouth . _____.________ ... ... 910
Little Salmon River above junction with Salmon River...__.___...._._. 108
Salmon River above Malone __ . _ . ______ . ... ... 179
Salmon River above Little Salmon River__.. ____. .. ______..__ 273
Salmon River below junction with Little Salmon River. . _____________ 452
Salmon River abovemouth _.__ . ... 480
Trout River above New York State line_______ ... . ______.______ 129
Chateaugay River above New York State line. ... ... . __.______.___ 199

2+ Full descriptions are given in Engineering News for February 21, 1901, pp. 130-132, and ina
pamphlet entitled * The Saint Lawrence Power Company of Massena, New York,” issued by the
company. .
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Principadl developed water powers on Grasse River.

No. Nrggi ﬁ‘)sf Head (in feet). N;;ﬁ of
of at Location. reat- | Dl o
dam. dam. Gest. Least. 1:;2. %gg
1 3 | Massena -____.... 8 ve: 8 8 | Gristmills and sawmills.
2 2 | Lewigville ______ 9 5 7 6 | Gristmills and sawmills.
3 1 | Chase Mills _____ 8 8 8 2 | Custom sawmill.
4 5 | Madrid ..___..__ 9 5 7 57 | Cloth millg, feed mills,
and sawmills,
5 1 | Bucks Bridge.. .. 9 8 84 50 | Sawmill.
6 4 | Morley..-ooo-_.. 8 3 6 8 | Feed mill and wood-
working mill.
7 4| Canton....__.___ 12 6 91 ... Gristmills and sawmills,
foundries, ete.
8 1 ... do oo Sawmill.
9 1| Pyrites- .o ... | ... 65 ... Sulphite pulp mill.
10 2| Russell._.__.__._ 10 6 8 8 | Gristmills and wood-
working mills, ete.
Water power on Little River.
1 1 | Little River_.___{______|.____. 12 ... Sawmills.
2 ) O do oo | 14 3 | Gristmill and wood-
working mill.
3 1. A0 | 14| Gristmill.
4 1. do oo b 12 .. .. \

OSWEGATCHIE RIVER.

This stream has its source in a region of lakes and timbered
swamps in southern St. Lawrence County. The largest of the lakes is
Cranberry Lake, which affords valuable storage to water-power users
on its outlet, east branch Oswegatchie River. The east and west
branches flow in a general direction northwesterly. The two branches
join near Talcville. From Gouverneur to Oxbow the river flows south-
west; it then turns abruptly to the northwest. At Galilee it is joined
by the outlet of Black Lake, and finally enters St. Lawrence River at
Ogdensburg.

Drainage areas of Oswegatchie River.

Location. Area.

®

. Sq. miles.

East branch Oswegatchie River above mouth _ ... ... __..._._. 35
‘West branch Oswegatchie River above mouth. ... .. . __..___._._._. 272
Oswegatchie River below junction of two branches_._._._______. e 630
Oswegatchie River above Gouverneur. ... ____ ... ... ... . 77
Oswegatchie River above Galilee _ . _________ . .. ... 1,083
Indian River above Philadelphia___. . . . __ . ... 216
Black Lake watershed above Galilee .. .___ ... .. ________. 544
Oswegatchie River below Black Lake junction ... .. ..._____.___.__.__. 1,577
Oswegatshie River above Ogdensburg ... .. . ... ... 1,609

IRR 65—02——3
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Cranberry Lake has a water-surface area of 12.8 square miles. Stor-
age is developed by a federation of the water-power users below.
Black Lake, having a water-surface area of 17.2 square miles, aids to
regulate the flow at Ogdensburg. Opportunities for storage are pre-
sented on Indian River by Indian and Bonaparte lakes. Storage is
maintained on Lake Bonaparte as a private enterprise, water-power
users below paying for the use of the water during the dry season.

The first water power on the stream is at Ogdensburg. The dam is
of timber, originally constructed in 1796. With the exception of the
Ogdensburg city pumping station, on the right bank, power is trans-
mitted to the mills through an open hydraulic canal. The power is
partitioned into 101 privileges, of which 26 are termed first elass and
75 second class. Of these, 62 are in use, this number including all
the first-class privileges. In 1872 the supreme court was called upon
. to define the rights of the several claimants. A system of weirs with
movable crests was established, one being placed at the entrance to
each penstock. Over these weirs the water must pass in order to
reach the turbines. The head is never allowed to go below 8 feet.
During low water excessive draft is prevented by raising the weirs.
The crests of the weirs for second-class privileges are kept 1.5 feet
above those for first-clags. A standard form of weir is used for all
privileges, the weirs having a crest length of 4 feet.

One first-class privilege is accepted as being 32 second-feet under
the existing head, or 29 horsepower theoretical, under the minimum
head of 8 feet. The total power provided for is 754 theoretical horse-
power. This would require a minimum flow of the stream of 928
second-feet.

The maximum reported high water of Oswegatchie River at Ogdens-
burg dam produced a depth of 5.5 feet on the crest of the dam, cor-
responding to an estimated discharge of 15,500 second-feet, or 9.6
second-feet per square mile.

At Heuvelton, above Black Lake inlet, the estimated discharge
from the reported high-water marks is 9,019 second-feet, or 9.7 second-
feet per square mile.

A current-meter measurement of the low-water flow of Oswegatchie
River at Eel weir bridge, 6 miles above Ogdensburg, was made Sep-
tember 25, 1900. The discharge was found to be 614 second-feet, or
0.4 second-foot per square mile. At Heuvelton the measured dis-
charge on September 26, 1900, was 804 second-feet, or 0.8 second-foot
per square mile from the tributary drainage area of 1,027 square
miles. '

The discharge of Indian River at Town Line bridge, above Phila-
delphia, was 28.5 second-feet on September 28, 1900. On east branch
Oswegatchie River, above Oswegatchie, are three undeveloped powers,
capable of affording falls of 60, 20, and 20 feet, respectlvely, by the
construction of low diverting dams on their crests.
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Six miles above Harrisville, on middle branch Oswegatchie River,
occurs a series of seven or eight falls, including Jerden and Kilburn
falls. Among these is Sluice Falls, where the stream goes around a
narrow headland in a narrow channel, having a nearly precipitous
descent of about 100 feet.

At Rensselaer Falls, Oswegatchie and Grasse rivers are separated
by a low-lying swampy plain draining in both directions through a
so-called ‘‘natural canal.”

Most of the powers of the Lower Oswegatchie watershed have been
developed by the construction of timber dams on the crests of natural
rifts, and there is very little opportunity for increasing the power
except by centralizing the plants in single stations and installing
more modern and highly efficient turbines.

At Gouverneur a natural fall of 3 feet over rocks has been increased
to 8 feet by the construction of a dam. The mills are distributed in
a row across the stream channel, each apparently being intended by
the original partitioner to have the use of so much water as flowed
over the section of the stream channel he occupies. Above Gouver-
neur the power is chiefly utilized for the pulverization of tale in the
production of mineral fiber.?

At Theresa, on Indian River, power is developed under a head of
20 feet, capable of increase to 35 feet; similarly, at Philadelphia, on
the same stream the existing head of 27.5 feet is capable of increase
to 40 feet.

Princigal developed water powers on Oswegatchie River.

Head (in feet). wm-

No. ll)qe‘;lgi N !1)\21‘ of
daOIEJ millsat Location. ' Great. Aver- ell(:l_—
*| dam. est, Least. age. I:eesy

1 17 | Ogdensburg. ___. 12 41 8 336 | General manufacturing.

2 2 | Henvelton . ____ 8 8| 8 5 | Woodworking mills and
grist-mills.

3 3 | Rensselaer Falls_ 8 T 7.5 31 Saw;lxiills and custom
mills,

4 1| Coopers Falls. __ | _..___|..___. 8 |...... Sawmill privileges.

5 4 | Megatchie ._.___|._____|...... i | Abandoned woolen mill,
Sawmill; runs in win-
ter.

6 1 | Nataral Dam___ | _.__ | _____ 19.5 | 150 | Sawmill and paper mill.

7 7 | Gouverneur _____ 9 4| 7 82 | General manufacturing.

8 1 | Hailsboro . ...\ ___ | . 1 .| ... Talc pulp.

9 ) O I do ... __._. N R AN Do.

10 2 |- do oo 12 4| Woodworking mills.
Custom grinding.

11 1. do .| e 18 ... Talc pulp.

12 1]..... do .. | o .. 20 1 | Oswegatchie Light and
Power Co.

13 1| Emeryville._____|._____|.__. .| 31 33 | Gouverneur Wood Pulp
Co.

aSee The talc industry of St. Lawrence County, by C. H. Smyth, jr.. Report New York State
Museum, Pt. II, 1895; pp. 661-671.
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Principal developed water powers on Oswegatchie River—Continued.

Head (in feet). Num-
No. | frum. ) ber of
da.olgl millsat Location. Great- Aver 91131--
dam. est. | Least. | “aoe by
14 1| Dodgeville ______|_____.|._____ 16 11 | U. S. Talc and Pulp Co.
15 1| Taleville .. ______{._____|._._.._ 12 1 | Talc mine.
16 2 Edwards ... ____|._.._|..._._ 12 10 | Gristmills and sawmills.
171 ... South Edwards_ . ____ | __ .. |.____|..._..
18 1| Fine ... .|| Sawmills and paper
mills.
19 1| Oswegatchie ____| 38 30 |34 |...... Standard Pulp Co.
20 1| Newton Falls ___| _____| __.__ 20 150 ‘Wood pulp.
21 1 ... do ..ol .. 38 } 7 [\Wood-pulp paper.
Water power on the west branch.
1 1| BelowFullerville|. ... __|[....__ 13 5 | Talc pulp.
2 1| Fullerville ___.__|______|.____. 12 ... Ironworks (abandoned).
3 1. do . .|| 19.5 20 | Wood and talc pulp.
4 1 | Gears Corners_..| 10 81 9 |.__... Sawmill (abandoned).
5 1| Harrisville ._____|._____|.____. 13 3 | Grist mill.

RAQUETTE RIVER.

Raquette River drains a long, narrow watershed extending from
northern Hamilton County to the St. Lawrence River. Above Pierce-
field the drainage basin broadens out, including a region interspersed
with lakes and ponds, and affording ample opportunities for storage
development.* The principal lakes of this region are the following:

Lakes in Raquette River Basin above Piercefield.

urf;

Lake. Sareg(.}e Dl;a;}g:ge
Sq. miles. | Sq. miles.

Blue Mountain Lake® 3.9 89. 26
Raquette Lake._ .. __________.___ . _____. 8.3 93.9
Forked Lake.. .. el 2.5 39.8
Long Lake _ ..o dicainn 4.7 152.2
Little Tupper Lake _ ... ..l 8.0 59.8

The upper plateau of Raquette River watershed is comparatively
flat. Where the outflowing stream reaches the outerop of granitic
gneiss, forming the northwestern boundary line of the Adirondack
region, it wears its way downward very slowly. From above Colton
Falls to Hannawa Falls, a distance of 5 miles, a total fall of 385 feet
occurs. With the exception of an old mill at its head, the upper por-
tion of this fall is undeveloped.

asDescribed in report on A Survey of Upper Hudson and Raquette Rivers, by Farrand N.
Benedict, 1872.
» Including Eagle and Utowana lakes.
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Much of the fall occurs in passing a deep, narrow gorge, mostly in
Potsdam sandstone, affording both excellent sites and material for
dams. The most rapid descent is at Colton, where a fall of 100 feet
oceurs in a series of short cascades.

Going upstream, there are additional opportunities for power
development at Higley Falls, South Colton Falls, and at Rainbow,
Gaintwist, Leonard, Starks, Carry, and Raquette Falls. These latter
are in the heart of the timbered region of the Adirondacks, and, lack-
ing railroad facilities, are of little present importance. At Piercefield
Falls, where the stream is crossed by the Adirondack division of the
New York Central and Hudson River Railroad, is an important power
development in connection with lumber industries.

Drainage areas of Raguetie River.

Location. Area.
Sq. miles.
Above Piercefield. . .. .. 695
Above Hannawsa Falls ______ ... 967
Above Massena Springs_ . . . .o 1,188
Abovemouth. ... . ... .. e 1,240

In connection with the development of water power at the lower
descent of 84 feet at Hannawa Falls a gaging record has been estab-
lished to determine the total flow of the stream past the dam and
power plant. The dam is constructed of Potsdam red sandstone, with
an ogee-shaped cross section. The length of the crest of the overfiow
is 234.5 feet. Water is carried along the top of the bluff at the right
of the dam through an open earth canal 2,700 feet in length. The
power canal terminates in a forebay, from which the water is conducted
to the turbines in the power house at the foot of the cliff through 6-foot
steel penstocks. The turbines are a specially built wheel of the Sam-
son type, constructed by James Leffel & Co., of Springfield, Ohio, two
runners being placed horizontally on the same shaft. The records
kept for determining the volume of flow include depth flowing over
spillway, the discharge through waste gates, and the water used to
drive the turbines.

The pond formed by the dam affords a storage surface of about 200
acres.*

A current-meter measurement was made at Potsdam, N. Y., by
Wallace C. Johnston August 28, 1898, which probably showed the
extreme low-water flow of that year. The discharge was 755 second-
feet. A current-meter measurement at Massena Springs highway
bridge October 2-3, 1900, showed the low-water flow of Raquette
River at that time to be 934 second-feet, or 0.78 second-foot per
square mile.

Water power is being developed on Lower Raquette River at Nor-

»This plant is described in Engineering Record for December 7, 1901, pp. 546-549.
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folk by carrying water around existing dams over a long rapid, so as
to obtain a total fall of 32 feet. The power obtained will be used in
the manufacture of paper. At Norwood a power exists where 8-foot
head is now obtained, which could be redeveloped so as to afford a
total fall of 25 feet, with extensive pond storage.

LAKE CHAMPLAIN OUTLET AT FORT MONTGOMERY, CLINTON
COUNTY, N. Y.

Lake Champlain drains an area of 7,750 square miles, of which the
major portion lies in the State of New York. The center line of the
lake forms the boundary between New York and Vermont. The foot
of the lake is situated at Rouse Point, near the Canadian boundary
line. Richelieu River, the outlet of the lake, is 75 miles in length.
It flows northerly across the Province of Quebec and enters St. Law-
rence River at Sorel. The lake has a water-surface area of 437 square
miles. It receives the drainage from the northeast slope of the Adi-
rondacks. The principal tributary streams in New York are Chazy,
Saranac, and Ausable rivers. A record of the elevation of lake sur-
face at Rouse Point has been kept by United States engineers at
Fort Montgomery, beginning with 1875.

In 1896 the construction of the dam and power plant at Chambly
was begun for the Royal Electric Company of Montreal.> The dam
is of concrete masonry, strengthened with embedded bent iron bars.
It bas an ogee cross section, a vertical upstream face, and a crest 6 feet
wide, sloping downward from the lip to the upstream edge 2 inches
per foot. The height of the dam from apron to crest is 18 feet, and it
affords a fall of 28 feet at the power house. A calibration curve of
Richelieu River was calculated by the United States Board of Engi-
neers on Deep Waterways, by comparing the computed discharge over
this damn with the corresponding stage of Lake Champlain at Fort
Montgomery, taking into consideration the slope of Richelieu River
in the intervening distance of 35 miles from Rouse Point to Chambly.
From this eurve the discharge in second-feet, corresponding to the
observed stages of Lake Champlain at Fort Montgomery, has been
deduced.”

Relation of elevation of Lake Champlain and discharge of Richeliew River.

Elevation of | Discharge of || Elevation of | Discharge of
Lake Cham- | Richelien Lake Cham- Richelieu
1&11; at Fort é}]iverb?t lairé at Fort é%hiveli) ?t
ontgomery, am ontgomer a1m
i A 0 O I
Feet. Second-feet. Feet, * Second-feet.
94 \ 98 ,
95 8,500 99 24,000
96 12, 000 100 29, 500
97 15,500 101 36, 000

sDescribed in Engineering Record for June 17, 1899, pp. 50-51.
b Report of U. 8. Board of Engineers on Deep Waterways, Pt. I, pp. 321-828.




Dis-
charge

for
mean
stage.

400
200
500
000
600
400
300
200
500
000
700
800
000
000
100
200
900
100
800
100
200
100
500
200
700
080
3,830

Dec.

RERzsREceREIaReRREESREsEnC

IO DR HHF X LONBWHNO I A D= N DN
— i s e e

Nov.

REER=S3RESSSSRERSS255=5RzE3

T G 1T S F LB N T L H S S X B L
- v = =~ Ll -

Oct.

EEE LR EEE LR LR R

e

Run-
off for
mean
stage.

GREBBABININEERESERBRARER SR

S ERIES B RaRSERI VRN STRANERY

REEIZSREREERSESERRERRERATE

— -t T o g —

RRONVXVOOVITRLRLRSGRBRVLND T R~ D O
e - - =] -

9,720, 8,290 7,190 s,750| 10,7501 12,390

RRRBEZBRRENIR2BRCIBERIRLEL NS

£23S33=8532R35R33228388282%

RS TN SRR S S oS 1S 3 PRt Faded
et P = vt | ] o T g - Ranlonl

BRTRBSRRIRRREBEZRLREIBVIRIBT

1876-1901.

SEEEEcERRiRERRRRAsaRRteToRg

5&1361477653997 H T A W H red OO OO O
1t TR et P e et ] el £ e 7 e et o QR 4t 1 et e o vt O e 7l 1

LAWRENCE DRAINAGE.
May. |June. | July. | Aug. | Sept.

EERRS3REESERERBREREERERE3E

ARCRRERINRIERRIGRERIRIIEIER

BEREZEENLZERRIRSEEIERINARAS

O G et QN v vt B2 DN O 1 et BN AL AN 1 QR G e v Gt e R GRY

ERAREIERBRIIRBRABRSBVLRRSSRE

[Drainage area, 7,750 square miles.]

ST.
Apr.

RSSREEREER2S22REESRRIRERERE

ZRZZZERENRIARRRIERBCERFATNR

MEAN MONTHLY FLOW IN SECOND-FEET.

R R T REREERATE T ESNEEE

SeesesisssaisEssscssIsinag|

WML WO 10X S D L LOORNI Ol it H B HD
- P i IR o e P e A v e el

ABEBRRRAERARSTBIITIRSERRBAES

RUN-OFF IN SECOND-FEET PER SQUARE MILE.

BSESERESSHES 853253888 EsE

Mean monthly run-off of Lake Champlain at Chambly, Province of Quebee,

Year.| Jan. | Feb. | Mar.

1886...1 1

Year. | Jan. | Feb. | Mar. | Apr. | May. { June. July.’Aug. Sept. | Oct. | Nov. | Dec.
i
|

Mean.| 10,960 11,1so| 13,740| 21,220 22,200) 16,560| 12,3

.%l 1.13| 1.8 1.60

1.03

1411 L44| 177 2,7411 2.86| 212 L57| 1.25

Mean..
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Mean monthly run-off of Lake Champlain at Chambly, Province of Quebec,
1875-1901—Continued.

RUN-OFF IN INCHES ON DRAINAGE AREA.

Year, Jan. | Feb. | Mar. | Apr. ! May. “J une.| July. | Aug. | Sept.| Oct. | Nov. | Dec
|
0.7 1.29) 2,78} 3.19| 230 | 1.74) 1.41 | 1.19| 129 1.78 1.68
193] 2,39 328 451 | 298| 2.06| 139 L10 .89 .83 .74
70 123 | 2.76| 2655 1.69 1 1.62| 1.49| 1.24( 120 | 158 1.83
L16 | 1.78 | 279 3814 1.99| 1.49 | 1.94| 1.84 | 128 | 1.34 2.64
L7111} 206 2.8 | 400| 2.40 | 1.78| 1.32 .99 .83 .88 1.63
195 | 2361 2.48| 2.8 | 1.65| 1.26 .93 .64 .56 | 1.81 1.23
1.10 | 2.06 | 2.24| 3.0L | 2.09| 1.49| 1.18 .94 .81 1.00 1.26
164 250 2.25) 219 249 2.05| 1.44) 1.10] 107 .80 .66
671 1,010 268} 3.23| 2556 2.00| 144 .91 70 .68 .12
1.21] 2.21| 865 847 233| 1.53| 1.82 .80 .74 .83 1.23
1.50 | 1.47 | 2.83 1 3.69 | 2.21 | L72| 1.43| 1.40 .89 | 2.43 2.47
214 2,29 330 | 2.8 200| 1.53) 1.20 .90 92 L2t 1.94
2.00| 194 3.40| 430 | 2.82| 1.99| 1.47| 1.06 NES .12 1.44
1.52 | 191 8.45| 449 | 2.8¢ ) 1,91 1.37| 1.43| 1.74| 2.20| 2.40
2161 2121 2,92 2911 2.53| 2.2t| 191! 1.89| 1.69| 1.74 2.21
214 2719 300 3.78| 3.3 | 203 1.4 2.06| 2.06| 2.0 1.98
2.14| 850 413, 3.43! 2.06| 1.47! 1.22] 1.05 .81 .78 .74
1.77 | 1.68 | 2,89 256 | 2.76 | 3.54| 2.77] 2.21 | 154| 1.50 1.63
1.06 | 1.44| 2,84 3.22) 228 1.44] 1.18) 1.70) 126 .95 .99
1.351 2.39| 250 2.21| 1.85| 1.4 | 1.02 .76 L7 1000 1.06
99| L1131 254 | 3167 20567 1.39| 1131 1.04 .81 .96 1.85
164 | 2.67| 440, 3.69| 2,04 | 1.53| 1.17 .88 97 L3831 1.44
106 | 1.58| 8.12| 368! 8.17| 2.86| 2.73| 1.78| 1.26| 1.4l | 2.29
200 3.39| 354, 276 1.9} 1.45 | 109 94 1,290 1.49 1.43
1297 1.98 | 3.12| 3.66| 2.00 | 1.43| 1.03 .75 67| 128 1.71
2600 2,30 320 2,60 271 179 1.38) 1,04 .98 116 1.98
1.33 1 1.53 | 4421 4.24| 3.01| 1.97! 1.50| 109 .95 87 1 156
1.53 2.04! 3.06 l 3.29 | 2.38| 1.81| 14| 1.19] 1.07| 1.26‘ 1.58

Mean daily discharge, in second-feet, of Richeliew River at Chambly, Province of

Quebec.

[Drainage area, 7,750 square miles.]

Day. Jan. | Feh. | Mar. | Apr. | May. | June.|July. | Aug. Sept.‘ Oct. | Nov. | Dec.
1899, !

1. . 9,760| 13,980/ 30,530 17,610/ 10, 8.400| 5,680 4,490 5,340 9,080
10,100y 13,980| 31,150| 17, 120/ 10,270/ 8,740) 5,850 4,660 6,020f 8,740
10,270, 13,600| 30,840 16,830 10,100 8,230(-...... | 4,830] 72720 ...
10.950! 13,600( 30,840| 16,640\ ____._ 8,0601 5,680 5.340f 8,910( 9,080
_______ 13, 30, 8401 16,450 10,100| 7,890 6,870 4,490|....__.| 9,250
11,1201 13,790 30,530, 16,260 9,080|...._..| 4.490 5,0001 8,910} 9,180
11,460; 13,980/ 29,600( 15,880| 9,760 7.330{ 5,170, 4,660{ 9,250/ 9,420
12,340} 14,740| 28,730 15,560] 9,760 7.040) 4,830 ..._... 9,420| 8,570
12,5200 ... 27,860/ 15,120]_____. 7,210/ 4,660, 5,000 9,590 8,740
2.880/ 16,830| 27,570 14,740| 10,270 7,210....... 4,830
13,240\ 17,610( 28,440/ __..__| 10,270 7.550( 6,190 5,170
—..--| 17,400] 26,180| 15, 120] 10,440] 7,720| 6,020 4,660
13,600! 18,450 26,440| 14,740| 10,270]_ 4,320 4,490
13.600! 19,080 24,620 13,790, 9,930 6,700( 4,150 4,440
14,3601 20,380 24,100| 13,980 9,250 6,700( 3,980 ...____

13,980 21,480! 25,860] 13,060 __._.. 6,870! 4,660 4,490
14,360| 22,660 25,380 13,060 9,750/ 6,700 __..__.1 5,680
14,740 25, 380| 25,860]. .. 9.420| 6,700 4,320 3,980
_______ 25,860) 22,420) 12,880 9,250] 6,530] 3,470] 4,320
14, 740| 25,140| 21,700 13,060 9,420{.__.... 3,6400 3,980
15,120 20,660 20,820 11,800{ 9,930) 6,360| 3,980 3,810
14,740 26,7001 20,950( 11, 9,250 6,700[ 4,660 3,640
14,740 27,280{ 20,600 12,880 ... .. X 5,860 4,490
14,740 28,150( 20, 160! 12,160| 9,420| 6,700 6,700 4,320
14,740 28.730( 19,940(...._.. 9,590\ 6,530 5,680 4,320
o..-1 29,310 19,720] 11,630, 9,250| ©,530) 4,830 4,150
14,5501 29,724 17,400| 11,460} 8,740 .. _... 5,170| 3,81
360, & 50 10,7600 8,910| 6,020 5,680 4, 320]
500! 10,610; 8,910 4,285 6,020 .. .__.

10,440 ... 4,320| 5,170] 4,490

8201 ...._.| 8,400 6,19¢|___....| 5,000

13,322} 21,678 24,5%| 13,908 9.622 6,871 5,174| 4,531
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Mean monthly run-off of Lake Champlain drainage basin at Chambly, Province

of Quebec.

[Drainage area, 7,750 square miles.]

MEAN MONTHLY FLOW IN SECOND-FEET.

1899, 1900. 1901,
10,630 | 10,900 | 11,920
9,618 | 14,510 9,888
18,822 | 16,046 | 10,338
21,678 | 22,242 | 380,618
24,595 | 18,040 | 28,433
13,908 | 18,786 | 20,989
9,622 | 12,014 | 13,236
6,877 | 9,800 | 10,057
September _ . ... ... 5,174 | 7,178 7,604
October . . .. 4,531 | 6,593 6,377
November _ . .. 8,950 | 8,087 68,082
December . ... ... 11,432 | 13,827 | 10,463

RUN-OFF IN SECOND-FEET PER SQUARE MILE.
dJanuary . el 1.37 1.41 1.53
February .. . . ... 1.25 1.87 1.28
March - .. 1.63 2.06 1.38
April il 2.80 2.86 8.95
May - e 3.17 2.82 3.66
JUNe - e 1.79 2.42 2.70
July e 1.25 1.54 1.32
August - .89 1.20 1.70
ptember . . ___ ... .67 .92 .98
October - .. .o .58 .85 .82
November _ . . e 1.15 1.04 .78
December . ... el 1.47 1.72 1.85
RUN-OFF IN INCHES ON DRAINAGE AREA

dJanuary e s 1.58 1.62 1.76
February . ... e 1.30 1.94 1.83
March _ e 1.87 2.37 1.53
APTil e 3.14 3.20 4.42
¥ e e e 3.65 2.67 4.21
JUDe . e 2.00 2.12 3.02
July e 1.44 1.7 1.52
August . oo 1.02 1.38 1.96
September . . ... .- .15 1.08 1.10
October - . e eaeees .67 .98 .94
November - . .. e 1.29 1.16 .87
December _ . . . oo e 1.69 1.98 1.55

UPPER HUDSON RIVER DRAINAGE.

INDIAN RIVER AT INDIAN LAKE DAM, HAMILTON COUNTY, N. Y.

Indian River, a tributary of the Upper ITudson, contains a precipi-
tous forested mountain area of 146 square miles in eastern Hamilton
County. In 1898 a masonry storage dam was built at the foot of
Indian Lake, replacing the lumberman’s dam which was formerly
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there and raising the level of the artificial lake so formed 23 feet.
The storage capacity of the present lake is 5,000,000,000 cubic feet.
The area of the water surface of the lake is 5,035 acres, and the ele-
vation of the spillway crest above mean tide is 1,650 feet. The dam
was built by a federation of water-power users on the Hudson Riverin
cooperation with the State of New York, the primary object being to
store flood water from this drainage area to be turned into the Hud-
son during the low-water period of each year, thereby equalizing the
flow to some extent. Water is also used for sluicing logs during the
river-driving season.® .

Sinee July 22, 1900, a gaging record has been kept at the dam with
a view to determining the total outgo from this reservoir, the facts
recorded being the elevation of the water surface in the reservoir,
depth of water flowing over the spillway or flashboards, width of open-
ing and head on the main and subsidiary log ways, and the width of
-opening of each of the 5-foot sluice gates, together with the effective
head on the openings. These facts will enable a calculation of the
outflow from the reservoir to be made, and, by comparison with
gaging records kept on Hudson River at Fort Edward and Mechanic-
ville, the effect of storage on the low-water flow of the Hudson can
be determined.

A meteorological station has been established at the dam by the
United States Weather Bureau, including rainfall, temperature, and
other records. The regimen of flow of Indian River below the dam
is largely artifieial, though in the course of a year or more the total
annual run-off of the drainage area will appear in the stream, and it
is hoped in the course of time to determine the relation between the
rainfall and run-off of what constitutes rather a typical Adirondack
watershed.

‘When the reservoir is full the excess of inflow passes over the spill-
way, which has a level crest 106.05 feet long in the clear. To facili-
tate the ealculation of discharge over this spillway, a series of
experiments were made at Cornell University June 6, 1899, on a full-
sized model of the spillway section 6.58 feet long, from which the
proper coefficients of discharge have been determined.”

The discharge through the two 5-foot sluice gates, provided as a
means for drawing the water down as required, is calculated from the
observed head and from the area of the lune-shaped gate orifices by
the ordinary formula. The value of the coefficients of discharge to
be applied may be checked by current-meter measurements made at
a convenient bridge below the dam. The results of these calculations
will be somewhat uncertain until the reservoir is cleared of drift,
whieh tends to obstruct the gate openings during low water.

A measurement of the flow at this point on October 19, 1900, showed

» See Engineering News, May 18, 1899.
b Trans. Am,. Soc. Civil Eng., Vol. XLIV, p. 283.
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the rate of draft from the reservoir to be 541 second-feet, both sluice
gates being full opened under an effective head of 6.25 feet. Until
additional measurements can be made under favorable conditions, the
flow through the sluice gates will be calculated by means of the
formula for orifices, nsing the ordinary coefficient 0.62.

A measurement of the Hudson River at Mechanicville, made on
the afternoon of the following day, October 20, 1900, showed the total
flow at that point to be 1,871 second-feet.

The following tables show the stage of and draft from Indian Lake
reservoir during the present year, the depth being measured with
reference to the base of the invert of the 5-foot discharge tunnels as
a datum.

Stage of water in Indian Lake reservoir for 1900.

Day. | July. | Aug. | Sept. | Oct. | Nov. | Dec. || Day. | July. | Aug. | Sept. | Oct. { Nov. | Dec.

29. 25.01 | 16.00 | 8.62 1. . .. - 27.00

-1 29.17 | 25.00 | 15.75 | 8.37 | 9.50 ...| 21.00

.| 28.92 | 24.83 | 15.46 | 8.17 [....._. .-..| 27.00
28.75 | 24.58 | 15.17 | 8.00 |.._.... ...| 27.00
28.58 | 24.83 [ 14.87 | 7.79 . 27.00
28.33 | 24.17 | 14.58 | 7.58 |. 33.50 | 27.00
28,25 | 23.92 | 14.42 | 7.42 |. 83.00 { 26.92
28.08 | 23.58 | 14.08 | 7.33 32.50 | 26.75
27.92 | 23.29 |13.799 | 7.33 | 32.17 | 26.63
27.83 | 22.00 | 183.50 | 7.29 . 8l.92 | 26.37
20.67 1 2271 118.21 | 7.25 . .1 81.25 | 26.17
27.83 | 22.37 | 12.92 | 7.17 30,83 | 26.00
27.29 | 21.00 | 12.67 | 7.00 80.42 | 25.83
20.25 | 21.63 | 12.42 | 6.87 80.08 | 25,58

L 27.21 | 21.25 | 12.25 | 6.71 |. .| 29.75 | 25.88
27.12 | 20.88 | 12.08 | 6.50

Stage of water in Indian Lake reservoir for 1901.

Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec.
2.92 | 8.5830.42 | 35.75 | 85.25 | 32.25 | 31.08 | 25.92 | 23.25 | 17.00
o...-| 8.92130.83|85.75 | 85.21 | 32.17 | 80.92 | 25.92 | 22.92 | 16.83
2.42 | 9.25(81.17 | 85.75 | 85.17 | 82.08 | 80.75 | 25.87 | 22,58 | 16.50
cee-| 9.50 [ 31.42 | 35.67 | 85.17 | 82.00 | 80.58 | 25.58 | 22.25 | 16.17
9.83 | 31.67 | 85.50 | 85.17 | 32.04 | 30.42 | 25.17 | 21.92 | 16.87
1.83 | 10.08 | 81.92 | 85.33 | 85.17 | 32.08 | 80.25 | 24.75 | 21.58 | 15.58
ceeee-| 10.50 | 32.00 | 85.33 | 85.17 | 32.08 | 80.08 | 24.33 | 21.25 | 15.29
.- 11.00 | 82.08 | 85.83 | 85.17 | 32.08 | 29.87 | 24.00 | 20.92 | 15.00
11.50 | 32.17 | 85.25 | 85.17 | 32.17 | 29.58 | 23.67 | 20.58 | 14.71
1.83 ) 11.92 | 32.25 ) 35.17 | 45.17 | 32.33 | 29.33 | 23.33 | 20.25 | 14.58
1.17 1 12.25 | 32,50 | 35.08 | 85.17 | 82.42 [ 29.08 | 23.00 | 19.92 | 14.50
2.92 | 12.67 | 32.75 | 85.00 | 85.17 | 82.50 | 28.75 | 22.75 | 19.67 | 14.54
3.08 | 18.17 | 33.08 | 34.92 | 85.21 | 32.58 | 28.50 | 22.50 | 19.42 | 14.71
3.25 | 13.67 | 83.25 | 84.83 | 85.25 | 32.67 | 28.25 | 22.50 | 19.83 | 14.92
ceee-w-1 14.50 | 33.33 1 84.75 | 35.25 | 32.67 | 28.00 | 22.58 | 19.42 | 16.50
..o 15,17 | 83.42 | 84.67 | 85.25 | 32.71 | 27.87 | 22.75 | 19.50 | 17.50
8.75 | 16.00 | 33.50 | 34.58 | 85.33 | 82.79 | 27.92 | 22.92 | 19.54 | 18.08
_______ 17.00 | 83.75 | 34.67 | 85.08 | 32.83 | 28.00 | 23.00 | 19.58 | 18.42
______ 17.83 | 83.92 | 34.75 | 34.83 { 32.87 | 28.04 { 23.08 | 19.63 | 18.75
4.00 | 18.50 | 34.17 | 34.83 | 34.58 | 82.87 | 28.08 | 23.25 | 19.67 | 18.87
4.25 ) 19.67 | 34 33 | 34.92 | 34.33 | 83.00 | 28.12 | 23.33 | 19.71 | 19.02
4,50 | 22 00 | 34 50 | 85.08 | 34.00 | 32.75 | 28.17 | 23.42 | 19.75 | 19.15
4.75 | 24,17 | 34.75 | 35.25 | 33.756 | 82.58 | 28.17 | 23.58 | 19.58 | 19.23
5.00 | 25.25 | 84.92 | 85 25 | 33 50 | 82.58 | 28.00 | 283.67 | 19.25 | 19.30
5.25 | 26.33 | 35.08 | 85.25 | 33.25 | 82.83 | 27.67 | 23.71 | 18.92 | 19.42
5.56 | 27.17 | 35.25 | 85.25 | 33.08 | 82.17 | 27.25 | 23.75 | 18.58 | 19.50
6.33 | 28.00 | 35.33 | 85.25 | 32.92 | 32.00 | 26.87 | 28.79 | 18.25 | 19.58
6.83 | 28.58 | 85.42 | 85.25 | 32.75 | 31.87 | 26.50 | 23.83 .00 | 19.71
7.4% | 29.17 | 35.50 | 35.25 | 32.50 | 81.58 | 26.00 | 23.92 | 17.67 | 19.83
7.83 1 29.75 | 85.67 | 85.25 | 82.83 | 31.42 | 25.75 | 23.92 | 17.33 | 19.92

8.17 |eennnes 85.75 | oo 82.83 | 81.25 |..____. 23.58 |....... 20.
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The estimated storage capacity of the reservoir is as follows:

Estimated storage capacity of Indian Lake reservoir.

Elevation. Area. Storage.
Acres. Cubic feet.
Originallake . ____ .. ___ . _________.___. 1,616.17 1,000 {. ...
Lumberman’sdam _______._______.____. 1,627 3,007 800, 000, 000
Crest present dam . ._._..___._____..__ 1,650 5,035 4,468, 000, 000
Top flashboards present dam ____._______ 1,651.1 | ... 5, 000, 000, 000

SCHROON RIVER AT WARRENSBURG, WARREN COUNTY, N. Y.

A gaging record was established at the dam of the Schroon River
Pulp Company, 2 miles below Warrensburg, November 1, 1895, in con-
nection with Upper Hudson storage survey.* Conditions at the War-
rensburg gaging station are somewhat peculiar. During ordinary
water an attempt is made to turn the entire flow of the stream, less
leakage, through the water wheels, which run twenty-four hours per
day, Sundays excepted. This is accomplished by the use of flash-
boards and by draft from the storage impounded by Starbuckville
dam. During extreme low water the mill is shut down altogether.
As a rule, no water passes over the dam at this time, the entire flow
leaking through. A balance is maintained between the inflow and
outgo by fluctuations in the pond level, thereby varying the pond
storage and also the head on the leaks. As no record is kept when
the mill is not running, it has been necessary to estimate the low-water
flow, which was taken at 150 second-feet in 1899, this being the
assumed leakage of the Starbuckville dam.®

The apparently uniform regimen of the stream durmg considera-
ble periods of time may partly be accounted for as the result of
draft and storage from the Starbuckville dam.

A current-meter measurement of the leakage of the dam, flume,
and flashboards at the Schroon River Pulp Company’s mill was made
on August 9, 1900, in the open channel about one-half mile below the
dam. The flow at this point was found to be 285 second-feet. This
amount has been taken as the low-water flow and leakage during 1900
and 1901. The dam is of timber, and was considered nearly water-
tight when built. There is evidence that the leakage has increased
year by year. '

The flow over the dam, without flashboards, has been taken from
a diagram which was deduced from experiments made at Cornell Uni-
versity on a weir having a similar cross section. The flow over flash-
boards has been calculated by means of the Francis formula.

»See Report of State Engineerand Surveyor of New York, 1895, p. 118; also Water-Supply and
Irrigation Paper No. 35, p. 58. ¢
bSee Report of the Merchants’ Association of New York on the Water Supply of the City of
- New York, p. 337.
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During 1901 the station has been equipped with new standard board
gages. Readings are taken once each day and the record is fur-

nished by Mr. Frank Goodfellow:

High-water discharge of Schroon River at Warrensburg.

Maxi lt\iﬁ‘a.x%lmum
um rge
Date. Year. diggﬁﬁge. péf-csqauagre
mile.
Second-feet.| Second-feet.
December 30-31 _____ . ____________________.______. 1895 ) 7.2
April R0 ... 1896 7,109 12.58
April 19 ... 1897 3,982 7.05
March 14-19__ ... 1898 4,044 7.16
April 24-80 .. 1899 5,103 9.03
April 22Tl 1900 7,745 18.71
April 16 . ... 1901 6,802 31.19

Mean daily flow, in second-feet, of Schroon River below

County, N. Y., for 1901.

[Drainage area, 562 square miles.]

Warrensburg, Warren

|

Day. Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec

535 1 1,702 | 2,952 | 2,282 671 415 | 2535 729 667 | (%)
535 ) 1,992 | 2,752 | (®) 671 415 555 729 667 430
....... 2,452 | 2,622 | 2,202 671 415 575 729 1 (») 413
535 | 3,152 | 2,152 | 2,292 | 633 | =415 505 129 612 430
535 18,732 1 (= |1,032| 633 415 635 7 684 430
535 | 4,182 | 1,992 | 1,932 633 4% 635 | 594 684 430
535 | (@) 1,932 1 1,932 | (») 42 675 594 684 389

535 | 4,552 | 1,872 | 1,792 729 425 | 2675 594 684 | ()
535 | 5,087 | 1,812 | (=) 729 445 675 | ... 684 353
ceee--.| 5,222 | 1,742 | 1,792 729 45 675 291 (») 353
535 | 5,302 [ 1,742 | 1,762 729 | 2445 695 729 ... 566
535 | 5,652 | (®) | 1,742 129 475 695 729 502 | 566
535 | 5,967 | 1,512 | 1,742 729 475 695 | () 592 1 506
535 | (2) |1,562 1,662 | (@) 475 695 594 592 566

535 | 6,302 | 1,782 | 1,692 |....... 475 | =715 6.2 592 | (®)
535 | 6,82 | 2,092 | (») 729 495 715 806 592 939
,,,,,,, 6,797 | 2,472 | 1,632 7291 515 715 806 | (») 806
533 | 6,802 | 2,472 | 1,462 729 | =515 75 806 | 592 806
535 [ 5,967 | (») | 1,412 729 | 515 75 806 | 592 | 939
535 | 5,602 | 2, 1,82 7291 515 51 () 592 1 939
535 | (») |2,472|1,282| (») 55| 75| 8511 592 | 939

614 | 5,087 | 2,472 | 1,232 594 | 535 | 8715 678 | 535 | (*)
614 | 5,222 | 2,42 | (®) 501 535 497 678 535 939
_______ 5,822,432 939 430 | 535 594 678 | (@) 939
614 | 5,087 | 2,432 939 430 | =535 | 594 678 477 |-
939 | 4,967 | (») 939 430 | 535 | 594 678 477 | 1,027
1,004 | 4,502 | 2,472 939 430 535 594 | (%) 477 | 1,072
1,207 | (2) | 2,472 949 | (2) 535 594 678 477 | 1,072

1,207 | 4,052 | 2,472 939 430 535 | (2) 678 477 | (»)
1,207 | 3,250 | 2,472 | =939 535 |- 618 477 | 1,006
R S 2,482 |l 430 | 535 |....... 678 | 939
658 | 4,786 | 2,235 | 1,522 617 481 650 | 685 588 714

s Sunday.
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Mean monthly run-off of Schroon River at Warrensburg, Warren County, N. Y.
[Drainage area, 562.5 square miles.]

MEAN MONTHLY FLOW IN SECOND-FEET.

Month. 1895, 1896. 1897. 1898, 1899. 1900, 1901,
January ... ______{_..._... 2,779 837 852 606 810 T4
February ... . .. |._.__._. 516 188 416 478 | 1,880 561
March .. . _ . _|........ 1,664 788 | 8,194 564 | 1,140 658
April ool 3,280 | 3,164 | 2,853 | 2,877 | 8,688 4,786

5SS MU 728 | 1,822 | 2,208 | 38,150 | 1,688 2,285
June __....________|._...__. 827 | 2,384 568 | 1,093 | 1,280 1,522
July. ... 276 | 1,426 216 210 528 617
August. .|, .. 265 | 1,877 223 150 474 481
September__________| ... ___. 215 281 166 234 285 650
October . _____ . .|-....._. 330 166 263 462 488 685
November ______.____ 478 | 1,089 | 2,077 464 | 1,047 530 588
December .._______. 1,233 243 | 2,776 783 948 78 714

Year ... . |...._... 1,018 | 1,895 | 1,017 985 | 1,089 1,189

RUN-OFF IN SECOND-FEET PER SQUARE MILE.

4.92 0.60 1.16 1.25 1.4 1.38

.92 .33 e .85 2.45 1.00

2.96 1.81 5.68 1.00 2.02 1.17

5.83 5.80 5.07 5.11 6.55 8.48

1.1 8.24 3.91 5.60 8.00 3.96

1.47 4.24 1.01 1.94 2.27 2.69

49 2.54 38 37 .94 1.09

47 2.45 .40 27 .84 .85

.88 .50 .30 .41 .50 1.15

October ... . ____|..._._.. .59 .29 A7 .82 .86 1.21

November __________ 0.85 1.94 3.69 .82 1.86 .94 1.05

December ___.______ 2.19 | - .43 4.93 1.40 1.68 1.87 1.27

Year ... ___|..___._. 1.79 2.49 1.78 1.76 1.93 .11
RUN-OFF IN INCHES ON DRAINAGE AREA.

January ... ... .. [ ....... 5.70 0.69 1.%5 1.25 1.66 1.59

February. .. ... |........ .95 .85 L .89 2.54 1.04

March ... . |._._.._. 3.41 1.51 6.55 1.16 2.82 1.85

April .. ... 6.51 6.28 5.66 5.72 7.81 9.50

May.. oo oo 1.49 3.73 4.52 6.47 3.46 4,55

June ... __ .. ___. 1.64 4.8 1.13 2.1 2.53 3.01

July | .56 2.92 .44 .43 1.05 1.24

August ... ... .54 | . 2.82 .46 .81 AT .98

September._._____._ . ... .43 .56 .33 .46 .36 1.29

October . ... _____.|--_. e .68 .83 .54 .95 .99 1.39

November . __.._.._. 0.94 2.16 4.12 .92 2.08 1.05 1.18

December ... .. .._. 2.53 .48 5.69 1.61 1.93 1.58 1.46

Year ... ___|o...... 24.55 | 88.73 | 24.68 | 23.82( 25.82 28.58
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HUDSON RIVER AT FORT EDWARD, WASHINGTON COUNTY, N. Y.

This station, which is located at the dam of the International Paper
Company, was established in 1895, in connection with Upper Hudson
storage surveys.* The dam is of framed timber on slate rock foun-
dation, and has but little leakage. The crest is straight, very nearly
level, and 587.6 feet in length. The crest gage zero stands at the
level of the lip of the dam proper. Flashboards are usually main-
tained on the dam from 15 inches to 18 inches in height. A record is
kept of the height of flashboards, and of the times of their setting
and removal. '

During 1901 the station has been equipped with new metallic gages
of standard form. The crest gage is attached vertically to the timber
bulkhead above the left-hand end of the dam. The gages are divided
to feet and inches, and readings are taken each morning by Frank
Chapman.

There are 62 water wheels in the adjoining mill. These are nearly
all of modern types which have been tested at the Holyoke lume. A
record is kept of the daily run of each in hours, as well as of the work-
ing head, which is usually 19 feet. The discharge through the fur-
bines is taken from diagrams expressing the flow as a function of the
working head and number of wheel hours run.

In the winter of 1896-97 a flood spillway was cut around the south
end of the dam, over which the water begins to flow whenever it
reaches the level of the crest of the flashboards. The profile of.the
spillway is very irregular and causes some uncertainty in the calcu-
lated flows during times of high water.

Whenever the flashboards are off from the main dam the flow is
computed by means of the formula used by the East Indian engineers
in their computations for irrigation works.?

With the flashboards on the flow has been computed from Francis’s
well-known formula for the sharp-edged weir. During the dry season
but little water passes over the dam, the entire flow being employed
to drive the turbines. A current-meter measurement was made at the
highway bridge below the dam on July 26, 1900. The flow was found
to be 2,704 second-feet.

The calculated discharge from the gage readings at the dam and
mill varied from 2,420 to 2,720 second-feet while the measurement
was being taken. The turbines did not run continuously for twenty-
four hours at this rate, however. The mean flow for the day was
1,467 second-feet.

During the navigation season water is diverted from Hudson River
at Glens Falls feeder dam, 7 miles above Fort Edward, for the supply
of Champlain Canal.

The drainage area tmbutary to the Hudson above Fort Edward is

» See report of State engineer and surveyor of New York, 189, p. 105. b See p. 96.
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0.56 of that of the same stream above Mechanicville gaging station.

The principal intervening tributaries are the Hoosic River and Batten

Kill, having drainage areas of 730 and 460 square miles, respectively.?
Mean monthly flow, in second-feet, of the Hudson River at Fort Edward, N. Y.,

for 1901.

[Drainage area, 2,800 square miles.]
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Mean monthly run-off of Hudson River af Fort Edward, N. Y.

[Drainage area, 2,800 square miles.]
MEAN MONTHLY FLOW IN SECOND-FEET.
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s Water power of Upper Hudson River is described in Report of New York State Engineer and

Surveyor, 1895, pp. 124-154.
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Mean monthly run-off of the Hudson River at Fort Edward, N. Y.—Continued.
RUN-OFF IN SECOND-FEET PER SQUARE MILE.

S
Month. 1899. 1900. 1901.
JanUAryY . . 1.26 1.15 0.65
February ... .68 2,53 .55
March _ ... ... e 1.79 1.40 1.23
April il 6.00 6.04 7.55
A - e 3.41 2.27 3.00
JUNe - e .58 1.01 2.23
July - . 41 .45 .78
Augast ... 26 .59 90
September . __ ... 48 .40 88
October . .. 37 .44 96
November. ___ .. 1.82 1.13 .76
December ___ . . ... 1.84 1.18 1.06
Year . .. 1.58 1.55 1.71
RUN-OFF IN INCHES ON DRAINAGE AREA.
January ... 1.95 1.82 0.75
February ... ... .70 2.63 .57
March _ . 2.05 1.61 1.41
April . 6.69 6.74 8.46
May - el 3.83 2.61 3.45
June . . . ... .63 1.13 2.50
July - .. A7 .51 .90
August - ... 30 .68 1.08
September ___ .. .53 .44 .99
October __ . .. .42 .50 1.10
November. . .. 2.03 1.26 .85
December - .. .o 2.12 1.36 1,22
Year ... l.. 21.72 1 20.79 | ~ 23.23
High water of Hudson River at Fort Edward, N. Y.
Maxi Jai@axillzanum
aximum ischnar,
Date. discharge. | per s ugse
mile.
Second-feet.| Second-feet.
April 18, 1896 _ _ .- N 15.2
November 7, 1896 _ __ .. .. . 24, 550 8.7
April 12, 1897 o 23,732 8.5
June 12, 1897 . . 23,242 8.3
December 17, 1897 _ . ... 27,920 10.0
March 16, 1898 . _ . . - 29, 856 10.7
CApril @5, 1898 .. 32,159 11.5
April 23,1900 ... 43,900 15.7
April 23, 1901 . el 42,820 15.3

HUDSON RIVER AT MECHANICVILLE, SARATOGA COUNTY, N. Y.

A record of the flow of Hudson River at Mechanicville has been
kept by the Duncan Company, beginning December, 1888. The rec-
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ord includes two daily readings of the depth on the crest of the dam
and a continuous record of the run of the water wheels in the adjoin-
ing paper mill. The accompanying tables show the monthly and daily
mean flow at Mechanicville, computed by Mr. R. P. Bloss, the engi-
neer of the company. A record is kept of the length and height of
the flashboards at all times, with the dates of their setting and removal.

The flow over the dam has been computed by the Francis formula
for the Merrimac dam: @QQ=»o 01 L ® L being 794 feet. H=depth
on crest of dam in feet. Twue same formula has been used in all cases,
whether flashboards are on or off.

The flow through the water wheels has been taken from the rating
tables of the manufacturers. I’he working head on the wheels varies
from 15 to 17 feet, depending on the condition of the flashboards on
the dam. A test by Mr. Bloss of a 39-inch Hercules wheel in the mill,
which has been in use about eight years, shows the actual discharge
to be substantially as given in the manufacturers’ tables when running
at the speed of greatest efficiency. When running at higher speed
the discharge may be several per cent less.

A current-meter measurement of the flow below the dam was made
at the Mechanicville toll bridge October 20, 1900, showing a discharge
of 1,871 second-feet. The result is somewhat uncertain owing to
slack water. No water was flowing over the dam, and the calculated
turbine discharge was 1,977 second-feet.

The flow of Hudson River at Mechanicville has been calculated,
using the East Indian engineers’ formula for flow over the dam.* This
formula gives a somewhat larger discharge than that obtained by using
the formula given.

The highest flood since the record has been kept occurred April 19,
1896, and showed a discharge of 59,400 second-feet, or 13.2 second-feet
per square mile.

The highest known freshet discharge of Hudson River occurred in
the spring of 1869. The calculated discharge at Mechanieville was
70,000 second-feet, or 15.5 second-feet per square mile.?

» See Report of State Engineer and Surveyor of New York, 1895, pp. 104-107.
b A list of Hudson River high-water marks is given by C. L. Harrison in Report of U 8. Board
of Engineers on Deep Waterways, Pt. 1, pp. 377-378.
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Mean daily discharge, in second-feet, of Hudson River at Mechanicville, N. Y.,

Jfor 1901.
[Drainage area, 4,500 square miles.]
Jan. | Feb. | Mar. | Apr. | May. | June.| July. | Aug. | Sept. | Oct. | Nov. | Dec.
y .
9 £ t2 & 'Y el £ ¢4 tl t4
22,281 15,444) 19,784] 12,179/ »3,998| 5,689 2,990/ 3,858| 3,315 1,800
«9,199| 14,154 17.770| 10, 23,778 4,802 4,734 3,831 3,826 2,453
+3,550! 14,895 15,456 11,711|+3,591| 4,188 6,220 3,834| 2,430 3,631
« 1,911 17,770 14,533 11,491|»2,491| 2,319 6,139 3,269 4,173 3,912
22,742 18,535| 14,000/ 11 ,374{ 24,579 3,783 5.560| 3,247 3,770| 4,183
22,530 19,768/ 11,491 10 319! »3,832| 3,186 5,147 2,400( 3,875| 4,115
+2,3836! 32,284 9,567 10 019)=2,771] 3,428 4,433 3,673 3,887 3,785
+2,332| 37,516/ 9,354 3 725| »5,002( 5,190) 2,890/ 8,706| 3,665 3,485
2,315 34,262) 9,129) 12,563| »4,154| 5,500 4,044 3,60 619 5,752
2,517) 81,464 8,195 13,108| »3,719| 5,914| 3,661 3,527 2,067 5,252
,971) 27,5060 8,296) 11,374| ~3,419| 4,675 3,201 3,527 3,785 »8,064
10,688 24,8191 8,600, 9,693 »3,938 6,011 3,218 3,404 3,612 *6,657
5,502| 23,572 9,558 8,306 *3,891| 5,554 38,340 1,907 5,497| »5,839
4,910 22,290/ 10,279 7,333 ....... y 4,082 4,690 5,442 *6,589
5,062 24,046 10,716| 6,135 *3,333| 4,065 3,150/ 6,658 4,970( 25,600
4,483| 23,034| 10,604| 4,230/ »3,891| 4,190| 4,902 7,870 5,024/ 31,880
2,045| 24,846/ 8,816 5,500 »3,858 4,915 5,224] 7,882 2,750, 22,597
3,535) 26,122) 9,466) 4,692) +2,3867|.__.... 5,8671 6,487 4,561 17,061
6,425 26,494 10,700, 4,133 3,880 4,710( 3,750/.._ ... 4,150 12,99
5,417| 25,960/ 15,456/ 3,880 4,072 3,733 4,665 4¢,010! 3,882| 10,109
16,520 24,640 14,029, 4,116] 2,877) 5,682 4,011 5,540, 3,585 8,272
17,612| 41,089 11,819| 5,985 4,112 3,181 2,450 4,643 3,495 8,060
11,386 49,611) 11,711| 5,1000 3,665 5,414| 3,834 4,856/ 3,506 7,871
8,088| 54,862 11,379 7,140| 3,472 4,856 3,576 4,537 1,400| 6,038
11,2511 50,650 10,913 7,040{ 2,891 4,600 3,342 4,127 3,837 4,956
15,495 42,976/ 9,410 5,878 2,453 6,690| 2,858 3,033 3,831) 6,464
21,684] 33,207| 9,565/ 5,380] 2,886 5,540) 2,714 .. . 3,949| 5,154
20,612 23,520/ 11,946 4,955 1,877 4,859 3,657 4,314 3,722 5,026
17,659| 21,996 13,084| 4,185 2,909 4,834| 2,450 3,773 3,020 4,694
16,243| 21,246 13,224) 2,240| 4,997| 4,258| 4,509| 3,518 3,815/ 12,405
15,186(. ... 13,096 ...... 5,847 3,675 ..___. L, 412 ... 8,909
8,095 28,268 11,658 7,808) 3,551) 4,661 4,624 4,264 3,732 8,401

» Record approximate, flashboards irregular.

[Drainage area, 4,500 square miles.]

MEAN MONTHLY FLOW IN SECOND-FEET.

Mean monthly run-off of Hudson River at Mechanicville, N. Y.

Month. 1898. 1899. 1900. 1901.
Jaamary ... ... ... .._.__. 8,173 6,437 5,841 3,087
February ... . . __._.__________. 6,038 5,147 12,484 2, 888
March_ . ___ .. . ... 19,617 9,316 7,740 8, 095
April . ... 18, 047 24,607 22,614 28, 268
A - e e e 10, 525 9, 591 8,992 11,658
June ... ____. 5, 069 2,539 4,093 7,806
July. L. 2,751 2,402 2,352 3,551
August .. ... 5,029 1,417 2,703 4 661
September_ ... __ ... ______. 3,810 2,064 1,886 4,024
October _ .. .. ... ___. 7,516 2,616 2,128 4, 264
November - ... . . _________._. 8,978 6, 066 5,077 3,732
December _ .. ... ... 5,291 7,803 5,331 8,491
Year oo 7,987 6,625 6,770 7,544
RUN-OFF IN SECOND-FEET PER SQUARE MILE,

January .. ... ... ... ___..... 1.81 1.43 1.30 .69
February 1.34 1.14 .77 .64
March .. . ... 4.36 2.07 1.72 1.80
April e 2.90 5. 47 -5.02 6.28
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Mean monthly run-off of Hudson River at Mechanicvilie, N. Y.—Continued.
RUN-OFF IN SECOND-FEET PER SQUARE MILE-—Continued.

Month. 1898. 1899. 1900, 1901.
May. e 2.34 2.11 2.00 2.60
June .. ... 1.12 .56 .91 1.73
July. . e 61 53 .52 bt')
Aungust ... ... 1.1 31 .60 1.03
September__ . _____ ... ... 85 45 .42 .89
October ____ .. ________ ... 1.67 .58 .47 94
November ________ . __..__. 1.99 1.36 1.11 .83
December _ .. ___________ ... 1.17 1.62 1.13 1.88
Year .. e 1.7 1.47 1.50 1.68
RUN-OFF IN INCHES ON DRAINAGE AREA.
JaANUATY _ oo 2.08 1.64 1.50 .79
February . ..o 1.39 1.18 2.88 .67
March. . .. ..o 5.02 2.88 1.98 2.00
April . ______.___.. e 3.23 6.12 5.60 7.03
A - e e e e 2.69 2.43 2.30 2.99
June ... 1.25 .62 1.01 1.93
July. . .70 .61 .60 .91
August ... 1.28 .35 .69 1.18
September. . .95 .50 .47 1.00
QOctober . .. 1.92 .66 .54 | 1.08
November 2.22 1.56 1.24 .92
December 1.85 1.86 1.36 2.16
Year - 24.08 19.91 20.17 22.66

LOWER HUDSON RIVER AND LONG ISLAND SOUND
DRAINAGHE.

KINDERHOOK CREEK AT EAST NASSAU AND WILSON’S DAM, RENSSE-
LAER COUNTY, N. Y.

Gagings of this stream were conducted by the Albany water
department during the years 1892, 1893, and 1894, the results of which
are of interest in connection with measurements of surrounding water-
sheds like Tenmile, Housatonic, and Fishkill, proposed possible
sources of municipal supply for New York City.

The original Kinderhook gagings have been furnished for calcula-
tion by George 1. Bailey, superintendent of the Albany bureau of
water. '

Kinderhook Creek is an interstate stream having its source in Han-
cock Mountains, Massachusetts. Itflowsin a southwesterly direction
through Rensselaer and Columbia counties, N. Y., debouching into
Hudson River at Stockport. Its tributary drainage is divided between
New York and Massachusetts, as follows:

Square miles.
Drainage in New York. .. .. o mean. 304.7
Drainage in Massachusetts. . ___. ... ... ... ._..... 29.8

Total drainageabove mouth.. .. ... . ..ciciciinccaacioaan- 834
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A gaging record was kept at a weir erected across the stream above
East Nassau, July 28 to November 30, inclusive, 1892. The record
included the flow over the thin-edged weir or dam, and the flow in
tailrace of the adjoining mill. Readings of the gage height at both
dam and race were taken at thirty-minute intervals from 6.30 p. m.
to 7 a. m. each day, and the flows for the several one-half hour
periods were summated to obtain the total yield during the night.

The measurements in the main stream were taken at a compound
weir, consisting of a lower central section 50.17 feet in length, over
which the entire flow passed at ordinary stages of the stream; the
remainder of the dam, having a length of 92.33 feet, was raised and
leveled by means of a 2-inch plank to an elevation 1.20 feet above the
central thin plate weir. Whenever the head exceeded 1.2 feet on the
lower section the water flowed over the entire dam, 142.5 feet in
length. 'The discharge has been computed by means of the Francis
formula, allowing for two complete end contractions for all depths
on the lower section.

The drainage area above the East Nassau gaging station is 120.5
square miles. '

A second gaging station was established on Kinderhook Creek, at
Wilson’s mill, below Garfield reservoir, July 14, 1893, and a record
maintained from that date until December 31, 1894.

The drainage area above the weir at Wilson’s dam is 68.2 square
miles, or 57 per cent of that at East Nassau. Readings were taken at
this weir at 6 a. m., 12 m., and 6 p. m. of each day.

The principal dimensions of the weir, which was of the compound
variety, were as follows:

Dimensions of Wilson’s dam, Rensselaer County, N, Y.

Feet,
Total lengthof damn. .. e 99.22
Length of central lower overflow_ . __ . ____ .. 25.00
Length of right overflow of main dam__ ... . ___ .. ... 37.95
Length of left overflow, main dam _ ... ... ... ... 36.27
Total length of upper overflow _ . . i eio. 74.22
Difference of elevation of two spillways, July 1 to May 25,1894__ _________. 1.00
Difference of elevation of two spillways, May 27 to December 31, 1894 _____ .89 .

The accompanying tables show the mean daily flow in second-feet
at the two Kinderhook stations for the periods during which the rec-
ords were kept. 'The summary for Wilson’s dam includes the rain-
fall on the watershed from a private record kept at that station in
1894.
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Mean monthly run-off of Kinderhook Creek at East Nassau, N. Y,

[Drainage area, 120 square miles.]

Mean, Run-off on
Date. Maximum. | Minimum. Mean. per square | drainage
mile. area.
1892. Second-feet.| Second-feet.| Second-feet.| Second-feet.| Inches.
Aungust_ . ... .. _____. 362.4 37.0 97.8 | 0.81 0.93
September_ ... _..________. 134.6 35.0 68.7 .55 .62
October _._ ... __..__._..... 4.0 28.5 34.7 .29 .33
November_ .. .. _._____.. 531.5 20.1 121.5 1.01 1.13
1894.
January. ... | el 148.7 1.19 1.87
February. . |l 4.7 .62 .64
March .| 351.4 3.74 4.30
April | 155.4 1.29 1.44
May e e e e e
June __ .| 105.2 .87 .97
July el 30.5 .25 .29
Aungust | 15.5 .13 .15
September. .. | |eooioo.. 5.4 .21 .24
October - ... .| |eeeel ol 49.4 .41 .46

Mean monthly run-off of Kinderhook Creek at Wilson's dam, New York.

[Drainage area, 68 square miles.]

Mean, Run-off on
Date. Maximum. [ Minimum. Mean. per sg}ua,re drainage
. mile. area.
Second-feet.| Second-feet.| Second-feet.| Second-feet.! Inches.

53.8 11.8 24.9 0.37 0.43
256. 4 8.2 44.8 .66 .76
191.2 23.6 69.7 1.02 1.14
126.6 30.2 64.8 .95 1.09
93.2 32.2 55.5 .82 .92
338.7 45.3 121.7 1.79 2.06
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<

Mean daily flow, in second-feet, of Kinderhook Creek at East Nassau, for 1892.

[Drainage area, 120 square miles.]
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Mean daily flow, in second-feet, of Kinderhook Creek at Wilson’s dam, New York,

for 1893,

[Drainage area, 68 square miles.]
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LOWER HUDSON AND LONG ISLAND SOUND DRAINAGE.
Mean daily flow,wn second-feet, of Kinderhook Creek at Wilson s aam, New York,

for 1894.

[Drainage area, 68 square miles.]
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Mean monthly run-off of Kinderhook Creek at Wilson’s dam, New York, for 1894.

[Drainage area, 68 square miles.]
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NORMANSKILL CREEK AT FRENCH’S MILL, ALBANY COUNTY, N. Y.

The Normanskill drains an area of 168 square miles, lying between
the Lower Mohawk watershed and the northern drainage slope of the
Catskill Mountains, and including a portion of the counties of Albany
and Schenectady. The stream enters tide water of Hudson River ab
Kenwood, a suburb of Albany. A gaging record showing the flow of
this stream from June 1 to December 1, 1891, is of interest in connec-
tion with measurements of flow from the adjacent Catskill and Scho-
harie watersheds, proposed as possible sources of supply for Greater
New York. The volume of flow was determined by means of weirs
erected at French’s mill by the bureau of water of Albany. Mr. George
1. Bailey, superintendent of the bureau, has furnished the original
records for computation. The stream is at an elevation of 200 feet
above tide at the point where gaged, and receives the drainage from
an area of 110.6 square miles, or 66 per cent of the entire watershed.

Below French’s mill the stream follows a tortuous valley, relatively
deep and narrow, its banks rising abruptly from the flood plain. The
topography of the lower Normanskill is shown on the Albany sheet of
the Geological Survey.

Mean monthly run-off of Normanskill Creek at French’s mill, New York.

[Drainage area, 111 square miles.]

Run-off
Date. Magimum. | Minimum. | Mean. sg%‘fﬁ% R gﬁg%‘agg
area.
1891, Second-feet.| Second-feet.| Second-feet.|Second-foot. Inch.
TUNe _ . . 44.6 10.1 26.2 0.24 0.27
July ... . 18.1 7.8 10.2 .09 .10
August_ .. _______________. 16.7 5.9 8.7 .08 .09
September _______________. 18.4 4.6 8.1 .07 .08
October . ___.__._____ ___. 34.1 4.9 10.6 .10 1
November. ____._____.__._.. 142.0 6.9 1.7 .20 .22
December .. _.__________._. 84.8 18.0 57.2 .51 .59
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Mean daily flow, in second-feet, of Normanskill Creek at French’s mill, for 1891,

[Drainage area, 111 square miles.]

Day.. June. | July. | Aug. | Sept. | Oct. | Nov. | Dec.
25.6 10.4 8.8 8.2 9.0 8.0 20.2
20.3 14.5 8.5 18.4 10.1 9.8 18.9
4.6 12.8 12.7 12.2 7.8 8.0 18.0
4.6 11.4 8.7 9.4 4.9 9.7 24.5
4.6 114 16.9 9.1 7.9 8.1| 22.9
3.5 10.4 12.0 14.2 7.1 9.0 119.5
24.2 10.1 9.1 10.0 6.7 8.0 95.0
18.4| 14.5 8.9 8.5| 841 7.0 73.6
18.3 12.0 8.5 7.8 15.1 8.4 51.2
17.2 9.3 8.8 7.2 9.9 1.3 49.4
18.3 9.3 8.3 6.2 8.8 8.1 4.0
37.8 9.0 10.9 6.5 10.6 16.7 39.8
23.9 8.1 8.8 6.8 8.7 14.2 29.6
4.2 7.5 7.9 9.1 9.5 13.0 2.4
2.2 8.1 kN4 7.7 8.5 9.8 26.7
2.3 7.8 7.9 7.1 9.3 10.6 67.3
17.2 7.5 7.2 7.1 81! 1L5 47.9
33.5 7.4 7.2 7.5 6.1 25.3 51.6
36.0 | 10.7 7.2 7.5 10.2| 16.2 19.6
3.5 9.2 6.7 6.2 8.8 14.4 38.0
35.3 18.3 6.8 7.2 23.4 15.3 32.1
33.5 9.9 6.5 61| 121 137 31.8
3.5 9.6 6.2 7.1 131} 18,1 137.2
20.5 11.8 6.6 6.5 11.6 | 142.9 479.5
20.9 11.2 7.2 7.1 9.1 75.8 502.5
18.7 10.7 5.9 o 9.9 46.3 391.8
18.3 9.2 9.3 5.4 10.1 40.1 219.1
16.3 7.9 16.1 5.6 9.6 | 354 | 129.3
10.4 8.3 9.0 .7 8| 227 70.5
10.1 8.1 7.9 6.8 91| 18.7| 858.8

........ 10.5 8.4 | (126 N SN R,
2.2 10.2 8.7 8.1 10.6 | 217 57.2

GAGINGS OF STREAMS PROPOSED AS SOURCES OF PUBLIC WATER
SUPPLY FOR NEW YORK CITY.

Through the cooperation of the department of water supply of New
York, George W. Birdsall, chief engineer, a series of gagings of
streams which have been proposed as possible sources of future
municipal water supply for Greater New York have been undertaken.
The gagings include streams draining, for the most part, timber-cov-
ered mountainous areas in southeastern New York on both the Cats-
kill and Connecticut sides of the Hudson River.

In June, 1901, a reconnaissance was made of Catskill and Esopus
creeks, Wallkill River and Rondout Creek, west of the Hudson, and
Fishkill Creek and Tenmile River, east of the Hudson, by H. A.
Pressey and R. E. Horton. Nearly the entire length of each stream
was traversed and a site for a gaging station selected on each. Early
in July the stations were established, with the exception of that on’
Tenmile River. Persons living near at hand were employed as gage
readers, to tako observations of the stage of the stream twice each
day. A. E. Place was in charge of these stations until September,
1901, when W. W. Schlecht took charge as resident hydrographer.

One object of the gagings has been to determine the available run-
off for storage of the several streams at sites selected for storage
reservoirs.* It was not practicable in most cases to locate a gaging

sThese reservoirs are described in the report on New York’s water supply, by John R,
Freeman,

.
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station precisely at the foot of the watershed tributary to the pro-
posed reservoir. The relation between the estimated drainage areas
at the reservoir sites and at the gaging station on each stream is
shown below:

Drainage area at gaging stations.

Drainage area.

Stream. Location of gaging station.
© |proponed| gmaing | Abore
reservoir.| station. .

Sq.miles. | Sq. miles.| Sq.miles.

Tenmile River . _____ Dover Plains, N. Y _._.______.._. 200 195 195
Housatonic River.__| Gaylordsville, Conn..__._ ... 1,020 | 1,020 1,580
Catskill Creek______ South Cairo, N. Y. _______ ... ___ 140 260 394
Esopus Creek_ .. ____ Kingston, N. Y __.__.. ___ _______ 242 312 417
Wallkill River _ .__. New Paltz, N. Y. __ ... ..._. 464 7385 779
Rondout Creek ... __| Rosendale, N. Y _________.______ 184 365 a 369
Fighkill Creek . __ .. Glenham, N. Y _______._________ 158 198 204

a Above junction with Wallkill River.

The gagings at each of the stations referred to in the table are made
by means of the current meter. The stations were established by
R. E. Horton, and the discharge measurements have mostly been
made by A. E. Place and W. W. Schlecht. Velocity observations are
taken at horizontal intervals of 5 feet across the entire width of the
channel, the current meter being submerged 0.6 depth of the sound-
ing at each 5-foot station. In order to determine whether the velocity
so obtained is the true mean velocity desired, observations of velocities
in vertical planes have been taken at intervals of 0.5 foot of depth
from surface to bottom. At a number of the stations the stream bed
consists of rock strata overlain by inwashed sand or gravel. The
vertical velocity observations arc repeated from time to time to deter-
mine whether these deposits have shifted in position in such a way as
to sensibly affect the rating curve of the cross sections. During the
winter similar vertical velocity curves will be obtained to determine
the effect of the increased wetted perimeter due to ice.

‘Wallkill, Housatonic, and Tenmile rivers are interstate streams.
The first receives tributary drainage from New York, but does not
itself flow through New York State. Tenmile River lies mostly in New
York, thongh the lower few miles of its course and its mouth are in
Connecticut. Wallkill River has its headwaters in New Jersey, but
the most of its channel and watershed, as well as its outlet, are in
New York. ‘

The results of gagings at a station on Housatonic River, established
in 1900 by the United States Geological Survey, and of gagings of
Croton River by the department of water supply of New York, have
been included in this division of the report.
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CATSKILL CREEK AT SOUTH CAIRO, GREENE COUNTY, N. Y.

The drainage basin of this stream receives the run-off from the
north slope of the Catskill Range, and lies, for the most part, in the
timbered highlands of Greemne County. Its source is in a swamp at
Franklinton, the opposite side of which drains into Schoharie Creek.
The stream enters tide water of Hudson River at Catskill, the lowest
2 miles of its course, below the influx of Kaaterskill Creek, being slack
water. From Kaaterskill Creek to Leeds, a distance of 3 miles, it
flows through a gorge formed of tilted strata of bluestone, affording
within this distance a fall of 180 feet. The topography of the water-
shed is shown on the Durham, Coxsackie, and Catskill atlas sheets of
the United States Geological Survey. The stream flows over a rock
bed through much of its course. Theslopes of the drainage basin are
precipitous, and there are no lakes and little artificial storage. The
stream is subject to wide variations in flow. High-water marks
observed at the Woodstock dam indicate a freshet discharge in the
spring of 1901 of 21,000 second-feet, or 100 second-feet per square mile
from the tributary drainage area of 210 square miles.

The principal tributary of Catskill Creek above the station at South
Cairo is Basic Creek, entering at Freehold. The reported high-water
mark on the dam at Freehold indicates a maximum freshet discharge
for Basic Creek of 3,330 second-feet, or 81 second-feet per square mile
from the tributary drainage area of 41 square miles.

The gaging station is located at the highway bridge in the village
of South Cairo, and was established July, 1901. A 15-foot boxed
weight gage, divided to feet and tenths, was fastened to cross pieces
on horizontal chords of the second section of bridge from the right
bank, downstream side. The total span of the bridge is 194.5 feet
between abutments, the faces of which are vertical. The stream bed
is of earth for 25 feet from the right-hand abutment. At this point a
bluestone-rock ledge outerops, covered in patches with loose shingle
and shifting gravel. The bench mark is an ‘“0” near outer corner,
upstream side of bridge seat, on right-hand abutment.

Elevation of benchmark ... ... ______ ... 100.00
Elevation water surface when gage reads zero_ ... ... ... ____ 8.1
Center of highway 50 feet to left of end of bridge - __.._...__. 97.11

The entire low of the stream at all stages passes under this bridge.
High-water marks observed at the bridge indicate a maximum eleva-
tion of the water surface of 96.2 feet, equivalent to a gage reading17.5
feet. The stage of the stream is observed each morning and evening
by the gage reader, Mr. C. F. Abrams. The following table shows
the results of discharge measurements which have been made. Dur-
ing extreme low. water the current-meter measurements are made by
wading at a point 400 feet below the gaging station,
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Table showing principal developed water powers on Catskill Creek in 1901.

‘Working <} i 0
head on wa- ® % g 8
ter wheels. g £S |«
2. 583 =
: . . By 23| og
. Name of mill and of | Business or class =g |gs 8
g Location. owner or operator. | of manufacture. E,.g E’f; % E.E’.
2 § & = 22 §‘ 2t
3 lglg 2 rgiEla
S gleig] 2 [8®9 0
“ la|< B B m
Ft.\Ft. Ft.
1| Leeds _.. .| Catskill Woolen | Woolen and cot- | 26 | 12| 8 | Entire..| 200 60
Mill.» ten fabrics.
2| . s (. Wﬁt"la{Vﬂle ‘Woolen |.._.. A0 i 19 4|14} _.do....] 200 80
ill.» -
3 | Lakes Mills.___| Lakes Mills_.....____ Gristmill____._____ RPN A0 RS RN (s SO PRI R
4 | Woodstock ... Wﬁqgsgock Paper | Paper mill________ 24110 | _.do. |- lo.
i1l
5 | Freeholde...__. Brown's Mill____.____
6 | Greenvillec____| Reed’s Mills__.._____.
7 | East Durham__| Not reported
8. ... doe_ .. _.... Atter Bros...........
9 |- L 1 S, (1)
» Mill not operated. 4 Abandoned, Glenbrook Stream.
b Mill abandoned. ¢ Glenbrook Stream.
¢Basic Creek, tributary Catskill, at Freehold.
Daily gage height, in feet, of Catskill Creek at South Cairo, N. Y., for 1901.
Day. July.| Aug.|Sept.| Oct. (Nov.| Dec ‘ Day. July.| Aug.|Sept.| Oct. | Nov.| Dec.
1. 2.55 129228 |27 {265 ; 3.85 (2.4 2.8 302 2.7 500
2. 2.6 18.00 27527 |265)| 3.78 | 2.52 | 2.97 1 2.97 | 2.75| 440
3. 2.55 ) 3.22 | 2.7 | 2.65|2.65 4.35 12,62 2.97 |29 |27 400
4_ 524 (3.272.7 {267|3.30 3.58 [ 2.67|2.82 | 2.8 | 2.7 8.8
5. 2.9 |24 |3.06|267|267]|3.3 3.17|2.75 | 2.8 | 282 |27 | 3.9
6. 3.3 |25 292|267 |2.65]|3.32 2.67 18.05[2.8 |28 (27| 4.00
7. 8.6 |3.35 | 2.87|R2.62|27 |33 2.9518.22|R.97|2.8 [R.70 ] 4.00
8_. 3.63[3.05 |29 (26527 (33 3.0 |3.45 27228 |27 407
9. 3.35 128728726 |2656!33 3.02 135526228 (27| 345
10._. 3.075| 2.8 | 2.82 ! 2.65{2.65|5.35 2.82 132 (265128 |27 3.45
1. 3.63 |2.77|2.8 |26 [2.65]4.62 2.7 12.95]2.65 |27 265 3.40
12... 3.4312.65|2.75 2.6 |2.67)|445 2.7 |28 |27 |27 265 3.5
18 3.23 | 2.55 | 2.77 | 2.65 | 2.8 |3.95 2792127 |28 (27| 265! 3.8
14 3.00 |25 [272]28 [8.02|6.% 2.65 12,6528 |27 |2.65| 4.50
15... .85 (2.5 (27 (8.1 (2.8 (12.80 2.6 (2.6 [-..... 2 (I 4.40
16 e 2.9 |25 (2.7 (8.15|2.82]5.60

Current-meter discharge

measurements of Catskill Creek at South Cairo, N. Y.

Date. M%&gilgiafe Discharge. Hydrographer.
1901 Feet. Second-feet.
October 10 _ ... _____._..__ 2.58 23.8 | Hollister and Schlecht.
October 4 ... ... ______._. 2.70 25.6 | W. W. Schlecht.
November 8_.___ .. ________ 2.70 27.6 Do.
August19._ ... ______. 2.70 39.6 | Hollister and Place.
September 23 __ ... _________ 2.74 35.6 | W. W. Schlecht.
November 9.._____.____.___ 2.75 42,3 0.
dJuly4. .. 2.75 60.9 | Horton and Hollister.
Auvgust 1. .. _______ 2.80 47.9 | A. E. Place.
October 22 __ . ..________. 2.82 54.2 | W. W. Schlecht.
September 7. ____._.__ .. ... 2.92 68.8 | A. E. Place.
August9___________________ 3.00 81.5 Do.
July @5 .. ... 3.00 81.9 Do.
September 2 . ____._________ 3.00 87.0 Do.
August 27 ... .__._. 3.12 121.4 Do. .
July 1% .. 3.50 260.3 | Pressey and Place.
July20 . 3.60 307.5 | A. E. Place.
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A gaging was made through ice 0.2 to 0.7 foot thick at a point 200
feet below the highway bridge by W. W. Schlecht, December 9, 1901.

Gage height._ .. ______________ ... 3.30
Discharge ... ... second-feet _. 109.5

ESOPUS CREEK AT KINGSTON, ULSTER COUNTY, N. Y.

Esopus Creek has its source in Winnisook Lake on the northwest-
ern slope of Slide Mountain, the highest peak of the Catskills.

From Big Indian to Olive Bridge the stream flows through a deep
valley, flanked on both sides by timber-covered mountains. Numer-
ous sites for dams or storage reservoirs are offered at points where the
valley broadens out for a short distance to receive the inflowing
waters of tributaries. The most notable are at Big Indian, where
Birch Creek enters; at the mouth of Bush Kill, at Shandaken; at the
mouth of Stony Clove Creek, at Phoencia; at Coldbrook, where Little
Beaver Kill enters; and at Olive Bridge. The stream channel is rela-
tively broad and shallow. The bed is covered with cobble and small
bowlders left behind after the erosion of drift deposits which formerly
filled the valley. The descent of the stream is rapid though not pre-
cipitous until Olive Bridge is reached. At this point the stream
flows over a rock ledge in a narrow gorge forming Bishops Falls.
The natural fall is 22 feet, and is increased to 28 feet by a timber dam
on the crest of the ledge. This dam was originally constructed in
1828. High-water marks at Olive Bridge, just below the falls, indi-
cate that the stream is subject to fluctuations of stage of 30 feet or
more in a gorge 100 feet wide. Below Bishops Falls the stream flows
through a narrow gorge for some distance, after which the valley
broadens out and the slopes become more gentle.

At Kingston the stream turns northward and flows parallel to Hud-
son River to Saugerties. A second notable waterfall occurs at Glen
Erie, where a short cascade occurs, involving a fall of 56 feet. The
final descent to tide water at Saugerties is made through a fall of 42
feet.

The gaging station was established at Washington avenue bridge
in Kingston July 5, 1901. This bridge has a clear span of 116.6 feet
between abutments, which are nearly vertical. In addition, there is
on the left-hand side an overflow channel 19 feet in width. A boxed
weight gage, reading from zero to 15 feet, with the scale graduated to
tenths of feet, was secured to the horizontal bridge chords on the
upstream side near the left-hand end of the bridge. Gage readings
are taken each morning and evening. The observer is John Douglas.
A circular chisel draft cut in the corner of the coping of the right-
hand abutment forms the bench mark.

Elevation of bench mark___ . __ . e cmacaeno- 100.00
Elevation of water surface when gage reads zero. ... ... ... ... 68.27
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Owing to unfavorable conditions at the bridge, gagings during
extreme low water and during freshets are made, the former by wad-
ing at a point near the bridge and the latter at the Ulster and Dela-
ware Railroad bridge, one-fourth mile upstream. The maximum
stage of the stream corresponds to a gage reading of nearly 25 feet.
December 15, 1901, the stream attained a maximum gage reading of
22.75 feet.

Daily gage height, in feet, of Esopus Creek at Kingston, N. Y., for 1901.

|

Day. July.| Aug. |Sept. | Oct. |Nov.| Dec. Day. rJuly. Aug. |Sept. | Oct. |[Nov.| Dec.
...... 3.97 | 6.47 | 4.52 | 4.62 | 4.60 || 17 ‘ 4.05 | 4.87 | 5.0 | 4.47 1 4.30 | 10.55
...... 3.95 | 6.3 |4.62|4.52| 4.52 4.05 | 4.55 | 5.27 | 4.42 | 4.37 | 9.05
..... 13.9 16.67|4.7 (43| 4.7 .| 4.6 145 150746 |4.52 8.10
...... 4.95 | 6.27 | 4.52 | 4.37 | 5.45 o 4.15 1 4.77 | 4.85 | 4.77 | 4.50 8.00
.3 183.95 5.8 [4.42 4,55 4.62 (4.1 15.9 5,17 1 4.77 | 4.47 7.75
.35 | 3.7 | 5.57 | 4.3 | 4.47 | 4.67 . 8.9 |6.62]4.77|4.67 | 4.52 7.20
.3 | 3.95 | 5.42 | 4.47 1 4.57 | 4.72 . 4055924921467 4.45 6.85
A4 170 15,021 4.57  4.47 1 4.65 4.0 | 7.35|4.77 | 4.62 | 4.52 6.70
4 15721517 |45 482 ... 139 17.67 45 462|462 6.5
.25 | 517 | 4.9 | 4.52 | 4.32 | 5.60 18,97 | 6.52 | 4.37 1 4.52 14601 6.3
.25 | 5.05 | 5.02 | 4.47 | 4.45  11.50 . 8.92 1602 |45 |4.42 | 4.57 6.25
.8 | 4.87 | 4.87 | 4.4 | 457 9.2 . 8.85 | 5.87 | 4.72 | 4.45 | 4.77 |  6.00
.3 1 4.7214.9 |45 460 7.3 8721572 | 4.45 | 4.57 | 5.45 7.55
.2 4.6 | 4.87 452 |4.45| 8.12 4.2 15.45|4.42 | 4.47 | 4.52 | 11.65
.05 | 4.42 | 4.72 | 4.57 | 4.87 | 21.38 4.25 | 6.22 |___... 4.6 |._.__ 9.45

2 1 4.42 1475 1465 | 4.48 | 15.20

Current-meter discharge measurements of Esopus Creek, at Kingston, N. V.

Date. h%?g et. Discharge. Hydrographer.
1901. Feet, Second-feet.
August 5. ... . ____ 3.60 | 39.9 | A.E.Place.
July 22 ... 3.80 64.2 Do.
July18. . . 4,10 144.9 Do.
Julyb. . . 4,82 148.0 | Horton and Hollister.
July19. ... 4.40 172.7 | A. E. Place.
November 18. ... __________ 4,45 126.5 | W.W.Schlecht.
September 26 .. ___________ 4.55 167.8 Do.

Do ... 4,55 150.4 Do.

August19___. _____________. 4,60 180.2 { Hollister and Place.
October 10 . ._______________ 4.62 165.8 | W. W. Schlecht.

Do .. 4,62 188.1 | George B. Hollister.
October 8 ____ .. ___________. 4.70 178.2 | W. W. Schlecht.
November 1________._______ 4,74 184.3 Do.

November 14 .. ___________ 4.75 195.4 Do.
September 21_____ . . ______ 4.8 200.3 Do.
August10____..___.________ 4,85 239.2 | A.E. Place.
November 26_ ______________ 5,06 244.7 | W.W.Schlecht.
October 8 ... . ... .______ 5.26 329. 4 Do.
September 6__._____________ 5.46 352.2 | A.E.Place.
August 9 ... ... I 5.50 364.3 Do.

October 21 _ ____ ... ... __ 5.56 380.8 | W. W.Schlecht.,
August8.__________ ______. 5.65 396.1 | A. E. Place.
September 4. . _ . . _____ 6.11 554.3 Do.
August®7_._ .. . 6.26 728.6 Do.

October 16 . ________________ 6. 64 785.2 | W.W.Schlecht
December 19 _ .. ____________ 8.85 | 1,472.0 Do. :
December 11 - _____________. 11.46 | 1,720.8 Do.*
December 30 - _________._ .. 12,15 | 3,989.0 Do.

» Backwater from jce dam 300 yards downstream.
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Drainage areas of Esopus Creek.

Location. Area.
Sq. miles.
Above mouth at Saugerties . ... ... ___._________ e
‘Above Glen Erie Falls ___.______ . ... 409
Above gaging station, Kingston. ._ ... ... .. _ .. _______. 312
Above Bishops Falls, Olive Bridge ... ... . .. ... ... ... ... 234

~ Esopus Creek was measured by E. G. Paul at Broadhead’s bridge
August 14, 1900. The discharge was 92 second-feet.

From a report of M. E. Evans, civil engineer, to the Saugerties
Manufacturing Company in 1899 the following estimate of the mean
flow of Esopus Creek during the several months of the dryest year
has been taken. The method of obtaining these results is not stated:

Mean flow of Esopus Creek.

Month. Flow. Sggx gfilie. Month. Flow. Sq}’;lgg 11])311' o.
Second-feel.| Second-feet. Second-feet.| Second-feet.

Janvary ... _.____ 586 1,41 | July. ... 98 0.24
February.__._.___.. - 705 1.69 || August ... ___.__ 147 .35
March._.____.____ 783 1.76 || September_______ 152 .36
April . . ... 658 1,58 || October ___..__._ 244 .58
May ......_....__. 442 1.06 | November ... _.. 456 1.09
June ___ ... ______ 304 .78 || December __...._._ 489 1.17

Mr. Evans states that on December 10, 1878, occurred the highest
known freshet in the stream. This resulted from a snow fall of 6
inches, followed by continuous excessive rains for three days, termi-
nating in a downpour of unusual severity. The stream flowed in its
highest stage 13 to 14.5 feet in depth over the crest of the dam 330
feet in length, indicating a flood discharge of from 50,000 to 60,000
second-feet, or from 120 to 145 second-feet per square mile.

Water is diverted from Sawkill Creek, a tributary of Esopus Creek,
for the supply of Kingston. Sawkill Creek has its source in Echo
Lake, 2,060 feet above tide, and flows southeasterly; entering Esopus
Creek 4 miles below the city of Kingston. Its channel is very pre-
cipitous, and numerous waterfalls occur. Two reservoirs have been
constructed, the lower one at an elevation of 350 feet above tide. The
amount of diversion varies from 1.5 to 3 second-feet.

Gagings of Sawkill Creek by William R. Hutton indicate the flashy
and torrential character of the run-off from HEsopus watershed.” Mr.
Hutton’s measurements showed a minimum discharge of 1.5 second-
feet at a point 1.5 miles above the mouth. In April, 1895, the melting
of a 12-inch fall of snow, occasioned by warm winds and heavy rain,
produced a flow of nearly 8,000 second-feet estimated discharge over

» Water-Supply and [rrigation Paper, U. 8. Geol. Survey, No. 85, pp. 61-62.
IRR 65—02 5
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the spillway of the lower reservoir. In 1896 it is estimated that a
similar flood furnished over 8,000 second-feet. These extreme floods
are of very short duration, the water remaining at its maximum stage
not more than an hour or so. The drainage area above the point
where the measurements were made is 35 square miles.

Estimated extremes of discharge of Sawkill Creek.

. Discharge
Discharge. square mile.

. Second-feet. Second-feet.
Minimum - ... 1.25 0. 036
Maximum ... 8, 000. 00 229, 000

Principal developed water power on Esopus Creek in 1901.
Working ST A
head on wa-| B % 5| 8
ter wheel. BBl w
o.8| ©
1 ad .
) Name of mill and of | Business or class | Water | g5 8| =d
Location. owner or operator. | of manufacture. | . [privilegel B'BE | £ 3
7 ¢ |atdam. | 833| 2%
2| .| B | &
AR o 2
2182 382 3
CRINRR- &7
Ft.\Ft.|Ft.
Saugerties ........ Diamond Paper Co. | Tissue paper..... 42| 28 | 35 | Leased .| 607 425
(Shefﬁeld esta,bhsh-
ment),*
Do .ooooo. Saugerties Mfg. Co. | Blank books ..... 28114 |21 |._..do... 90 [-ooenn
(S eé';ﬁeld esta.bhsh
4milesabove Sau- Leggs mill.__._.___ Gristmill. .. JRR (R S
gerties.
Glen Erie...__.__. Ulé;te{ White Lead | Whitelead....__. 56 |....| 56 | Entire .|.__..... None.
0.
Oliv 2 &1 idge, | Boice gristmill__._..._ Gristmill.____.___ 28 |....| 22 | One-half|..___.. None.
rig’
Ohve brldge, left | De Wett’smill (leased | Sawmill_____..._. 28 .2 i._..do.. .. ..... None.
bank toHudson Pulp Co).¢
Brown station..__| Hudson River Pulp Co.| Pulp mill Entire .| ... |....._.
Boiceville____..... J. E. Hornbeck .___... Excelsior - 9 (....do._. 90 20
Phoenicia . .| Mrs. De Mott_.... _...do.._. 6--ccdo_ oo S
Big Indian. R.&T.C. Wey Sawmill.___..____ ceedo... 60 | None
PineHille._____.__ G%Z[):ll Rose Turning | Wood turning .__ __,_‘,_.. 10 f...do..|-.... None,
il
*Operated 24 hours per day. 4Good fall.

b Idle since 1893. ¢On Birch Creek.

¢ Not operated.
RONDOUT CREEK AT ROSENDALE, ULSTER COUNTY, N. Y.

Rondout Creek has its source in the heart of the timber-covered
mountain group forming Wittemberg Chain. It flowssoutheasterly to
Napanock, where it encounters the foot of Shawangunk Range, turns
abruptly to the northeast and enters the Hudson River at Rondout.
Its watershed on the south is very restricted, as it is separated from
the Wallkill River only by the narrow Shawangunk Ridge. Notable
waterfalls occur at Honk Falls and Napanock over Hudson River
shale and on Good Beer Kill above Ellenville. On Good Beer Kill
there is a total fall of 870 feet from the Cape, 3 miles above Ellenville,
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to Ellenville. Of this about 200 feet are concentrated in a series of
cascades called Hanging Rock Falls.

Water power was originally developed at Napanock in 1754. At
present there are 5 dams in this village utilizing a total fall of 115
feet. A series of cascades, involving a descent of about 50 feet, occurs
at High Falls, where the water flows over Rosendale cement rock.

The gaging station was established at the highway bridge in Rosen-
dale, 3 miles above the junction with the Wallkill, July 6, 1901. Read-
ings of the river stage are taken each morning and evening by A. E.
Huben. A 15-foot decimal scale in a wooden box, with weight and
wire for observing the gage height, is supported by outriggers fastened
to the ehords and floor beams near the center of the downstream side
of the bridge. The bridge has a single span of 136 feet. The bed of
the channel is rock, and the entire flow, aside from diversion to the
Delaware and Hudson Canal, deseribed elsewhere, passes under the
bridge at all stages. The current is sluggish during extreme low
water. Gagings of low stages of the stream are made by wading at
a ford 1 mile downstream. The bench mark is a “0” cut in the
upstream corner of the bridge seat, right-hand abutment.

Elevation benchmark_ .. ____ . _____ 100.00
Elevation water surface when gage reads zero___..__.____.__. 67.97

Drainage areas of Rondout Creek.

Location. Area.
Sq. miles.

Above Honk Falls ... _____.____________ . I

Above High Falls ___ . ool 339
Above gaging station, Rosendala_ . _________ . .. ___. 365
Above junction with Wallkill River_ ... ___ ______________._____.._ 369
Below junction with Wallkill River___._ . . ... . ... . .___.... 1,148
Above mouth at Rondout. .. __ . _____ . _..... 1,164
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Current-meter discharge measurements of Rondout Creek at Rosendale, N. Y.

Date. h(giz%l%. Discharge. Hydrographer.
1901. Feet. Second-feet.
July 18 . 6.30 118.2 | A. E. Place.
August 6. _______________ 6.40 99.4 Do.
November 7 .. . ___________. 6.42 138.2 | W. W. Schlecht.
September 24_ ... ___. 6.45 139.6 Do.
October11___ ... . .. _...__ 6.47 163.2 Do.

Do ... .. 6.47 201.8 | G. B. Hollister.
November 16 _____.________ 6.55 183.0 | W. W. Schlecht.
July6.._._. ... 6.55 319.0 | Horton and Hollister.
August 15.._ . .. ____ 6.55 225.4 | A. E. Place.
October 7 _._____ .. ______. 6.60 217.5 | W. W. Schlecht.
December 6 . .. . . _ .. 6.80 221.8 Do.

September 7________ . _____. 6.90 426.7 | A. E. Place.
AugustR0 .. __________. 6.94 526.4 | Hollister and Place.
October 18 - . ______________. 7.03 509.9 | W. W. Schlecht.
August 28____ . ___.____ 7.15 644.6 | A. E. Place.
August 8. .. 7.50 745. 4 Do.
September 4________________ 7.55 836.1 Do.
December 21 _________._____ 7.60 772.0 | W. W. Schlecht.?
Septemberd .___. ... ___. 7.80 | 1,200.0 | A. E. Place.-
December 12 . ___._________ 8.00 | 1,490.8 | W. W. Schlecht.
November 26 ______________ 7.21 675.4 Do.
December 30 ___.______._.__ 11.95 | 5,353.0 Do.=

»Stream somewhat obstructed by shore ice.

Daily gage height, in feet, of Rondout Creek at Rosendale for 1901.

Day. |July.|Aug.|Sept.| Oct. |Nov.| Dec. Day. July.|Aug.|Sept.| Oct. |Nov.| Dec
.57 1%7.6217.26|6.50} 6.55 .1 6.30 | 6.50 | 6.67 | 7.10 | 6.55 | 8.95
5.5017.9516.8 | 6.50 | 6.40 6.85 | 6.75 | 7.05 | 7.00 | 6.55 | 8.40
6.80 | 7.80 | 6.95 | 6.50 | 6.50 .| 6.55|7.30| 6.8 6.90 | 6.5 | 7.77
6.25|17.61]6.80|6.456| 6.8 6.48 [ 6.95 | 6.65 | 6.80 | 6.50 | 7.55

_16.17 1 7.4216.70 1 6.40 | 6.87 .1 6.47 ) 8.5 6.5516.72 6.40 | 7.56
6.3516.97 | 6.62 | 6.40 | 6.85 _16.8718.15|6.52 [ 6.70 | 6.35 | V.57
_-| 9.75 | 6.87 | 6.55 | 6.40 | 6.92 1 6.40 | V.50 | 6.47 | 6.70 | 6.40 | 7.95
50 | 7.85 | 6.77 | 6.55 | 6.40 | 7.00 .| 6.35 | 9.00|6.42 ] 6.60 | 6.50 | 7.75
.40 1 6.92 |1 6.67 | 6.52 1 6.40 | 7.20 .| 6.35]9.40 [ 6.40 | 6.60 | V.60 | 7.22
.25 | 6.62 | 6.60 | 6.45 | 6.40 | 9.20 6.30 | 8.10 | 6.35 | 6.60 | 7.25 | 7.12
.20 | 7.17 1 6.60 | 6.42 | 6.3V | 9.25 _| 6.47 | 7.47 1 6.32 | 6.60 | 6.97 | 7.00
.25 | 7.42 | 6.65 | 6.42 | 6.45 | 8.22 .1 6.42 | 7.1516.30 | 6.65 | 6.87 | 7.35
.30 6.87 | 6.72|6.50 | 6.95 | 17.75 .| 6.87 | 6.95 | 7.056 1 6.50 | 6.80 | 9.10
.33 | 6.56 | 6.57 | 7.25 | 6.80 | 8.97 J| 6.67 | 7.42 1 7.41 | 6.50 | 6.80 | 12.12
.80 ] 6.50 ) 6.50 | 7.72 | 6.62 | 16.75 6.2 1 6.72 . .___. 6.50 |_..... 10.00
.88 | 6.52 | 6.62 | 7.37 | 6.60 | 10.60

DIVERSION FROM RONDOUT CREEK TO FEED DELAWARE AND HUDSON
CANAL.

The Delaware and Hudson Canal utilizes slackwater from the mouth
of Rondout Creek to Eddyville. From the head of the pond above
Eddyville dam the canal runs parallel to Rondout River as far as
Napanock. From Napanock to Summitville it follows the valley of
Sandberg Creek, tributary to Rondout River at Napanock. Numer-
ous dams on Sandberg Creek, also dams on Rondout Creek at Port
Hickson and High Falls, formerly supplied the canal with water from
its Summitville level to Hudson River tide water. The Delaware and
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Hudson Canal was originally constructed in 1850. In 1898 it was
abandoned from Honesdale, Pa., to Ellenville, N. Y. August 1, 1901,
the remaining eanal, with the exception of that from High Falls feeder
to Rondout, was abandoned. The gaging station on Rondout Creek
at Rosendale is situated opposite the canal level between locks 6 and 7.
The water supply is entirely drawn from the dam and feeder on Ron-
dout Creek below High Falls. A current-meter measurement of the
flow in the feeder September 19, 1901, showed the diversion from
Rondout Creek to be 28 second-feet at the dam. A measurement of
the outflow from the Rosendale level showed the flow in the canal past
the gaging station to be 10 second-feet, the remainder of the diverted
water having been returned over three intervening wasteweirs.

The presence of the canal parallel with the river probably increases
the loss from surface evaporation on Rondout Creek to some extent.
The canal follows the left-hand bank of Rondout Creek and inter-
cepts some inflow from drainage on that side. All water diverted
from Rondout Creek at, High Falls feeder, with the exception of
evaporation losses, is returned to the stream before it reaches Ron-
dout. A part of this water is carried past the gaging station at Rosen-
dale. In order to determine the amount of this diversion during the
season of canal navigation, usually from April 1 to December 10, a
record has been kept at lock 6 or Creek Locks at the lower end of the
Rosendale level. The record includes:

(1) Overflow of by-pass weir.

(2) Water used for lockage.

(3) Flow through paddles in miter gates.

There is also-a small amount of leakage of the lock wall and gates
which has not been estimated. The flow in the canal at lock 6, added
to the flow at the Rosendale gaging station, will give the total actual
run-off from Rondout Creek watershed above Rosendale. A record
at lock 6 has been kept since October 1, 1901, showing the mean
monthly diversion as follows:

Second-feet,
October, 1901 . ___ .. _. . e e e e il 20
November, 1901 . ... 19

RONDOUT CREEK AT HONK FALLS, ULSTER COUNTY, N. Y.

Rondout Creek above its junction with Sandberg Creek at Napa-
nock (also called Lackawack Creek) is essentially a mountain stream.
At Honk Falls a natural declivity affords a fall of 125 feet over tilted
strata of Hudson River shale. This fall has been increased to 147.5
feet by the construction of a masonry dam at the head of the gorge.

Water to feed the turbines is carried to the power house, gne-fourth
mile below the dam, in a circular steel penstock. The turbines are
a special design of the Victor type. The outflow from the turbines
passes over a tailrace weir below the power house. The total flow of
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the stream passes either over the spillway of the dam or over the tail-
race weir. The dam is of conerete masonry. It has an ogee-shaped
cross section and a level spililway 186.6 feet in length.

Arrangements have been made for maintaining a record at this
plant. A Bristol recording gage will be placed above the dam, arranged

OPERATIONS AT RIVER STATIONS, 1901.—PART I. [~o. 65.

to keep a continuous reecord of the discharge over the dam.
of the amount of water used by the turbines will also be kept.
maximum observed discharge of Rondout Creek at Honk Falls has
been 8,650 second-feet or 98.1 second-feet per square mile from the
tributary drainage area of 88 square miles.

mitted to Ellensville, a distance of 3 miles.

A record

Prinecipal developed water powers on Rondout. Creek tn 1901.

The

The power is used for the generation of electricity, which is trans-

- k=] 0
Working E Sz g
head on o ] o
water % B .| ©
N # mill snd wheels. = = ,% 5l Ba
ame of mill an : 5 2z
. i Business or class = g a8k o
g Location. of owner or op- | JFaO8S0 © 808 Bt geg Bd
) erator. ; . 3 o
K % &l = 82 &
— o} . o) a
8 SI8|E| = (B8 %
=] = % b = gEBY 0
Z sla)j<| B & o
. Ft.|Ft.|Ft.
1 Eddyville........ Delawareand Hud- Slack.water nav-{..._|....|-...| Entire..{ None.| None.
. son Canal Co. gation.
2 | Lawrenceville ... Lawrengeville Ce- Natural cement.|....|---.| 10 |...do....[ () [-eeeeen
ment Co.
Below High Falls| W. I. Vandemark _____ A0 oo 1410 e b 80 125
(J.H. Vande-
i mark estate). .
4 HighFalls.._._.. Hasbrook & Hop- | Flourmill..._.... eeeclen--| 12 | Entire..l ...
per, Ulster
County Savings | .
Bank.
LT DA s U RN B Abandoned ._..__ e 81 do .
6 Port chkory Delawareand Hud-| Canal Feederc___|_.__|....| 10
son Canal Co.
7 | Napanock? . E.C.Shook & Son._ | Flour mill.. 6 |-
8 . Napanock ___ M. M. Pillsbury ..._| Grind sho |7
9 | Napanock (R. H.) H{{l mphrey & | Paper mll}) T7TTi 80 Ome-half] 481 .o.lo-
oungs.
10 | Napanockx(L.H.)| J. C. & 8. E. D. |..._. s 1o U, ceec|eeaa| B0 ..ndo.... ..............
Hornbec. |
11 | Napanock .._.... Pl%lsbury AX FAC |oooee oo O SRR DRSSO RO PR P
ory
12 | Napanock (L. H.)] Napanock Knife ... ... RS DU i 1> 12 | None
18 ..~ L 1 S CR U PRI I TR P () [EUURN A,
14 | Napanock (R.H.)| Young & Hum- | Barking-knife |_...| ... {.... One-half|.______|...._..
phrey (JohnRus-{ works.
sell egtate).
15 | Napanock (L.H.){ M, M Pl]!l{[l?lbury Toilet tissue pa- |....[ ...[ 56 |...do._..[ 598 | ... ...
per. .
16 | Napanock ....... HonlEeFalls Power | Generation of |._..|....[147} Entire..| 1,500 | None
Co. electricity.
17 | Lackawack .__... C.N. Morse........ Excelsior ...__... 11|....|10|...do....| 140 |None
18 | Grahamville Sawmill R N .
19 | Bull River ._._... 2 sawmilly PR

s Power not used.

» Dam also feeds Delaware and Hudson Canal.

¢ Abandoned,

2 Upper Rondout or Lackawack Creek.
e Abandoned privilege.
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WALLKILL RIVER AT NEW PALTZ, ULSTER COUNTY, N. Y.

Wallkill or New Paltz River has its source in Sparta Mountain,
New Jersey, about 21 miles from the point where it enters New York
State.> From its source to the head of the Drowned Lands it is essen-
tially a highland stream. Mr. Vermeule states that high-water marks
on Clove River, one of the tributaries of Wallkill River in this region,
indicate a discharge of 67 second-feet from a drainage area of 0.7
square mile, or at the rate of 96 second-feet per square mile,

The Drowned Lands are an extensive Pleistocene lake bottom situ-
ated mainly in New York. They comprise an area of 28 square miles.
A dam of drift at the north end of this tract holds back the waters of
the Wallkill, causing an everflowing of this -entire flood plain. Until
about fifty-five years ago this area formed a shallowlake or undrained
swamp. An artificial canal cut through the drift at the foot has
enabled a large part of the downstream portion to be reclaimed for
agricultural purposes.

Below the foot of the Drowned Lands, 15 miles from the New Jer-
sey line, the Wallkill flows in a broad, shallow valley, averaging per-
haps one-half mile in width. This valley has been eroded from the
drift, leaving a stream bed of cobbles and small bowlders too heavy
for stream transport. The river terraces are not abrupt, often curv-
ing gracefully to the uplands 30 to 60 feet above the stream and leav-
ing a narrow flood plain submerged only during freshets. At frequent
intervals the stres%m cuts through the overlying drift to the Hudson
River slate, and passing over ledges of this slate produces waterfalls.”

Much of the fall of the stream is concentrated in a number of such
cascades having natural declivities, as follows:

Height of cascades on Wallkill River.

Location. Iﬁg r‘f):lil'.

Mont Feet. 9
ontgomery . ... _ e e

Walden ._____ 26

Wallkill ____ - 10

Dashville - e e 42

Rifton Glen . . s 57

The draining of the Drowned Lands is believed to have affected the
summer flow of the stream in some degree.

At Gardiner the Wallkill receives its principal tributary, the
Shawangunk Kill. The divide between the two streams is formed by
vertical strata of blue shale, making a very definite ridge between the
drainage basins.

+The Wallkill in New Jersey is described in Report of Geological Survey of New Jersey
1894, vol. 3, Water-Supply, by C. C. Vermeule, pp. 147-150. See also The Wallkill, Appendix No.
14, pp. 516-530, Report on New York’s Water Supply, by John R. Freeman.

®The Geology of Orange County, N. Y., by Heinrich Ries. New York State Museum Report,
1895, part 2, pp. 395-475.
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The gaging station is situated in a drift-filled valley at New Paltz
highway bridge. The station was established July 7, 1901. Readings
of the river stage have been taken twice daily since that date by the
observer, E. Tremper.. The gage consists of a 15-foot boxed scale
graduated decimally, attached horizontally to the tie rods on the
downstream side, near the left-hand end of the bridge. The bridge
has a span of 146.6 feet between the vertical faces of the masonry
abutments. The entire flow passes under this bridge except during
extreme freshets, when a flood plain on the left-hand bank is over-
flowed. At such times discharge measurements ean be made at the
Wallkill Valley Railroad bridge, 3 miles downstream, where the
entire flow is confined to the stream channel at all stages.

The bench mark is a circular chisel draft in the coping on the cap-
stone forming the bridge seat on the right-hand abutment.

Elevation benchmark- ... ... _._____. 100. 00
Elevation water service when gage readszero__._._______.________ 70. 96

Current-meter measurements of Wallkill River at New Paltz, N. Y.

Date. h%iaggltsc‘ Discharge. Hydrographer.
1901. Feet. Second-feet.
November 9 ... __._.__..... 5.94 178 | W. W. Schlecht.
July 23 . ... 5. 20 306 | A. E. Place.
October 11 } 6.30 340 | W. W. Schlecht.
Do_.._.._.. 6.30 355 | George B. Hollisters
October 24 6.33 333 | W. W. Schlecht.
October 9 6.48 398 Do.
November 16 .. _____________ 6.50 402 Do.
July 7. ... 7.19 824 | Horton and Hollister.
July 8 .. 7.25 842 Do.
October 1 ____.________.____ 7.86 896 | W. W. Schlecht.
November 27 ... _________. .52 1,022 Do.
September 19 _ . ____________. 7.7 1,076 | Horton, Place, and Schlecht.
August 13_________________. 7.85 1,038 | A. E. Place.
July 19 _____ .. 8.23 1,243 Do.
September 5. ______.___.____. 8.90 1,676 Do. 7
August 81___________.______ 9.07 1,917 Do.
August 20, .. _.____ 10. 00 2,729 | Hollister and Place.
August 28 _________ 10.60 2,982 | A. E. Place.
December 11 _ . ____________ 11.50 3,040 | W. W. Schlecht.
December 19 _ . ___ .. ______ 13.70 3,217 Do.®
Auvgast 7. ... _____ 14.85 7,365 | A. E. Place.

aStream obstructed by ice causing backwater. December 30, 1901, the river attained a
maximum stage of 20.5 feet.
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Daily gage height, in feet, of Wallkill River at New Paltz for 1901.

Day. |July.| Aug. |Sept.| Oct. |Nov.| Dec Day July.| Aug. | Sept.| Oct. [Nov.| Dec
6.1 19.2 |7.45]|6.0 | 6.25 6.37| 6.7 |7.0517.5 |62 | 13.1
59 19.8 172160 | 6.05 7.15 1 9.25|7.624 7.27 | 6.05| 13.65
597 197|715 6.0 | 6.0 | 7.98 11,15 7.65 | 7.15) 6.15 | 13.75
6.0 |19.85|7.00 6.0 | 62 2 110151 7.4516.9516.35 | 12.95
6.45 | 8.55 [ 6.95 | 6.06 | 6.35 6.5 /10.25)7.8 |67 | 7.8 | 1LY
6.45 | 8.85 1 6.85 | 6.1 6.65 6.35 | 10.25 | 7.1 | 6.45 | 8.1 10.7

5 12.05 | 8.05 | 6.65 | 6.0 | 6.6 6.25 | 10.15 | 6.95 | 6.32 | 8.65 | 10.45
11.25 | 7.7 | 6.47 5.9 | 7.8 6.05; 9.7 |6.824 6.3 |83 10.15
9.8 |7.4736.35 5.8 | 10.0 |60 11483 |6.65|6.2 |8.10! 9.55
9.15 | 7.45 (6.3 |5.75 | 12.3 6.0 |12.0 [65 16121745 9.0
9.1 |7.25]16.8 |5.65|11.7 5.85 | 11.25 | 6.35 | 6.1 [6.95| 9.25
8.05 7056162 (5.9 |10.3 5.8510.6 |6.35(6.1 |6.85 9.7
7.7 |7.156]6.2 |6.4 |10.05 5.8 1 10.1 |6.65]6.1 66| 1.8
7.15 | 6.95 | 6.85 | 7.0 | 10.6 .1 5.8 9.9 |7.25(6.1 |6:45| 19.35
7.4 66575 (6.9 |138.3 5951 9.15 [__.... 6.5 (... 19.2
7.1 | 675 (7.8 | 6.55 | 12.85

Mean daily flow,® in second-feet, of Wallkill River at New Paltz, N. Y., for 1901.

[Drainage area, 736 square miles.]

Day July.| Aug. |Sept.| Oct. | Nov.| Dec. Day. [July.| Aug. |Sept.| Oct. |Nov.| Dec.
) NS PR 264 1,940, 886 220 330 7420 1,975 974 802 242 5,968
P2 P 190 2,428 790|220 242 1,159 3,602 988 742 286/ 6,080
;D N 212 2,345 7420 220 220 768 2,622| 886/ 647] 874 5,219
4T 2,045 670, 220 308 40| 2745 S14| 532 814 3,998
> S 418| 1,508 647| 242| 374 34| 2,745 18| 418( 1,230 4,118
[T 418) 1,280] 601 264 509 330 2,663 647 363| 1,569 2,909
SR 8011 4,328! 1,200, 509 220/ 486 242 2,306/ 589 352i 1,380, 2,663
8. 7801 8,590 1,014] 429 815 220 6,714 509 308| 1,230| 2,189
9.. 638) 2,010/ 898 374| 175| 2,540 220 4,280 440| 275] 1,380 1,800
886; 352 145| 4,568 175 3,590, 3874| 264| 647 1,975
790) 352 115] 3,998 175! 8,034; 374 264, 601 2,306
694| 308 205| 2,786 175 2,622 509 2064 509 4,092
742 308 396| 2,540 160| 2,462 790 264] 418 g‘)
647| 874/ 670) 3,034 215 1,905 ...... 400 ..... )
509! 9100 624] 5,588
555 1, 463 5,117 521 2,077 963 5220 520 2,832
64 910 5,876
» These figures are subject to slight changes as more measurements are made.
bExceeds limit of rating table.
Drainage areas of Wallkill River.
Location. Area.

. . Sq. miles.
Wallkill River above Franklin Furnace, N. J _______..._... ... ... 3
Wallkill River at New York and New Jersey Stateline____.___ .. ___. 210
Wallkill River above foot of Drowned Lands ____.____._...___....__.. 393
Wallkill River above Freeman’s proposed dam site.____._...__..___._. 464
Wallkill River, mouth Shawangunk Kill _________ . ___________ .___.__. 563
Shawangunk Kill River above mouth._______ . _____ ... .. __.______._. 149
Wallkill River below mouth Shawangunk Kill .____. . .. ..______.. 712
Wallkill River above gaging station at New Paltz. .. .. ... ___._. 735
Wallkill River above RiftonGlen .. _____ ... . ____._____ 761
Wallkill River Junction with Rondout Creek ... ___._____. 9
Wallkill River total drainage in New York..._ ... .. . . __......__ 569

A current-meter measurement of the discharge of Wallkill River
at Rockford Bridge, New York, was made on August 13, 1900, by E.
G. Paul, showing a discharge of 70 second-feet.

Throughout its course the Wallkill lows northeasterly, nearly par-
allel to Hudson River. It joins Rondout River near Lefever Falls,
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and the two enter Hudson River at Rondout. Together they form
the most extensive river system in southeastern New York, aside
from the Hudson River.

Mean monthly run-off of Wallkill River at New Paltz, N. Y.

[Drainage area, 736 square miles.]

Discharge Drai
Month. Discharge. | persquare 1Hage
0. | pet squa area.
1901. Second-feet.| Second-feet.| Inches.
July - ... 521 0.71 0.82
Auvugust - 2,077 2.83 3.25
September _____ .. .. 963 1.31 1.47
October _ . ... 522 71 .82
November. . __ ... 520 .M .79
December .. ... 2,832 3.85 4.44
Principal developed water powers on Wallkill River tn 1901.
Working mrg 0
head on % S 3
water Bf
wheels. wE2 3
J O - o
. : . Water | %9 @
@ ot Name of mill and of | Business or class of Mdad He Pl
g| TLocation. | ogreroroperator.|  manufacture. . | Privilege | 2o g ol
S 4 g TlgaE| 8%
[ % Q& ="
bS] s |8 —gos| @
Is) 15 7 - IoR=E°] 0
s glg|e £59| &
a G| = o
Ft.|Ft.|FE .
1| Creek locks..| Empire powder | Black blasting [19| 9|14 | Entire ._.| 288 100
mill, Laflin and powder.
Rand Powder Co.
2 | Rifton _______| Rifton _gristmill, | Gristmill __....._.. RS R i [ PRI 19 |-
J.W.Dimick, jr.
1 do._..____. J. M. Dimick Co __| Velvet carpets (32|21l |....| Entire ._..| 679 |.......
and Wilton rugs.
4 | Dashville ____\_______ ... ... Abandoned grist- | 42 | |-ooo|occcem oo eeaea
mill =,
5| Galeville.__._ } ...................... Aba.rllldoned grist- foo oo 10 | e
mill,
6 | Wallkill______ i J.C. Hedden ___... Hat factory ......_| 14 |._._|-.._| Entive ___|...._.. [,
7| Waldon ___.._| Waldon Knife Co._| Pocket cutlery ....[ 12 | 11| 8 43.?541};1&1'9 150 1 (4]
inches. |
8 .. do._....... N%Sva S][(ork Knife | Cutlery _......_.._. 83 813 82 |.coeenans 300 ; None.
orks.
9 | Montgomery Cra{;btree&Pa,tch- Worsted yarns ._.__{____|....| 9| Entire ...| 160 5
ett.
10 | Red Mills ....| Red millP._.... ... Gristmill ._.___.... JROR PN I [ I D do. .. ... None.
2 Abandoned about 1845. bOn Shawangunk kill.

FISHKILL CREEK AT GLENHAM, DUTCHESS COUNTY, N. Y.

The headwaters of Fishkill Creek drain the western slope of Chest-
nut Ridge Mountains. In its upper reaches the stream receives the
drainage from extensive swamp and flat lands. The lower reaches of
the stream flow along the foot of the Fishkill Range. From Fishkill
village to Fishkill Landing, where it empties into tide water of Hud-
son River, it falls over slate ledges, making a descent of 200 feet in
3 miles. This fall is largely utilized to provide water power for manu-
factories on its banks. As a result, the stream Decomes greatly
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polluted from manufacturing waste and other impurities which it
receives. The extent and character of the manufactures are shown
in the table on page 76.*

The gaging station is situated at the Newburg, Dutchess and Con-
necticut Railroad bridge in Gienham. It was established July 8,
1901. A boxed weight gage, with scale graduated decimally from
zero to 15 feet, was attached to the upstream guard rail of the bridge.
The water height is observed each morning and evening by the gage
reader, C. E. Carey. The bridge consists of a main central span,

with two auxiliary overflow channels at the ends, the length of span .

being as follows:

Left-hand overflow, station 0 to 22.5.

Main span, station 27.5 to station 122.

Right-hand overflow, station 127 to station 149.

The bed of the main channel is earth and gravel; that of the over-

fiow channels i.; of loose broken stone. The bench mark is an “07”
chiseled in the upstream corner of the left-hand pier of the main
bridge span.

Elevation of beichmark .. . ... .. .. ______.____. 1

Elevation of water surface when gage reads zero._.____ .. ___.

€3
0 D
(=]

[53)

The location of the gaging station is shown on the Poughkeepsis
sheet of the Topographic Atlas of the United States Geological Survey.

Current-meter measurements of Fishkill Creek at Glenham. N. Y.

Date. hgf; % Discharge. Hydrographer.
. 1901. Feet.  |Second-feet.
July 24 ... 3.60 60 | A. E. Place.
October 12 ___________.____. 3.80 97 | G. B. Hollister.
November 11_______________ 3.85 82 | W. W. Schlecht.
August 15 _______. 3.85 110 | A. E. Place.
September 27 ________ 3.86 90 | W. W. Schlecht.
July20 ... ____ 3.90 135 | A. E. Place.
July8 .. 3.92 147 | Horton and Hollister.
November 20 ._ .. . ____ 3.95 114 | W. W. Schlecht.
October 5 - ___ ... ______ 3.98 126 Do.
October 15 .. _____._.____._. 4.05 187 Do.
September 6__________.______ 4.15 193 | A, E. Place.
September 18. . __ ... ______ 4.22 229 Do.
December®?4 .. .. . _____ 4.52 315 | W. W. Schlecht.
August 21 ... _.___ 4.56 342 | A. E. Place.
August 80 ... . _________. 4.60 335 Do.
December 13 ... ... . _.__ 4.62 875 | W. W. Schlecht.
October 15 _ ... ... _..__ 5,10 579 Do.
December 81 __________._._. 7.48 2,210 Do. ®

aPor effect on streams of waste from above classes of manufacture see Sewage Disposal in
the United States, Rafter and Baker, pp. 82-72.
b Surface velocity used.
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A measurement through ice 0.3 to 0.4 foot thick was made by W. W.
Schlecht December 7, 1901. Gage height, 4.25. Discharge, 100.7
second-feet.

A mark is painted on the right-hand overflow abutment, labeled
‘“ High-water mark, January 22, 1891.” The elevation of this mark
was found to be 96.15, equivalent to a gage reading of 13.93 feet, and
this is said to be the highest water on record in the stream. The
drainage area above the gaging station is 198 square miles, and above
the mouth of the stream 204 square miles.

Daily gage height, in feet, of Fishkill Creek at Glenham, N. Y., for 1901.

Day. July.| Aug.|Sept.| Oct. |Nov.| Dec Day. July.| Aug. Sept.! Oct. |Nov.| Dec

...... 3.95 | 4.57 | 4.05 | 3.79 | 3.90 3.73 |1 83.85|4.15|4.55 395 | 6.18

.18.82|4.60 [ 3.97 | 3.95 | .98 4.23 -5.07 | 4.22 | 4.40 | 3.95 | 5.53

L1877 1 4.47 | 4.10 | 3.95 | 4.05 4,00 | 4,70 | 412 | 4.32 | 8.95 | 5.15

3.67 | 4.42 1 4.10 | 8.95 | 4.08 3.90 | 4.40 [ 4.02 | 4.22 | 3.95 | 4.98

.| 3.65 14.3014.00 | 3.90 | 4.10 3.7714.45 | 4.02 | 4.20 | 3.93 | 4.78

.1 8.6514.1513.9218.9 | 4.2 3.70 1 4.95 | 4.00 |} 4.15 | 3.93 | 4.73

_______ 4.70 | 4.17 | 3.90 | 3.92 | 4.28 3.65 | 4.62 | 3.92 | 4.12 | 3.90 | 4.73

3.90 | 5.55 | 4.10 | 8.87 | 3.95 | 4.18 3.656 | 4.70 | 3.90 | 4.10 | 3.90 | 4.55

3.90 {4.77 | 4.07 | 3.85 | 3.90 | 4.05 3.65 | 6.40 | 3.87 | 4.05 1 4.35 | 4.60

.| 8.80|4.85 | 4.02|3.85|3.87 | 4.73 3.62 1 6.55 | 3.85 | 4.00 | 4.383 | 4.55

3.78 | 4.12 1 4.05 | 3.85 | 3.87 | 5.33 3.60 | 5.65 | 3.80 | 4.00 | 4.13 | 4.85

3.83 | 4.07 | 4.37 | 3.80 | 3.92 | 4.83 3.45 | 5.20 | 3.87 | 4.00 | 4.08 | 4.15

3.80 | 4.02 | 4.32 | 3.80 | 4.32 | 4.60 3.57 | 4.85 1 3.95 | 4.00 | 4.00 | 5.75

3.738.90 | 4.15 | 4.80 | 4.17 | 4.68 3.85 1 4.70 | 4.20 | 4.00 | 3.98 | 8.28

3.70 { 3.90 | 4.10 | 4.85 | 4.05 | 6.78 4.15 | 4.57 |...... 3.97 | 7.50
3.65|38.82 | 4.25| 4.82 { 4.00 | 7.45

Principal developed water powers on Fishkill Creek in 1901.

‘Working b1 @] &
head on wa- @ § § 8 5
ter whoels. X BB o

& °§ 21 °
=2 M &

i : Name of mill and of | Business or class of P g $ad R
g Location. | *;wner or operator. manufacture. . g K ; § g §‘ ‘?‘D
s Slels & Bl §

: gl 8| % 258 &

s 218l & =34 8
Z S|« B (& =
Ft.| Ft.| Ft.
1| Fishkill ._.... Tironda Hat Works.| Hats .. ............. cenawnenfeood Entive oo |ooo.. -
2 |aaen do. ... N(e}w York Rubber | Rubber goods...... 24117 |.__.do...| 430 250
0.
E: 2 do._..._... Rockwell 8ilk Mills .| Silk goods-.._.._.... SRR ORI BRI s o AN SRS FOY
4 | Matteawan ._| Matteawan Mfg. Co.| Felt hats and bod- | 81 | 20 | 26 | Part ...| 168 225
ies.

5] ... do........ ‘Wm. Carroll & Co...| Straw hats___.._... cee|ee=-| 29 |.__.do...| 283 140
6| ... [¢ (e S Carroll Electric Co.. Elecgrlc lighting |....}....| 20 | Entire .|....... 525
an wer.
7| Glenham._._. Glonham Carpet Mill| Carpets, rugs,and | 85 [ 80 | 824 __.do...| 460 | 1,500

(Hilton estate).» squares.
2 Not operated.

CROTON RIVER AT OLD CROTON DAM, WESTCHESTER COUNTY, N. Y.

Croton River drains an area of rough, irregular topography, inter-
spersed with lakes and ponds, situated east of Hudson River, to which
the stream is tributary at Croton Landing. This stream serves as the
principal source of water supply for New York City.> The flow is

aSee History of Water Supply of New York, 1658-1895, by Edward Wedgman.
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diverted through a closed masonry aqueduct at what is called the ¢ Old
Croton” dam, to distinguish it from the new Croton dam, also called
the ‘“Cornell” or ‘“Quaker Bridge” dam, now under construction.®
The location of the Old Croton dam and of the adjacent watershed is
shown on the Carmel and Tarrytown sheets of the topographic atlasof
the United States Geological Survey. A record has been kept of the
flow of Croton River at the Old Croton dam, beginning in 1868. The
record includes the quantity of water wasted over the crest of the dam,
as well as that diverted for the water supply of New York City. The
results of this record, as orwma,lly computed, have been widely pub-
lished.®

In the report on New York’s water supply, made to Bird S. Coler,
comptroller, by John R. Freeman, 1900, Appendix No. 1 (pages 120~ .
256, inelusive), is devoted to a study of the yield of the Croton water-
shed. Mr. Freeman states that the results, as heretofore published,
average about 10 per cent, or 38,000,000 gallons per day, too large,
because of the use of data which were less accurate than those now
possessed. Using this later information, he has recomputed the entire
record. Owing to the importance of this record, its great length, rela-
tive accuracy, and availability for comparison with other streams pro-
posed as sources of water supply for Greater New York, it has been
thought well to republish the revised figures, which are given below.
In computing the record Mr. Freeman has made the following changes
in the methods of calculation:

(1) Revision of the formula for flow over the dam by experiments on
model sections at Cornell University hydraulic laboratory. In the
calculation of the record as hitherto published the flow over the dam
has been calculated, using a constant coefficient in the weir formula
of 3.4, based on the experiments of Eytelwein.

(2) Gagings of flow in the Croton aqueduct have been made and
the results used as a basis of calculation of the diversion.

(3) The impairment of the carrying capacity of the aqueduct, due
to the gradual accumulation of slime or organic growths upon the
walls of the conduit, has been taken into consideration.

(4) The effect of storage in the natural and artificial reservoirs in
the headwaters of the stream has been allowed for in the calculation,
so that the results as given below represent the estimated natural
run-off of the watershed.

(5) Errors in the assumed elevation of the crest and length of the
overfall of the Croton dam and in the observed depth on the crest of
the dam and depth in the Croton aqueduct have been corrected in
making the revised calculations.

The depth on the crest of the dam has been determined by measur-

*The new Croton dam is described in a paper by Charles 8. Gowen in Trans. Am, Soc. Civ.
Eng., Vol. XLIII, pp. 469-565.

b»See Twentieth Ann. Rept. U.S. Geol. Survey, Pt.IV., pp. 81-84; a.lso Report of New York
Agqueduct Commission, 1887-1895, pp. 94-101.
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ing the distance down to the water surface from the corner of the
coping stone of the wing wall on the east bank of the stream at a
point just downstream from the intake of the old aqueduct and about
120 feet upstream from the crest. The measurement has been taken
at 5 o’clock each morning, and as there are no notable mills on the
stream one measurement a day undoubtedly gives a reliable record
of the mean wastage. The dam consists of two portions, having dif-
ferent cross sections. Both sections are built of eut stone, with gravel
and riprap or concrete backing, and rest on rock foundations.

The longer or round-crested portion is 180.3 feet in length. The
crest lip has an elevation varying from 166.170 to 166.299 feet. The
crest is ogee shape, the upper portion having a radius of 10 feet,
the slope of the upstream side being approximnately 6.5 horizontal to
1 vertical. The angular-crested portion of the dam is 71.1 feet in
length, its elevation varying from 166.175 to 166.915 feet. The eleva-
tion of the point of measuring the depth on the crest is 172.210 feet,
and the mean elevation of the crest is 5.975 feet lower. The angular-
crested portion of the dam has a crest 7 feet in width, sloping back-
ward 1 vertical to 7 horizontal, and an apron having a slope of 5
horizontal to 4 vertical.

Regarding the accuracy of the record as recomputed, Mr. Freeman
states that there are probably very few months in the record for which
the error is as great as 5 per cent, and believes it probable that the
error in the mean run-off for any year rarely, if ever, exceeds 3 per
cent. Whatever uncertainty there is comes mainly from lack of pre-
cision in measurement of depth wasting over dam, and from uncer-
tainty as to the condition of interior surface of the two aqueducts, or
obstruction therein.

With reference to the effect of storage, the following table is given
by Mr. Freeman, showing the total capacity in millions of gallons to
crest level of the different reservoirs within the watershed:

Storage reservoirs in Croton River drainage area.

R
2 g5 | 25 |Bdg|g. (B | B EE.
3 | &% B BES 88 < 5kl 8eS g
B2 |25 | BF |gmf| %3 | 2 SE | nREE
. a3 |8 58 | 558 l8gs| Js | B2 | EE7
Reservoir. 5] b R Rl 51 @ “ S o 5 Qa9
55 |25 | P& odn B8 %8 | v | EfeS
o |BE .| <F |BES|EEE| 87 | gs | sgE°C
g 2..:2'8 SRS} oy | 053 3 [ ~°3 8
o] ] -5 He @ | B8R 3K bE 8
2 g5g | 32 | hgg | BEE| » o0 EL80
3 B m aY wew | A® o o8 0 W=
=} < <4 <4 < 4 A 1
: Sq. m. | Sq. m. Sg m. | 8g. m. | Sq. m.
Boyds Corner, Carmel...___.__ 1873 21.43 | 0.463 675 0.0 20.75 3.25 2.727
WestBranch ..........._...___. 1895 19.51 | 1.560 . 304 .3 17.21 | 13.40 10.070
%:ﬁdt('ilg Bra.r}llc]:]la..._:.B...__k.__,.d. 1878 20.51 ( gz% 766 N 19.74 3.88 ‘; i(lgg
ast_Branch Bog Brook an " . w ! .
dum. ... 1891 76.90 \ .898 2.125 5.0 74.78 2.84 \ 1,883
Titicus ... 1893 22.80 | 1.103 | 1.300 .5 21.50 6,04 7.167
Amawalk__ ol 1897 18.32 .940 | 2.132 05| 16.19 | 13.20 76.78
Old Croton oo 1842 | 159.3 .760 | 1,938 711674 128 |




LOWER HUDSON AND LONG ISLAND SOUND DRAINAGE. 79

The total drainage area above Old Croton dam is 338.8 square
miles.

In addition to the above artificial reservoirs, the following ponds
are controlled by the city: Mahopac, Kirk, Gleneida, Gilead, Barrett,
and White. These have an aggregate capacity above present level
of spillway crests of 2,055,000 gallons.

The following ponds are not controlled by the city, but were drawn
upon in the great drought in 1881: Peach, Waccabue, Cross, China,
Pine, Long, Tonetta, and Haines. They have an aggregate capacity
of 855,000,000 gallons.

In the above estimate of the natural run-off of Croton watershed
no allowanee has been made for the increased loss by evaporation due
to’ the larger proportion of water surface than would have existed in
absence of the artificial reservoirs. The area of watersurface exposed
to evaporation for different periods during the continuation of the
record has been as follows:

Water surface exposed to evaporation in Croton Basin.

Date. Area. ) one%g:]x;t
Sg.m iles ‘

1868 to 187 -- 5.8 | 1.73
1873 to October, 1878 . 6.2 1.83
1878 to 1891 - 6.9 2.03
1891 to 1893 8.4 2.48
1893 to 1895 9.5 2.82
1895 to 1897. 11 3.28
1897 to 1900 12 3.56

In estimating the relation of rainfall to run-off on this watershed
the mean monthly rainfall, as given in the following table, has been
used by Mr. Freeman. This table is made up from rain-gage records
kept at the following places:

1870 to 1876, Boyds Corners.

1877, average of Boyds and Croton records.

1878 to 1881, average of Boyds, Croton, and Middle Branch records.
1882 to 1900, average of Boyds, Croton, Middle Branch, and Carmel records.

These rainfall records have been used in estimating the percentage
of run-off as hitherto published. The present change in the esti-
mated run-off produces a change in the percentage of rainfall to
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run-off, and the values of this percentage, deduced by Mr. Freeman,
are given below:

Relation of annual precipitation to run-off on Croton watershed.

[Drainage area, 338.8 square miles.]

Differ-| Fun-off Differ.| Run-off
Rain- | Run- |ence or| &5 Der- Rain- | Run- |ence or| 288 DeI-
Year. centage Year. centage
fall. off. evg.lon- of rai?l— : fall. off. ﬁav:,ipon- of ra.i%—
ration.| Cean. On-1 " fall.

Inches.| Inches.| Inches. Inches.| Inches.| Inches.
50.83 | 33.33| 17- 66.22 51.28 | 24.08 | 27.20 46.96
48.36 | 23.61 | 24.75 48.82 43.67 | 17.71 | 25.96 40.55
44,63 | 19.20 | 25.43 43.02 47.74 | 20.10 | 27.64 42.10
48.94 | 19.46 | 29.48 39.76 57.29 | 26.61 | 30.68 46.45
40.74 | 16.92 | 23.82 41.53 60.69 | 35.27 | 25.42 58.12
43.87 1 25.02 | 18.85 57.08 55.70 | 3L.39 | 24.81 56. 36
42.37 | 25.10 | 17.27 59. 24 54.05 | 25.95 | 28.10 48.01
43.66 | 24.77 | 18.89 56.73 47.20 | 23.48 | 23.72 49.75
40.68 1 21.09 | 19.59 51.84 44.28 | 17.68 | 26.60 39.93
48.23 | 20.22 | 28.01 41.92 54.87 | 29.05 | 25.82 52.94
55.70 | 27.17 | 28.53 48,78 47.83 | 20.56 | 26.77 43.44
47.04 | 19.65 | 27.39 41.97 40.58 | 15.95 | 24.63 39.31
36.92 | 12.63 | 24.29 34.21 45.85 | 23.26 | 22.59 50.73
46.69 | 19.25 | 27.44 41.23 53.12 | 25.59 | 27.53 48.17
52.35 1 24.28 | 28.07 46.38 57.40 | 29.72 | 27.68 5177
42.70 | 13.33 i 29.37 31.22 44.67 | 22.28 | 22.39 49.88

Awverage flow, in second-feet, of Croton River at old Croton dam.

Month. 1868. | 1869. | 1870. | 1871. | 1872. | 1873.. | 1874. | 1875. | 1876.

January ... ... { 54| 688 | 1,000 152 | 537 | 1,128( 2,433 18| _ 313
February - I ems| srd| 1253| 6ad| 336 481 | e01| 1,202 1,040
March ' 1,148 | 1,462 | 928 | 921 | 452! 1,083| 73| ‘86| 1869
April | 1029 | Cole | 1,214 | 532 | 83| 1960 | 919 1,527 1,708
May_ CUs67| 79| 469 | 31| 38| ps9| &M | 40| B
June . | a3 | 34| 218 37| 817 12| | 150 181
July _. 288 | 158 | 182| 18| 15| 127| 36Y| 15| 139
Augu 541 90| 132| em| 7 1se| | 1L431| 130
September R 54| 97| T84| 8| 38| 13| ‘8| 102
October ) Tmrg | qo1| 11| 23| 282 38| 28| 12| 100
November . ‘ 931 563 167 | 1,012 716 453 184 588 186
December ... ... | 48| Ba6| 15| 50| 85| 78| | 40| Im
Year ... ....... { 818 588 493 488 422 616 620 618 543
|
l

Month. 1877, | 1878. | 1879. | 1880, | 188l | 1882. | 1883. | 1884. | 1885.
vss | s62| 7 192 64| o1 115
1,122 798| 87| 1,323 18| 1,00 1,513| 7138

1,06 | 1,120 | 764 | 1,589 | 1,364 | 763 1
4441 1,30 | 551 376 | 736 | 8l4| 709
35 | 4 33| 603 B48| 495| 408
388 | 23| 138 40| 18l| 178, 135
86| 18| 13| 47| 176] 132 22| 13
iep| 38| 13| | 1| 13| a1 149
633 52| 12| 80| 33| 193 118
237 | 162| 130| 32| 2| 10| 2| 141
November . - 557 2| d24| @2| 18| 25| b6
December .11 506 | 2,058 495| 38| 61| 33| 61| 1,080] 58
(T 494 | 663| 59| 336| 62| 493| 33| 55| 369
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Average flow, in second-feet, of Croton River at old Croton dam—Continued.

Month. 1886. 1887. 1888. | 1889. | 1890. 1891. | 1892. | 1893.
JANUATY « o oo cecacm e e 930 758 | 1,007 | 1,204 605 | 1, 1,006 503
February.... .. oooooooim. 1,429 | 1,496 | 1,875 692 | 9,448 | 1,757 418 863
March .o 658 996 | 1,286 5481 1,306 | 1,170 BO7 1,723
April Lo 1,289 913 | 1,399 704 910 681 330 958
ay .. 560 342 718 453 709 249 391 | 1,621
JUN® il 212 320 374 388 416 220 331 283
July - 156 710 147 418 229 221 248 251
August ool 147 951 28 | 1,116 164 229 241 202
September ... ... 132 246 9205 627 580 223 266 264
tober __. 132 214 678 506 910 217 232 334
November . 234 261 859 | 1,491 572 189 419 422
December . 314 650 | 1,439 | 1, 450 333 41 880
Year oo 516 660 880 783 | 1,858 616 403 669

Month, 1894, 1895. 1896, 1897. 1898. 1899.
JANUATY « oo e ceeme e et e 444 795 348 371 | 1,010 1,075
February. ... ... 620 309 702 644 | 1,479 871
March il 1,363 907 | 1,564 828 2,051
April I | e53| 1,067 | 791 esl| 5 1.119
e e e e e e e 498 351 158 764 | 1,318 336
JUD . - oo e e e 424 255 811 405 526 351
FJULY - e 258 255 289 19 320 340
August .l 249 265 313 826 599 354
September .. ..o 261 201 300 342 350 348
October 244 254 302 300 391 353
November . 659 244 439 308 568 353
December . 599 255 309 608 903 351

b

Year o 523 436 485 566 746 659

Rumn~off, in second-feet per square mile, of Croton River at

old Croton dam.

Month. 1868. | 1869. | 1870. | 1871. | 1872. | 1873. | 1874. | 1875, | 1876.
January ... 1.52 174 3.07 | 0.447 1.58 3.33 ) 8.19 0.46 1.10
February .. .68 | 1.69 3.70 | 1.90 .99 142 | 2.37 3.55 3.07
March ... 3.39 4.32 274 271 1.33 3141 2.31 2.49 5.52
April__..__. 3.04 2.1 3.69 | 1.57 2.47 5.79 | 2.89 4,51 5.03
|2, 4.64 | 2.21 1.88 | 1.56 .96 165 2.45 1.39 1.53
June _._..____ 2.64 1.05 .64 1,12 .94 .42 () 44 .53
July. ... .8 .46 .39 .53 .46 .87 1.08 43 41
August ..___.. 1.59 .2 .39 .65 1.26 .55 .67 4.22 .88
September.____. .44 .16 .28 .48 .95 .41 .45 .67 .30
October._____ 2.2 207 .33 1.54 .83 109 .59 .63 .29
November. .. 2.7 1.66 .49 | 2.98 212 | 1.34 .54 L7 .55
December ...........__._.. 1.21 2.49 46| 1.74 1.08 2.832 L6099 ( 1.36 .36
Year ... ... 2.45 1.74 14| 1.43 124 1.84 | 1.83 1.81 1.58
Month 1877 1878. | 1879. | 1880. | 1881 1882. | 1883 1884. | 1885,
0.61 | 2.24 L.07 2.09 0.56 L8l 0.86 1.54 3.88
1.2 | 331 2.36 2.41 3.01 3.79 2.98 4.7 2.18
5.37 | 3.00 8.81 2.26 4.69 4.03 2.% 3.96 1.57
2.34| 131 4.08 163 | 1.47 11 217 2.40 2.09
671 117 145 .67 1.04 178 1.03| 1.46 1.21
AT 1147 .69 41 1.34 1.33 .53 b2 .46
.38 .55 N5 .41 .43 .52 .41 .63 -39
.37 .49 1.08 .38 .41 .41 41 .92 4
.21 1.87 .87 .39 .41 2.65 .39 .57 .35
.79 .69 .48 .38 41 1.72 .50 42 .42
3.45 | 1.64 .62 .44 .36 T4 .53 .18 1.67
1.49 | 6.06 1.46 .41 1.36 .98 AT 3.04 1.62
1.46 | 1.9 1.49 .98 1.35 173 L.03| 172 1.31

IRR 65—02——6



82 OPERATIONS AT RIVER STATIONS, 1901.—PART 1.

[~o. 65.

Run-off, in second-feet per square mile, of Croton River at old Croton dam—Cont’d.

Month, 1886. | 1887 1888. | 1889. 1890. 1891. 1892. 1893..
January ..o i .76 2.24 3.2 3.55 1.78 5.62 2.97 1.49
February__....... 4.22 4.42 4.06 2.04 2 82 5.19 1.23 2.55
rch .. 1.9 2.94 3.79 1.62 3.86 3.45 1.49 5.09
April 3.81 2.69 4.13 2.08 2.68 2.01 9 2.83
ay 1.65 .01 2.12 1.34 2.09 .74 1.1 4.79
June .63 .94 1.11 1.45 1.35 .64 .98 .84
July - .46 2.09 .43 1.23 .66 .65 .73 .74
Augus .43 2.81 .85 3.29 .48 .67 s .86
September _ .39 L2 2.67 1.85 17 .66 .18 .76
October ._...._..... .39 .81 2.00 1.49 2.68 .64 .68 .98
November..._.._. .69 (e 2.54 4.41 1.69 .56 1.24 1.25
December .. ... 93| 1.9 4.25 3.70 1.33 .98 1.80 2.60

Year ... el 1.50 1.93 2.59 2.32 1.91 1.80 1.19 2.065
Month 1894, 1895. | 1896. 1897. | 1898. 1899,

............................................. 1.381 2.85 1,03 1.0%6 2.98 3.17

...... 1.83 .91 2.07 ) 1.9 4,54 £.57

4.03 2.68 462 2.4 2.62 6.06

1.93 3.16 2.34 1 2.01 1.76 3.30

1.47 1.4 4T 2.2 3.89 .9

1.25 .75 .92 119 1.55 1.03

.16 N3 .85 | 2.13 .95 1.01

.74 .18 2| 244 L7 1.05

T .82 .88 | 1.01 103 1.02

2 N3 .89 .88 1.15 1.04

...... 19 ] 1.29 .91 1.67 1.04

December - ... ... 1.7 .75 91! 1719 2.67 1.03

YeRY oo 1.54' 1.29 | 1.471 1.68 | 2.19| Lot

i
Avwerage flow of Croton River at old Croton dam.
[Millions of United States gallons per day.]

Month. 1868. 1869. 1870. 1871. 1872. 1873. 1874. 1875.

380 672 98 47 1,578 102

371 810 416 217 311 518 r

945 600 595 e 687 506 547

592 786 344 541 | 1,267 633 987

484 303 343 209 361 536 304

229 141 244 205 92 154 97

102 85 117 100 82 287 94

58 85 143 276 120 147 9%

35 63 106 208 89 9 146

453 72 338 182 238 181 1387

364 108 654 463 293 119 380

547 101 381 236 508 153 297

380 319 315 213 400 400 399
Month. 1876, 1877, 1878. | 1879. | 1880. | 188l1. 1882. | 1883,

490 234 458 124 397 188

725 516 528 855 830 652

657 724 494 | 1,027 882 493

. 287 892 356 322 243 476

255 318 148 228 390 225

251 152 89 204 201 117

120 120 89 9% 14 85

109 238 85 85 85 85

409 191 85 85 581 86

153 105 84 85 376 110

360 135 98 80 163 nr

1,827 820 89 208 216 104

429 329 217 300 381 28
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Average flow of Croton River at old Croton dam—Continued.

83

Month. 1884. 1885. 1886. 1887. 1888, | 1889. 1800, | 1891.
JARUALY - o oo 338 740 601 490 709 778 391 1,230
February. ... ococouoaiaacaes 978 477 924 967 889 447 617 1,136
March 868 345 425 644 831 354 844 756
April L. 526 458 833 590 904 455 588 440
MaY - et 320 264 362 221 464 203 458 161
June ... 15 100 137 20 242 251 269 142
July 137 & 101 459 95 270 144 143
August L 201 96 95 615 186 721 106 148
September . ... ool 125 76 85 159 585 4056 37 144
October __... 92 91 85 177 438 307 588 140
November... 171 365 151 169 555 964 370 122
December . 666 354 203 420 930 810 201 215
Year el 378 288 334 426 569 506 420 398
Month. 1892. 1893. 1894. 1895. 1896. 1897. | 1898. 1899.
JANUALY « oo e 650 325 287 514 225 240 653 695
February.... 270 558 401 20 454 416 950 563
March ....... 328 | 1,114 881 586 | 1,011 535 573 1,326
April ... 213 619 422 690 511 440 386 723
May ... ... 1,048 322 227 | 102 494 B2 217
June._.____.__ 214 183 274 165 201 262 340 227
July .o....... 160 162 1687 165 187 465 207 220
August ... 156 189 161 171 202 534 387 229
September __ 172 164 169 179 194 221 226 225
October _.... 150 216 158 164 195 194 253 228
November 271 273 426 158 284 199 367 228
December ... 285 569 387 165 200 393 584 227
Year__. 260 452 338 282 314 366 426
Total monthly run-off, in inches, of Croton River.
' 1868. l 1869. ! 1870, 1871. 1872. 1873, 1874, 1875. | 1876.
2.01 l 3.54 0.51 1.82 3.84 9.44 0.53 1.27
1.76 3.85 1.98 1.06 1.48 2.46 3.69 3.31
4,98 3.16 3.12 1.53 3.62 2.66 2.89 6.36
3.0 4,01 L7 2.75 6.46 3.23 5.03 5.61
2.55 1.59 1.79 1.11 1.9 2.82 1.60 1.76
1.17 71 1.25 1.05 47 .78 .49 .59
.53 .45 .61 .53 .43 1.4 .49 47
.30 .45 .75 1.45 .63 17 4.86 .44
.18 .31 .54 1.06 .46 .50 .75 .33
2.38 .38 1.7 .95 1.26 .68 .13 .33
1.8 .55 3.33 2.36 1.49 .60 1.94 .61
2.87 .53 2.01 1.25 2.67 .80 1.57 .42
23,60 | 19.53 | 19.41 | 16,92 | 24.71 | 25.98 | 24,57 21.50
Month. 1877 1878. 1879. 1880. 1881 1882. 1883, 1884 1885.
2.58 1.23 2.41 0.64 2.08 0.99 1.77 3.89
3.45 .37 2.60 4.07 3.9 3.10 4.82 2.27
3.46 3.82 2.61 5.41 4,65 2.59 4.56 1.81
1.46 4.55 1.82 1.64 1.24 2.42 2.68 2.33
1.35 1.67 77 1.20 2.05 1.18 1.68 1.39
127 . .46 1.49 1.48 .59 .58 .51
.63 .63 47 .49 .60 47 .13 .45
.56 1.24 44 .47 .47 47 1.06 .51
2.08 .97 44 .46 2.95 .44 .64 .39
.79 .55 .44 .47 1.@8 57 .48 .48
1.83 .69 .49 .40 .38 .59 L87 1.86
6.98 1.68 AT 1.57 1.13 .54 3.50 1.87
26,44 | 18.17 ) 13.42| 18.31 | 23.41 | 13.95| 23.87 17.78
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Total monthly run-off, in inches, of Croton River—Continued.
Month.

OPERATIONS AT RIVER STATIONS, 1901.—PART I.

Total monthly precipitation, in tnches, on Croton River watershed.
Month.

Total ... .oo.....| 20.40 | 26.23 | 35.25 BL.78| 26.07 | 24.40 16.15‘ 28.05

Total __...

84
January...
Febru: 4

January ..

Month.

Year ..__.

52.85 | 42.70 | 51.28 43.67

46.69

47.04 | 36.92

48.28 | 55.70

Year
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Total monthly precipitation, in inches, on Croton River watershed—Continued.

Month, 1886. | 1887. | 1888. | 1889. | 1800. | 1881. | 1892. | 1893,
JANUALY _ oot oo acvaa e 5.42 57| 5.81 5.05 2.54 | 9.08 6.18 3.61
February. .o ooiaeans 4.92 6.29 (| 5.02 2.25 4.38 5.71 1.14 7.43
March . P 3.91 3.712| 5.81 1.76 6.09 3.42 | 3.61 4.25
April 3.84 3.09 2.57 4451 343 3.02 1.08 3.13
ay - 4,28 .81 6.04 2.96| 5.8 1.59 5.56 7.88
June. 8.28 6.79 2.24| 38.87T| 397T| 213| 354 2.38
July . 581 11.23 | 2.41 9.77 5.07 4.08 | 5.71 2.88
August . 3.09 6.73 6.60 | 3.73 4211 5.05 .12 7.13
September .. ... ... 2.29 1.70 1 10.00 6.42 6.78 1.97 2.2 2.56
October _.._.. ceeeee| 2,14 3.56 4.69 3.87 6.73 2.82 1. .93 5.89
NOVemMber ... e cinanan 58| 2.52) 4.07 8.54 1.09 3.49 7.12 8.13
December _........ooococooieol 3.87| 5.58| 5.9 3.03! 3.8 5.86 | 1.04 5.10
Year .o 47.74 | 57.29 | 60.69 | 55.70 | 54.05 | 47.20 | 44.28 | 54.87
Month 1894. | 1895 1896 1897. | 1898. | 1899,
3.22 4.7 1.14 3.49 4.98 8.85
4.60 1.86| 7.21 2.67 4.51 5.43
177 2.12 7.7 3.40| 2.9 6.63
2.83 1 4.57 1.20] 3.01 3.67 1.7
572 2.11 3.03 6.02 7.77 1.90
1.56 2.85 | 3.89 3.10| 1.41 5.62
2,68 | 4.713 4,52 | 12.49 4.2 5.93
3.711 4.11 3.841 5.20] 11.52 .64
670 1.32| 5.39| 182 | 2.2¢ 7.19
572 864 2.81 1.25| 4.83 1.27
November - 4.63 4.58 3.57 5.69 6.29 1.91
December .. 419 4.49 1.98 4.98 3.04 2.49
S 47.33 | 40.58 | 45.85( 53.12 | 57.40 | 44.67

TENMILE RIVER BELOW DOVER PLAINS, DUTCHESS COUNTY, N. Y

This stream is tributary to Heusatonic River below Gaylordsville,
Conn. A meter station was established September 16, 1901, by A. E.
Place, at Tabor’s bridge, which crosses Tenmile River about 2,000
feet below the point of inflow of Swamp River. The gaging station
is situated about 2 miles below Dover Plains village. Its location
may be seen on the Clove sheet of the Topographic Atlas of the United
States Geological Survey.

Tabor’s bridge consists of a single span 85 feet between abutments.
The bridge stands squarely across the stream, the bed of which is
sand and gravel. The entire flow passes between the abutments of
this bridge except at the time of extreme high water of nearly every
spring, when the river overflows its bank and some water passes around
one end of the bridge. During extreme low water, measurements may
be made by wading a short distance below the inflow of Swamp River.
A 13-foot boxed weight and wire gage was attached to footplates
bolted to horizontal chords of the bridge in the first panel from the
right end of the upstream side. The water stage is observed twice
daily, morning and evening, by the gage reader, J. J. O’Brien. The
bench mark is an oval chisel draft near the bridge seat of the right-

hand truss on the upstream side of the abutment.
Feet.
Elevation of bench mark .. ... . .. ... ... 100.00

Elevation of water surface when gage reads zero. .. ._..____._ 83.80
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The tributary watershed of Tenmile River lies almost wholly in
New York State. The drainage area above the proposed dam site,
one-half mile above Webatuk village, is estimated by John R. Free-
man at 200 square miles. An area of 5.5 square miles intervenes
between this dam site and the gaging station. The drainage area
above the gaging station is 195 square miles.

. Current-meter discharge measurements of Tenmile River at Tabor’s bridge, below
Dover Plains, N. Y.

Date. h%iag et. Discharge. Hydrographer,
1901. Feet. Second-feet.
September 16 _____________. 5.27 245.4 | A.E. Place.
September 28 .. __________ 4,36 70.8 | W.W.Schlecht.
November 11_<-__~__._-_.__. 4.75 121.5 Do.
November 22_ . ___________. 4.76 128.4 Do.
Do . . 4.76 120.9 Do.
November 6_____._________. 4.88 140. 1 Do.
October 26 . ______________. 5.01 187.6 Do.
December 27 ... ... ____ 6.54 554.0 Do.
October 15 ___.___ __________ 7.19 692. 8 Do.
December 17 _ _________.____ 8.41 | 1,2138.4 Do.

In addition to the above discharge measurements, a gaging of Swamp
River was made by A. E. Place and R. E. Horton just above its mouth
September 17, 1901, showing the volume of flow to be 38 second-feet,
the gage height beln0*5 9 feet.

Two measurements of Tenmile River at Webatuk, N. Y , were made
by E. G. Paul in 1900, as follows:

Second-feet,
August 9, discharge ... e 46
October 20, discharge = .. ... . .. ... ... 32

Water is diverted from a small tributary of Tenmile River at the
so-called Seven Wells, 1 mile above the gaging station, for the sup-
ply of the village of Dover Plains. The amount of diversion is very
small.

Daily gage height, in feet, of Tenmile River at Dover Plains, N. Y., for 1901.
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Before the decline in prices of wrought iron, water power for blow-
ing small iron furnaces was utilized at a number of points in the
Tenmile River drainage area.

Water privileges on Tenmile River and tributaries.®

No. Description.

1 | At State line, abandoned about 25 years ago.

2 | At Webatuk sawmill, abandoned about 8 years ago

8 | Gristmill at South Dover. 200 square miles watershed, 9 feet average fall,
75 to 100 horsepower.

4 | Dover Furnace on Swamp River, abandoned about 40 years ago.

5 | Dover Furnace on brook leading into Swamp River, abandoned about 30
years ago.

6 | Dover Plains, Winant’s dam, rough block-stone and timber-crib construc-

tion, 8-foot fall, 134 square miles watershed, affords power to electric-
light plant and gristmill, average perhaps 100 horsepower.

Steel Works Settlement, Amenia Township, gristmill, abandoned 5 years
ago.

8 | Singpak, Amenia Township, abandoned 30 years ago.

9 | South Amenia, gristmill, 8-foot fall, 80 square miles watershed, 20 or 30

horsepower. :

-3

= Report on New York’s water supply, by John R. Freeman, 1900, page 398.

HOUSATONIC RIVER AT GAYLORDSVILLE, CONN.

Housatonic River rises in Hancock Mountains, northwestern Berk-
shire County, Mass. In its course to its outlet in Long Island Sound
it crosses the western end of Connecticut and nearly the entire width
of Massachusetts. It parallels, at a distance of a few miles, the
eastern boundary of New York State, extending from Hoosic River
watershed nearly to Long Island Sound.

A gaging station was established at Gaylordsville, Conn., by E. G.
Paul, October 24, 1900. This station is situated 3 miles east of the
New Yaqrk State line and 2 miles below the mouth of Tenmile River,
the principal tributary from New York State. The location of the
station may be seen on the New Milford sheet of the Topographic
Atlas of the United States Geological Survey.

Daily river-height observations are made by the gage reader, George
H. Monroe. The gage scale is 16 feet in length, divided decimally.
It is attached to woodwork on the ingide of the covered highway
bridge, in a horizontal position. The observations are made by
means of a weight suspended by a sash chain running over a pulley
at the zero end of the gage scale.

Owing to unfavorable conditions underneath the bridge, the dis-
charge measurements are made from a cable of 200-foot span placed
across the stream 1} miles below the bridge. The cable is supported
on the right bank by timber shears 25 feet high, and is anchored to a
large buried rpck. On the left bank a sycamore tree serves as a
support for the cable, which is anchored to the base of a large oak.
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The cable station is situated at the site of the proposed storage dam
for the water supply of Greater New York. The tributary drainage
area above the cable ig estimated from the United States Geological
Survey maps to be 1,020 square miles.

A number of undeveloped water powers of considerable magnitude
exist on Housatonic River in Connecticut. The principal faets regard-
ing these are given by John R. Freeman, as follows:®

Undeveloped water powers on Housatonic River.

N r1
Location. %I;zla?grey Avg.é%ble Location. %ra‘k,)llllﬁ:grg Av?élﬂble
area. " area. *
8q. miles.| Feet. Sq. miles.| Feet.

Zoar.  __...._._..__.. 1,582 50 || Bull's bridge. ____.. 780 30
Little York . .. ... __. 1,389 12 || Kent Furnace____.._ 755 8
Southville ..__._____ 1,219 25 || Swift Bridge,. ... ..o .___ 15
New Bridge. ... ._.. 1,206 20 | Cornwall bridge _._|..._______ 10
Gaylordsville . ______ 998 15

Current-meter discharge measurements of Housatonic River at Gaylordsville,

Conn.

Date. h%{’ég}ﬂ. Discharge. Hydrographer.

1900. Feet. |Second-feet.
October 20 ... .. ... ____.._. 3.00 303.0 | E.G. Paul.
October 24 . .. . . ... ______ 3.10 370.0 Do.
August9 .. _____. 3.30 450.0 Do.
August 10 .. ____________________. 3.25 422.0 Do.

1901
March 80_ . ___._ . ______.._.._.. 6.20 | 4,718.0 | A.K. Chittenden.
April 27 T 7.20 | 17,419.0 Do.
Avgust 8. . ... 3.50 549.5 | A.E. Place.
September 13 ____________________.. 4.00 911.7 Do.
September 28. . _______________. 3.78 700.8 | ' W.W.Schlecht.
October?9..________ [ 4.05 951.0 Do.
November 13 . __.___________.. __._. 4,82 1,863.7 Do.
November 23 . _____ . ______ 4.11 965. 4 Do.
December?8._ . __ .. _.____. 5.16 | 2,520.0 Do.

s Descriptions of Housatonic water powers are given by Freeman in his report on New York’s
water supply, 1900, pp. 398-424; also see the Housatonic River and Its Tributaries, by Dwight
Porter, Ph. D., 10th U. 8. Census, 1880, vol. 16, Water Power, part 1, pp. 308-824.
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»Discharge exceeds limit of rating curve.

LOWER HUDSON AND LONG ISLAND SOUND DRAINAGE.

Daily gage height, in feet, of Housatonic River at Gaylordsville, Conn., for 1900.
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Estimated low-water flow of Housatonic River at Gaylordsville, Conn., for 1901.

[Drainage area, 1,020 square miles.]

Day. Jan. | Feb. |Mar.| Apr.»| May.*June.® July.| Aug. | Sept. | Oct. | Nov. | Dec

605 550 1 1,180
550 670 | 1,290
740 550 | 1,680
810 500 | 1,545
670 450 | 1,545
890 450 | 1,290
890 810 | 1,290
740 | 1,820 | 1,290

740 | 1,290 890 740

740 980 810 670

810 890 890 550

890 810 | 1,075 605

890 1,820

890 1,970

890 1,680

980 .| 1,545

980 .| 1,410

1,680 1,290

1,410 1,075

1,290 1,180

1,075 1,075

1,075 1,075

890 980

740 1,075

810 1,546

740 1,820

740 1,410

740 890

810 890

1,200 1,075

a Discharge exceeds limit of rating eurve. b No record.

MISCELLANEOUS GAGINGS OF HOUSATONIC RIVER.

For comparison with current-meter measurements at Gaylordsville,
the following previous measurements of low-water flow of the Housa-
tonic River have been abstracted from the reports from Freeman and
Porter, cited above. A series of gagings of Housatonic River at Kent,
Conn., extending from July to October, inclusive, 1878, by Horace
T.oomis, showed a minimum flow of 260 second-feet from 755 square
miles of watershed, or 0.34 second-foot per square mile. The mean
daily flow from May 22 to November 1, 1878, was 460 second-feet.®

In connection with the water power at Birmingham, Conn., the
minimuam observed flow of Housatonie River is stated by Mr. D. S.
Brinsdale, chief engineer of the Housatonic Power Company, to be
500 second-feet, from a drainage area of 1,580 square miles, or 0.316
second-foot per square mile.

Occasional gagings during 1831 and 1882 were made by Mr. H. H.
Hull, C. E., at New Milford Falls, Conn. His gagings showed the
minimum flow_during working hours, when pond storage at the
various mills was being drawn upon, to be 916 second-feet from 1,088
square miles drainage. The minimum daily flow for twenty-four
hours would be less. ‘

= Report of Department of Public Works of New York City for quarter ending June 30, 1879,
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METHODS EMPLOYED IN GAGING NEW YORK STREAMS.»

The following report contains the results of hydrographic work
done in the State of New York by the Hydrographic Division of the
United States Geological Survey in cooperation with the State of New
York, Edward A. Bond, State engineer. The results of investiga-
tions in 1900 are also included. In republishing the data presented in
the progress report for 1900 corrections in the text have been made
and much additional matter given.

At the time the work was undertaken in April, 1900, gaging records
were being kept at about twenty stations, most of which had been
established in connection with the Upper Hudson storage survey of
1895 and 1896 or by the United States Board of Engineers on Deep
Waterways.® .

These stations were all in connection with dams and mills. The
method pursued in gaging the discharge of a stream at a dam may
be briefly outlined as follows: Considering first the dam proper, the
length and profile of the crest has in each case been determined
during the season of low water, and the volume of flow, correspond-
ing to a series of observed depths on the crest, has been computed by
the weir formula.

In order to take into account modifications of discharge, due to
variations in the width ot crest of dams, slope and form of aprons,
ete., values of the coefficient C have been selected in each case, as
deduced from experiments made at the hydraulic laboratory of Cor-
nell University for the United States Board of Engineers on Deep
Waterways; also experiments made by John R. Freeman, C. E.. have
largely been drawn upon.

In many cases the profiles of the dams are slightly irregular. The
dam is divided into sections which are computed separately, all points
in a given section being nearly or precisely at the same elevation.
For rough calculations of flood flows, ete., the average crest elevation
is sometimes taken. This method gives slightly too small results
throughout, inasmuch as the discharge over the lower part of the crest
is greater in proportion to the head than that over the higher portions
of the profile.

Gages have, as a rule, been placed several feet upstream from dams,
where the eross-sectional areas of the mill ponds are so great as to
make the velocity of approach negligible.

Having calculated the flow for a series of crest depths extending
from zero to the extreme high-water mark, a discharge curve has been
plotted, from which the volume of flow over the entire dam, corre-
sponding to any gage height, could be read directly. When flagh-

*From report by R. E. Horton, resident hydrographer. .

b See reports of George W. Rafter, engineer in charge, contained in Reports of New York
State Engineer and Surveyor, 1895 and 1896, and in Report of United States Board of Engineers
on Deep Waterways, Part II.
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boards are placed on dams the conditions are reduced more nearly to
those of a standard sharp-edged weir, and Francis’s well-known for-
mula has been used in computing the discharge. The flow over waste
weirs, auxiliary spillways, and flood overflows has been caleulated in
a manner similar to that used fordams. The amount of flow through
head gates, sluiceways, feeder gates, and similar openings has been
calculated from the formula for orifices. Precise experiments to
determine the value of the coefficient of discharge through large sub-
merged orifices, as in bulkheads or canal feeder gates, are greatly
needed. o

In estimating tne discharge through turbine water wheels the results
of tests made at the testing flume of the Holyoke Water Power Com-
pany have been largely depended upon, the mean discharge for each-
- day having been computed from the observed working head, width of
opening of speed gates, and number of hours each wheel has run. A
record of these facts is kept at each of the stations where there are
mills in econnection with dams.

One difficulty encountered in gaging northern streams results from
the accumulation of ice during the winter season. It has been found
impossible to keep some dams clear of ice, and an effort is made to
keep a record of the relative length of the clear and obstructed por-
tions of the dam, from which a correction in the calculated flow can
be made.?*

Views of the cross sections of many of the dams where gaging records
are kept, as well as the results of the experiments made at Cornell Uni-
versity to determine the proper coefficients of discharge, may be found
in a paper on ‘‘ Flow of water over dams,” by George W. Rafter, M. Am.
Soe. C. E., contained in Trans. Am. Soe. C. E., Vol. XLIV, pages 220-398.
See also Water-Supply and Irrigation Paper U. S. Geol. Survey No. 35,
page 2. In connection with all older stations at dams and mills, an
effort has been made to check and improve upon the previous results
by making current-meter measurements to determine the volume of
flow through turbine water wheels and the proper allowance to be
made for leakage of dams, and to check the calculated flow over dams.

In the establishment of stations no single method of gaging has
been adopted to the execlusion of all others. The report shows results *
obtained at dams and mills; by measurements over standard weirs;
through thin partitions, and by current meter. In many instances
two or more methods have been combined at a single station. Owing
to different methods and conditions, the degree of accuracy ohtained
is not uniform throughout the records. An effort has been made to
describe each station with sufficient fullness to enable the reader to
clearly understand the methods employed and probable accuracy of
the results. :

»See *‘Difficultiesencountered in gaging streams over dams,” by . A. Pressey: Twenty-first
Ann. Rept. U. S. Geol. Survey, Pt. IV, pp. 21-30.
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Recent developments in electric transmission have given an impetus
to the construction of substantial masonry dams and power plants on
many streams, affording almost ideal conditions for maintaining gag-
ing records. Most of the stations at dams are in connection with such
plants. Private individuals or ~corporations interested often co-
operate, and excellent records are in this way obtained with com-
paratively slight expense. At the newer stations where the current-
meter method is employed, a modified form of Price meter, adopted
by the United States Geological Survey, has been used. This instru-
ment is made in two sizes, the larger for strong currents, the smaller
for streams of moderate or low velocity of flow.

The usual mode of procedure is to submerge the current meter 0.6
of the depth of the stream at measured intervals across the channel
" and record the revolutions for the period of one hundred seconds. In
cases of doubt, surface and bottom velocities are also taken or the
flow determined by the method of integration as a check. The miean
velocity in vertical planes is also measured from time to time to check
the accuracy of the 0.6 method and also to determine whether any
progressive change is taking place in the measuring section due to
sedimentation or scour.

The current meters used are calibrated each year at the rating sta-
tion of the Geological Survey at Chevy Chase, Md. A rating table
for the meter is then prepared, by means of which the velocity of flow
of the stream can be deduced from the observed revolutions per sec-
ond of the meter wheel. Soundings are taken in connection with the
meter observations, and a simple multiplication of the velocity in each
section by the cross-sectional area to which it applies gives the rate
of discharge. A river-height gage is established at each current-
meter station from which the stage of the stream is observed once or
twice daily. Current-meter measurements of the discharge are made
from time to time as opportunity permits. After a sufficient number
of discharge measurements have been made they are plotted, using
the gage heights of the stream as ordinates and the measured dis-
charges as abscissas. A mean curve is drawn through the plotted
points showing the discharge as a function of the gage reading. By
means of this curve the average discharge rate for each day is de-
duced from the record of the height of the stream kept by the gage
reader. ’

The principal sources of error in gaging streams by the current-
meter method are due to the effect of slack or nearly slack water in
any part of the cross section, to backwater from dams, obstruecting
ice, or from tributaries entering below the gaging station, thereby
causing the river stage to rise at times without a proportional increase
in the discharge. In accordance with the well-known Kutter formula,
the volume of flow in an open channel is a function of the slope, area
of cross section, and wetted perimeter. When a stream is rising, the
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slope is usually greater at a given stage of the stream than at the
same stage when falling. Northern streams as a rule rise rapidly and
fall gradually, so that the stream is falling on the majority of days of
the year. The error from the above source is small, inasmuch as the
discharge varies only as the square root of the slope. The principal
difficulty encountered results from freezing over of streams in winter.
The ice serves greatly to increase the wetted perimeter of the meas-
uring section, thereby modifying the rating curve. Whenever practi-
cable, discharge measurements during winter months are made through
the ice. The accuracy of individual current-meter measurements
depends chiefly upon the number of velocity observations taken in
the cross section.

Owing to rapid fall, with frequent rifts, backwater from dams,
obstruction by ice, and other characteristics of New York streams,
the difficulty of maintaining continuous gaging records which will
show with sufficient accuracy the discharge rate day by day through-
out the year is very great. This is especially true in streams whose
discharge fluctuates between wide limits.

The discharge of the Lower Mohawk at Rexford Flats and Sche-
nectady, for example, varies from 500 to 55,000 second-feet or more.
In such cases methods of gaging applicable at low and ordinary stages
may not give equally reliable results during freshets, or the reverse
may be true, the results being most accurate for high water.

In connection with the meter stations it is necessary to employ as
gage readers persons living near the site selected for the measuring
section and who have, as a rule, had no previous experience in similar
work. Their observations are forwarded at the end of each week.
. As a check on the records so obtained inspection trips are made at
frequent intervals and independent gage readings taken by the hydrog-
rapher. On receipt of the gage reader’s record for the corresponding
period the two sets of observations are compared. The close agree-
ment found in most cases testifies to the intelligent and careful work
of the observers.

At the beginning of the work in 1900 many of the older stations
were neglected and the painted gage boards originally used were worn
out. The stations have been equipped throughout with heavy hard-
wood or cypress gages having brass or galvanized metal figures and
division marks. At a number of current-meter stations where there
was no opportunity to secure vertical gages in permanent position
weight and wire gages are used. These are perhaps less accurate than
direct reading vertical gages, but convenience and freedom from ice
obstruction are in their favor. Sometimes a weight gage is attached
to the guardrail of the bridge. A more usual method is to secure it by
outriggers to the horizontal bridge chords in such a manner as to be
" least disturbed by traffic and to permit the removal or renewal of the
bridge floor planks without disturbing the gage.
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In this eonnection acknowledgment is made of the services of those -
who have assisted in the field work and in the preparation of this

report. Special credit is due to J. D. Luther and M. T. Reilly.
Gaging stations on New York streams. ’
! Drainage
: area at
Location. Stream. County. gaging
station.
Sq.miles,
Baldwinsville ._.__...._......._..... Seneca River ................ Onondaga........ , 103
Binghamton ... . ... ... Chenango River ... __ .| Broome R ,582
Do el Susquehanna River......_._.|..... [ Lo TP, 2,400
Brewerton.... Oneida River. ... .. Onondaga
Brldgeport Chittenango Creek. is
thttenango ..... do R 0.
Croton dam (old) | Croton River .. . .
Dolgeville .__.__.. East Canada Creek. .| Herkimer .. 256
Dover Plains . ... .| Tenmile River.. .. Dutchess . 195
Dunsbach Ferry -...o.ooooooo..o.._. Mohawk River. .. Saratoga. .. 3,340
East Nassau and Wilson's dam. ....| Kinderhook Creek . Rensselaer . 120,68

Felts Mills . ... .....__...........
Fort BEdward .........
Fort Hunter damand aqueduct I
Fort Mont: ﬁomery

French’s Mill.. ..
Gaylordsville (Conn.) ..
Glenham .
High dam» ... .
Minetto Cable Station b__
Fultone.._.__._ ...
Hannawa Falls
Honk Falls
Indian Lake dam .
Johnstown _....._

Kingston . ..
Little Falls
Mechanicville ..
Middleville
Millpoint and Aqueduct
Moose Kiver ... ...._.__...
McConnellsville ..

New York Mills .nd Yorkville..

.| Housatonic River ..

.| Oneida Creek. .

_| Hudson River .-.
_| West Canada Creek ..

Black River

Jefferson .

Hudson River .. .| Saratoga
Schoharie Creek . Montgomery -
Richelieu River.... Clinton ........_.
Normanskill Creek Albany .....

Ra.quette River
Rondout River.
Indian River ...
Cayadutta Creek.

Esopus Creek _
Mohawk River .

Schoharie Creek ..
Moose River

West Branch Fish Creek
Wallkill River..........
Saunquoit Creek . ...

Litchfield...

Saratoga.
Herkimer
Montgomery ....

Fishkill Creek. ... Dutchess ...
. Oswego River .. Osv&&ego .- .
..... 0....... —e---A0 .. -

St. Lawrence
Ulster ........

Oms}g.m State Dam and Woods | Branch Oriskany Creek. ...

oad.

Pulaski ... _.........._...........] SalmonRiver. ... ... ... ..

Rexford Flats. ... ....ooocooooo.. Mohawk River.

Rochester .......................... | Genesee River..

Rogendale ..._..... .. ... .. Rondout Creek .

RidgeMills . ... ... ... cooiiia... MOhd.Wk River - .

Schenectady ............. PO T DU .| Schenectady. ...
Schoharie Falls .......... Schoharle Creek . -.| Montgomery ...
South Cairo ...... .. - ..., Catskill Creek.. Greene

Tisses Brld% below Croghan .---..| Beaver River_...... ..{ Lewis ...

Twin Rock Bridge - .......... ... West Canada Creek .. Oneida ..
Ofica .. _...... .o................. | Mohawk River. . ........_.._.|._... do.....
Warrensburg .... ... | Schroon River.. Warren
Watertown ... wieeeeo-.. Black River ......__ Jefferson ...
Willow Glen and Jordan ........... Skanea.teles Outlet. Onondaga.. .
Skaneateles Statodam . ......... ... do....... .-
Rocky Riftdam _...... ... ______. Mohawk River ool Herklmer e

aIncluding area of diversion from Chenango watershed.
b Area taken above Chambly Dam. Province of Quebec.
c Additional area of 87 square miles is made tributary iu summer by diversion from Chenango

watershed.

FORMULAS.

The following hydraulic formulas have been employed in the calcu-
They are frequently referred to by name
in the report, and are given here for reference. )

lation of gaging records.
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WEIR FORMULA.

This name has been given to the general expression for flow over a
weir or dam in its simplest form.

Q = CLH3, 1)
This may also be written: -
=} KLH 2¢gH = MLH, 2¢gH. (2)
Q = volume of discharge in second-feet.
C =} Ky2g = myf2g. (3)

L =length of crest or clear overflow, feet corrected for end
contractions, if any.

H = head on crest corrected for velocity of approach, if any.

C, K, and M are constants, determined by éxperiments.

FRANCIS FORMULA FOR A SHARPED-EDGED WEIR.?

Q = 3.33 LH3. (4)
If the weir has end contractions:
L=1—0.1nH. (5)

{ = actual length of crest, feet.
n = number of complete contractions.

If the approaching stream has an appreciable average velocity in
the cross section of the leading channel opposite the point where % is
measured:

H=[(Lh+ d)} — d&]s (6)
h = actual measured head on weir, feet.
d = head due to mean velocity V, in the leading channel.

FRANCIS FORMULA FOR MERRIMAC DAM."
Q = 3.01208 LH™™, @)
' MULLIN’S FORMULA.®

This is used by East Indian engineers in designing irrigation works.

Q = 3cLHY 29T, (8)
For a sharp-edged weir:
c=1 —Cloi@%ﬁ—"'i)):o.m—om H. 9)
For a broad-crested weir C' is used. . |
. _(0 02013 -ﬁ-B1+ 1) (10)

B = width of flat erest, in feet.

s Lowell Hydraulic Experiments, J. B. Francis, pp. 112-120.
b 1bid., pp. 136-137.
¢ Mullin’s Irrigation Manual, pp. 168—139



FORMULAS. 97
BAZIN’S FORMULA.*

Q = MLhy 2¢gH. (11)

M is a coefficient experimentally determined by Bazin for thin-edged
and various other forms of weirs. This formula differs from those
given above in that the coefficient M includes the correction for
veloeity of approach, the measured head % being applied directly in
the formula. ‘

FORMULA FOR ORIFICES.

Q= CA 2gH. (12)

C is a variable coefficient, its value depending on the degree of
contraction in area of the issuing jet.

A = area of orifice, square feet.

This formula is applied to submerged orifices by making H the
difference in elevation of the water surface on the upstream and
downstream sides.

If the water approaches the orifice with an appreelable velocity, a
correction is applied to the measured head in a manner similar to that
used for weirs.

DESCRIPTION OF TABLES OF DAILY DISCHARGE.

The object of the stream gagings, briefly stated, is to determine
for each day the volume of flow or rate of discharge of the stream
measured.

For mill streams, where the water is held back as pond storage dur-
ing the dry season, it is impossible to determine the natural regimen
of flow of the stream. This is espeecially true with reference to Sun-
days or holidays when mills are not running. If, at the time the water
wheels are stopped, the water stands below the level of the crest line
of the dam, the flow in the stream channel below will be nil, or, at
best, will only equal the leakage of the dam, flumes, or penstocks.

With regard to estimation of Sunday flows no uniform rule has
been followed. In case of some of the older records the Sunday flow
during the dry season has been taken as the mean of the calculated
flows for the preceding and following days, and this method, where
previously used, has been adhered to. In other instances the flow
given in the table for each day is that shown by the gaging record,
and represents, as nearly as may be, the actual amount of water flow-
ing in the stream channel below the dam, but may be quite different
from the amount entering the pond above the dam.

The relation existing between the canals of New York and the
streams of the central portion of the State.is very implicit. Diver-

aAnnales des Ponts el Chaussee's, Oct., 1888.

IRR 65—02——7
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sion from the headwaters of a number of streams for the supply of
canals virtually reduces their effective drainage areas. As a result
the summer watershed may be materially less in area and differ widely
in its water-yielding characteristics from the region tributary to the
stream when the canals are not in operation.

It often happens that a single gage reading, taken at or near the
cuwlmination of a flood, shows a larger flow than the mean for any
single day.

The results of such isolated observations, together with other data
relative to extremes of flow, have been given for a number of stations.
Where two or more gage readings are taken each day, the mean of
the readings for twenty-four hour periods is used as an argument in
entering rating tables to determine the mean daily flow. Theoreti-
cally, the several discharge rates should be separately determined for
each gage reading and the average taken. The method of averaging
the gage readings is much simpler, and it is believed that the error
due to the fact that the discharge increases more rapidly than the
stream stage, both for dams and current-meter sections, is well within
the limit of error of the results in most cases. Where water fluctuates
above and below the crests of dams, due to draft from pondage at
mills, the discharge is usually computed for the period when water
level is above crest and the equivalent rate of discharge, if the flow
were distributed through twenty-four hours, is used.

LAKE ONTARIO DRAINAGE..

This region includes the third river system in magnitude of the
State—the Seneca, Oneida, Oswego Basin. The character of the run-
off varies from the Genesee River in the west with relatively low rain-
fail, little forest, and great extremes of flow, to the Black-River,
draining a region of heavier precipitation, better ground storage, and
- well-maintained regimen at all seasons.

Most of the streams possess notable waterfalls where they pass from
the areas of rock outerop into the ancient Laurentian lake basin.

MOOSE RIVER BELOW M’KEEVER, HERKIMER COUNTY, N. Y.

A gaging station was established on this stream at Moose River, 4
miles below McKeever railroad station, on June 5,1900. The section
of the channel chosen to be spanned by a cableway has a width of 225
feet, with a mnearly flat gravel bottom. A vertical gage board was
attached to a pile driven some distance out in the stream beyond the
low-water margin, and protected from ice and logs by a floating boom
anchored upstream.
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Daily gage height, in feet, of Moose River at Moose River, N. Y., for 1901.

Day. Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec,
1. 1.
2 1.
3 1
1.
1.
1.

135
12
1.3
1.45
14
125
L2
11
L1
1.85
3.45

et ot ot o o ok ok ok

3.25( 3.3 B 2.45 1.56 1.85 2
3.251! 3.3 4 19 2.451 1.7 1
3.1 3.9 85 L6 2.45 185 1
2.8 4.4 7 1.35| 2.3 215 2
2.55| 3.95 4 1.25 2.06 2.05 1
2.6 3.4 15 .95 1.8 2.0 05
2.4 | . 4.4 45 1.8 1.65 2.0 .95
2.9 5.15 5 L7 145 L& .8
A 4.1 .35 L5 1.4 1.8 .85
ceeee-ol 2,85 3.7 25 2.0 1.35 1.8 .95
3.3 2.8 3.4 1 2.2 1.55 L9 .85
3.35 3.85 3.15 1 2.15 L6 1.9 1.1
3.5 4.45 2.7 15 L9% L7 1.95| 1.85].
3.75 8.751 2.6 1 1.7 1.85 2.25 | 2.8
4.56| 8.45| 1.95 .95 1.55 1.85 2.06| 2.3
4.55 3.15| L7 .81 1.45 1.9 2.7 2.15
5.2 3.0 16 .95 1.6 2.1 2.46 | 1.9
5.55 3.2 L3 1.6 1.55 2.08 2.4 1.9
565 | 4.45 1.4 195 1.65 L8 2.85 L7
5.85 3.656| L35 1.65 L6 1L65( 2.35 1.9 4.8
5.85 3.3 5.85 1.2 1.5 L5 2.5 1.55 4.4
7.1 2.9 52| 1.1 155 1.4 |- 2.8 L4 3.85
6.75( 2.9 4.7 1.15 145 135 2.25 13 3.45
5.1 2.9 4.5 1.05) L6 14 2.2 1.45 3.35
4.65 8.05 3.85 .95 1.65 L3 2.2 185 3.15
4.4 3.25 3.3 1.1 L.55 1.25 2151 115 2.95
4.0 2.85 2.85 95| 1.4 L25| L9 1.3 2.75
3.5 2.85 2.5 1.057 1.25 L2 L7 14 2.55
3.4 3.25 3.251 2.5 .95 L5 1761 1.55 2.85
3.55| 3.56 L9} 3.3 .65 19 L35 L4 2.15
8.55 |._...... 3.35 .85 | neaa L2 | 1.95

This stream is characterized throughout its entire course by rifts
and rapids. Topographically the watershed is rocky, precipitous, .
and mostly timbered. The drainage area above the gaging station is
346 square miles. An area of 41 square miles in the headwaters is
subject to regulation by storage, controlled by a State dam at Old
Forge, at the foot of the Fulton chain of lakes.

There are numerous undeveloped water powers on the stream,
including two falls near Lyonsdale, where a head of 30 feet or more
might be obtained, and Millers Falls, below Moose River, of nearly
equal height.

Water power is developed at eight da».., utilizing a total fall of 225
feet, with an aggregate capacity of the turbines installed of over 7,000
horsepower.

Lumbermen’s dams at the foot of several principal lakes hold back
a portion of the waters of the spring freshet to be used for log
driving.

No current-meter measurements have thus far been made. Gage
readings are taken twice daily, morning and evening, by Chris. Han-
non, and the mean of the two readings for each day is shown in the
accompanying tables:

-
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Principal developed water powers on Moose River.

= Effect-| Horse-
No. | Mills| s ! Number]
of at Location. hg;g p(;vv;z?‘:al? f| “of em- Manufacture.
dam.| dam. in feet.| wheels. ployees.
1| 1| NearLyons Falls.. ......o........... 18 560 50 | Wood pulp.
2 1 |- A0 oo - 30 1,208 31 Do.
3 1. do ... 35 1,736 28 Do.
4 1 | Lyonsdale. 30 850 35 Do.
5 1i..... P QN 30 400 2 | Paper.
6 | Y s U« 35 1,252 40 | Pulp and paper.
7 1| Above Lyonsdale...........ccooooooonn 30 1,000 40 | Manila paper.

BEAVER RIVER AT TISSE’S BRIDGE, LEWIS COUNTY, N. Y.

Beaver River rises in western Hamilton County, crosses Herkimer
County, and emerges from the Adirondacks at No. Four, on the Lewis
County line. The flow from the tributary watershed above Beaver,
comprising an area of 153 square miles, or 47.5 per cent of the entire
drainage area, is regulated by storage in the Beaver flow or ‘“still-
water,” an artificial lake formed by a timber dam 16 feet high.

In addition to the reservoir formed by the State dam at Beaver,
there are in this region over 50 natural lakes, including Red Horse
Chain, so that a comparatively uniform flow of the stream is main-
tained throughout the summer season.

From the State dam at Beaver to No. Four, a distance of 10 miles,
the stream consists of numerous bowlder rapids alternating with
short stretches of smooth water. Above Beaver Lake occurs a fall
with a descent of 60 feet within 400 or 500 feet. From the foot
of Beaver Lake to Belfort, a distance of 12 miles, the stream channel
continues rocky and precipitous, although the adjacent watershed
is sandy and for the most part covered with timber.. Eagle Falls,
2 miles below Beaver Lake, consists of a series of cascades aggregat-
ing a descent of 75 feet. There are a number of other undeveloped
water powers in this vicinity. Water power is developed at Beaver
Falls, Croghan, and Belfort, aggregating 4,400 horse power at five
dams, and utilizing a fall of 133 feet. There is also an abandoned
power at Tisses Falls, where a head of 16 feet could be obtained.
Power is developed at Belfort under a head of 50 feet, for the gener-
ation of electricity, which is transmitted to adjacent towns, a distance
of 16 miles.

An examination of Beaver River, in relation to facilities for gaging,
was made in July, 1900. The almost continuous rapids in the upper
reaches of the stream, coupled with the fact that all stretches of
smooth water are filled with logs much of the time, make the selec-
tion of a site for a permanent gaging station very difficult. Tisse’s
bridge, crossing the river between the villages of Croghan and Bel-
fort, was finally chosen, and a gaging record started May 10, 1901.
The bridge crosses the stream at the head of Tisses Falls at a point
where the gagings will be unobstructed by either log booms or
ice. The bridge consists of two spans of 70.5 and 51.5 feet width,
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crossing two arms of the stream on opposite sides of a wooded, rocky
island, one-half acre in extent.

A 12-foot cypress gage, divided to feet and tenths, was secured to
the downstream face of the right-hand abutment of the right span.
The bench mark is a chiseled ‘“0” in the bridge seat above the gage
board.

Elevation of bench mark . . ... .. 100. 00
Elevation gage z2er0 . ... . .. . e 88.70

One observation of the river stage is taken each day by the gage
reader, Nicholas Tisse.

Owing to the existence of cross currents under the bridge, current-
meter observations of the velocity have been taken in every square
foot of the cross section of the stream, and the direction of flow of the
corresponding filaments, as well as their velocity, is taken into con-
sideration in calculating the discharge. The results of current-meter
measurements are shown below:

Daily gage height,in feet, of Beaver River at Tisse’s bridge, Croghan, N. Y., for 1901.

Day. May. | June. ‘July. Aug. | Sept.

Oct. | Nov. | Dec.

B PP SN 3.1 2.1 2.1 3.6 2.5 2.6 2.5
2. 3.1 2.1 2.0 1.6 2.7 2.7 2.6
3 3.3 2.0 1.8 1Y 3.0 2.5 2.9

- 3.5 2.0 1.2 1.7 3.1 2.5 2.6

5 3.6 2.1 2.0 2.7 2.8 2.5 2.7
6. 3.5 2.1 2.0 2.2 2.9 2.4 2.8
K 3.6 2.1 2.1 2.2 2.8 2.5 2.7
8 3.5 2.1 2.1 2.0 2.7 2.4 2.6
9 3.7 2.0 2.2 2.2 2.8 2.4 2.9
10. 3.6 2.1 2.3 1.9 2.6 2.2 2.8
- 3.5 2.0 2.3 2.0 2.7 3.2 2.9

2. 3.1 2.0 2.7 1.9 2.5 3.0 3.4

13 . 2.9 2.0 2.2 2.1 2.8 2.4 3.5

14 2.9 1.9 2.1 2.0 2.9 2.2 3.3

15. 2.7 1.9 2.7 2.6 3.0 3.0 6.5

) 1 PRI IO 2.4 1.9 2.3 2.6 3.0 3.1 5.4

- 2.9 2.2 1.8 2.2 2.8 3.0 2.8 4.3
...... 2.4 2.2 1.9 1.3 2.7 2.9 2.9 4.0
2.4 2.3 1.9 1.3 2.6 3.0 2.7 4.2

2.1 2.7 1.8 1.3 2.5 2.9 2.8 3.9

2.2 29 1.6 L5 2.3 2.9 2.6 3.8

2.5 2.9 1.6 1.5 2.2 2.8 2.6 3.8

20 2.3 1.4 2.0 2.3 23 2.4 3.7

2.4 2.9 2.3 2.5 2.4 3.0 2.5 3.4

20 2.6 2.3 2.3 2.2 2.3 27 3.3

2.7 2.6 1.2 2.2 2.3 2.3 2.8 3.4

2.1 2.4 2.2 14 2.3 2.8 2.7 3.6

2.9 2.5 20 1.6 1.1 2.8 2.8 3.4

2.9 2.9 2.9 1.8 1.2 2.8 2.8 2.9

3.0 2.3 2.7 1.9 2.0 3.0 2.7 2.9

2.8 s 2.7 20 2.6 2.9

'
'
‘
H

Discharge measurements of Beaver River at Tisse’s bridge, Croghan, N. Y.

Date ‘ h%?;gglst. Discharge.
1901. ' Feet. Second-feet.
July 4. e e 2.02 283
May 29 e 2.98 521
June 10 .. __. e e e 3.50 997
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The drainage area of Beaver River above Castorland, where it
empties into Black River, is 322 square miles. The drainage area
above the gaging station at Tisse’s bridge is approximately 242 square
miles.

Rainfall and other meteorological records have been kept since
January, 1889, at No. Four, in the heart of the timber-covered por-
tion of the watershed.

BLACK RIVER AT HUNTINGTONVILLE, JEFFERSON COUNTY, N. Y.

This river rises in Herkimer County and flows in a northeasterly
direction into Black River Bay, an arm of Lake Ontario. A portion
of its course is shown on the Watertown atlas sheet of the United
States Geological Survey. Observations of the height of water have
been made at the dam of the city waterworks of Watertown, located
2 miles above, at Huntingtonville. The station was established on
February 22, 1897, and the record Has been furnished by Frank A.
Hinds, M. Am. Soc. C. E.?

The conditions at this point are peculiar, in that the stream flows
in two channels, with an island between. A high timber dam on the
right branch creates a settling basin for the water supply of the city
of Watertown. The other dam, on the opposite side of the island, is
also of timber, and gage readings are taken at a point about 500 feet
above this dam. The crest of the dam is slightly irregular in profile,
and for ease of computation has been divided into six parts, each of
these being considered as horizontal. There is an elbow in the plan
of the dam, with its apex downstream, the juncture of the two wings
being strengthened by a timber buttress, having a flat erest or plat-
form.

The discharge over the dam proper has been computed, using
coefficients derived from experiments on a dam having a similar cross
section, with a slope 2:1 on the upstream face, while the discharge
over the flat platform has been computed from an experiment on a
somewhat similar broad-crested weir.

The entire flow of Black River at this point, aside from leakage
and a slight diversion for municipal water supply of Watertown,
passes over the Huntingtonville dam. Two or more readings of the
crest gage are taken daily, and the mean of all readings from -mid-
night to midnight has been used in estimating the mean daily flow.
In computing the flow over the dam an allowance of 200 second-feet
has been made for leakage through seams and crevices in the lime-
stone rock underlying the dam. This amount has been arrived at
from an estimate of the size of the orifices and the head on the same
when the water was drawn down in the summer of 1897,

There is no opportunity for directly checking the flow during high

s See Water Supply and Irrigation Paper, U. 8. Geol. Survey, No. 36, p. 13L.
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water immediately below the dam. A current-meter measurement
was made at Glen Park bridge on June 6, 1900, which gave a total
flow of 2,175 second-feet. The mean daily flow is given in the fol-
lowing table. It does not represent the full water-yielding capacity
of the tributary drainage area, inasmuch as a portion of the flow from
the headwaters is diverted to the Forestport feeder to supply Black
River Canal. Storage reservoirs to compensate water-power users
are maintained by the State of New York on Beaver and Moose rivers,
the principal tributaries of Black River. These are described in con-
nection with gaging stations on the streams named.

Reservoirs and lakes on the headwaters of Black River and Wood-
hull Creek are also utilized for storage for the supply of Boonville
feeder of Black River Canal, affording a total water-surface area of 6
square miles, receiving drainage from 267 square miles of watershed
and having a total storage capacity of 1,220,155,000 cubic feet.*

Measurements of the amount of diversion from Black River below
Forestport reservoir, made in connection with the Barge Canal Sur-
vey, are described on page 143 of this report.

Above Lyons Falls the watershed of Black River is mountainous
and largely timbered. At ILyons Falls Black River is joined by
Moose River, and the two flow over a declivity—a limestone rock of
67 feet. From the foot of Lyons Falls to Carthage, a distance of 29
miles, the stream flows through a broad, drift-filled valley, the cur-
rent is sluggish, and the river is utilized for slack-water navigation.
From Carthage to the mouth of the stream, a distance of 25 miles, the
stream channel is mostly underlain by limestone rock, affording
numerous ledges utilized as sites for dams, making the stream of great
importance as a source of water power. There are 22 dams in this
section, furnishing, roundly, 60,000 horsepower to 80 mills along the
banks, which employ an aggregate of 3,900 persons.®

On the morning of April 21, 1900, the calculated discharge over the
Huntingtonville dam was 30,150 second-feet, equivalent to a flow of
16 second-feet per square mile of tributary watershed. December 15,
1901, heavy rainfalls on frozen ground produced a freshet, yielding a
calculated discharge of over 37,000 second-feet at the Huntingtonville
dam, or 19.2 second-feet per square mile.

aSee Report of New York Barge Canal Survey, 1901, pp. 666-672.
bBlack River water power is fully described in Report of U. S. Board of Engineers on Deep
Waterways, Vol. 1{, pp. 841-868.
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Mean daily flow, in second-feet, of Black River at Huntingtonville dam, Jefferson
County, N. Y., for 1901,

[Drainage area, 1,889 square miles.}

Mar.| Apr. | May.|J une.( July. | Aung. {Sep’c. Oct. | Nov. { Dec.
930 | 12,080 | 9,120 | 5,250 @ 2,225 | 3,863 25,750 1 3,950 | 1,925 )
2,531 | 11,150 | 8,260 |25,450 | 2.000 | 3,178 | 7,010 | 3,420 | 1,850 |
2251 11,280 | 7,120 | 5,9 2,000 | 2,300 | 7,450 | 3,420 |»4,850
455 | 11,410 | 6,680 | 6,470 | 1,340 #1,850 | 5,950 | 3,600 | 1,710
2,610 | 11,020 [26,630 | 6, 1,580 | 1,580 ( 5,450 | 3,515 | 1,785
610 | 10,370 | 5,350 | 6,790 | 1,520 | 1,710 | 3,863 |=3,260 | 1,850
658 | 29, 4,758 | 6,856 31,460 | 1,850 2,800 | 3,260 | 1,89%
2,610 1 11,020 | 4,393 | ©,900 | 1,710 | 2,455 |=1,925 | 3,012 | 1,850
610 | 11,280 | 3600 08750 | 1,850 | 2,770 | 2,610 | 1,520
22,455 | 11,410 | 3,345 | 8,875 | 1,580 | 2,610 | 2,000 | 2,610 |=1,165
2,930 | 10, 3,615 1 8,380 ) 1,520 |*2,850 | 1,850 | 2,579 | 1,580
5,420 | 9,740 |a£ 574 | 7,120 | 1,644 | 3,600 | 1,925 | 2,532 | 1.710
4,032 | 9,240 | 5,450 | 5,750 | 1,520 { 3,31) | 2,377 |a2,455 | 3,515
4, »9 490 | 6,155 | 4,665 |=1,280 | 2,770 | 3,260 | 3,715 | 4,950
213 | 11,020 | 5,650 | 3,420 | 1,580 { 2,150 |22,930 | 4,3 4,665
213 | 11,675 | 4,950 {22,850 | 1,280 | 1,984 | 3,775 | 4.484 | 8,950
3,775 | 13,750 | 4,213 | 2,300 | 1,165 | 1,644 | 8,775 | 4,484 (»3,420
950 | 16,300 | 3,685 | 2,270 | 1,143 {21,460 | 4,038 | 5,050 | 3,600
,125 | 19,000 23,515 | 1,962 | 1,280 | 1,580 | 3,515 | 4,758 | 3,260
,032 | 21,000 | 4,665 ) 1,850 | 1,165 | 1,520 | 3,178 24 213 | 3,005 |.
050 {221,000 | 5,050 | 3,008 | 2800 | 1,644 | 2,610 { 4,038 | 2,930
850 | 21,400 | 4,850 | 6,150 | 1,460 | 1,520 |=2,376 | 3862 | 2,850
850 | 22,650 | 4,484 [a7,670 | 1,400 | 1.580 | 2,075 | 3,345 | 2.690
450 800 | 4,300 | 7,780 | 1,400 | 2.000 | 2,000 | 2,770 |=2,930 |..
365 | 23,350 | 4,300 { 6,260 | 1,436 [*2,000 | 1.850 | 2,690 | 3,950
760 | 19,700 124,076 | 5,350 | 1,400 | 1,785 | 1,850 | 2,770 | 3,600 {.......
800 | 16,800 | 4,038 | 5,850 | 1,165 | 1,710 | 1,735 |*2,610 | 2,300 |_.____.
200 114,520 | 4,336 | 3,420 =1,165 | 1,580 | 1,580 | 2,455 ) 3,013 ). _._._
800 | 12,780 | 4,178 | 2,930 | 1,850 | 1,340 121,165 { 2,532 1 8,095 | (»)
15,000 | 10,780 | 4,813 (22,300 | 3,008 | 1,460 | 2,610 | 2,376 | 2,850 |....___
a]4,050( 10,760 | 5,150 |_..___. 4,484 | 2,530 ... 2075 ...
6,024 | 14,354 | 5,007 | 5,316 | 1,626 | 2,136 | 3,089 | 3,816 | 2,712 | ____..
aSunday. b Dam injured by high water.

Mean monthly run-off of Black River at Huntingtonville dam, New York.
[Drainage area, 1,889 sqﬁare miles.]
MEAN MONTHLY FLOW IN SECOND-FEET.

Month. 1897. | 1898. | 1899. | 1900. | 1901.
JANWALY - oo i o e e e i e e e 3,402 | 4,712 | 2,834 | 2844
February .l 2,160 3,806 2,326 5,734 2,421
March__ 6,317 | 9,609 | 5,051 | 2,970 | 6,024
April. 9.484 | 4,654 | 13.894 | 13,926 | 14,354
ay... 4,267 | 3,174 | 5,609 | 5,711 5,

June . 2,713 1 1,639 1,528 ,630 , 316
July. .. 879 ( 1,128 | 1,205 1,321 1,626
August ... 2,280 | 1,495 897 | 1,134 2,135
September. pemeo-o] 1,483 990 | 1,020 , 08
October. .. @54 | 3,138 | 1,018 ) 1,218 3,316
November . 4,155 | 3,932 | 1.652{ 5,014 2,712
December ... 4,725 2,720 | 3,501 ( 4,230 [........

Year - cceeaeee I P 3,348 | 3,532 | 3,895 j........

RUN-OFF IN SECOND-FEET PER SQUARE MILE.

JANUATY -« oot et et e e e e e e e m e [ s 1.18 2.49 1.50 1.50
February LM 2.01 1.23 3.04 1.28
March.. RN 5.08 2.67 1.57 3.18
April.. 5.02 2.46 7.35 7.37 7.60
May.. 2.26 1.68 2.97 3.02 2.65
June . 1.44 .87 .81 .86 2.81
July_- 47 ~60 64 10 .86
August ... 1.21 .19 .47 .60 1.13
September.. N B .78 .52 .54 1.63
October ... . 505 1.66 54 . 2.28
November . 1220 2.08 87 2.65 1.43
December. . ... o it et anranr e enenennmecnenaaanennn| 2.50 1.4 1.85 224 ...

YOar . oo i e e e e el 1 T2 1.87 2.06 ...
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Mean monthly run-off of Black River at Huntingtonville dam, New York—Cont’d.
RUN-OFF IN INCHES ON DRAINAGE AREA.

Month. _ 1897, | 1898. | 1899. | 1900. | 1901
JAUALY - e e e e e e e o 1.36 2.1 1.78 1.73
Februar 1.18 2.09 1.28 3.16 1.33
March 3,85 5.77 3.08 1.81 3.66
April 5.60 2.74 8.20 8.22 8.51
May 2.60 1.86 3.42 3.48 3.05
June _ 1.60 L7 .90 .96 3.15
July......... .54 .69 73 .80 .99
August ... 1.39 .91 .54 .69 1.30
September. .. ... e e e s .87 .58 .60 1.83
October ._... .58 1.91 .60 .11 2.62
November - - . . .| 2.45 2.82 .97 2.96 1.60
December. . i e en 2.88 1.66 | 1.52| 258 | _......
D OO beee e 23.16 | 2459 R1.70 |._......

|
- Estimated flood discharge of Black River in April, 1869.*
Dis-
Drai charge
; Estimated| “ren | BT
Tocation. Glcliargs| (%2 | LTS

drainage

area.

Sec.-feet. (Sq. miles.| Sec.-feet.
l({450 * 268 4 39

Forestport--ccee.emaicuaanne

Lyons Falls. 40,400 878 46
Carthage -................ 39,529 1,812 21
Four miles below Carthage........ e 89,009 1,824 21
Below Black River .- 39,137 1,869 21
‘Watertown.......... 39, 696 1,892 21
Ontario Paper Mill 28,337 1,908 15

aFrom data by L. L. Nichols, Black River Water Claims, vol. 1, p. 640.
SALMON RIVER ABOVE PULASKI, OSWEGO OOUNTY,‘ N. Y.

Salmon River rises in Lewis County, flows westward across Jeffer-
son County, and enters the east end of Lake Ontario near Pulaski.
A current-meter station was established on this stream September 5,
1900. It is located at a highway bridge, locally ealled Fox Bridge,
2 miles above the village of Pulaski. The stream bed is of gravel
and cobblestone, nearly flat. The gage board is attached to the
central pier of the bridge, and is divided in feet and decimals, from
zero to 10 feet. Gage readings are taken each morning and evening
by Hiram A. Walker. The capstone of the central pier, above the
gage, is used as a bench mark.

Elevation bench mark ... .. ... ... ... 100. 00
Elevation gage zero. .. oo o . e e 87.41

The stream has a flood plain on the left-hand side, over which the
water passes during freshets. The average elevation of the flood
plain is 7.5 feet above gage zero. There are two auxiliary channels,
spanned by short bridges, through which the water passes at times.
The flow through these is included in the high-water discharge meas-
urements given below.
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Current-meter discharge measurements of Salmon River near Pulaski, N. Y,
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Date. hgrig et Discharge. Hydrographer.
Feet. Second-feet.

Sept. 4,1900_ __ .. ... ... 1.08 102 | R, E. Horton
May 21,1901 ... . ... 1.69 422 | J. D. Luther

May 18, 1901 __ .. ... 2.14 824 | R. E. Horton.
June 1, 1901 .. .. ... _..._. 2.50 1,070 | J. D. Luther.
Apr. 12,1901 .. ... 3.40 2,536 | R. E. Horton.
June 8,1901.__ __. ... ______. . __..._. 4.10 3,437 | J. D. Luther.
Apr.24,1901 . .. .. . . ______. ... 4.30 3,476 | R. E, Horton

A current-meter measurement of Salmon River at Stillwater Bridge
was made November 2, 1898, by W. D. Lockwood, the discharge being

403 second-feet.

Drainage area of Salmon River.

Location.

Drainage
area.

Gaging station near Salmon Falls
Gaging station near Pulaski.._. _._._..
Mouth of stream

Nq. miles.
191

264
285

Summary of developed water powers on Salmon River,

X N Horse- Néumber
0. um: 5 of oper-
of Location. ber of _H?ad, Lol of “atives Manufacture.
dam. mills. |10 feet. WI? elr em-
wheels. | 110veq,
2 10 136 10 | Electric-lighting; furniture.
1 4 30 2 | Gristmill.
4 4-9 70 18 | Wood working, ete.
6| 10-13 82 22 Woti)l(} and iron working and woolen
mill.
51 Altmar .......... 2 57 119 4 | Grist and planing mills.
6 | Stillwater _._.... 1 6 10 | Sawmill.

Mean daily flow, in second-feet, of Salmon River at Pulaski, N. Y., for 1900.

[Drainage area, 264 square miles.]

Day. Sept. | Oct. Nov. | Dec. Day. Sept Oct Nov. Dec
394 186 | 1,095 100 282 458 234
330 186 905 100 258 | 1,131 394
258 554 820 100 258 | 3,541 618
210 622 | 1,075 e 234 | 38,748 282
186 490 | 1,357 862 210 | 2,566 306
114 586 | 1,082 490 210 | 1,777 394
138 586 905 426 306 | 1,082 862
258 | 1,357 kvt 362 650 | 1,075 1,005
554 1 1,131 426 258 618 | 2,325 990
522 862 330 210 554 | 4,656 820
394 586 330 210 Ab4 | 2,727 820
330 586 282 210 458 | 2,119 735
282 522 282 306 490 | 1,181 820
282 522 282 R, 490 ... 905
234 458 258 —

282 330 234 219 843 | 1,267 641
282 330 234
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Mean daily flow, in second-feet, of Salmon River at Pulaski, N. Y., for 1901.

{Draingge area, 264 square miles. ]

Day. Jan. | Feb | Mar. | Apr. | May. |June. | July. | Aug. |Sept. | Oct. | Nov.
306 | 458 | 5,276 | 1,301 586
282 362 | 2,051 950 426
282 258 | 1,301 | 1,131 362
282 234 785 | 1,470 306
282 186 554 | 1,470 330
306 | 186 458 1,131 330
330 330 394 | 1,082 330
394 | 282 362 905 282
458 | 258 | 306 | 820 282
426 490 282 1 1,244 282
394 522 362 650 306
330 490 490 304 | 1,414
06| 394 | 905 | T | 4,284
306 330 258 | 1,40 | 2,256
282 | =282 | els|1131 | 1,357
282 306 | 1,914 | 1,082 [ 1,131
268 282 1,075 | 1,527 | 1,075
234 234 947 | 1,640 990
186 234 735 | 1,470 948
186 234 522 1 1,188 863
138 234 458 U7 778
138 186 394 905 618
138§ -306 394 77 778
138 990 362 458 820
138 586 330 554 650
133 426 330 522 586
1381 306 | 282 458 522
138 234 282 458 394
426 186 282 458 330
5564 490 947 458 330
490 | 3,954 {....... 458 | ...
281 460 | 787 943 798

»Stream obstructed by ice.

b Exceeds limit of rating curve.

Mean monthly run-off of Salmon River at Pulasks, N. Y.

[Drainage area, 264 square miles.]

M monthly fl Run-off in second- .
Egnfsec(c.?nnd]?fseret',f)w feet I;gli'lgquare gxugrggxgég?lggs.
Month. :

1900. 1901, 1900. 1901. 1900, 1901.
April . . L. 2,804 | . . ... 10.95 (... 12.21
May ... o iiiiii{iaos 829 (... 8.14 . ... 3.61
June R O 1,085 | __... 4.02 |.___.... 4.50
July ... s 281 | ... 1.06 | ... ... 1.22
August .. __ ... ... __. e 460 ... ... I T B, 2.00
September . ... _______.___ .. 219 787 0.83 2.98 0.93 3.84
October.. .. . .. ... ... 343 943 1.30 |- 3.57 1.50 4,12
November ... _______._ ... _. 1,267 798 4.81 3.02 5.89 3.37
December..... _._........_. 641 930 2.43 3.52 2.79 4.06

There is an undeveloped water power with a precipitous fall of 110
In November, 1898, a gaging station was estab-
lished by United States Board of Engineers on Deep Waterways, ata

feet at Salmon Falls.

dam 1 mile above these falls.

June, 1899.*

This gaging station was abandoned in

»See description in Water-Supply Paper, United States Geological Survey, No. 36, p. 130.



108 OPERATIONS AT RIVER STATIONS, 1901,—PART I.  [wo.65.

WEST BRANCH OF FISH CREEK AT M'CONNELLSVILLE, ONEIDA
COUNTY, N. Y.

This stream rises in the northern part of Oneida County and flows
in a southerly direction to its junction with the east branch at Taberg
station, where it forms the main Fish Creek, which stream flows in a
westerly direction emptying into the east end of Oneida Lake. The
lower part of the course of Fish Creek is shown on the Oneida atlas
sheet of the United States Geological Survey.

The station is located at the Harden dam in MeConnellsville. This
dam is of timber, having a slight leakage, which has been estimated
at 10 second-feet. The dam is in two sections, forming an angle in
plan, the length of the right-hand and left-hand sections being 102.69
feet and 73 feet, respectively.

During the summer, when flashboards are on the dam, the Francis
formula is used in computing the flow. At other times a discharge
curve derived from Cornell University experiments is used. Three
water wheels are in use. Two are 54-inch wheels, built by the Cam-
den Water Wheel Works, and are usually run ten hours per day at
a nearly constant gate opening. The third is a 36-inch Helmer
turbine.

Current-meter measurements of the discharge of one of the 54-inch
wheels, as run under light and heavy load, showed the following

results:
Second-feet.

June 2, 1900 . et aeiiiiann - bmmamn 438.2
September 6,1900. . ______ . ___ __. . ... ....... ... 51.8

The gaging record at McConnellsville was discontinued June 30, 1901.
The following data relative to maximum discharges of Fish Creek
were obtained for the United States Board of Engineers on Deep

Waterways:!
Maximum discharge of Fish Creek.

| . Dis-

matea | oharge

Location. Date of flood. agsr:;'ne;. A square
dis-  |gpeee O

charge. |*¥ :’;’;:?

Sq.miles.| Sec.-ft. | Sec.-ft.
Williamstown » SN I "6 ) 30.9
Do.b._........ J R, 16.5 561 34.0
West Camden.......... .| Spring, 1884...... 47.5 1,620 4.1
Camden® ..__-.._..o.iiiooie ] | June,iB89 .00 6ld| 147 2.1
Do,2 - . 61.5 1,417 23.0
Do. ¢ 61.5 1,456 23.5
Do.f___.... 68.8 1,835 219
MecConnellsyillk 187.0 6,170 32.7
Taberg station .| Mar. 14, 1898 . 7.0 5,875 15.2
Fish Creekh .. ___. ._.| Mar. 15,1898___.__. 533.0 7,697 14.2
Point Rock i ... eiaaaas Fall, 1897 __._._. 104.3 8,400 86.9

aUpper dam. fDorrance’s dam.

*Lower dam.

¢ Grist mill dam.
aFoundry dam.
ePlaning mill dam.

¢ Below junction, east and west branches,
®Below confluence with Wood Creek.
i East Branch.

1 Report on Special Water-Supply Investigation, pt. 2, pp. 790-79L
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The maximum discharge observed while the gaging record has been
kept was ;560 second-feet, or 24.4 second-feet per square mile, March

27, 1901.

Mean daily flow,in second-feet, of West Branch of Fish Creek at McConnellsville,
Oneida County, N, Y., for 1901.

[Drainage area, 187 square miles.]

Apr. .[June. Day.

Jan. | Feb. | Mar. | Apr. | May.|June.
851 200| 420 126| 820
100 290 390 (=»100{ 3810
1001 344} 358 130 310
100 | 580 | =560 | 130 | 1,060
90 815| 670 | 150 | 833

90 | 730| 655| 180 | *6:
265 | 2730 ) 530 | 185 | 440
90 | 1,050 | 460 | 293 | 310
80 | 3,020 315 | =200 200
9 | 4,410 | 258 | 230 | 170
90 | 2,180 | =230 | 220| 190
ae---o 1,165 235 230 118
...... 960 | 170 355 | s100
...... 2780 |.......| 420 |.-....
97 625 657 ) 192 463

a Suuday.

Principal developed water powers on West Branch Fish Creek.

[ Rated
No. ; g‘;%‘g Eff‘f:t” horse- | Number,
of Location of dam. millsat| head |[POWer of] of em- Use made of power.
dam. dam. | feet. | Water |ployees.
1| Taberg...... [P 1 - P [ Sawmill.
3 | McConnellsvilie - - 2 6 111 40 | Woodworking.
3| Camden ...._..... - 4 7-9 114 22 Do.
..... 0 ... - -] oundryand knitting mi
4 d; 2 9-10 136 220 | Foundz ¥ d knitti 1L
|3 P do . . 1 10 157 2 | Gristmill
6| .. do o....... - 1 5 53 2 | Saw and gristmill.
7| West Camden. . 2 5 92 21 | Chair factory.
8 | Williamstown . . 2 16 66 5 | Saw and gnstxmll
9 ... [ L TR, 1 9 185 4 | Gristmill.

A current-meter measurement of East Branch of Fish Creek was
made at Wilson’s bridge, 1 mile above Point Rock Village, May 17,

1900; the discharge was 485 second-feet.

Mean monthly run-off of West Branch of Fish Creek at McConnellsville, N, Y.
[Drainage area, 187 square miles.]
MEAN MONTHLY FLOW IN SECOND-FEET.

Month. 1898. 1899 1900. 1901,
JANUATY ... il e ol - 435 | ... 119
February. .. ... (... . ... Lol oaioiiioi|ieeiaaas 206 |.._.___ 97
March - ... e e s 648 |.._..._. 625
April . . il . 1,208 .o ___. 657
B U R P 239 143 192
JUNe _ e e e 101 68 463
JUlY - il o el 57 60 |__......
August. L e o) (N I,
September._____.__ . ... 134 (... __. 65 | ... ..
October ... . ... 838 |......_. 88 |._.....
November ... ... ... ... 388 .- ..... 168 .. _.
December ... ... ... P28 U 99 ...
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Mean monthly run-off of West Branch of Fish Creek, etc.—Continued.
RUN-OFF IN SECOND-FEET PER SQUARE MILE.

Month, 1898. 1899. 1900. 1901,
dJanuary . .o, .83 |._..... 0.64
February._ ... _.._. . 1,10 | ... .52
March . . ___. 3.47 |- ... 3.84
APTil. 6.46 .. ___| 3.51
May o e 1.28 0.76 1.03
June ___.. - e U I .54 36 2.48
July . e o .30 32 ... ...
August. .. i e 30 [__...__.
September.. ... .. .. . ... 0.72 1., ... 34 ...
October _._ . o 1.78 | ao. A2 ..
November ... . . . e 2061, .. _ 90 |
December - ... .. ... .. ... w18 |...._._. 2 2 A
RUN-OFF IN INCHES ON DRAINAGE AREA.
JANUATY o . L i e o. oo | 2,68 | ... 0.74
February. - ... i el B I T 7 T . 54
March . . . el 400 .___... 3.84
April. L il el T.20 . ... 3.93
May. . . i it e ) LAY 0.87 1.18
June, ... . . _____. I .60 .40 2.78
July o . .34 BT
August_ ... i s e B84
September.___ ... ___. __ . __.__ .__._.........| 0.80.._____. 88 o
October . . .. . . ... 2.07 | oeeae . A8 |
November ....... ... ... . . ieaoia 280 ... 1.01 | ... ...
December - ... . . ... ... 1.80 | ......_. 62 L.

ONEIDA CREEK AT KENWOOD, MADISON COUNTY, N. Y.?*

This stream rises in Madison County and flows in a northwesterly
direction, crossing the Erie Canal and emptying into Oneida Lake at
its southeastern extremity. It is shown on the Oneida atlas sheet of
the United States Geological Survey. The station is located at the
dam of Oneida Community at Kenwood, which is of framed timber,
having a level crest 79.4 feet in length.

Water is conduected to the mill in an open earth canal, terminating
near the silk mill. A short, circular wooden flume conducts water
from the headrace to the 24-inch Hercules turbine, which is ordinarily
run at one-third gate. There is no leakage of the dam, and only a
slight leakage of flume and head gates. This has been taken at 2
second-feet. The flow over a wasteway near the mill is computed
by means of the Francis formula. A discharge curve for a second
spillway has been prepared, using coefficients from the Cornell experi-
ments for dam with a broad, flat crest.”

2*8ee Water-Supply and Irrigation Paper, U. 8. Geol. Survey, No. 36, p. 186.
b Sea Prac. Am. Soc. Civil Ene.. March. 1900, n. 282.
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Current-meter measurements, to check the calculated flow at Ken-
wood, have been made, with results as follows:

Current-meter measurements of Oneida Creek.

Second-feet.
June 1, 1900, total flow at Oneida Castle. .. ___. . __._ . ... .. ... 36.6
Flow over dam, crest gage reading 0.15 _____ ... _.._....... 19
Flow through turbine, 11.75 head, one-third gate. . ..__.._.__._._____. ... 15
Flow over waste way nearmill . _____ .. ... ... ... 1
Assumed leakage - ... ... . e iiiiiiiaao 2
Computed total flow___.. ..__. __ . TP -
September, 17, 1900, total flow measured in hea.drace .......... e 20
Flow through turbine, one-thirdgate .. ... - _......_..._. .. .._....... 15
Assumed leakage . .. - ...l eeioeoo 2
Total flow computed. ... ... ... e 17

At Oneida is a State dam diverting water for the supply of the
summit level of Erie Canal. No measurements of diversion to the
feeder have been made. Practically the entire flow of Oneida Creek,
less leakage of the dam, is taken for this purpose during the low-
water season.

The highest recorded freshet on Oneida Creek occurred in 1892.
The calculated discharge over Kenwood dam was 3,292 second-feet,
or 41.2 second-feet per square mile. December 15, 1901, a sudden
freshet, resulting from excessive rainfall on frozen ground, produced
a discharge estimated at 2.075 second-feet, or 35.1 second-feet per
square mile, from the tributary drainage area of 59 square miles.

Mean monthly run-off of Oneida Creek at Kenwood, Madison County, N. Y.

[Drainage area, 59 square miles. ]

Memﬁl monthly Run-off in second-feet| Run-off in inches on

Month 1898 SeCO?l‘g-%get. per square mile. drainage area.
1899. | 1900. | 1898. | 1899. | 1400. | 1898. | 1899. | 1800.
“1.98 2.28 1.80
1.58 164 | oo
2.66 3.06 2.89
3.10 3.46 8.74
1.05 L2l .
.51 .57 .39
.42 .48 14
R N 7 R R .87
................. .30
.39 45 87
.56 1.72
1.02 117 2.47

The drainage area tributary to Oneida Creek above its mouth is
149 square miles.
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CHITTENANGO (REEK AT BRIDGEPORT, MADISON COUNTY, N. Y.

This creek rises in southwestern Madison County, flows in a north-
westerly direction between Madison and Onondaga counties into
Oneida Lake, the outlet of which is Oneida River, a tributary of
Oswego River. The drainage basin of the stream is shown on Chit-
tenango sheet of the United States Geological Survey. Observations
for the computation of flow of this creek are made at the milldam in
Bridgeport, a short distance above its mouth. Gage readings are
taken three times a day, showing the height of the water above the
crest of the dam, head on water wheels, and widths of gate openings.
The dam is of timber, backed with stone, and has a nearly level crest
215 feet in length, with flood gates at each end.

A current-meter measurement was made at a highway bridge below
the inflow of Butternut Creek, near Bridgeport, on June 16, 1900,
The total flow of Chittenango Creek at that point was found to be 95
second-feet. The stage of the stream, as shown by the record kept
at Bridgeport, was uniform for several days. The mean flow, as com-
puted from the gage readings, was 95 second-feet for June 15 and 16,
There is no opportunity for separately measuring the dixcharge
through the turbines or leakage of the dam at this station, and an
allowance of 15 second-feet for leakage of the dam and of the dike
leading to the old sawmill has been made.

The sawmill, situated on the left side of the stream, runs very irreg-
ularly. The water wheels are old and the penstocks leak badly. A
current-meter measurement was made in the headrace leading to the
sawmill on June 16. The water wheels were running, and the flow
was found to be 14.4 second-feet.

The relatively low run-off from the water shed of Chittenango
Creek during the summer months, as shown in the acecompanying
tables, may be attributed to diversion of a portion of the flow to sup-
ply the summit level of the Erie Canal.

State dams are situated on the main stream at Chittenango, and on
its two tributaries, Limestone Creek and Butternut Creek, Cazenovia
Lake, Erieville, De Ruyter, and Jamesville reservoirs impound stor-
age by which the flow is regulated o some extent.

The first two reservoirs are deseribed in connection with the Chit-

tenango meter station.*
"~ De Ruyter reservoir, situated near Delphi, has a capacity of
504,468,000 cubic feet and a water surface area of 626 acres. It
receives storage from 18.5 square miles of area naturally tributary to
Tioughnioga River, a tributary of Chenango River. The outflow
from this reservoir is diverted into Limestone Creek and enters Erie
Canal through the Fayetteville feeder.

The Jamesville reservoir is situated on the headwaters of Butternut
Creek, which is tributary to Chittenango Creek through Limestone

s See page 115.
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Creek. The reservoir has a storage capacity of 170,000,000 cubic
feet and a water surface area of 252 acres. It receives drainage
from 46.2 square miles of watershed. The outflow is turned into
Erie Canal through the Orville feeder.

Owing to its location below three feeders of the canal, the records
at Bridgeport do not show the actual run-off of the watershed during
the canal season. During the winter some water, draining into the
summit level of the canal, is drawn off into Chittenango Creek at the
aqueducts crossing the main stream and its tributaries. Owing to
uncertainty in the run-off of the watershed, derived from this record,
the Bridgeport station was abandoned May 31, 1901, and a current
meter station established in its stead, above the State dam at
Chittenango.

Mean daily discharge, in second-feet , of Chittenango Creek at Bridgeport, N.Y., 1501,

[Drainage area, 307 square miles.]

Day. Jan. | Feb. | Mar. | Apr. | May. Day. Jan. Feb. | Mar. | Apr. | May.

751
715 a2ih
920 291
1,37 251
1,388 258
1,426 341
21,365 288
1,538 291
2,030 2275
1,825 311
1,531 376
1,510 556
1,350 688
21,245 741

1,346
1,200 308

1,198

aSunday.
Mean monthly run-off of Chittenango Creek at Bridgeport, N. Y.
[Drainage area, 307 square iles.]
MEAN MONTHLY FLOW IN SECOND-FEET.
Month. ! 1898. 1899. 1900. 1901.
[

JANUATY ..« oo e it e e 662 561 391
February ... .. . . . .. [ - 551 725 236
March. . el ae. J----- . 893 697 955
April i e 921 911 1,174
May . o i e 245 207 308
June ...l e e e 161 93 |
July ... 123 110 ...
August . e e 96 L 2 P
September _ ___ ... ... 129 76 68 | ....
October. ... . il 344 64 81| ...
November . . ... .. .. . Ll cooliiioao. 612 95 327 [..o... .
December . ... ..o 597 281 562 | ._ ...
Year . o e ae e 347 368 1 .. .._.

IRR 65—02——8
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Mean monthly run-off of Chittenargo Creek, at Brideport, N. Y.—Cont'd.
RUN-OFF IN SECOND-FEET PER SQUARE MILE.

Month. 1898. 1899. 1900. 1901.
January ... ... e 2,15 1.80 1.27
Fehruary . .. ... e 1.80 2.36 LT
March .. . i e 2.90 2.27 3.12
April i 3.00 R.97 3.83
Y < e 80 .67 1.00
JUNE . i e 52 .30 B
July .. i .40 .36 ..
August . . ... .31 R4
September ... ___ .. ___ .. ... ... . ___.....| 0.42 .25 LR .

October_ ... ... ... 1.12 .20 .26 -
November . .. ___ ... . .. ... .. ... 2.00 .30 1.07 ... ...
December .. .. ... 1.94 .91 1.83 |.__.....
Year. ... .o ol 1.13 1.20 |........

|
RUN-OFF IN INCHES ON DRAINAGE AREA.

January (. . . el 2.49 2.07 1.46
February .. .. ... e e 1.87 2.45 .80
March . . . 3.34 2.61 3.59
April .. o ... 3.34 3.31 4.29
May o e e e .92 Ve 1.15
June ... el et .98 I 2
July . ... e . .46 A0 o
Aungust .. ... ... Lo .35 >
September .. .. ... ... o o....._ .. .1 0,47 .28 R4
October. .. .. .. ... 1.29 .R3 B0 |
November .. ... ... .. ... ... 224 .34 1.20 | ...
December ... ... ... ... ... 2.23 1.05 2.10 |, ...
Year. . . .. ... IO 15.25 | 16.05 |.._.__..

CHITTENANGO CREEK AT CHITTENANGO, MADISON COUNTY, N. Y.

A current-meter gaging station was established at Main street high-
way bridge in Chittenango viltage May 22, 1901. The stream at this
point is entrained between parallel walls, affording a channel 50 feet
wide, over which the bridge passes in a single span. The bridge
stands at an angle of 60° to the thread of the stream, and has a span
between abutments of 57 feet. The gage board is secured in a ver-
tical position to the right abutment on the upstream side, and reads
decimally from zero to 8 feet. The stage of the stream is observed
twice daily by the gage reader, Frank A. Sutter. The bench mark is
on the upstream corner of the coping of the right-hand bridge abut-
ment.

Elevation bench mark. . ... . ... .. . 100.00
Elevation gage zero. . ... i iimme e aaeas 91.77
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Current-meter discharge measurements of Chittenango Creek at Chitlenango, N. Y,

Date. hgia?gglﬂ,. Discharge. Hydrographer.
1901. Feet. Second-feet.

August 8. .. . . .. 1.78 45 | R. E. Horton.

DO oo 1.78 48 Do.
July 16 . i aioln 1.80 58 | B. C. Murphy,
May 22 oo e e 2.03 102 | R. E. Horton.
Junes ... el 2.3 138 | J. D. Luther.
May 81 e e 2.59 253 Do.

The location of the Chittenango station isshown on the Chittenango
sheet of the Topographic Atlas of the Geological Survey. The
gaging station is one-half mile above the State Dam, diverting water
for the supply of the summit level of Erie Canal. The records kept
show the amount of water supply available for canal purposes. The
gaging station at Bridgeport ® is located below this feeder. The rec-
ords for the two stations are not comparable during the season of
canal navigation.

The flowof Chittenango Creek is regulated by storage in Cazenovia
Lake and Erieville reservoir.”

ERIEVILLE RESERVOIR.

Tributary watershed ... ... . .. ... ... ... square miles_._ 5.4

Storage capacity - oo ic e ceeeeaae cubic feet.. 318,424 000
Water surface . .. o e e ana acres.. 340

CAZENOVIA LAKE.

Tributary watershed ... .. ... ..................._8quare miles._._ 8.7
Storage capacity - ... e cubic feet. . 206,997, 000
Water surface. .. .o oo e square miles. . 1.7

From Chittenango Falls to Chittenango village, a distance of 5
miles, the stream falls from elevation 860 feet above tide to elevation
420. From the foot of Chittenango Falls to Chittenango village the
stream flows through a deep, narrow valley, where several water pow-
ers have at one time been in use, now mostly abandoned.

The accompanying table shows the mean daily stage of the stream.

A freshet December 15, 1901, raised the water to elevation 7 feet on

the gage board.
Drainage area of Chittenango Creek.

Location. Sl%}lizg.e
Chittenango gaging station_ ... ... <Y
Bridgeport gaging station. .. ... ... ..o e e iceceaae. 307
Mouth of stream .. .. . ... e ceeam——a——— 309

s Described on page 112.
b Report on New York State Barge Canal Survey, p. 663.
c¢Including Chenango River area made tributary to feed Erieville reservoir.
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OPERATIONS AT RIVER STATIONS, 1901.—PART I.

[~o. 65.

Daily gage height, in feet, of Chittenango Creek, at Chittenango, N. Y., for 1901,

Day. May. | June. | July. | Aug. { Sept. | Oct. | Nov. Dec.
) P SN 2.6 1.9 1.7 1.95 1.77 1.8 1.92
Y MU 2.8 1.9 1.7 L9 L7 1.8 2.02
2R R 2.47 1.8 1.8 1.85 1.7 1.8 2.4
U St 2.35 1.85 1.8 107 L7 1.82 1.8
5.. 2.3 2.0 1.8 1.8 1.7 1.8 1.85
6. 2.22| 2.1 1.82 1.8 17 182 1.85
T 2.85 2.05 19 1.72 1.75 1.85% 1.85
8. 2.62 1.9 1.87 1.7 1.7 1.85 1.9
9. 2.45 1.9 1.82 1.7 L7 1.87 3.35
10 e 2.25 1.9 1.85 1.8 L7 | 1.87 2.4
B o IO 2.15 1.9 175 1.7 1.77 1.8 2.27
P 2.17 1.9 1.9 1.7 1.7 2.05 2.22
13, 2.1 1.8 1.9 1.85 17 2.0 2.22
) 7 - 2.05 1.8 19 1.7 1.97 1.8 2.67
15.. 2.0 1.75 1.9 1.7 1.97 1.8 4.65
16 .. 2.0 1.8 1.85 1.7 1.77 2.0 3.8
17 .. 2.0 1.85 1.87 1.8 L 1.8 3.4
18 .. 1.95 1.8 1.8 1.77 1.8 1.8 3.3
19 .. 1.95 1.8 1.8 1.82 1.82 1.8 3.0
20 e 2.72 1.8 1.9 1.7 1.8 1.8 2.45
b2 D RN 2.97 1.8 1.9 1.82 1.77 1.8 2.4
2.6-] 1.8 1.9 1.7 1.77 1.8 2.05

2.85 1.8 1.9 L7 1.82 1.8 2.0

2.4 1.8 1.92 1.77 1.85 1.87 2.0

2.2 1.82 1.8 L7 1.85 1.87 2.0

2.2 1.8 1.85 197 1.85 1.95 2.0

2.1 1.75 1.85 1.7 1.85 1.87 2.0

2.0 1.7 1.85 1.75 1.82| 2.0 2.0

2.0 1.7 1.85 1.7 1.82 1.9 2.2

1.9 1.8 1.87 1.7 1.8 1.9 2.2

1.82 1.9 1.8 2.1

100020 002020201030 20
o

Principal water powers on Chittenango Creek.

Ig:ﬁgf Location. A;"g;%l.’le Description.
Feet.

1| Bridgeport ... ... ... _. Snyder Brothers’ gristmill;
wheels rated 115 H. P.

1. s D R s 6 to 8 | Snyder Brothers’ sawmill;
wheels rated about 20 H. P.

2 | Chittenango. . ... .....__. 5 | State canal feeder dam.

E S R T S 8 | Walrath’s dam; abandoned iron
works.

Z: 3 PO A0 14 | Chittenango Roller Mills; rated
57 H. P.

4o do L. 14 | Chittenango Cotton Mill; aban-
doned:; owns one-half power
at dam.

51..... do . ... 8 | Abandoned distillery.

6 Chlttena.ngo Sprlngs ________ 6 to 8 | Nesbet's sawmill.

7 | Above Chittenango Springs. . 6 to 8 | Marl lime and sawmill.

8 | Chittenango Falls . ..._.__._. 120 | Undeveloped.

9 f..--- do ... 10 to 12 | Abandoned repair shop.

10 | Cazenovia_ .. ... .oo.o..... 10 | Bentley’s dam, gristmill

SKANEATELES LAKE

OUTLET.

Skaneateles Lake is fifth in size of the Finger Lakes tributary to

Seneca River.

Its run-off is of special interest as illustrating the

effect of lake storage on the regimen of flow of that stream. The lake
lies in a deep, narrow valley conducive to rapid run-off, so that she
water level of the lake fluctuates frequently. Owing to extensive

lake storage the variations in the outflow are very moderate.

The
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lake and its watershed are shown on the Skaneateles sheet of the
United States Geological Survey. The watershed areas are as follows:

Drainage area of Skaneateles Lakes.

Square miles.
Land surface above State dam at Skaneateles. . __ ... _.____ ... . ... . 60.25
‘Water surface of lake at Skaneateles___ . __ . __ ... ... ... 12.75
Total drainage area above footof lake_ .. ... . ... ... _. 78
Total area above Willowglen weir. . ___ . . ... . . o oo iincieaane .- 74.235
Total area above ErieCanal at Jordan_ ... . ____ . ... .. ... 93

The elevation of Skaneateles Lake is 867 feet above mean tide, and
that of the outlet at Erie Canal crossing, near Jordan, about 400 feet.
The intervening fall of 467 feet is largely taken up by water powers
situated at 17 dams on the outlet in the intervening length of 12 miles.
The power is chiefly used for paper, woolen, flour, and furniture
manufaecturing.

The dam at the foot of the lake was originally constructed by the
State of New York in 1844, In 1893 the masonry dam at the foot of
the lake was rebuilt by the Syracuse water board, and since July 1,
1894, the lake has been used as the storage reservoir for the muniei-
pal supply of the city of Syracuse, the water being taken a distance of
194 miles through a 30-inc¢h cast-iron conduit.

A record of the elevation of water in Skaneateles Lake reservoir
has been kept each week since January 1, 1878, by gate keepers of
New York State canals. The results of this record may be found in
the Annual Report of the Superintendent of Public Works on Canals,
for 1899, pages 156-159.

In connection with condemnation proceedings for the acquisition of
water rights on Skaneateles outlet by the city of Syracuse, a number
of gagings of the outflow from the lake were made, some of the results
of which have been reduced to second-feet and are given below.?

Mean daily flow, in second-feet, at Skaneateles Lake dam, Skaneateles, N. Y., 1890,

[Drainage area, 73 square miles.]

Day. Sept. | Oct. | Nov. | Dec. Day. Sept. | Oct. | Nov. | Dec
108.8 97.3 117.8 112.8
108.8 101.5 114.8 114.2
107.8 98.9 | 116.7 112.1
106.9 97.9 | 11<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>