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SUPPLEMENT TO LITTLEVILLE LAKE
REGULATION PROCEDURES - JANUARY 1974

SOP FOR WATER SUPPLY SYSTEM

a. General. The important‘physical components of the water
supply system consists of an intake tower, a 48-inch concrete pipe-
Tine and a Tow flow diversion structure,

b. Intake tower. The water supply intake tower is Jocated at
the upstream toe of the dam adjacent to the old streambed. The tower
is a wet well with four 36-inch diameter gated intakes at different
elevations so that water can be drawn from the level having the best
quality. The 36-inch siuice gates are on the inside face of the tower
and are controlied by motor-operated hoists in the operating room
where the floor elevation is 597.0. These gates are numbered from
1 to 4 beginning with the top gate. The gates are located at the
following elevations:

Gate Invert Elevation
(Top of water supply reservoir = 518.0)
1 502.2
2 483.8
3 465 .4
4 447.0

These gates will ordinarily remain wide open which means that the
water level in the tower is about the same as the reservoir. Gate 5
is a 48-inch butterfly vaive with invert at elevation 432.0 which
allows water to run from the intake tower into the 48-inch pipeline.
This gate will ordinarily be wide open (see plate 1) and is controlled
by a motor-operated hoist in the heater room where the floor eleva-
tion is 584.0,

The basement of the tower contains two other gated openings. One
gate is a 48-inch sluice for a 48-inch square opening in the upstream
face of the tower. This gate which is normally closed is on the inside
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face and controlled by a manually operated hoist located on the floor
at elevation 446.0. The gate was installed to permit drainage of the
lake and should be cracked open for inspection purposes whenever the
pool is at or below elevation 446.0 feet.

The other gate is a 12-inch sluice gate ("mud gate") on a 12-
inch diameter pipe. The gate is on the inside face of the downstream
side of the tower and is controlled by a manually operated wheel at
floor elevation 446.0. The 12-inch pipe {invert 432.0) goes through
the tower wall and into the diversjon tunnel to allow drainage of the
tower. The gate is presently cracked open to aliow a small flow and

‘prevent stagnation of water in the tower. This small flow seeps out

of the diversion tunnel and into the ground at the old outlet portal.

The flow eventually discharges into the river at the diversion structure.

c. Water supply pipeline. The 48-inch diameter concrete pipe
was constructed inside the 9-foot arch-shaped concrete diversion con-
duit. Initially, the pipeline terminated at the outlet portal at the
toe of the dam. In 1968 the city of Springfield extended the pipeline
to a pumping station in Huntington, constructed a low flow diversion
structure and instalied a 48-inch hand operated gate valve on the 48-
inch pi§e1ine about 215 feet downstream of the toe of the dam (see
plate 1). '

The pipeline between the dam and the pumping station contains
several air valves. The valves were installed to remove air trapped
in the line and to admit air to the line to prevent its collapse under
vacuum.

The 48-inch valve downstream of the dam is normally fully open.
The pipeline is therefore under pressure from the dam to the pumping
station. A hydrant system is connected to the pipeline at a school
in Huntington for fire protection purposes. In the event it is nec-
essary to close the 48-inch valve at the diversion structure, the
Huntington Fire Department will be notified by the project manager.

The c¢ity of Springfield visualizes an additional future need
for water which may be obtained by constructing a dam and reservoir
at Dayville, three miles upstream of Littleville. The lower part
of the intake tower has been constructed to accommodate the installa-
tion of future valves and pipelines. The 48-inch pipe extends through
the tower to the upstream face and is sealed with a cast iron bulkhead.
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d. Low flow diversion structure. This structure is Jocated
about 210 feet downstream of the dam and adjacent to the 48-inch
pipeline. Within the structure is a 12-inch pipe for low flow aug-
mentation and a 24-inch pipe to drain the lake below elevation 518
feet msl.

The 12-inch pipe contains a manually operated butterfly valve,
~a self-regulating valve set to discharge a minimum release of 5 cfs,
a flowmeter and a flow recorder (see plate 2). The 24-inch pipe
also contains a manually operated butterfly valve.

e. Project probiems. Yearly maintenance inspections of the
water intake tower by Corps personnel requires draining the tower.
This is done by closing gates 1, 2, 3 and 4 in the tower, closing .
the 48-inch hand-operated valve (near the diversion structure) and
opening the 24-inch valve in the diversion structure.

During the inspection of 1969, the 48-inch valve was not closed
and as a result the pipeline drained from the first air valve back
to the diversion structure. While refilling the pipe, this air valve
did not reseat properly causing it to Teak water into a manhole which
overflowed onto a street. The city of Springfield then requested
that the 48-inch valve be closed whenever the tower is to be drained.

f. Operating agency. The city of Springfield, Water Department
is responsible for operation and maintenance of the water supply facil-
ities, which they have installed. Al1 appurtenant structures and equip-
ment provided by the Corps of Engineers will be maintained and operated
by Corps personnel (Operations Division). A1l 0& expenses will be
defrayed by the Government until the city elects to use the water supply.
At this time, or after the interest free period of 10 years (1978},
whichever occurs first, the city will share in the cost of operation
and maintenance in accordance with the terms of the water supply agreement.
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Master Manual Connecticut River
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D

- CONRECTICUT RIVER FLOOD CONTROL

MASTER MANUAL

or

RESERVOIR REGULATION

Watershed
Ompompancosuc River
Ottauguechee River
Black River
West River
Ashuelot River
Millers River

Chicopee River

Wastfield River

Farmington River

Regervolirs

Union Village
North Hartland

North Springfield

Ball Mountain
Towvnshend
Surry Mountain
Otter Brock
Birch Hill
Tully

Barre Falls
Conant Brook
Knightville
Littleville
Mad River

Colebrook River

Status

Not Started

Completed 1950

SOP Only

SOP Only
Completed 1965
Completed 1965
Completed 1962
Completed 1962
Completed 1950
Completed 1950
Completed 1964
Not Started
Comgpleted 196T
Completed 1967
Not Sterted

Not Started



PREFACE

The Westfield River basin comprises an area of 517 square miles
and is located in Massachusetts and Connecticut, The coordinated
flood control plan for the basin, described in this manual, includes two
dams and reservoirs and two local protection projects.

This Appendix of the Connecticut River Master Regulation Manual
and attachments include a description of the basin, statistical, clima-
tological and flood data, project descriptions, and the standard oper-
ating procedures for reservoir regulation., The rmanual, in addition to
setting forth a method of reservoir regulation, will serve as a reference
source for future studies. Pertinent data and detailed information on
reservoirs and local protection projects are contained in the main ap-
pendix. Detailed regulating procedures for regulation of the reservoirs
are contained in Attachment I. Attachment II contains details of oper-
ational procedures and maintenance of hydrologic equipment,

This manual is organized in a manner that enables the reader to
obtain desired general and background information in the main appendix.

The attachments contain the pertinent information and detailed procedures

necessary for actually regulating the protective works,
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MANUAL OF RESERVOIR REGULATION
WESTFIELD RIVER BASIN
MASSACHUSETTS

AUTHORITY AND SCOPE

1. AUTHORITY

This report is submitted pursuant to authority contained in
ER 1110-2-240, dated 25 March 1963 (Reservoir Regulation) which re-
quires that manuals of reservoir regulation for flood control, naviga-
tion or multiple-purpose reservoirs be prepared whenever storage
allocated to one or more of the functions is the responsibility of the
Corps of Engineers, ‘

2., PURPOSE AND SCCPE

This manual serves as a guide and reference source for higher
authority and reservoir regulation personnel in the New England Di-
vision office, as well as respective flood control dam operators, and
personnel who will become concerned with or responsible for regula-
tion of the reservoirs and local flood protection projects in the West-
field River basin. Included in this manual are:

a. A history of conditions which led to the authorization of the
Westfield River basin projects. '

b. A general description of the drainage basin including topo-
graphic features and statistical data relative to population, industry
and agriculture.

c. A general coverage of the hydrometeorological data for the
basin which includes temperature, precipitation, snowfall, snow
cover, stofms, streamflow and floods,

4. The coordinated plan of improvement developed for the basin
consisting of flood control dams and local protection projects.

e. Hydrologic and hydraulic design criteria for important fea-
tures of each project. '



f. Instructions for operating the flood control reservoir systems.
g. The effectiveness of the regulation of the flood control projects

on the maximum recorded flood and standard project flood.

HISTORY OF FLOOD CONTROIL IN WESTFIELD
RIVER BASIN

3. GENERAL

The Westfield River basin has a long history of flooding, particu-
larly on the main river within the city of Westfield and the town of West
Springfield. Action was taken in the city of Westfield as early as
December 1878 when, following severe flooding that year, a town meet-
ing was held and a committee was appointed to study ways of protecting
the town from future floods. One project undertaken by local interests
was the construction of dikes along the Wesifield River. These dikes

were overtopped in future floods notably in September 1938 and August
1955, ‘

Following severe flooding in West Springfield in November 1927, a
dike system was built by local interests to the approximate elevation
of the 1927 flood. This system was overtopped by as much as 6 feet
in the flood of March 1936.

First studies by the Federal Government were reported in 1935
and the first flood control projects were authorized in 1938. These
projects consisted of the construction of Knightville Reservoir on the
Westfield River and the heightening of the dikes at West Springfield.
Presently the flood control system for the basin consists of two com-
pleted reservoirs, the completed West Springfield Local Protection
and an authorized Local Protection Project for Westfield.

4, PUBLISHED REPORTS

Recommendations for flood control of the Westfield River have
been presented in the following published Connecticut River basin re-
ports:

a. "308 Report!', A report dated 28 February 1935 and printed
as House Document 412, 74th Congress, 2nd session, covered
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navigation, water power, flood control and irrigation in the Connecticut
River basin, An initial plan for Connecticut River flood control was
recommended, consisting of 10 reservoirs located in Vermont and New
Hampshire. The plan was authorized by Public Law 738, 74th Congress,
approved 22 June 1936, as amended by Public Law 111, 75th Congress.
approved 25 May 1937, )

b. 1937 Report. A survey report dated 20 March 1937 and printed
as House Document 455, 75th Congress, 2nd session, reviewed previous
reports on flood control for the Connecticut River basin, A revised
comprehensive plan for flood control was recommended which consisted
of 20 reservoirs and dikes at 7 localities, including the Knightville Res-
ervoir on the Westfield River and a dike at West Springfield along the:
Westfield and Connecticut Rivers. This plan was authorized by Public
Law 761, 75th Congress, approved 28 June 1938.

c. 1940 Interim Report. An interim report dated 29 January 1940
and printed as House Document 653, 76th Congress, 3rd session, con-
sidered revisions of authorized local protection works at 7 localities,
including West Springfield, along the Westfield and Connecticut Rivers.
This report recommended the authorized plan be modified to provide
for construction of the local works in accordance with revised plans.
The plan was authorized by Public Law 228, 77th Congress, approved
18 August 1941.

d. NENYIAC Report. Flood control and allied water uses in the
Westfield River watershed were discussed in part 2, chapter XXI,
Connecticut River Basin, of ""The Resources of the New England-New

York Region,'" a comprehensive survey of the land, water and related
resources of the New England-New York region. Prepared by the New
England-New York Interagency Committee, the report was submitted to
the President of the United States by the Secretary of the Army on 27
April 1956. The flood control plan set forth in this report included two
flood control reservoirs in the Westfield River watershed; namely,
Knightville and Littleville., Part I and chapter I of part 2 are printed
as Senate Document 14, 85th Congress, lst session. '

e. 1956 Interim Report. An interim report dated 30 April 1956 and
printed as Senate Document 17, 85th Congress, lst session, reviewed
the need for additional flood control reservoirs in the Westfield River
watershed. and recommended that the authorized plan for flood control
in the Connecticut River basin be revised to include the Littleville Dam
and Reservoir on the Middle Branch of the Westfield River. This proj-
ect was authorized by the Flood Control Act of 1958 {Public Law 85-500,
85th Congress), approved 3 July 1958,




f. 1959 Interim Report, An interim report dated 6 November 1959
and printed as Senate Document No. 109, 86th Congress, 2nd session,
again reviewed the flood problems of the Westfield River watershed and
recomnmended that the authorized plan for flood controel in the Connecti-
cut River basin be revised to include the Westfield Local Protection
Project.

5. UNPUBLISHED REPORT

A preliminary examination report, dated 9 February 1949, consid-
ered low-flow regulation of the Westfield River. The report found that
it was not feasible to utilize any of the flood control capacity of the ex-
isting Knightville Reservoir for low-flow regulation. It further found
that the cost of raising the Knightville Dam or developing new storage
reservoirs to provide low-flow regulation would substantially exceed
the annual benefits.

GENERAL DESCRIPTION

6. WESTFIELD RIVER BASIN

The Westfield River basin, the fifth largest watershed in the Con-
necticut River basin, covers a large portion of the eastern slopest of
the Berkshires in western Massachusetts.. The basin is located pri-
-marily within the confines of Berkshire, Franklin, Hampden and Hamp-
shire Counties with a small portion extending into Hartford County,
Connecticut, The watershed has an approximate length in a north-
south direction of 48 miles, an average width of about 11 miles and a
total drainage area of 517 square miles. The elevation of the water-
shed varies from 2,505 feet msl at Bordon Mountain in the headwaters
to about 40 feet msl at the confluence with the Connecticut River in
Agawam and West Springfield, Massachusetts. The topography of the
upper portion of the Westfield River basin, above the city of Westfield,
is rough and rocky and is drained by many small streams. About two
miles downstream of Westfield the flood plain is bisected by a row of
hills, Provin and East Mountains, which are a section of the Holyoke
range. Maps of the Connecticut River basin and the Westfield River
watershed are shown on Plates H-1 and H-2,



7. WESTFIELD RIVER

" a, Main stream. The Westfield River rises in the town of Savoy,
Hampshire County, Massachusetts at an elevation in excess of 2,000
feet above mean sea level. The river follows a generally southeasterly
course for about 57 miles, joining the Connecticut River between the
towns of West Springfield and Agawam, Massachusetts, opposite the
southern limits of the city of Springfield, about 75 miles above Long
Island Sound. The Westfield River has a total fall of about 2, 000 feet.
Profiles of the Westfield River and its principal tributaries are shown
on Plate H-3. :

b. Tributaries. The three principal tributaries of the Westfield
River are the Little River, the West Branch and the Middle Branch,

{1) The Little River has its source in Cobble Mountain Res-
ervoir, a water supply and hydroelectric power reservoir in the towns
of Blandford and Granville. From its source the river flows in an
easterly direction for about 12 miles to its confluence with the West-
field River in the city of Westfield. It has a drainage area of 84 square
miles and a total fall of about 830 feet.

(2) The West Branch, Westfield River has its origin in the
northern section of the town of Becket and flows in a general southeast
direction for about 17 miles to its confluence with the Westfield River
in the southwest corner of the town of Huntington., It has a drainage
area of 96 square miles and a total fall of about 860 feet. -

(3) The Middle Branch, Westfield River originates at the Peru-
Worthington town line in the northwest corner of Worthington and flows
in a south-southeasterly direction for about 16 miles to-its confluence
with the Westfield River at Goss Heights in the town of Huntington. It
has a drainage area of 53 square miles and a total fall of about 1, 140
feet. -

DEVELOPMENT IN THE WESTFIELD RIVER BASIN

8. GENERAL

There are 28 Massachusetts cities and towns and 2 Connecticut
towns lying wholly or partly within the Westfield River basin. The 1960



population of the basin, based on Bureau of the Census figures for that
year, is estimated at 64, 500. This represents a population increase in
the entire watershed of about 25 percent since 1950. Population of the
basin is about 65 percent urban and 35 percent rural, with all of the urban
population being concentrated in the city of Westfield and the town of West
Springfield.

Manufacturing plays a major role in the economy of the basin, with
one of every five persons living in the basin.employed in manufacturing.
Most of this activity is concentrated in the city of Westfield and the town
of West Springfield, the two accounting for approximately 89 percent of
the employed manufacturing workers in the basin.

Agriculture is of minor importance in the basin. Only 15 percent of
the basin area is devoted to agriculture, and less than one-fifth of this
land is used for cultivated crops. The city of Westfield and West Spring-
field contain most of the intensively cultivated land in the basin, the prin-
cipal crops being tobacco, truck, corn for silage and hay.

HYDROLOGY

9. CLIMATOLOGY

a. General. The Westfield River basin has a variable climate. The
lower basin is relatively mild, typical of the lower Connecticut River
Valley while the upper watershed has a more severe climate due to its
rough topography and higher elevation. The temperature within the basin
ranges from a summertime high in the nineties to subzero, occurring
for short periods in the winter. In the upper basin, snow covers the
ground from December until the spring melting season in late March to
mid-April. '

b. Temperature. The mean annual temperature in the Westfield
River basin varies from about 44° F. in the mountainous regions to about
50° F'. in the valleys, Recorded temperature extremes at representative
stations within or adjacent to the Westfield River watershed have varied
from a maximum of 102% F. in the lower elevations to a minimum of -309
F. in the headwaters. Freezing temperatures may occur from the lat-
ter part of October until late in April, Table H-I shows the mean, max-
imum and minimum monthly and annual temperatures at Westfield,
Knightville Dam and West Cummington, Massachusetts.
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¢. Precipitation. The average annual precipitation over the West-
field River basin is approximately 46 inches, uniformly distributed
throughout the year, Table H-II summarizes the monthly precipitation
at Peru, Knightville Dam, Chester and Westfield, Massachusetts.

d. Snow. The mean monthly and annual snowfall at Knightville Dam,
Chester, Chesterfield and Peru in Massachusetts are shown in Table
H-III, Knightville Dam and Chester are considered representative of the
lower basin having elevations of 630 and 600 feet msl, respectively,
while Chesterfield, elevation 1,425 feet msl and Peru, elevation 1, 860
feet msl, are typical of the headwater region. The location of these
stations are shown on Plate H-2.

e. Snow cover. Snow surveys have been taken in the Westfield
River watershed above Knightville Dam since 1950, These surveys indi-
cate that the water content of the snow normally reaches a maximum
about the middle of March. The recorded mean, maximum and minimum
average basin water content of the snow in March are: 3.2 inches, 7.8
inches, and less thanQ.5 inch, respectively. Moderately high spring-
time discharges occur freguently as a result of melting snow but runoff
from this source alone has been insufficient to cause a major flood.
Heavy rainfall in conjunction with snowmelt runcff is a possibility about
every year, however, the peak flow is generally of lesser magnitude
than one resulting from an intense summer type storm.

f. Storms. The Westfield River watershed has experienced storms
of four general types, namely: '

(1} Extratropical continental storms which move across the
basin under the influence of the "prevailing westerlies, "

(2) Extratropical maritime storms which originate and move
northward along the eastern coast of the United States.

(3) Storms of tropical origin some of which attain hurricane
magnitude.

(4) Thunderstorms produced by local convective action or by
more general frontal activity.

The most severe storms have been of tropical origin which occur
during the late summer and early autumn. The six notable recent
storms in the Westfield River basin occurred in November 1927, March



TABLE H-I

MONTHLY TEMPERATURES
{Degrees Fahrenheit)

Westfield, Mass, Knightville Dam, Mass, West Cummington, Mass,

Elevation 920 feet msl Elevation 630 feet msl Elevation 1181 feet msl
Period of Record-21 yrs Period of Record-13 yrs Period of Record-15 yrs
Month Mean Maximmm Minimum Mean Maximum Minimum Mean Maximum  Minimum
January 26,5 71 -16 22.8 60 =2l 20,2 59 29
February 2h.9 - 65 =27 25.9 63 =2k 23.3 - 61 =30
March 35.6 g6 -1 3.7 69 -1 30.5 81 -22
April b6.7 - 92 18 153 8l; 0 . 13.0 88 5
- May 58.6 92 29 55.1 90 23 53.8 89 20
June 67.3 o1 - 36 6k, 99 32 62.3 93 29
July 72,0 98 L2 69.6 99 4o 66.3 95 35
August 69.8 98 38 67.1 100 38 64.5 97 30
September 62,9 oL 27 59.4 100 - 2L 58.0 96 22
October 52.4 90 18 bo.7 88 17 48.1 8L 1
November L0.8 82 -2 38.1 81 2 37.3 78 1
December 29,2 65 -16 26.9 61 -19 2L.8 62 =2l
Annual ho.2 101 -27 16,3 100 -2} Lk.3 97 -30




TABLE H-IX

MONTHLY PRECIPITATION
{Depth in Inches)

Westfield, Mass, Knightville Dam, Mass, Chester, Mass, Peru, Mass,
Elevation 220 feet msl Elevation 630 feet msli Elevation 600 feet msl Elevation 1860 feet msl
Period of Record-56 yrs Period of Record-2) yrs Period of Record-hl; yrs Period of Record-28 yrs

Month Mean Maximum Minimum Mean Maximum Minimum Mean Maximum Minimum Mean Maximum Minimom

January 3,17 7.52 0.77 3.12 6,10 0.75 3,53 6.83 0.91 3.80 7.31 1,00
February 3.39 6.75 1.2h 2,90 5.11 1.24 3,16 5.18 1.69 3.26 6.58 1.27

March 3.87 9.71 0.27 3.92 10,18 1.28 3.91  10.49 0.21 L.L7 10.32 1.25
April hai  8.72 0.75 3.7h 5,75 0.82  3.83  8.37 0.75 3.90 6,43 1.17
May 3,81 7.08 0.88 3,93 6.73 0.95  3.93 7.77 1.15  L.34 7.77 1.75

June .02 8.73 0.39  3.29 6.23 0.57 4,11 9,15 0.23 4,37 10,55 1.53

M
July 3,92 10,06 1,27  3.87 7.33 1.12 3.99 8.49 1,01  L.A8  10.88 1.73
August h.26 26.85 0.71 3.37 15.27 1-15 3.99 18 .)-'ll 0.50 3.93 lhoo? 0076
September L.,07 12,41 0.2k  3.75 8,06 3.9k 12,61 040 L4.85 12,36 0.68
3

1.38
October b1 12,50 0,05 3,48 16,95 1,19 3.65 17.51 0.00 3.56  1Lk.37 0.76
November 4,12 9.79 0.0  L.37 7.18 0.81 k.37 11,01 1,00 4,18 8.35

December 3,69 7450 0.60 3.65. 6,21 0.65 3.59 9.19 0.76 3.9h  10.37

1
1
Annual  L6,0k  70.33  33.35 Db3.39 62,26 32,15 L5.90 67.50 32.23 L9.08 65.h2 36.15
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TABLE H-III

MEAN MONTHLY SNOWFALL
(Average Depth in Inches)

Knightville Dam, Mass. Chester, Mass. Chesterfield, Mass, Peru, Mass.,
Elevation 630 feet msl . Elevation 600 feet msl Elevation 1425 feet msl Elevation 1860 feet msl
Month Period of Record-li yrs Period of _Record-—ZO yrs Period of Record-26 yrs Period of Record-21 yrs

January 12,9 13.3 ‘ 16.8 15.7
February 13.2 1h.1 17.9 16.0
March L.k 10,2 ' 1h,9 17.7
April L6 1.9 B 5.3
May 0 0 0.1 0.2
June 0 0 0 0
July 0 0 0 0
August 0 0 0 0
September 0 0 0 0
October 0 0 0.1 0.
Novenber . 2.6 b2 5.2 5.2
December 7.5 8.9 11.L 12,8
Annual 55.2 52,7 b 73.3




1936, September 1938, December 1948, August and October 1955, Of
these, the storms of November 1927, September 1938, August and
October 1955 were of tropical origin, - The August 1955 storm, accom-
panying hurricane Diane, dumped nearly 20 inches of rain in Westfield
in about 48 hours. Mass curves of rainfall and isohyetal maps for
storms of September 1938 and August 1955 are shown on Plate H-4.

10. RUNOIFF

a. Discharge records. The U, S, Geological Suryey has pub-
lished records of river stages and streamflow at 8 locations in the
Westfield River basin for various periods since 1905. At the present
time, this agency maintains 5 gaging stations in the basin. A summary
of discharge records for these stations is shown in Table H-IV, The
mean daily discharges of the Westfield River at the U, 5, Geological
Survey gaging station near Westfield, Massachusetts for the period of
record are shown on Plate H-28.

b. Streamflow data., The average annual runoff for the period
of record through September 1961 for the Westfield River near West-
field, Massachusetts has varied from 45. 30 inches in 1955 to 14. 82
inches in 1941 with a mean of 26,12 inches. A summary of the mean,
maximum and minimum monthly and annual runcff in inches for the
period of record at the Westfield gage is shown in Table H-V.

11, FLOODS OF RECORD

a. Historic floods. Damaging floods have occurred along the
Westfield River and its tributaries since the founding of the first set-
tlements in the basin. Although there is little reliable information on
the magnitudes of most of the early floods, available records indicate
that the floods of October 1869 and December 1878 were severe and
caused considerable damage. The 1878 flood occurred on 10 December
when 6 to 8 inches of snow fell on frozen ground, followed by rain and
rapidly rising temperatures, producing an exceedingly high rate of
runoff. A great amount of damage was done throughout the valley,
particularly at Westfield. Other known floods in the Westfield River
basin prior to 1900 occurred in March 1776, September 1826, February
1840, January 1841, April 1843, May 1854, April 1862, April 1869,
September 1879, January 1880, April 1895, March 1896 and February
1909.
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TABLE H~IV

STREAM FLOW RECORDS THRU WATER YEAR 1961

locatlon of
Gaging Station

Wastfield River at
Knightville, Mass. ()

Sykes Brook at
Knightville, Mass.

Middle Branch Westfield
River at Goss Heights,
Massachusetts :

West Branch Westfield
River at Huntington,
Massachusetts

Westfield River near
Westfield, Mass,

/-\_/-\I-\I-\
oo
N N N N

b

Drainage Period of

Discharge
Area Record  Mean Maximum(l) Minimum
(sq onl, } (CES )

162 1909-1961 326  37,900(2)
1.6 1945-1961 2,76 680(3) 0,03
52.6  1910-1961 105  19,900(2) ¢
93.7 1935-1961 191  26,100(3) 3.3
ko7  191k-1961 9%  70,30003) 9

Instantaneous discharge
Occurred September 1938
Occurred August 1955

Affected by Knightville Reservoir since 1941



TABLE H-V

MONTHLY RUNOFF
{Inches)

Westfield River Near
Westfield, Massachusettis
Drainage Area - 497 sq, mi,

Month Mean Meaxd mum M nimum
January 2.05 5.17 - 0.46
February 1.77 3.89 0.58
March L.21 12,91 1.45
April S.hl 11.10 1.91
June 1.62 L.09 0,52
July 0.92 3.16 0.27
August 0,89 3.53 0.19
September 0.97 6,67 0.22
October 1.20 11.h1 0,26
November 1.99 755 0.L46
December 2.11 5.10 0.52
Amnual 26,12

Maximum - 1955 L5.30
Minimum -~ 21941 14,82
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b. Recent floods. Reliable records of flood stages in the Westfield
River watershed have been kept since 1909, Minor floods are frequent
in the basin and flood stages in the lower portion of the basin occur
nearly every spring, usually due to melting snow, sometimes in combi-
nation with heavy rains. Floods develop very rapidly in the basin and
experience gained from regulation of Knightville Reservoir indicates that
floods on the principal branches of the Westfield River crest about 4
hours after intense rainfall. At Westfield, the time of concentration is
about 8 hours following heavy precipitation. Six major floods have oc-
curred in the basin since 1927, and are briefly described in the follow-
ing paragraphs.

c. November 1927. Rainfall in the previous month was almost
double the normal amount, saturating the ground and filling the streams
and ponds. A flood resulted from heavy rains which fell on the previ-
ously saturated ground almost continually for 26 to 30 hours between
2 and 4 November,

d. March 1936. From 9 to 13 March a heavy rainfall combined
with relatively high temperatures caused a portion of the snow blanket
to melt and a2 high runoff resulted. This broke up the ice cover on the
rivers and serious ice jams resulted in the lower section of the basin.
A second raingtorm of greater intensity occurred on 18 and 19 March,
melting the remaining snow blanket and causing the already swollen
rivers to overflow their banks.

e. September 1938, The second most damaging flood of record re-
sulted from heavy rainfall accompanying a tropical hurricane which
swept over New England. The flood stage on the Westfield River ex-
ceeded that of the 1936 flood by almost 3 feet at several places. The
principal cause of flooding was a 4-day storm totaling 10 to 12 inches
of rainfall on ground which had been saturated by rains earlier in the
month, and reaching its greatest intensity during the night of 20 Septem-
ber,

f, December 1948, This flood resulted from heavy rains, averag-
ing about 9 inches, falling on frozen ground. Runoff was augmented by
some snowmelt. Knightville Reservoir, which had been completed in
1941, was completely filled during this flood.,

g. August 1955. The maximum flood of record was caused by 3
storm centers which passed over Massachusetts, one of them directly
over the Westfield River basin. Heavy rains, totaling almost 20 inches

14



around Westfield, fell on ground already saturated by 6 to 9 inches of
rain during the previous week. The combination of saturated soil, rel-
atively high level of streams, and great intensity of rainfall produced
major flooding throughout the lower basin.

h. October 1955, This flood was caused by a slow-moving conti-
nental storm passing over New England and depositing up to 13 inches of
rain in the basin. The Knightville Reservoir was almost completely
filled during this flood.,

12. FLOOD PROFILES

Profiles of the Westfield River and its tributaries, Little River,
West Branch and Middle Branch are shown on Plate H-3, High water
data are indicated on the profiles for the floods of 1927, 1936, 1938 and
1955,

13. FLOOD FREQUENCIES

The frequency or percent chance of occurrence of discharges in the
Westfield River basin were determined at the U, S, Geological Survey
gaging stations on the Westfield River at Westfieldl, 'the West Branch at
Huntington, the Middle Branch at Goss Heights and the Little River at
Stevens Paper Company lower dam. Frequency analyses were made in
accordance with procedures described in ER 1110-2-1450, "Hydrologic
Frequency Estimates,' dated 10 October 1962, Discharge-frequency
data for the selected locations are shown on Table H-VI,

14, ANALYSIS OF FLOODS

a, General. The major floods of record in the Westfield River
basin have been analyzed to determine the hydrologic development of
floods and the tributary components contributing to flood peaks at re-
spective index stations on the Westfield River as well as the major dam-
age centers on the Connecticut. The progressive-average-lag method
of flood routing was adopted for all hydraulic reaches except in Westfield
where, due to the large amount of flood plain storage, a storage routing
was utilized. ‘

b. Analysis of floods. The flood of March 1936, considered to be
a general basin flood, produced tributary peak discharges equivalent to
approximately 160 cfs/square mile, The flood of September 1938, which
was the maximum of record on the Middle Branch and the upper Westfield

15



91

Expected
Probability
Percent Chance

0450
1,00
2400

54,00
5400
10,00

20,00
50,00
60,00

70600
80,00
90.00

95400
99400
9990

Years

200
100
50

25
20
10

5
2

17

Lok
1.25
1.13

I.06
1,02
1.4

WESTFIELD RIVER BASIN

TABLE H-VI

NATURAL PEAK DISCHARGE FREQUENCY DATA -

(Discharge in cfs)

Westfield
River at
Westfield

127,000
95,000
70,500

52,000
47,500
34,500

25,000
16,300
15,000

14,000
13,000
12,200
11,800

11,100

West Branch
at

Huntington

35,500
275000
20,000

14,700
13,300
9?700

64900
4,650
14350

liy150
1t 000
3,890

3,795
3,550
3,350

Middle Branch
at
Goss Heights

27,000
20,000
11,500

10,900
9,500
65900

I, 900
3,350
3,100

%, 850
33650
2,500
2,150

2,100
2,400

Little River
at Stevens
Paper Company

2, 500
18,100
13,700

10, 300
9,200
64700

11,800
2,680
2,300

2,100
1,900
1,740

1,670
1,570
1,530



River, is classified as an upper basin flood. At Westfield on the West-
field River, 78 percent of the peak discharge (55,500 cfs) was produced
by the tributary areas above Huntington, which is equivalent to 65 per-
cent of the watershed above Westfield. The flood of December 1948 also
originated in the upper portion of the basin and Knightville Reservoir,
completed in 1941, was completely filled during this flood. Without
Knightville Reservoir, it is estimated that the observed peak flow of
32,200 cfs at Westfield would have been 52,500 cfs.

The maximum flood of record in the lower Westfield River basin
occurred in August 1955 when peak flows in excess of 600 cfs/square
mile were experienced on many tributary streams. Sixty-three percent
of the observed peak discharge at the Westfield gage was produced by
runoff from the tributary area below the confluence of the West Branch,
which comprises 39 percent of the total drainage area above the West-
field gage. The flood of October 1955, an upper basin flood, had two
distinct peaks separated by approximately 18 hours. The pool at Knight-
ville Reservoir rose to within 2 feet of the spillway crest, with most of
the runoff produced during the initial rise. The observed peak at the
USGS gage near Westfield was 31, 000 cfs. Without Knightville Reservoir
the peak at Westfield would have been 44, 500 cfs. Analyses of the
September 1938 and August 1955 floods are shown graphically on Plate
H-5. Relative timing of flood crests in the Westfield River and Con-
necti cut River are shown in Table H-VII!.

The following general conclusions were derived from these detailed
studies: ' |

(1) Severe flooding can be produced in the Westfield River ba-
sin from various storm orientations, since any of the major tributaries
are capable of generating flows of flood magnitude at downstream damage
centers.

(2) Large reservoirs and lakes, such as Cobble Mountain Res-~
ervoir and Congamond Lakes, can be effective in the control of minor and
moderate floods in their respective tributaries. Large floods, however,
like the flood of August 1955, overtax the modifying effect of the reser-
voirs and high rates of spillway discharge may contribute to the flood
crest on the main river.

(3) The Westfield River basin has a relatively high flood po-
tential at all seasons of the year because of its runcff characteristics
and its vulnerability from various meteorological events such as intense
localized rainfall, rapid snowmelt, rainfall combined with snowmelt, or
rainfall associated with hurricanes.
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c. Effect of Westfield River on Connecticut River floods. The _
Westfield River has generally been a substantial contributor to flood flows
in the Connecticut River. Table H-VIII shows the relative contributions
of the Westfield River to Connecticut River flows at Thompsonville and
Middletown, Connecticut.

15. DESIGN FLCODS

a. Standard Project ¥Flood. A standard project flood for the West-
field River, Massachusetts was developed from standard project storm
rainfall, as described in Civil Engineer Bulletin No. 52-8 and unit hydro-
graphs derived from analysing recorded floods in the Westfield River ba-
sin,

The 24-hour standard project storm volume averaged 8. 80 inches
over the basin and losses totaled 1. 40 inches yielding a rainfall excess
volume of 7.40 inches. Regulation of the reservoirs and natural and
modified hydrographs at Westfield for this flood are shown on Plate H-6.
The adopted unit hydrographs are shown on Plate H-7.

b. Spillway Design Floods. The spillway design flood for Little-
ville and a revised one for Knightville was developed using procedures
prescribed in EM 1110-2-1405, dated 31 August 1959. Regulation of the
two reservoirs for such floods is shown on Plates H-8 and H-9, It was
assumed that both reservoirs were filled to spillway crest at the begin-
ning of the flood. The peak discharge of the revised flood for Knightville
was more than twice the original spillway design flood peak developed in
1940. The 5 feet of freeboard included in the original design was com-
pletely used in the routing of this much larger flood. (See par. 21,p. I-18)

16 FLOOD DAMAGES

a. General. Though Knightiville Reservoir prevented $6, 480, 000
damages on the Westfield and Connecticut rivers, the record flood of
August 1955 resulted in an estimated residual loss in the Westfield ba-
sin of nearly $14 million. Approximately 70 percent of this loss was
experienced in the main damage zones of the lower watershed area be-
tween the West Branch and the Connecticut River tailwater, with about
$8 million occurring in the city of Westfield, Damage surveys conducted
shortly after the flood, augmented by later surveys and studies in the
Westfield local protection project area, indicated that over 750 buildings
were damaged in the lower watershed area.

Losses in the Westfield area accounted for over 97 percent of the
total urban loss in the lower watershed area and about 80 percent of the
S’
18



TABIE H ~ VII

RETATIVE PEAK TIMING

CRESTS

WESTFIELD ‘AND CONRECTICUT RIVERS

(1)
Timing of Peak
‘ Drainage March Sept. Aug,
Location River Mile Area 1936 1938 1955
(sqemis )
Wesgtfield River _
Middle Branch 26,0(2) 52,6  -8% = 23
West Branch 2,,7(2) Q3.7 =8 -5 -3
Westfield at
Knightville 28,3(2) 162 6 -3 -
Westfield at 2) '
Westfield T8 Lio7 0 0 0
Connecticut River
Holyoke, Mass, 82,0(3) 828l 426 - -
e ... ' ’ ’ : ]
Springfield, Mass, 72,0 9587 4 42 - O
Thompsonville, Conn, 65.0(31) 9637 132 123 4L

(1)
(2)
(3)

1

Time in hours, before (~) and after (}) peak

of Westfield River at Westfield, Mass.

Above mouth of

Westfield Hiver

Above mouth of Commecticut River
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Flood

Mar 1936

Sept 1938
Dec 1948
Aug 1955
Oct 1955

Mar 1936
Sept 1938
Dec 19148
hug 1955
Oct 1955
(1)

(2)

TABLE H ~ VIII

CONTRIBUTION OF WESTFIELD RIVER
TO CONNECTICUT RIVER DISCHARGES

Maximom ' Contribution
Conn, River Discharge to Conn, River Percent
Discharge at Westfield Discharge Contribution
(cfs) , (cfs) (cfs) (1) (2)

Connecticut River at Thompsonville

282,000 18,200 13,270 L7
236,000 55,500 26,050 11,0
138,000 32,200 20,700 15.0
174,000 704300 38,200 21.9

92,300 31,000 26,600 2848

Connecticut Hiver at Middletown

267,500 48,200 15,290 ' 5eT.
239,000 55,500 17,870 Te5
139,000 32,200 13,780 | 949
177,000 70,300 22,000 | 12l
114,000 31,000 " (Not Determined)

Westfield River drainage basin at Westfield is 5.2 percent
of Connecticut River drainage azrea at Thompsonville

Westfield River drainage basin at Westfield is L.6 percent
of Connecticut River drainage area at Middletown
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total industrial loss. Scattered industrial losses were experienced in
Russell and West Springfield. Important agricultural losses occurred in
the Westfield area, largely in the lower reaches of the Little River.
Liengthy transportation and communication disruptions were widespread
in the lower watershed area. Highway losses accounted for over half of
the total transportation-utility loss of about $1,100,000. Table H-IX
presents the 1955 experienced flood losses in the main damage zones of
the lower watershed area, tabulated by river zone, town and type of
loss.

The major flood of September 1938, the previous flood of record in
the Westfield River basin, caused damages amounting to nearly $1, 400, 000
in the lower watershed area downstream from the West Branch, Westfield
River, Approximately $400, 000 of this loss occurred along the Westfield
main stem in Westfield. Major damage centers in the 1938 flood were
Westfield and Russell in the lower watershed area, and Cummington and
Huntington in the upper watershed area.

b. Recurring Losses. A recurrence of the August 1955 flood stages
along the Westfield River would cause damages estimated at $11,975, 000
if no flood protection is provided. The operation of Knightville and Little-
ville Reserwvoiks would prevent an estimated $5, 350, 000 downstream of -
the West Branch. The recurring losses would be reduced by another
$5,695, 000 by the Westfield local protection project.

Stage damage curves were developed for the Westfield River using
flood damage information that was obtained during the period from 1955
through 1963 and adjusting to the 1965 price level. The curves shown on
Plate No. H-10 are intended to provide approximate damage figures only,
It is'assumed that additional detailed surveys would supplement this data
as required. '

FLOOD CONTROL PLAN

17, GENERAL

The flood control plan for the Westfield River basin consists of two
completed reservoirs and two local protection projects, one which is
completed and one which is authorized., The reservoirs are operated
primarily to reduce flooding on the Westfield River and to desynchronize
flood flows on the Connecticut River. The operation of the reservoirs
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_ TABLE H-IX
AUGUST 1955 FLOOD LOSSES - WESTFIELD RIVER BASIN

MAIN DAMAGE ZOINES DOWNSTREAM FROM WEST BRANCH
{Tosses in $1,000)

TOWN URBAN RURAL INDUSTRIAL UTILITY HIGHWAY RATLROAD TOTAL
Russell - - 1,00 - 300 %0 790
Westfield _20 _20 - - - - kO

Subtotal 20 20 L,00 - 300 90 B30
Agawa.ﬁl - 20 10 - - - 30
Westfield Loo 130 990 - 120 240 1,880
W. Springfield 100 - 280 - 260 - 6LO

Subtotal 500 150 1,280 - 380 2L0 2,550
Westfield 3,550 560 1,540 100 30 - 5,760
Westfield - 260 100 - - _= . _360

Total 4,070 990 3,320 100 710 330 9,520

" DESCRIPTION OF AREAS

Westfield River from West Branch to Elm Street bridge at Westfield, outside of proposed
local protection area, '

Westfield River area outside o¢f proposed local protection works, extending from Elm St.
bridge to Connecticut River backwater, and including backwater effect on the Little
River upstream to New York, New Haven & Hartford RR bridge and backwater effect on
Powdermill Brook upstream to North Elm St. bridge.

Protection area within proposed dikes along Westfield River right bank (from 6,000' up-
stream of Elm St.bridge to Springfield Rd bridge) and along Little River left bank {be-
tween Stevens Paper Mills lower dam and mouth of proposed channel cutoff at Springfield
Rd bridge). _

Little River area oputside of proposed local 'protection works, extending from Stevens
Paper Mills lower dam to railroad bridge. '




A

is coordinated with other reservoirs in the Connecticut River basin to
obtain maximum reduction in over-all flood damages, A brief descrip-
tion of the flood control reservoir projects and local protection projects
in the Westfield River basin is given in the following paragraphs. The
locations of the projects are shown on Plate H-2.

18, RESERVOIRS

a. Littleville Dam and Reservoir’

(1) Authority. Littleville Dam and Reservoir was authorized
by the Flood Control Act of 3 July 1958 (Public Law No. 85-500, 85th
Congress) in accordance with recommendations set forth in Senate Doc-
ument No. 17, 85th Congress. Inclusion of provisions for future water
supply in the Littleville flood control reservoir was authorized under the
Water Supply Act of 1958, Public Law 85-500, dated 3 July 1958. Con-
struction of the dam was initiated in June 1962 and completed in October

1965.

(2) Project location. The Littleville Reservoir project is lo-
cated on the Middle Branch of the Westfield River within the towns of
Huntington and Chester in western Massachusetts at the westerly side of
the Connecticut River basin. The dam site is about 1 mile upstream of
the confluence of the Middle Branch and the Westfield River and about 2. 7
miles north of the town of Huntington. A general plan and vicinity map
of the Littleville Dam and Reservoir are shown on Plate No. H-11,

(3) Description of project. The Littleville project consists of
a rolled earth dam, a concrete weir controlled chute spillway and two
separate outlet works. At spillway crest Littleville Reservoir has a -
total capacity of 32,400 acre-feet, of which 9,400 acre-feet is reserved
for water supply and 23,000 acre-feet for flood control. The flood con-
trol storage is equivalent to 8.2 inches of run-off from the drainage
area of 52 square miles. When filled to spillway crest, the reservoir
will extend upstream along the Middle Branch for a distance of approxi-
mately 3.7 miles and have a surface area of 510 mcres.

U
b

(a) Dam. The dam consists of rolled earth fill approxi-
mately 1, 360 feet long with a maximum height of 164 feet above stream-
bed at centerline of dam (Plates H-12 and H-13), The top of the dam at .
elevation 596 feet msl provides for 15 feet of spillway surcharge and 5
feet of freeboard. The top of the dam is 25 feet wide with an 18-foot
wide paved access road, The upgtream embankment slope is 1 on 3 and
the downstream 1 on 2. 5.
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(b} Earth dike. A rolled earth fill dike is located on the ‘e

left abutment " of the dam to close a natural saddle between the left
‘abutment: of the spillway and high ground. The dike is 935 feet long
with a maximum height of 46 feet and all of the dike is well above the
elevation of the water supply pool. A plan view of the dike is shown on
Plate H-13.

(c) Spillway. The spillway consists of a 7-foot high con-
crete ogee weir located on a bedrock plateau on the left bank and a chute
type spillway in a bedrock cut. The weir has a length of 400 feet with a
crest elevation at 576 feet msl, The discharge channel width varies from
372 feet at the foot of the curved weir to 50 feet at a distance of 440 feet
downstream. The total length of the excavated spillway channel is 1,250
feet and the bottom slopes vary from 5 to 21.5 percent. The excavated
approach area has a 1 percent slope towards the reserveir., A plan and
profile of the spillway is shown on Plates H-14-and H-15,

(d) OQutlet works. The Littleville project has two separate
reservoir outlet works., Omne outlet works is for the purpose of diversion
for water supply and the other is for flood control.

1. Water supply outlet works. The main components
of the water supply outlet works are a 17.5 foot wide intake channel with
invert at elevation 432 feet msl, an intake structure consisting of a wet
well tower with four 36 inch diameter gates at different elevations so
that water can be drawn from various levels, an operating house on top
of the tower, an outlet conduit and a 20-foot wide cutlet channel. The
outlet conduit congists of a 9-foot wide arch-shaped conduit 800 feet long
with a 48-inch diameter concrete water supply conduit installed within
the arch., A plan of the water supply outlet works is shown on Plate H-16.

2. Flood control outlet works. The flood control out-
let works consist of an intake channel, gates, tower and an outlet tun-
nel. The intake channel is 20-feet wide, excavated in rock to elevation
515 feet msl., Near the intake structure the channel widens to 30 feet to
accommodate a 30-foot concrete weir with crest elevation at 518 feet
msl, the elevation of the water supply pool.

From the weir a concrete-lined channel extends
88.5 feet to the gate structure. Flows are regulated by two 4 x 8 foot
sluice gates and from the gate structure, flows are conducted to the out-
let in a 370-foot long, 8-foot diameter concrete-lined "horseshoe' tun-
nel. A plan of the flood control outlet works is shown on Plate H-17.

24



(e} Recreation. In the interim prior to use of the reserved
storage at Littleville for domestic water supply, the use of the storage
will be under the jurisdiction of the Massachusetts Water Resources Com-
mission. It is anticipated that a full water supply poocl will be maintained
during the summer for recreational use and drawn down in the fall and
winter to augment industrial water supply to downstream users. Recrea-
tional facilities consist of picnic tables, fireplaces, parking, boat ramps
and camp sites. Recreation management will be by the Commonwealth
of Massachusetts pending a license with Massachusetts Division of Fish
and Game. The plan for recreational development is shown on Plates H-18
and H-19,

(f} Effectiveness of project. Hydrographs of the 1938, 1955
and standard project flood are shown on Plates H-5 and E-6. Also shown
is the effect of Littleville in conjunction with Knightville on the standard
project flood discharge at Westfield, the major damage zone in the ba-
sin. Table H-X summarizes the modifying effect of Littleville on the
above-mentioned floods at Westfield. With a recurrence of the record
basin flood of August 1955, the reservoir would prevent $4, 3 million in
damages after reductions by Knightville.

(g) Regulation Procedure - (See Attachment I)

TABLE H~X

EFFECT OF RESERVOIR REGULATION
ON _FLOODS AT WESTFLELD, MASS,

b

Modified by
Modified by Knightville
Flood Ratural Flow Kniﬂ tyvllle & Tittleville
cfs ‘
Sept 1933 55_,500 1#2.‘-300 32,500
Aug 1955 81,000 70,300 62,500
SPF 180,000 126,000 101,000
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b. Knightville Dam and Reservoir.

(1) Authority. Knightville Dam and Reservoir was authorized
as a project for the Westfield River basin in the Flood Control Act of
28 June 1938 (Public Law No. 761, 75th Congress) and set forth in House
Document No. 455, 75th Congress, 2d session. Construction of the dam
was initiated in August 1939 and completed in December 1941. '

(2) Project location. The Knightville Dam is located in
‘west cemral Massachusetts on the main branch of the Westfield River,
4 miles north of the town of Huntington, Massachusetts and about 27.5
miles above the confluence of the Westfield River with the Connecticut in
West Springfield, Massachusetts. A general plan and vicinity map of
the Knightville Dam and Reservoir are shown on Plate H-20.

(3) Description of project. Major project components consist
of a hydraulic earthfill dam, a weir spillway and an outlet works, At
spillway crest Knightville Reservoir has a capacity of 49, 000 acre-feet,
which is equivalezﬁt to about 5.6 inches of run-off from the drainage area
of 162 square miles. When filled to spillway crest, the reservoir is
about 6 miles long with a surface area of about 960 acres.

(a) Dam. The dam consists of a hydraulic earth fill em-
bankment 1,200 feet long with a maximumn height of 160 feet abovg.the
riverbed (Plate No, H-21). The top of the dam at elevation 630 feet msl
provides for 15 feet of surcharge and 5 feet of freeboard. The top width
of the dam is 30 feet and the side slopes vary from 1 on 2.5 to 1 on 3. 0.

(b) Spillway. The spillway is located on the right abut-
ment adjacent to the dam. The spillway is an uncontrolled curved con-
crete ogee weir with a fixed crest at elevation 610 feet msl and a length
of 400 feet,

(c}) Outlet works. The outlet works are in the right abut-
ment and consist of an intake channel 280 feet in length and a 16-foot
diameter tunnel through rock., The tunnel is 605 feet long and is con-
trolled by three 6 x 12 foot broome gates mechanically operated through
a control tower from a gatehouse above. Provision for the installation
of a penstock for the development of hydroelect ric power is included.

(d) Recreation. Principal recreational activities at
Knightville are picnicking, hiking, hunting and sightseeing. Present fa-
cilities consist of 13 picnic tables, 10 fireplaces and 2 parking areas.
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{e) Effectiveness of project., Hydrographs of the 1938, 1955
and standard project flood are shown on Plates H-5 and H-6. "Also shown
is the effect of Knightville on the standard project flood discharge at West-
field, the major damage zone in the basin., Table H-X surmmarizes the
modifying effect of Knightville on the above -mentioned floods at Westfield.
Since completion of the project, there have been 57 significant reservoir

. operations which prevented damages of $17,195,000. The most signifi-
cant of these operations were those of January 1949 when 100 percent of
storage was utilized, August 1955 when 58 percent of storage was utilized,
and October 1955 when 96 percent of storage was utilized. Operation of
the project would prevent damages of $7,830,000 in a recurrence of the
Mazrch 1936 basin flood of record and $2. 6 million in a recurrence of the
August 1955 flood, the flood of record in most of the Westfield River wa-
tershed.

{f) Repulation Procedure - (See Attachment I)

19. LOCAL PROTECTION PROJECTS

a. West Springfield local protective works.

(1) Authorization.

(a) West Springfield dike. Work by the Corps of Enginecers
was initiated in fiscal year 1937 under provisions of the Emergency Re-
lief Appropriation Act of 22 June 1936. Funds available were sufficient
for raising the existing line of protection, which had been overtopped in
the 1936 flood, to an elevation slightly above the 1936 flood line through-
out except that no work was done on the section of dike on the Westfield
River extending 6, 100 feet downstream from Agawam bridge. This sec-
tion was brought to design grade in fiscal year 1938 under the provisions
of the Emergency Relief Appropriation Act of 29 June 1937. The bal-
ance of the dike system was raised to design grade under authorization
of the Flood Control Act approved 28 June 1938 (Public Law No. 761,
75th Congress) (House Document 455, 75th Congress, 2d session) and
modified by the Flood Control Act of 18 August 1941 (Public Law No. 228,
77th Congress) (House Document 653, 76th Congress, 3d session). This
authorization also covers a foundation treatment to a section of the dike
extending about 6,100 feet along the Westfield River downstream of the
Agawam bridge. The foundation treatment included the installation of
seepage relief wells, a drainage system at the landside toe of dike and
partial sheet pile cutoffs at two locations at the riverside toe of the dike.
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(b} Riverdale dike. The Riverdale section of protection
was included in the second Interim Report on the control of floods in the
Connecticut River basin which was published as House Document 724,
76th Congress, 3d session. It was approved by the Flood Control Act of
18 August 1941 (Public Law No. 22&, 77th Congress, lst session).

(2) Location. West Springfield is:located in westcentral
Massachusetts on the west bank of the: Conrecticut River at the mouth of
the Westfield River. The northerly end of the West Springfield dike is
on the west bank of the Connecticut at river mile 78. From this point
the project runs southerly about 2 miles to the confluence of the Con-
necticut and Westfield Rivers, thence westerly and northerly along the
Westfield River for nearly 3 miles., The Riverdale dike extends from
high ground on the south bank of Goldfine Brook to high ground on the
north bank of Bagg Brook, a distance of 12, 900 feet.

(3) Description, The West Springfield dike is, in general,
constructed to project flood grade, with the exception of concrete walls
constructed in 1936-1937 at grades slightly below project grade. The
system is composed of the following:

4, 800 linear feet of concrete floodwalls
15, 000 linear feet of earth dike

3 pumping stations

3 stopleg structures

14 drainage structures through walls

The Riverdale dike system protects.the Riverdale section of
West Springfield and is composed of:

- 13,000 linear feet of earth dike
2 pumping stations
3 stoplog structures
8 drainage structures through walls

. General plans and operation charts for the West Springfield

local protection projects are shown on Plates H-22 and H-23. The town
of West Springfield is responsibleffor maintenance with Corps of Engi-
neers inspection by the Littleville dam operator.

{4) Eiffectiveness of .project. Operation of the projects has
prevented $18,140, 000 in flood damages since their completion. With
recurrence of the March 1936 basin-flood of record, the projects would
prevent $10, 630, 000 in damages.
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‘b, Westfield local protection project.

(1) Authorization. The Westfield local protection project was
authorized by the Flood Control Act approved 14 July 1960, Public Law
645, 86th Congress, 2d session, as recommended in Senate Document No.
109. The project is presently in an imactive status.

(2) Liocation. The Westfield local protection project is located
in the city of Westfield, Hampden County, Massachusetts along the south
bank of the Westfield River and along the north bank of the Little River,
The city of Westfield is located about 11 miles west of Springfield, Massa-
chusetts, about 43 miles east of Pittsfield, Massachusetts and about 30
miles north of Hartford, Connecticut,

(3) Description. The total land area of the city of Westfield is
29,984 acres, of which 3,100 are subject to flooding by the standard
project flood modified by Knightville and Littleville Reservoirs. Con-
centrated within this flooded area are 1, 900 residential properties, 260
commercial establishments, 30 public buildings, 27 industrial firms and
20 farms,

The project provides for the construction of earth dikes and
floodwalls along the Westfield and Little Rivers, excavation of cut off
channels on both rivers, construction of a pumping station and appurte=

nant works. Plans and profiles of the project are shown on Plates H-24,
H-25, H-26 and H-27. . :

Approximately 31, 700 feet of dike will be required for the pro-
tective works; 17, 500 feet_Will be along the right bank of the Westfield
River and its new channel and 14,200 feet will be along the left bank of
the Little River and its new channel. Two new channels will eliminate
the oxbow on the Westfield River and straighten the Little River.

Two street gates will be required where the dike crosses ex-
isting ways, one within the Little River dike and the other in the West-
field River dike. A 2-foot high sandbag structure will be installed where
the NYNH&H railway crosses the Westfield dike.

Five ponding areas will be reserved within the protected area
for temporarily storing interior run off. Each ponding area will be pro-
vided with gated conduits and the East Main Street ponding area will be
provided with a pumping station.
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(4) Effectiveness of project. The project, in conjunction with
the Knightville and Littleville Reservoirs, will provide major protection
for about 1,100 acres in Westfield, In a recurrence of the August 1955
flood, the record flood in most of the Westfield River watershed, an
estimated $5,695, 000 in damages would be prevented over and above
those prevented by both reservoirs.

20. OTHER PROJECTS

The Soil Conservation Service of the U, S, Department of Agricul-
ture has recommended construction of 13 flood retarding structures on
tributaries of the West Branch River. The system as proposed would
have a combined flood control storage of 9, 395 acre-feet. Future stud-
ies will be made, in the event these projects are built, to determine if
there is need for revision in the plan for reservoir regulation, The
projects built by the above agency for flood control on Powdermill Brook,
a tributary to the Westfield River at Westfield, were found to have a neg-
ligible effect on main stem floods. '
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ATTACHMENT I

RESERVOIR REGULATION

1. ORGANIZATION

The Reservoir Regulation Section is responsible for regulation of
the flood control reservoirs in the New England area, In the New Eng-
land Division the Hydrology and Hydraulics Branch of the Engineering

-Division also functions as the Reservoir Regulation Section, In addi-

tion to its regular flood control duties, the Reservoir Regulation Sec-
tion is also responsible for (a) monthly reports on reservoir regula-
tions; (b) continuing studies of regulation procedures; (¢) analyses of
actual flood operations; (d) the establishment of data gathering and re-
porting network; (e) maintenance of hydrologic equipment; and (f) the
training of personnel. The supervision of routine operations and main-
tenance activities comes under the jurisdiction of the Maintenance
Branch of the Operations Division. An organization chart for reser-
voir regulation in the New England Division is shown on Plate H-I-1.

The Reservoir Regulation Section is subdivided into basin units,
each responsible for receiving routine hydrometeorological reports
and directing reservoir regulation within an assigned river basin. Each
unit consists of a regulator in charge of the over-all operation in the
basin, and project regulators who receive reports and issue regulation
instructions to individual dams either from NED headquarters during
normal work-hours or from their homes during nonwork-hours.

Whenever emergency conditions so require, the Reservoir Regula-
tion Section staffs NED headquarters and the regulation units are organ-
ized to assure 24-hour operation as long as the emergency exists,

Z. INSTRUCTIONS TO OPERATORS

All instructions to operators for regulation of the flood control res-
ervoirs are given directly by the Reservoir Regulation Section with ad-
visories forwarded to the Operations Division. " 'When the flood control
dam operators are unable to communicate with the Reservoir Regula-
tion Section and the circumstances require immediate action, the Lit-
tleville operator has full authority and responsibility to promptly regu-
late the reservoirs in accordance with Emergency Operation Proce-
dures (EOP), described in paragraph 19, Standard Operating Procedures
and Guide Charts are shown on Plates H-I-2 and H-I-3.
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3. COMMUNICATIONS

All communications between the flood control dam operator and the
Reservoir Regulation Section are made via the NED radio network during
normal work-hours or when NED headquarters is otherwise manned,
Whenever the radio system is inoperative, communications are made by’
telephone, During the nonwork-hours, reports and regulation instruc-
-tions are issued by telephone to or from the homes of the Reservoir Regu-
lation Section personnel. - The Littleville operator relays all information
from both dams to the basin regulator whenever circumstances warrant
a telephone report. In his:absence the Knightville operator relays the
pertinent information.. A telephbne directory is maintained and issued
by the Reservoir Regulation Section for its. specific use during flood op-
erations. In the event of failure of the NED radio network and telephone
service, emergency communications are attempted through State Police
and Civil Defense radio facilities.

4, PRECIPITATION REPORTING NETWORK

In the Westfield River basin, reports of precipitation data are used
primarily for the purpose of alerting regulation personnel and provide a .
basis for forecasting the severity of a storm. The River Forecast Cen-
ter at Windsor Locks, Connecticut receives reports from USWB pre-
cipitation stations in the Westfield River basin which are made-available
to the RRS, In turn, the USWB data is supplemented by precipitation
reports from Littleville and Knightville Reserveirs. The locations of
the USWB and NED precipitation networks are shown on Plate H-2.

5. RIVER REPORTING NETWORK

a. Westfield River. The streamflow network for the Westfield Riv-
er basin presently consists of USGS gaging stations-at Westfield on the
Westfield, at Knightville on the Westfield, at Goss Heights on the Middle
Branch and at Huntington on the West Branch. - All of these gages are
either '"telemark''-equipped and can be read remotely by telephone or
read by a remote recorder at one of the dams. Records are also main-
tained of flows in the Little River at the outlet of Cobble Mountain Res-
ervoir. : The recording stations and their respective drainage areas are
shown on Plate H-2 and are described in the following paragraphs,
Rating curves are shown on Plate No, H-I-16.
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(1) Westfield River near Westfield, Magsachusetts, The USGS
gaging station near Westfield is the primary gage of the Westfield River
basin and measures run-off from 497 square miles cf the total 517 square
mile watershed of the basin. The gage is located on the left bank of the
Westfield River, 0.7 mile downstream of the mouth of Great Brook and
3 miles east of the city of Westfield, The gage has been in operation
almost continuously since 1914 and is telemark equipped.

(2) West Branch Westfield River at Huntington, Massachusetts.
The USGS gage at Huntington is located on the left bank of the West Branch,
0.4 mile downstream from Roaring Brook and 1. 5 miles upstream from
the mouth, This gage records the run-off from 93.7 square miles or
practically the entire contribution of the West Branch to the Westfield Riv-
er. The gage has been in operation gince September 1935. This gage is
presently read at Knightville by a remote recorder.

{3) Middle Branch, Westfield River, Goss Heights, Massachu-
setts. The USGS gage at Goss Heights is located on the right bank of the
‘Middle Branch on the upstream side of the highway bridge at Goss Heights,
0. 35 mile upstream from the mouth and 1. 7 miles north of Huntington,
Massachusetts. This gage records the run-off from the Middle Branch
drainage area of 52.6 square miles, of which 52,3 miles are controlled
by the Littleville Reservoir. This gage has been in operation since
July 1910. It is presently telemark equipped but it is anticipated that it
will be replaced by-a remote recorder at Littleville.

(4) Westfield River at Knightville, - Massachusetts. The Knight-
ville gage is located on the left bank of the Westfield River, 0.2 mile
downstream from Knightville Dam, 0.2 mile upstream from Sykes Brook,
2,4 miles upstream from the mouth of the Middle Branch and 3. 5 miles
north of Huntington, Massachusetts, The gage records run-off from a
drainage area of 162 square miles or the drainage area of the Knightville
Reservoir and is read remotely at Knightville Dam., This gage has been
in operation since August 1909,

b. Connecticut River. The following five gages on the Connecticut
River are also referred to in the regulation of reservoirs on the West~
field River. Rating curves are shown on Plate No. H-I-17.

(1) Connecticut River at Montague City, The USGS gage at
Montague City is located on the left bank of the river 75 feet downstream
from the NYNH&H railroad bridge at Montague City, Franklin County
and 1, 000 feet downstream from the mouth of the Deerfield River. This
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gage records the run-off from 7,865 square miles and has been in oper-
ation since 1904, This gage is presently telemark equipped.

) .

{2} Connecticut River at Holyoke., A gage is maintained by the
Holyoke Water Power Company at their dam on the Connecticut River in
Holyoke, Massachusetts. The gage is equipped with a recorder -and cur-
rent stages can be whtained by‘contacting the Power Company. The gage
measures run-off from a drainage area of 8,177 square miles and has
been in operation since the year 1869,

(3} Connecticut River at Springfield. A staff gage is located on
the pier of the Memorial Bridge in the city of Springfield, Massachusetts,
This gage is maintained, and daily readings are made, by the city of
Springfield.,  During flood periods, readings can be obtained from the De-
partment of Streets and Engineering, Springfield, Massachusetts. This
gage indicates run-off from a drainage area of 9,587 square miles and
has been at this location since the year 1801,

(4) Connecticut River at Thompsonville. The USGS gage on the
Connecticut River at Thompsonville, Connecticut is located on the right
bank just upstream from Emnfield Dam and 1 mile -downstream from
Thompsonville., This particular gage is-a good indicator of flood stages
from Thompsonville upstream to the dam in Holyoke., The station meas-
ures run-off from 9,661 square miles of drainage area and has been in
operation since 1928. A telemark is presently located at this station,

- (5) Connecticut River at Hartford, Connecticut. The U, S,
Weather Bureau gage on.the Connecticut River in Hartford, Connecticut
is located on the abutment of Buckley Bridge in central Hartford. This
gage is in a natural storage reach, resulting in hysteresis in the stage-
discharge relationship, During flood periods it is suggested that this
gage be used as an indicator of stage but not for determining discharge.
The Connecticut River at this gage has a drainage area of 10,428 square
miles and the gage has been in operation since 1902, The station is
telemark equipped.

6. WEATHER AND RIVER FORECASTS

a. Precipitation forecasts. In addition to the normal periodic
weather forecasts, quantitative precipitation forecasts prepared by the
U, S. Weather Bureau are received daily over the Massachusetts
Weather Teletype Network by the Reservoir Regulation Section., Sup-
plemental weather information and forecasts are made available upon
request by the U, .S, Weather Bureau offices at Boston, Massachusetts.
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b. USWB river forecasts., The U, S, Weather Bureau River Fore-~
cast Center at Windsor Locks, Connecticut is responsible for preparing
and disseminating flood forecasts for the Connecticut River and some of
its principal tributaries, one of which is the Westfield River at West-
field. The River Forecast Center at Windsor Locks, Connecticut also
prepares and transmits by teletype to the Reservoir Regulation Section
biweekly headwaters advisory forecasts, indicating the amount of 12-
hour rainfall necessary to produce flood conditions for the Westfield
River at Westfield. The same information is transmitted for the
Passumpsic River at Passumpsic, Vermont; the White River at West
Hartford, Vermont; the Chicopee River at Indian Orchard, Massachu-
setts; the Farmington River at Riverton, Connecticut; and the Park Riv-
er in Hartford, Connecticut, all in the Connecticut River basin.

c. USCE flood forecasts. Guide curves, shown on Plate H-I-4,
have been developed for estimating run-off from rainfall amounts for
Corps of Engineers use only, The curves are based on rainfall-run-
off relationships of experienced floods in the basin and will be checked
and modified as more data and better means of flood forecasting become
available,

7. REPORTS

a, Weekly reports, The flood control dam operator makes a rou-
tine report by radio or telephone to the Reservoir Regulation Section at
0815 each Friday. This report insures continuous contact between the
operating personnel and the Reservoir Regulation Section and also serves
as a communications test. The report includes the preceding 24-hour
precipitation and current weather data, reservoir stage and regulation
data, river conditions at index stations, and other miscellanecus data.

A sample of the completed form is shown on sheet H-I-1.

b. Alerting reports. Whenever any of the following conditions oc-
cur during work-hours, the flood control dam operators at Knightville
and Littleville will immediately notify the Reservoir Regulation Section:

(1) Precipitation. Occurrence of one inch during a 24-hour pe-
riod at any precipitation station within the network,

(2} Reservoir stage. Whenever a rising stage of 522 feet msl
is reached at Littleville or 25 feet at Knightville,
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(3) River stage. A river stage at any one of the USGS gaging
stations on the Westfield River as listed below:

{a) West Branch, a stage of 3.8 feet
{(b) Westfield, a stage of 8.0 feet

An alerting report includes pertinent data that is readily available and a
general appraisal of local conditions although complete data from all
the rainfall and flood-index stations may not be available, Whenever
conditions warrant an alerting report during nonworking hours, avail-
able basin data is compiled by the Littleville operator who will relay
the information via telephone to the designated RRS regulator. In the
‘absence of the Littleville operator, the Knightville operator will relay
the pertinent data.

(4} Unusual conditions, Any unusual local conditions such as
difficulty with gates, excessive debris, ice jams, etc. will be reported
to RRS in the same manner as (3} above,

‘c. Flood reports. Supplemental radio or telephone reports (Sec-
ond Alert) are made to the RRS by the flood control dam operator if
heavy rainfall continues or if it appears that flood conditions might de-
velop in the basin as the result of melting snow, heavy localized rain-
fall, dam failures, ice jams, etc. The time and frequency of these re-
ports are dependent upon the severity of conditions and specific instruc-
tions from the Reservoir Regulation Section, Sheet H-I-2 shows a typ-
ical log of reports which indicates the data to be included in reports by
the flood control dam operator -during flood periods. Insofar as prac-
ficable, the following information is included in the flood report to the
Reservoir Regulation Seetion:

(1) Precipitation at dam. The total amount of precipitation
which has fallen up to the time of reporting and several intermediate
amounts with the times of observation.

(2} Reservoir stage. The pool stage at the time of reporting
and several previous readings with the corresponding times to deter-
mine the rate of rise of the pool and to define the inflow hydrograph.
(Accurate readings of stage and time are very essential to facilitate
computations made by the RRS).
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(3) Gate positions. Gate openings and discharges at the time of
reporting and at the beginning of the storm.

(4) Precipitation reports from observers. Precipitation reports
received from cooperative observers,

(5). River stages. River stages at time of reporting of the West-
field at Westfield, the West Branch and Westfield at Huntington and the
Middle Branch at Goss Heights. ‘

(6) Snow cover. General snow cover which may affect run-off
conditions throughout the basin. :

(7) Miscellaneous data. Any other information which might be
pertinent,

d. - Special reports. A special report is submitted whenever unusual
circumstances occur during a flood or if a special report is requested by
the RRS. The report may be written in longhand and should describe the
subjects outlined below if appropriate.

(1) Observations at dam. The flood control dam operator makes
general observations of conditions occurring at the outlet works as listed
below. The observations are entered in the log book at the dam. If pos-
sible, photographs are taken of any unusual conditions noting the date,
time, the reservoir gage heights and position of the gates.

(2) Intake and portal. Extent and action of eddies and waves
in the vicinity of the conduit intakes and portals,

(b} Qutlet and spillway discharge channels. Extent and ac-
tion of turbulence or eddies downstream of the spillway and outlet works.

(¢} Ice and debris. Effect on the flow through the gates due
to an accumulation of ice or debris at the intake,

(d} Gates. The pool elevation and position of the gates at
which vibration may develop.

(e) Other. Any other unusual hydraulic phenomena that may
occur.



(2) Observations at control points. During periods of reservoir
regulation, particularly while emptying the reservoir, reconnaissance
of the river is made by the flood control dam operator to obtain further
data on the safe channel capacity of the Westfield River through principal
damage areas. Critical stages at damage points are correlated with the
concurrent stage at the nearest gaging station to obtain the correspond-
ing discharge.

8. MAINTENANCE OF LOG

All reports, instructions, records of unusual circumstances at the
dam, and information pertinent to regulation of the reservoir is entered
in the logs. A log is maintained by both the flood control dam operator
and the Reservoir Regulation Section,

9. GATE OPERATION RECORD

All gate operations are carefully noted on NED Form 90, a sample
of which is shown on sheet H-I-3, and submitted monthly with recorder
charts of reservoir stages. All operations are noted regardless of the
duration of the change in gate position. The report includes date and
time of day, gate opening, reservoir gage height, and reason for opera-

- tion. ‘ :

10, SPECIAL ADVISORIES

In accordance with regulations set forth in EM 500-1-1, Emergency
Flood Control Activities, special advisories on flood potential and the
progress of all threatening storms are submitted by RRS to the Division
Engineer; Chief, Engineering Division; Emergency Operations Planning
Office and to the Operations Division,

11. HYDROLOGIC EQUIPMENT
Operational procedures and maintenance of 'thé hydrologic eguipment
for Knightville and Littleville Dams consisting of the precipitation gage,

thermometer, reservoir stage recorder, telephone transmitters (tele-
marks) and snow sampling sets are contained in Attachment II,

12, SNOW SURVEYS

Snow courses have been established at selected locations within the
reservoir watershed and are shown on Plate H-2. Weekly surveys are
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made by the flood control dam operator during the winter and early
spring to determine the depth of snow and its equivalent water content.
The dates for surveys are determined each year by the Reservoir
Regulation Section so-as to correspond with the publication of the
monthly bulletin of the U, S, Geological Survey.

13, ABSENCE FROM DAM

The Reservoir Regulation Section is notified whenever the flood
control dam operator expects to be absent overnight from the dam.

14. RESERVOIR REGULATION - NORMAL PERIODS .

a. Nonfreezing season, During the nonfreezing season all flood
control gates at both Littleville and Knightville dams will be maintained
at 3-foot openings.

b. Freezing season. Dt.lring the winter months commencing about
I. December, the gates will be throttled and a pool maintained at be-
tween 15 and 20 feet at Knlghtvﬂle to prevent ice build-up in the gate
structure. The pool will be develeped gradually with some water being
released continually, “Once the pool is established the dam operator
will make small adjustments (increments not to exceed 6 inches and
maximum gate openings not to exceed 3 feet) in gate openings to main-
tain the pool at a relatively constant level. If a winter pool at Knight-
ville continues to rise with 3-foot gate openings, the Reservoir Regula-
tion Section will be notified immediately.

If ice build-up in the gate structure proves to he a problem at
Littleville, gate operation similar to that at Knightville will be under-
‘taken. The two flood controel gates:will be throttled sufficiently to
maintain a pool at elevations between 520-522 feet msl.

c. Thawing season. About 15 March, upon instructions from the
Reservoir Regulation Section, the winter pool at Knightville will be
gradually emptied and the 3 gates will be opened to 3'-3'-3'. During
this period reports will be made-as requested by the Reservoir Regula-
tion Section.

15, RESERVOIR REGULATION - FLOOD PERIODS

Regulation of flow from Littleville -and Knightville Reservoirs may
be considered in three phases during the course of a flood: Phase I,
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~ the storm and run-off appraisal leading to the initial regulation during

the development of a flood; Phase II, regulation during the flood period;
and Phase III, emptying the reservoir following the downstream reces-
sion of the flood. The following paragraphs describe the methods of
regulation during these various phases.

.a. Phase I - Initial regulation of flow, Phase I is the most criti-
cal since it is necessary to collect rainfall and discharge data and to
promptly recognize and appraise the development and magnitude of the
flood in a short period of time. Gate operations at Littleville and
Knightville are initiated for river stages on the Westfield and Connecti-
cut Rivers and also for rainfall over the Westfield River basin,

(1) Westfield River. The USGS gage on the Westfleld River
at Westfield is the primary flood index station for the Westfield River.
Flood damage starts at a stage of 12,0 feet which représents a flow of
approximately 10, 000 cfs in the Westfield River downstream of the
‘mouth of the Little River. Because of the 4 to 6 hour lag time from the
reservoirs to Westfield it is necessary to regulate the reservoirs, on
the basis of flood potential indicators, well in advance of the occurrence
of flood stages at Westfield.  The discharge of the West Branch at
Huntington is an indicator of flood development in the basin and is used
as a guide for the regulation of the reservoirs in order to prevent later
occurrence of flood stages at Westfield. An analysis of West Branch
discharges and subsequent discharges at Westfield during past floods
was made to develop a gate operatlon schedule based on West Branch
discharges.

Guide curves for Phase I regulation of reservoirs depending
on existing stage and rate of rise at both the Westfield and West Branch
gages are shown on Plate H-I-4, Guide curve No. III is for use in pro-
portioning the combined release from the two reservoirs during Phase
I operation. ' ‘

Gates at both Littleville and Knightville Reservoirs will be
closed to minimum openings during Phase I in the event of any of the
following occurrences in the Westfield River basin, (See Plate Nos.
H-I-5 through H- I 15 for 1nflow, outflow and capac1ty curves for each
reservoir.) (. Sl = Ce e

()

“(a)  The total discharge and rate of increase of the West
Branch at Huntington are as follows:
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Flow Rate of Increase

{cfs) (cfs /hour)
4, 060 0
3, 000 A 200
2,000 500

(b) The total discharge and rate of increase of the West-
field River at Westfield are as follows:

Flow Rate of Increase

{cfs) {cfs /hour)

&, 000 0

7,000 , 200
6, 000 400

5,000 700

(2) Connecticut River. Littleville and Knightville Reservoirs
will be regulated during Phase I for floodflows on the Connecticut River
in accordance with the following schedule:

‘Regtrict Total.

Index Station Stage Discharge Reservoir Outflow To
{ feet) (cfs) 7_
Montague City 23.8 60 000 and rising 2,000 cfs
26,0 70,000 " 1,000 "
28.0 80, moo o "
Holyoke Dem 7.0 60,000 end rising a,ooo cfs
8.0 75,000 1,000
9.0 90,000 " " o "
Springfield 12.0 65,000: and r:l.sing 2,000 cfs
13.6 80,000 " 1,000
15.7 - 100,000 " - o "
Thompsonville 5.0 65,000 and rising ' 2,000 cfs :
6.0 80,000 1,000
7.0 100,000 " " o "
Bartford 16.0 | 2,000 cfs
18.6 1,000
2L.5 o "
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Generally, regulation of reservoirs is initiated based on stages \.

at Montague City and Holyoke, in order to make allowance for travel time

and provide optimum stage reductions at stations downstream of the mouth

of the Westfield River. No regulation will be made for prognostications

of river stages on the Connecticut River upstream of Montague City. Both
reservoirs will be closed to minimum outflow (10+ cfs) in the event of a
forecast of pending flood stages at Springfield, Thompsonville or Hart-

ford.

Guide curve No. IV is presented for use in the regulation of
Knightville and Littleville Reservoirs for Connecticut River stages. )

Table H-I-1 indicates warning and flood stages for key
index stations along the Connecticut River.. Included in the table are
warning stages, flood stages, average peak travel time and maximum re-
corded stages,

(3) Rainfall. Past experience has indicated that, depending on
antecedent conditions, 2 inches of rainfall over the Westfield River basin
in 24 hours will produce a moderate rise in river stages. During Phase I,
before the run-off potential of a storm is ascertained, initial regulation of
the reservoirs may be made on the basis of 24-hour rainfall, Reservoir
outflow will be restricted whenever the following rainfall has been recorded
at either dam within a Z24-hour period.

Maximum Permissible Discharge

‘Rainfall-Inches . Knightville Littleville
(24-hour period) {cis) (cfs)
Less than 2 ' Gates in normal Gates in normal
position position
2 to 3 2,000 500
3to4 1,000 250
More than 4 "Minimum Minimum

b. Phase II - Continuation of regulation. During this phase of a
flood the outflows from the reservoirs are regulated to.alleviate, or
reduce as far as practicable, downstream flood damages on the Westfield
and Connecticut Rivers, The reservoirs will be regulated in coordination
with other projects in the Connecticut River system to minimize tributary
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Index Statiom

White River Jumtian

North Walpole

Springfield |

Thompaonville

Bartford

Warning Stage

Gage Height
in feet)

17.0
2640
(38,300)

2540
{65,800)

- Te0
(60,000)

1240
(65,000)

Bop
{120,000}

1660
(66,000)

TABLE H-I-1

WARNINGS AND FLOOD S |
CONNECTICUT RIVER

Flood Stage & Discharge

£

in feet)

200

3040

- 2840
940
20.0

1043

2240

CoeFeSe
51,000
95,000
80;000
92,000
151,000

161,700

_11&:000

Ava » mk
Travel Time
ocwrs

20

Mx. Regorded Stage

-

TGige Helght Date
in foot
$540" wl/27
138 3/19/36
| oy 3/19/36
1648 3/19/3%
2846 3/20/%
6 3/20/36
37'.6. 3/21756



contributions to peak flows on the Connecticut River. If the gates are
completely closed, they remain in this position until the final phase of
operation is initiated and emptying of the stored run-off may begin.

A secondary activity during the Phase II period is the collec-
tion of hydrologic and hydraulic data such as (a) precipitation amounts
throughout the entire Westfield River basin; (b) snow cover and water
content in case of a spring flood; {¢) stage and discharge values at
downstream control points; and (d) any other pertinent rainfall and run-
off information of importance in the regulation of the reservoirs,

c. Pha.se‘III - Emptying the reservoirs, Following recession of
the flood on the Westfield and Connecticut Rivers, Phase III is initiated
and the reservoirs are emptied as rapidly as possible.

(1) Westfield River. Evacuation discharges from the reser-
voirs will not exceed Westfield River channel capacities. The channel
capacity at Westfield is 10, 000 cfs. = Guide curve No. V is for use in
proportioning the release from the two reservoirs on the basis of per-
cent of storage utilized. ‘

(2) Connecticut River. Phase III, the emptying of Littleville
and Knightville, will not be initiated until the Connecticut River flood
has crested at Hartford, Connecticut and river stages at all stations
from Montague City to Thompsonville are falling. The amount of fail
in stage necessary, before emptying the reservoirs, will depend on the
magnitude of the Connecticut River flood and the percent of reservoir
storage utilized. Guide curve No. VI is presented for making reser-
voir releases on the basis of Connecticut River stages. Evacuating
discharge from the Westfield River reservoirs will be coordinated with
releases from other projects in the system in a manner that will allow
Connecticut River floo#dl crests to continue to recede. This subject will
be described in detail in the Master Regulation Manual. The combined
rate of increase in reservoir discharge from the two reservoirs during
the emptying period is not to exceed 1,000 cfs per hour., Secondary
river rises during Phase I1I, due to either additional rainfall or snow-
melt, may result in the regulation procedure reverting to Phase I or
Phase II, '

d. Spillway discharge. Ordinarily during a major flood, the
gates will not be opened to avoid spillway discharge. Surcharge storage
above the elevation of the spillway crest will be utilized whenever the
downstream channel capacity continues to be exceeded by the run-off
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from uncontrolled areas. However, the gates at the dam will be imme-
diately operated with or without ingtructions from the RRS when their
respective pools reach the following levels;

LITTLEVILLE DAM AND RESERVQOIR

Feet Above

Pool Stage - Spillway Crest Operation Required
{(feet) .
580 . ‘ 10! ‘Both gates 4' open
582 12! Both gates 8" open
KNIGHTVILLE DAM AND RESERVOIR
Feet Above
"Pool Stage Spillway Crest Operation Reqguired
(feet) '
620 : 10! All gates 6' open
622 12t All gates 12" open

e. Minimum discharge. During periods of flood regulation when
reservoir outflow will be restricted, the operators will make releases,
if necessary, to insure sufficient flow to maintain fish life. In many in-
stances, local run-off, or leakage around the gates, will be adequate.

16. RESERVOIR REGULATION - WHITE WATER CANOE RACES

a. General. Organized racing on the Westfield River started in
1954 with less than 10 teams entered. It remained a small event until
1962 when there were 13 teams. In 1963, entries went to 29 and in 1964,
38 teams were entered, Race interest extends to New York, New Jersey,
Connecticut and Pennsylvania. Race spectators in recent years have been
estimated between 6, 000 and 10, 000 people. '

Recently the Westfield River White Water Canoe Club has requested

regulation at Knightville for a suitable weekend in April to provide flow
conditions for canoeing in the Westfield River. NED has stipulated that
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the races be conducted in early April as natural riverflows later often
recede rapidly and holding storage from spring run-off for a later time
is not desirable, '

'b. Regulation required. Because of the design of the outlet works
and the nature of the operation of Littleville, regulation of this reservoir
for canoe races is impractical. Therefore, all regulation for canoce
races would be performed at Knightville Dam,

An outflow from Knightville of 1,200 cfs will provide optimum flow
condition for racing., Amnalysis of 10 years of record at Knightville Dam
indicates that: |

(1) Twice during the period water in storage would be required
to maintain the 1,200 cfs.

(2} Three times during the period flow would have had to be
curtailed to limit the flow to 1,200 cfs.

(3) Five times during the period there would have been very
little regulation required to maintain a flow of 1,200 cfs. FEach year the
necessary regulation depends on current conditions. Approximately 3
days prior to the race, an analysis must be made of the existing river-
flow conditions and necessary regulations made to insure that optimum
flow conditions can be provided for the duration of the race.

The three primary rules to be observed in the operation of
Knightville for canoeing are:

(1) Any and all regulation of Knightville for canoeing must be.
approved by and under the jurisdiction of the Reservoir Regulation Sec-

tion of the Corps of Engineers.

(2) No regulation will be made for canoceing during a pending
flood situation.

(3) No more than 1, 500 cfs will be released or ‘more than 400
acre-feet stored - (1 percent of capacity) for purposes of the canoe races.

The following are also conditions to be met by the canoeing club:

_ (1) Notification of the public via public announcements (news-
papers, radio, signs) that the water level may fluctuate on race day.
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(2) Patrol the river on race day prior to the release or hold-
ing of water to warn anyone on the river of changing water conditions,

(3) Assist Army Engineers on race day in controlling people
at the starting line (the scheduled starting line is on property controlled
by the U, S. Government),

i7. EXTRAORDINARY FLOOD CONDITIONS

It is conceivable that extraordinary and unpredictable flood con-
ditions may arise - such as dam or bridge failures, highway or railroad
washouts, ice jams, or debris deposits. Since the prime purpose of the
reservoir is to prevent further damage, regulation during such unusual
conditions may not follow the previously described rules but will be
governed by the urgency of the circumstances. The Reservoir Regulation
Section will be notified immediately of any unusual incident so that
prompt action may be taken and the gates operated to provide maximum
protection.

18. REGULATION WITH FAILURE OF COMMUNICATIONS

if the flood control dam operator is unable to communicate with the
Reservoir Regulation Section by normal or emergency methods and con-
ditions develop which appear to warrant regulation, he will operate the
gates. in accordance with instructions contained in the Emergency Oper-
ation Procedure (paragraph 19). However, possession of instructions
contained in this manual does not relieve the operator of his responsibil-
ity for continued efforts to communicate with RRS, In cases of extreme
emergency, the operator shall attempt to communicate with the Reser-
voir Regulation Section through the Massachusetts State Police and the
Office of Civil Defense Mobilization radio networks, It should be empha-
sized that whenever communications fail, and due to lack of adequate re-
-ports it is impossible to fully appraise the run-off from an intense storm,
it is preferable to immediately restrict or completely stop the reservoir
discharge than to delay regulation and actually contribute to downstream
flood conditions.

19. EMERGENCY OPERATION PROCEDURE
In the event the RRS cannot be contacted during a pending flood sit-

uvation, the reservoirs will be operated as specified for Phase I opera-
tion and the regulation of both reservoirs will be under the jurisdiction

1-17



of the Littleville operator. During such a situation if any of the follow-
ing stages are reached there will be no partial closures and the opera-
tors will close the gates of both Knightville and Littleville immediately
to minimum openings.

EMERGENCY OPERATION PROCEDURE
STAGES FOR COMPLETE CLOSURE OF GATES

Location Stage
(feet)
West Branch at
Huntington (USGS) " 5,0 and rising
Westfield River at
Westfield (USGS) 9.0 and rising
Montague City (USGS) 26,0
Hartiord (USWRB) 20.0

Both dams will also be closed whenever 3 inches of rainfall has fallen
in the Westfield River basin in a 24-hour period.

No releases will be made from the reservoirs until contact has
been established with RRS, '

Whenever contact is lost between the dams and also the RRS, the

operators will be responsible for regulatipn of their respective dams

as described above. As soon as conditions permit, the Knightville oper-

ator will relay all pertinent information to the operator at Littleville.
20. COOPERATION WITH DOWNSTREAM WATER USERS

It is the policy of the Corps of Engineers to cooperate, whenever
possible, with downstream water users and other interested parties or

agencies. The flood control dam operator may be requested by downstream
users to deviate from normal regulations for short periods of time. When-
ever -a request for such modification is received, the operator ascertains
the validity of the request and obtains assurances from other downstream
water users that they are agreeable to the proposed operations. The op-
erator then relays the information to the RRS and requests instructions.

21, FUTURE STUDIES

Post flood studies will be made of each period of reservoir regula-

tion to determine efficiency of the communications and reporting
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networks, the applicability of regulation guides including stage-discharge
relationships, discharge correlations and flood reductions at damage
centers,

The Knightville spillway requirements were based on a design
flood which was computed in the late 1930's. The S.D.F, had 16. 4 inches
of rainfall in 24 hours and combined with a 6-hour unit hydrograph (peak
of 7800 cfs) resulted in a maximum inflow of 88, 700 cfs, equivalent to
about 550 csm.

Preliminary hydrologic studies in 1960 and studies associated with
a report to OCE, dated May 31, 1967 concerning the '""Review of Design
Features of Existing Dams', EC 1110-2-34, indicate that the peaks of
both the S,D, F, and related unit hydrograph are on the low side. In this
report it is recommended that the spillway requirements of the Knight-
ville project be thoroughly reviewed based on latest design criteria.
Upon completion of the studies and any required structural changes in the
project, necessary revisions will be made to the manual,

A revised S,D.F, (preliminary) has been completed and is shown
on Plate No. H-9 for informational purposes.
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STANDARD OPERATING PROCEDURE

PHASE 1 PHASE 11 PHASE 1L
FIRST ALERT SECOND ALERT FLOOD CONDITION RECESSION | POST FLOOD N - IMONTAGUE CITY GAGE N7
RAINFALL RIVER $TAGE RAINFALL RIVER STAGE RAINFALL FLOOD STAGE (o <) "
ONE INCH IN 24 HOURS WESTFIELD RIVER 1. TWO INCHES UNDER WESTFIELD RIVER |. THREE INCHES IN 24 WESTFIELD RIVER 1. STORM ABATED. 1. RIVER STAGES AT ALL ;
|.West Bronch 3.8 |° CONDITIONS CONDUCIVE | | West Branch 5.0 | HOURS UNDER CONDITIONS | | west Branch < - |2 RIVER STAGE FALLING STATIONS BELOW FIRST E
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CONNECTICUT RIVER | 2-THREE INCHESUNDER | copneeriour piver |2 FOURINGHESIN 24 HORS | o wecTicut RIVER 2. RESERVOIRS EMPTIED. ;’
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3.Springfield 12.0 | 3-ORASPRESCRIBED BY | 3 guingtiald 160 | SEASOM 3, Springfisld 20.0 e
4.Thompsorville 5.0 REGULATOR. 4. Thompsomvilie 7.0 4, Thompsomville  10.3 lw
5.Harttord 16. 0 S5.Hariford 19.0 5. Hartford 22.0 kY
73
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3. Collect And Transmit Rainfall And Stoge Data At-Minimum 4. Submit Repor! of Collected Miscellaneous Dals @ by : ¥
Of 3-Hour Intervals o 08 Direcled By R.R.S. and Pertinent Information Te R.R.S. \ . BESERWIR o
— \ )
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3, Consult Guide Curves. Floed. 3. Consutt With Basin Regulater. ’ ‘ ? \ ﬂ/ g HOLKE
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5. Inform Bosin Regulator of Actions. Regulation Procedures. ’ a\ ‘ LD )
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) . |
- /.L\v{\ 7
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? | _MAsS. _Lf‘_" —
CONN. } i,e )
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) - 4
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2. WESTFIELD RIVER 9.0 LOST BETWEEN DAMS. . .
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‘
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- ATTACHMENT II
OPERATIONAL PROCEDURES
AND MAINTENANCE OF
HYDROLOGIC EQUIPMENT

1. PRECIPITATION GAGE

An automatic recording precipitation gage is installed at L.ittle-
ville and Knightville Dams which continuously records official pre-
cipitation readings for the U, S. Weather Bureau (USWB), The Flood
Control Dam Operator (FCDO) should read the USWB rain gage daily
and record the observations on WB Forms 1009-R and 612-24, While
reading the gage, the operator should inspect the equipment to see if
the clock is running correctly and the pen inking properly. Unless
precipitation is falling at the time of observation, the pen of the re-
cording gage should be raised to the next 0.25" line to avoid overlap-
ping of the record. Rain gage charts (WB Form 1028c¢} should be
changed each Monday and forwarded with WB Form 1009-R to the Res-
ervoir Regulation Section (RRS5), If additional charts, forms or other
USWB supplie s are needed, the FCDO should note it on the submitted
WB Form 1009-R. Instructions on correct operation of precipitation
gages and recording data are printed on the covers of each pad of USWB

. forms. -

A Weather Bureau representative visits the dam several times
each year to service the precipitation gage. Should a malfunction of
the gage occur between visits, the FCDO should notify the RRS who will
make arrangements with the USWB to repair the gage.

2. THERMOMETER

A maximum-minimum thermometer is located at Knightville Dam,
The FCDO should adjust the maximum and minimum temperature levels
daily, Whenever temperature data are requested by the RRS this informa-
tion is transmitted via the NED radio network, ' '

3. RESERVOIR STAGE RECORDER

The automatic water level recorders at Littleville and Knightville
Dams’trace the water level in the reservoirs at all times. The water-
stage recorder is operated by a float. The recording instrument should



be checked each morning to assure that the clock is keeping correct time
and that the pen is tracing properly. Any discrepancies in the record as\(,
evidenced by the pen time or gage height, should be noted on the chart

and the instrument reset. During periods of reservoir storage, the out-
side tile or staff gage should be read to check the tape readings and chart
record. The chart record should be changed the first working day of

each month, At the beginning and ending of each monthly chart, the fol-
lowing information should be noted in ink on the chart.

a. Outside (tile) gage reading
b. Pen.._gage height reading

c. Watch time

d., Pen time

e. Date and name of dam

New charts for monthly recorders should be obtained from the NED
warehouse,

4., TELEPHONE TRANSMITTER (TELEMARK)

A telephone transmitter (telemark) is in operation on the Westfield
River at Westfield to obtain river stages to aid in regulating Littleville
and Knightville Reservoirs, Presently telemarks are the most satis-
factory method of river stage reporting, especially where it is essential
to have 24-hour coverage of the index stations, Should the telemark be-
come inoperative, the Littleville FCDO should visit the USGS gage to
ascertain where the difficulty is. If the trouble cannot be determined at
the gage, the telephone company should be requested to check out their
circuits. The FCDO should be at the gage when the telephone company
inspec ts their system. If the telemark still cannot be made operative,
the RRS should be notified and NED and/or USGS personnel will inspect
the telemark system. Telemark stations on the Connecticut River will
not be the responsibility of the Littleville and Knightville Dam operators.

5. TAILWATER GAGING STATION

A tailwater gaging station is located downstream of each dam to pro-
vide a continuous official record of the discharge from the dam. It is
essential that the equipment be checked frequently to assure a continuous

L T
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record. The tailwater gage readings included in the routine radio and
telephone reports to the RRS on Fridays are used for calibration of the
gates and as a ready reference of basin run-off conditions at the time of
observation.

If inspection of the gage indicates a need for repair, the RRS should
be notified immediately and arrangements will be made with the USGS to
have the equipment repaired.

6. SNOW SAMPLING SET

A snow sampling set has been assigned to the FCDO, Procedures
for obtaining snow survey data should follow instructions set forth in
Snow-Survey Sampling Guide, Department of Agriculture Handbook No,
169. 1If given proper .care, the only maintenance required would be oc-
casional replacement of worn-out cutter heads.
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