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PREFACE

The Black River basin comprises an area of 204 square miles and
is located in southern Vermont. The flood control plan for the

basin, described in the manual, conslsts of a dem and reservoir.

This Appendix of the Connecticut River Master Regulation Manual -
includes a description of the basin; statistical, climatological |
- and flood data; project descriptions and regulation procedures |
for the flood control project. The manual, in addition to set-;
ting forth a method of reservoir regulation, will serve as a
reference source for future studies. Perbtinent data and detalled
information on reservoirs and loceal protection projects are con-
talned in the main appendix. Detalled procedures for regulation
of the reservolr are contalned in Attachment I. Attachment TI

contains Information on the maintenance of hydrologic equipment.

This manusal is organized in a manner that enables the reader to
obtaln desired general and background information in the main
appendix. The attachments contain the pertinent information and
detailed procedures necessary for actually regulating the protec-

tive works.
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MANUAL OF RESERVOIR REGULATION

BLACK RIVER BASIN
VERMORT

AUTHORITY AND SCOPE

1. AUTHORITY

This report is submitted pursuant to authority contained in ER 1110~

'2-240, dated 25 March 1963, and EM 1110-2-3600, dated 25 May 1959, which

requires that manuals of reservolr regulation for flood control, navi-
gation or multipurpose reservoirs be prepared whenever storage allocated
to one or more of the functions is the responsibility of the Corps of
Engineers.,

2. TPURPOSE AND SCOPE

This manual will serve as a gulde and reference source for higher
authority, reservolr regulation and maintenance personnel in the New
England Division office, respective flood control dam operators, and
for personnel who will be concerned with or responsible for regulation
of the North Springfield Reservoir in the Black River basin. Included
in this appendix are:

a. A brief history of flood problems in the basin and the subse-~
quent studies which led to Congressional authorization of the Black River
flood control plan and later modifications.

b. A general description of the drainage basin including topographic
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, storms,
streamflow and floods.

d. A description of the basin plan of improvement consisting of a
flood control dam with reservoir.

e. Effectivenesa of regulation on flocods of record and standard
project flood.

f. Design criteria.
g. Detailed regulation procedures.

h. Maintenance of hydrologic eguipment.



HISTORY OF BLACK RIVER BASIN REPORTS

3. GENERAL

The Black River watershed has & long history of flooding, particu-
larly within the communities of Springfield and Ludlow, Vermont. First
studies by the Corps of Engineers were reported in 1937 in which two
floocd control reservoirs, North Springfield and ILudlow, were authorized.
Further studies and later reports resulted in enlarging the storage ca-
pacity of the North Springfield Reservoir due to the subseq_ueut elimi-
nation of the Ludlow project.

L, PUBLISHED’ REPORTS.

Recommendations for flood control of the Black River have been pre-
sented in the following reports: _

. &, The Black River basin was included in a Report on Survey and
Comprehensive Plen for Protection of the Connecticut River Valley which
wag submltted 20 March 1937. The plen, authorized by Public Law T6L,
75th Congress, called for a second reservoir on the Black River above:
Ludlow, Vermont which would act with the North Springfield Reservoir for
control of the Black River watershed above North S:pringﬂeld.

b. The Review of Reports om Flood Control, sulmitted 20 February
1940, included both North Springfield and Ludlow Reservoirs. . The ca=
pacity of the North Springfield Reservoir was increased from 26,500 to
33,400 acre-feet and the spillway crest was raised from eleva‘bion 519.0
to 528.5. This review was the basis of the Second Interim Report sub-
mitted to Congress as House Document 724, 76th COngress . 3rd session.,
The revised plan for protection as recommended in the report was author-
ized by Public Law 228, TTth Congress, lst session. The North Spring-
field and Ludlow projects were included in the reviged plan.

c. A modification of the project was reccmmended by letter, dated
14 June 1950, subject: "Review of Bstimates, River and Harbor and ¥Flood
Control Projects." The modification provided a reservoir with spillway
erest at elevation 541.5. The change was requested to compensate for
elimination of the Ludlow Reservoir which was considered advissble due to
local opposition. The State of Vermont concurred in the construction of
the project by letter dated 10 February 1956.

d. TFlood control of the Black River was also considered in Part Two,
Chapter XXI of "The Resocurces of the New Englend-New York Region,"” dated
1857 and prianted in Senate Document 14, 85th Congress. It conslsted of
& comprehensive survey of land, water and related natural resources of
the region. The report, prepared by the New England-New York Interagency
Committee, was submitted to the President of the United States by the
Secretery of the Army on 27 April 1956.
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GENERAL. DESCRIPTION

5. BLACK RIVER BASIN

The Black River basin, shown on plates C-1 and C-2, is located in
southern Vermont primarily in Windsor County with a small portion extend-
ing westward into Rutland County. The watershed, which drains in a
genersl southeasterly direction, is elongated in shape with a length of
about 22 miles and meximm width of 12 mtles. It has a drelnage area of
20k square miles of which 158 lie upstream of the North Springfield dem.
The topography of the basin is hilly with steep wooded slopes. There are
a few ponds in the northern headwaters but in general the watershed is
conducive to rapid rumoff. The elevation varies from 3,700 feet mel at
Shrewsbury Peak in the northermmost headwaters to about 280 feet msl at
its confluence with the Connecticut River in Springfield, Vermont.

. 6. BLACK RIVER

The Black River originates in the northwestern part of the basin at
Black Pond in the town of Plymouth, Vermont. The river then follows a
southerly course for sbout 12 miles, of which b4 miles pass through Echo
and Rescue Lakes to Ludlow, Vermont where it cheanges course to an east-
erly direction for 14 miles. North of Perkinsville, the river takes a
more southerly course to its mouth vwhere it empties into the headwater
pool of the Bellows Falls Power dem on the Connecticut River. The en-
tire length of the river is about 39 miles with a rather uniform drop of
950 feet., Profiles of the Black River and its tributaries are shown on
Plate C-3-

T+ TRIBUTARIES

a. General. The three largest tributaries of the Black River water-
shed are the North Branch, Great Brock and Twentymile Stream, with re-
spective drainage areas of 33, 20 and 15 square miles.

b. North Branch. The North Branch, located along the northeast sec-
tion of the watershed, has its origin in South Reading and flows in a
southerly direction for approximately 10 miles to its confluence with the
main river, sbout 3 miles upstresm of the North Springfield dam. The
river has a total fall of about 780 feet.

¢. Great Brook. @reat Brook, located in the southern portion of the
basin, has its origin in Duttonsville Gulf where it flows in an easterly
direction and enters the Black River in the town of North Springfield,
a short distence downstream of the North Springfield dem. The brook falls

_ about 680 feet in its 8.5 mile length.

d., Twentymile Streem. Twentymlle Stream, located in the central part
of the watershed, has 1ts source in the hills Just east of Plymouth




Kingdcm where it flows in a southerly direction and Joins the Black River
in Whitesville, about 12 miles above the dam. The stream falls about 820
feet in its 8.5 mile length. '

DEVELOPMENT IN THE BLACK RIVER BASIN

8. GENERAL

The basin has shown a moderate growth in its economic activity over
the past decade and it is expected this area of Vermont will continue ’co
grcw at a noderate rate.

9.  POUFJLATION

There are approximately 20,000 inhabitants in the Black River basin
of which more than 50 percent are living in the towns of Springfield and
Ludlow. According to the 1960 U. 5. Census, the population of Spring-
field vas 9,934 an increase of about 8 percent over the 1950 figure of
9,190. ILudlow has shown a slight decrease from 2,1-&28 to 2,386 during the
ceme dmade.

lO. ECONCMIC DEVELOPMENT

- Employment in agriculture has declined from 25 percent of the basin's
work force in the 1930's to a present value of about 8 percent. Tillable
land is generally scarce in the area and agricultural activity is largely
restricted to dairying and the production of poultry and eggs, with hay as
the principal field crop.

Approximately 30 percent of the area‘'s work force is employed ir manu-

facturing with approximetely balf of these in large machine tool firms
located in and around Springfield. Another 5 percent is employed in the
lumber and wood industry, with the remaining work force associated with
service rzlated businesses,

The region's scenic uplends, with good stream fishing, hunting and
skilng, make tourism an increasingly important factor in the economie life
of the basin.

HYDROLOGY

1l. CLIMATOLOGY

a. General. The Black River basin has a variable climate character-
ized by fregquent but short periods of heavy precipitation. It lies in the
belt of the "prevailing westerlies" and is exposed to the cyclonic dis~
turbances that cross the country from the west or southwest, producing

v



frequent weather changes. The area is also exposed to coastal storms, oce-
casionally of tropical origin (burricanes), that travel up the Atlantic
seaboard. Winters are moderately severe with subzero temperatures being
common and summers are mild with temperatures over 90° Fahrenheit being
infrequent. Precipitation is fairly well distributed throughout the year.
Climatologlcal stations within or adjacent to the Black River watershed
are shown on plate C=2,

. erature. The average annual temperature of the Black River
basin is about 53° Fahrenheit. Average monthly temperatures vary wilidely
throughout the year from 18° F. in January to 68° F. in July. Extremes
in temperature range from occasional highs slightly in excess of 100° F,
to infrequent lows in the minus 40's. A record of temperatures has been
maintained at Cavendish, Vermont for the past 63 years through 1966. Ex-
tremes and average values for the months of the year are shown in table
C-1 and illustrated on plate C-k.

c. Precipitatlion. The mean ennual precipitation over the basin is
about 40 inches distributed rather uniformly throughout the year. Aver=-
age monthly ralnfall at Cavendish ranges from a minimum recorded value of
0.0 inchk in March to & maximm value of 11.30 inches in July. The range
between maximum and minimm monthly values and average values are shown
in table C-2 and illustrated on plate C-5.

d. Snowfall end snow cover. The annual mean snowfall for 61 years
of record at Cavendish, Vermont (elevation 800 feet), in the middle of
the Black River basin, is 84.2 inches with approximately 50 percent occur=-
ring in the months of January and February. The average monthly snowfall
is shown in table C-3. Snow surveys have been taken in the watershed by
the Corps of Engineers since 1958 and locations of these courses are shown
on plate C=2. Water content in the snow cover reaches a maximm about the
middle of March, and since 1958 has averaged about 6.5 ilnches with a maxi-
mm of 10,8 and a minimum of 3.7 inches. Moderately high springtime dis-
charges frequently occur as the result of melting snow, but runoff from
this source alone has been insufficient to cause a major flood during the
period of record. However, due to a combination of heavy rain and snow-
melt, serious floodlng is a possibllity every year.

e. Storms. The Black River basin experiences three general types
of storms, nemely, continental, coastal and those assoclated with thunder-
storms which may be of local origin or the result of a statlionary front.
Continental storms originate over the western or central part of the
United States and move in a general easterly or northeasterly direction.
These storme may be rapldly moving intense cyclones, or the stationary
type and are not limited to any season or month but follow one another st
more or less regular lntervals with varying intensities throughout the
Tyear.

Tropilcal hurricanes, the most severe of the coestal storms, origi-
nate in the South Atlantic or Western Caridbbean Sea. They generally move



Month

January
February
March
April
May

June
July
Avgust
September
OCctober
November

December

ANNUAL

MONTHLY TEMPERATURES

TABLE C-~1

AT CAVENDISH, VERMONT

1903 - 1966
Mean Mexianm

18 65
19 63
30 82
k2 93
55 ol
63 100
68 102
65 99
67 o7
k7 89
35 80
22 61
53

Minimm

-38
Ty
=27
-2
17
27
33
30

o



TABLE C-2

MONTHLY PRECIPITATION
AT CAVENDISH, VERMONT

1902 - 1966

Month Mean Maximum Minimum
January 3.09 6.2h4 1.05
February 2,81 5.17 .83
March 3.28 9. 47 .00
April - 3.37 6.78 : .25
May 3.39 T+33 A7
June 3.73 8.24 .58
July 4,03 11.30 1.52
August 3.26 7.82 67
September 3.53 10.76 .62
Detober 3.19 8.28 : 4o
November 3.54 10.96 .69
December 3.01 6.36 .69
ANNUAL ko.23



TABLE C-3

MONTHLY SNOWFALL AT
CAVENDISH, VERMONT
(Average Depth in Inches)

1905 - 1966
January 19.9
February 20.8
March 15.8
April 6.0
May . 0.3
June o
July ¢}
August ' 0
September 0
October 0.3
November 6.1
December 15.3

Average Anmusl Snowfall = 84.2
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in a westerly direction, recurving to a more northerly path near the maine
land and then northeast approaching New England. Although the nommal path
is to the south and east, they may be drawn over this area by continental
eyclonic disturbances or deflected by a large slow moving anticyclone
center located to the east of New England. The latter is known as a
"blocking high." Hurricanes have occurred during the late summer or fall
months with a higher coincidence in August and September.

Extratropical coastal storms generally originste near the Middle
Atlantic States and then travel northward along the coastline. These
storms occur most frequently during the autumn, winter and spring months.
Thunderstorms can be produced by local convective activity or be the fron-
tal type associated with summer months.

12. STREAMFL(W

‘a. Discharge records. The only stream gaging station in the Black
River besin is located on the Black River a short distance downstream of
the North Springfield dam. The station, which measures runoff from e
drainage area of 158 square miles, was established in October 1929 and has
furnished a continuous record to date. Runoff data has been adjusted for
storage in Noxrth Springfield dam since operation began in 1960. Hydro-
graphs at the North Springfield gage throu.gh 1953 are shown on plates C-6
through C-8.

b. Streamflow data. Annual yunoff for the period of record through
September 1965 has varied from 10.29 inches in 1955 to 36.40 in 1960 with
an average of 23.58. The mean annual runoff represents about 60 percent
of the mean annual precipitation. About 60 percent of the amnual runoff
occurs in the months of March, April and May. Discharges for the 36-year
period of record have varied from a meximum pesk of 15,500 cfs in September
1938 to a minimum daily flow of 8 cfs in July 1962, with an average annual
recorded flow of 27h ¢fs. A surmary of the mean, maximum and minimum
monthly runoff is shown in table C-4 and illustrated on plate C-9.

13. FLOODS OF RECORD

a. Q(General. Flooding bhas occurred on the Black River during all
geagons of the year. The floods of March 1936 and December 1948 were
caused by heavy rains with melting snow. Heavy precipitation during the
summmer and fall months caused the floods of November 1927, July 1831,
September 1938 and June 1952.

b. Historic floods. The flood history of the Black River extends
back more than 150 years. Records concerning early events, although
meager, indicate the earliest flood to cause widespread dsmage in the
basin occurred in 1801. The February 1824 flood reportedly washed-out all
bridges over the Black River. The "great™ flood of October 1869 far ex-
ceeded any other previous event for which information i3 available,

C. Recent' ﬂooda.' In recent years four major floods have been experi-
enced in the Black River basin occurring in November 1927, March 1936,




Month

January
February
March
April
May

June
July
August
September
October
November

December

ANNUAL

MONTHLY RUNOFF - BLACK RIVER

TABLE C-l4

AT NORTH SPRINGFIELD, VERMONT

Mean

CFS Inches
190 1.38
179 1.18
hho 3.20

o8l 6.9k
h23 3.08
198 1.k0
98 0.T1
63 0.46
88 0.62
| 117 0.85
22k 1.58
216 1.58
27h 23.58

Maximm
CFS Inches
530 3.86
395 2.60

1800 13.1k

1690 11.92 |

1220 8.92
582 L,12
439 3.21
2718 2.03
8715 6.19
ko1 2.92
643 b, 54
596 4,35
316 32.33

10

Minimmg
CFe Inches
kg 0.36
42 0.28
58 0.2
30  2.13
117 0.85
45 0.32
18 0.13
15 0.11
16 0.11
22 0.16
51 0.36
70 0.51
2 12.18
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September 1938 and June 1952. A brief description is given in the follow-
Ing paragraphs.

(1) 1Intense rainfall associated with the storm of 3-4 November
1927 produced the greatest known flood on the Black River. There is no
recorded discharge available, but it is estimated from records on the
Ottauguechee and West Rivers that the peak discharge approximasted 20,000
cfs at the gaging site. Cavendish, Vermont recorded 8.0 inches of rain
and greater amounts probably fell over the higher terrain.

(2) The second largest flood occurred on 21-22 September 1938
when a hurricane traveled northward through the Comnecticut River valley.
Rainfall over the watershed accompanylng the hurricane, combined with
precipitation for the previous two days, totaled 7.5 inches. The flood
at the gaging station peaked at 15,500 cfs with a runoff volume of 5
inches.

(3) Next in size was the flood of March 1936 which comsisted
of two peaks resulting from separate storms sbout slx days apart. Both
were caused by heavy rains and warm temperatures which resulted in rapid
melting of extemsive snow cover. The first rise peaked on 12 March with
a meximum flow of approximately 6,500 cfs and the second, crested on 18
March with a peak flow of 14,700 ¢fs. The volume of runoff that occurred
between 12 and 22 March totaled 10 inches. The rainfall at Cavendish
totaled 7.9 inches during the period from 9 to 22 March.

(%) Another major flood cccurred on 1 June 1952 when more than
4 inches of rain fell in 2k hours on ground already saturated from an
abnormally wet May. A peak discharge of 13,000 cfs was recorded.

d. Flood profiles. High water profiles determined from field sur-
veys following the floods of 1936 and 1938 are shown on plate C=3.

e. Flood frequencies. The frequency (percent chance of occurrence)
of discharges was determined for the U. S. Geologleal Survey gaging sta-
tion on the Black River in North Springfield. Frequency analyses were
made in accordance with procedures described in ER 1110-2-1450, "Hydro-
logic Frequency Estimates,” dated 10 October 1962, TFollowing a regional
frequency analysis, & skew coefficient of 1.0 was adopted for all tribu-
taries of the Comnecticut River. Discharge-frequency data, based on 36
years of record, are shown in table C«5.

1k. ANALYSIS OF FLOODS

a. Black River. Floodflows and precipitation records were analyzed
to determine runoff characteristics of the Black River basin such as time
of year when floods may occur, effect of topography, relative timing, and
flood peak contributions at downstream damage centers on the Connecticut
river. The analysis resulted in the following conclusions:

(1) The Black River basin responds qulckly to periods of intense

1.



TABLE C=-5
NATURAL PEAK DISCHARGE FREQUENCY DATA

BLACK RIVER AT NORTH SPRINGFTIELD
(Drainage Area = 150 Square Miles)

Expected Probability

Percent Black River
Chance Years Flows

Chance iears —e—
0.50 200 31,500
1.0 - 100 24,000
2.0 50 18,000
4.0 25 - 13,700
5.0 20 12,600
10.0 - 10 9,800
20,0 _ 5 8,100
50,0 2 6,600
- T0.0 Lok 6,100
90.0 1.13 55700
95.0 1.06 5,600

99.0 1.0% 5,500
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rainfall which occur in any month and as a result, there is no flood-free
seagson of the year. However, the greatest runoff occurs during March and
April and is associated with snowmelt. The spring snowmelt 1s not of
significant demeging magnitude unless augmented by rainfall.

(2) Steep slopes througnout the basin produce rapid runoff.

(3) During minor and moderate floods runoff from the upper 35
square miles, which drains into a serles of lakes, 1s delayed considexr-
ably and does not contribute significantly to the flood pesk at the gaging
station. However, during major floods such as 1936 or 1938 when large
volumes of runoff are involved the upper area contributes to the flood
Peak.o

b. Connectlicut River. Flooding along the Connecticut River 1s caused
by excessive rainfall, melting snow or a combination of both factors.
Analysis of floods of record reveal that Connecticut River floods have
originated generally in the following manner: (1) as a general basin wide
flood {usually with snowmelt), (2) in the northern portion upstream of
White River Junctior, {3) in the central portion between White River
Junction and Montague City, and (L4) in the southern portion downstream of
Montague City.

The March 1936 event was basin wide, the September 1938 flood origi-
nated in the lower and central porticns, the Junme 1947 flood occurred in
the upper basin and the August 1955 flood was a lower basin event.

During floocds originating in the northern part of the dasin, peak
flows at the mouth of the Black River occur earlier than Connecticut River
peak discharges at White River Junction. With basin wide floods snd those
originating in the central portion, the Black River discharge synchronizes
with the Connecticut River crest. During floods originsting in the south-
ern part of the basin, flood discharges from the Black River occur on the
receding side of the Connecticut River hydrographs. Contributions from
the Black River to the maln river depends considerably on the location of
the storm and flood in the Comnecticut River basin. Relative timing of
the 1936 and 1938 flood peeks at selected locations on the Black and Con~
necticut Rivers is shown in table C-6.

Contributions of the Black River to the major floods of March 1936
end September 1938 at key locations on the Comnecticut River are listed
in table C-7. Plate C-10 shows the effect of the reservoir on 1936 and
1938 events at the dam and also effect of the reservolr system on Conmnec-
ticut River discharges at North Welpole for these floods.

15. DESIGN FLOODS

a. Standard project flood. A standard project flood for the Black
River, Vermont was developed from standard project storm rainfall, as
described in Civil Engineer Bulletin 52-8 and a unit hydrograph derived
from analyzing the recorded flcods of record in the river. The adopted

13



TABLE C~6

RELATIVE TIMING OF FLOOD PEAKS
BLACK AND CONNECTICUT RIVERS

Timing of Peak*

River Drainege  March Sept.
Location Mileg** Aren 1936 19338
(sqemi.)
| Black River at Mouth  183.1 20k 0 0
Connecticut River
at White River
Junction, Vt. 215.0 4,002 13 5
at North Walpole,
New Hempshire 172.5 5,493 15 - 10
at Vernon,
_Vermont 141.9 6,266 17 6
at Montague City,
Massachusetts 119.0 7,865 19 10

* Pime in hours after peak flow of
Black River at mouth

¢ Above mouth of Comnecticut River

1h



TABLE C-7

BLACK RIVER CONTRIBUTIONS TO CONNECTICUT
RIVER PEAK DISCHARGES DURING MAJOR FLOODS

March 1936 ~ September

* Tributary Contribution Index

Flood B Flood
Zcfsi cfs
Black River at Gage 14,700 15,500
Connecticut River at North Walpole |
Cbserved peak flow - _ -
Computed peak flow 157,600 123,300
Black River comtribution to
computed Connecticut River peak 15,900 14,300
Percent contribution 10.1 11.6
Percent drainage area 3.8 3.8
TCI* (Percent contribution)
(Percent dralnage area) 2.7 3.0
Connecticut River at Vernon '
Observed peak flow 176,000 132,500
Computed peak flow 171,000 143,300
Black River comtribution to
camputed Connecticut River peak 11,900 11,200
Percent contribution 7.0 T.6
Percent drainage area 3.2 3.2
TCI* 2.2 2.4
Connecticut River at Montague City
Observed peak flow 236,000 195,000
Computed peak flow 231,400 207,600
Black River contribution to
camputed Connecticut River peak 9,300 9 ,600
Percent contribution k.0 4.6
Percent drainsge ares 2.6 2.6
TCT* 1.5 1.8



unit hydrogrsph is shown on plate C-ll.

The 2i~hour storm rainfall over the area averaged 9.4l inches and
losses totaled 1.60 inches yielding a rainfall excess volume of T.84
inches. The resulting flood hydrograph has a peek inflow to the reser-
voir pool of 48,000 cfes and & spillway discharge of 10,000 cfs as shown
on plate C-12. In the town of Springfield, a peak discharge of about
15,000 cfs would occur resulting from the uncontrolled drainege area
downetresm of the North Springfield Reservoir.

be Spillway design flood. A spillway design flood for the project
was developed from probable maximm precipitation as described in Hydro-
meteorological Report 33. The reservoir was asaumed full to spillway
crest at the beginning of the flood with a peak inflow of 157,000 efs,
equivalent to about 1,000 cem from the 158 square mile drainage area. The
gpillway design flood is shown on plate C~13.

16. FLOOD DAMAGES

a. Experienced flood damage. The most dming flood of record in
the Black River basin, Novamber 1927, caused demages estimated at $700,000
Most of the losses were sustained in the towns of Ludlow and Springfield,
with $200,000 industrial and $370,000 highway and bridge demeges. The
following tebulation shows major losses by type in other large floods.

Type of Icss ($1,000)

Date Urben  Industrial  Highway  Other Total
Sept. 1938 135 50 100 50 335
March 1936%* 70 35 80 20 . 205

% Record flood on lower Comnecticut River

b. Recurring flood damages. A recurrence of November 1927 record
flood stages in the basin would cause demages estimated at $6.6 million.
Losses would be incurred by urban, rural, highway, railroad, utility and
industrial properties in the basin. The major item of dammge would be
$5 million to industrial properties.

The stage~damage curve, shown on plate C~lh, is intended to provide
a gqulck estimate of flood losses along the Black River. The index sgite
is located at Gear Shaper dam 1l in Springfield, Vermont. Additionel
detailed surveys following a flood event will supplement damage data as
required.

16



FLOOD CONTROL PLAN

17. GENERAL

The flood control plan for the Black River basin conslsts of a dam
and reservolr constructed on the Black River upstream of North Spring-
field. The reservolr will prevent flooding in North Springfield and
Springfield and reduce flows on the Connecticut River.

18. NORTH SPRINGFIELD DAM AND RESERVOIR

a. General. North Springfield Dam and Reservoir, placed in oper-
ation in September 1960, is located in east-central Vermont on the Black
River at North Springfield, Windsor County. It 1s about 8.5 miles up~
streem of the confluence of the Black and Connecticut Rivers and 3 miles
northwest of Springfield, Vermont. A general plan and vicinity map of
the dam and reservolr area are shown on plate C~l15.

Important physical components of the project consist of a rolled
earth fill dam with rock slope protection, side channel spillway, outlet
works, relocated town roed 22 embankment, facllities for recreational
purposes, and storage for both flood control and recrestion. Pertinent
data for the project is summarized in table C-8.

bs Dame The dam consists of compacted random earth and rock fill
approximately 2,940 feet long with a maximum height of 120 feet above
the riverbed. The top width is 30 feet and the elevation for top of em-
bankment is 570 feet msl, which is 24.5 feet sbove spillway crest and
5.2 feet above the design surcharge. The embankment slopes vary from
lon2+tolonk,

c. Splllway. A conventional side chamnel spillwey bullt in rock is
located at the left sbutment of the dem with the approach channel floor
at elevation 535. The 384-foot long crest, having an ogee shape, is at
elevation 545.5 feet. The discharge channel converges in width from 60
to 51 feet, and varles in slope from 6.25 to 1 percent. After discharg-
ing into a 200=-foot long stilling basin, the flows are returned through
a 1500-foot channel to the Black River. The plan and profile of the
spillway are shown on plates C-16 and C-1T.

d. Outlet works. The outlet works, also shown on plates C-16 and
C=-17, consist of an spproach channel, intake structure, discharge con-
duit end discharge channel. The intake channel is about 735 feet long
with invert at elevation 452. It is 20 feet wide except for the last
hundred feet where it flares from 20 to 35 feet. A U-shaped concrete
welr just upstream of the center gate maintains a 15~foot permanent pool.
The concrete intake structure houses the necessary equipment to operate
the three S5 x 12 foot slide gates wilth hydraulic holasts. These gates
regulate the discharge through the 12,75 foot diameter horseshoe conduilt.
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The concrete conduit is 659 feet long with entrence invert at elevation
452 feet and exit invert at elevation LU9. A rock-cut chennel directs
the discharge into the spillway channel. :

e. Relocated Town Road 22 embankment. Relocation of Town Road 22
consisted of raising the road as it crossed the North Branch valley in the
reservolr area. The road embankment and appurtensnt structures provide s
20-foot deep permenent pool (North Branch recreation pool). Pertinent
data for this subfeature of the project are shown on plates C-19 and C=20
and also summarized in table -8,

f. Recreational facilities. The North Springfield Reservolr wvas
authorized as a single-purpose flood control reservoir. However, section
4 of the Flood Control Act, approved 22 December 1944, as amended, pro-
vides for the development and use of reservolr areas for public, recre-
ational and other purposes. Two recreation areas (North Branch ard Black
River) have been established at the project in which the following facili-
ties have been provided: pienic areas with fireplaces, roads and parking
areas, beaches, change houses with tollets, and boat ramp. These recre-
ation areas are shown on plate C-18. The recreationsl facilities are
being managed by the State of Vermont under a long term license agreement.

In December 1967 approval was recelved to increase the depth of the
Black River pool from 15 to 23 feet during the recreation sesson. As this
portion of the year, late spring to early autumn, has floodflows which are
leas prevalent, there is no significant effect on the flood control bene-
fits of the project. Trial pools were held at various elevations along
with field inspections in conjunction with State of Vermont officials. The
23-foot depth offered the best combination of water and developable lands
and resulted in a maximization of recreational benefits. It is anticipated
the recreational facilities for the 23-foot pool will be operational for
the 1970 summer seasonh.

g+ Reservolr storage

(1) General. The reservoir when filled to spillway crest ele-
vation 545.5 has & total cepacity of 51,100 acre~feet, a surface area of
1,200 acres and is about 5.h miles long.

{2) Permanent pool. A small permanent pool was originally pro-
vided to facilitate gate operations during the winter months. This 100-
acre pool at elevation 467 feet msl has a water depth of 15 feet at the
dem and about 500 acre-feet of storage.

(3) Recreation pool - Black River. Recreation pool will be
naintained at elevation 475 during the summer months. It will have a
maximun depth of about 23 feet, an area of 290 acres and utilize a net
storage of 1,500 acre=feet.

(4) Recreation pool - North Branch, This 20-foot deep perma-
nent recreation pool {elevation 502 feet ), located on the North Branch and

18



LOCATION .
DRAINAGE AREA

RESERVOIR STORAGES

Pull pool elevation (ft,msl)
Capacity - acre-feet (net)

- inches (net)
Full pool area (acres)

EMBANKMENT FEATURES

Type

Length (ft)

Top elevation (ft,msl)
Maximm beight

Top wildth

Slopes
SPILINAY FEATURES
Type

Length (ft)
Crest elevation (ft,msl)

SPILIWAY DESIGN FLOOD

Inflow (cfs)
Total outflow

splllway
condult

Meaotimm surcharge (ft,msl)
feet ahove crest

OUTLET WORKS -

Type

Size (ft, dismeter)

Length {f£t)

Invert elevation (ft,msl)
Capacity at spillway crest (cfs)
Gate type

LAND ACQUISITION

Pee taking elevation (f't,msl)
Flowage essement

PROJECT COST
PLACFD IN OFERATION

MAINTAINED BY

TABLE ~-8

PERTINENT DATA

NORTH SPRINGFIELD DAM AND RESERVOIR

Black River, Springfleld, Vermont

158 square miles

Permanent Recreation Pool Areas Flood
Pool Black River North Branch Centrol Pool
heT 475 502 545,5
500 1,500 600 43,500 to 50,000
0.06 0.18 0.07 .75 to 5.93
100 200 65 1,200
Relocated Town Road 22
Main Dam {North Branch)
Rolled earth and rockfill Rolled earth and rock fill
2,940 200
570 552
120 75
30 28

lon2tolonkh

_Conventional side channel
with ogee weir
384

545.5

157,000
125,500
117,200
8,300
56048
19.3

Horseshoe conduit
12,75
659
452
11,900
Three 5'x12' slide

520
550

1on 2 tolon 2%

Broad Crested
(Towvn Roed 22 roadway)
200

550

2,

1,600
840

551.5
1.5

Cir. corrugated metal

300
ho7
1,800

46,654,000 (dam and appurtenant facilities)

September 1960

New England Division

19

8,200 (project design flood)
ATy



impounded by Town Road 22 embankment, has a storage of about 600 acre-feet
and covers 65 acres.

(5) Flood comtrol. During the late fall, winter and spring
months there is a net storage of 50,000 acre~feet set aside for flood con-
trol purposes, which is equivalent to 5.93 inches of runoff from the 158
square mile drainage area. By raising the recreation pool to elevation
475, the net storage is slightly reduced to 48,500 acre-feet, equivalent
- to 5.75 inches of runoff.

19. FREQUENCY OF RESERVOIR FILLING

The following tabulation denotes the estimated frequency of fill:l.ng
relationship for the North Springfield Reservolr:

TABLE C-9
FREQUENCY OF RESERVOIR FILLING

Pool Estimated
Elevation uency
el -

500 , 1

51¢ ' 2

520 5

530 10

540 20

545.5 35

20. REGULATION PROCEDURES

Regulation procedures for Noxrth Springfield dam are contained in
attachment I. There are no major deviationa from the previously esteb-
1lished SOP, dated January 1961.

21. EFFECTIVENESS OF PROJECT
Since 1961 when the North Springfield Dam and Reservoir reached opexr- .
ational status, there have been five significant operations. An estimated
$730,000 in damages to propertles in the Connecticut River basin have been
prevented,
22. AUTOMATIC HYDROLOGIC RADIO REPORTING NETWORK
The effective regulation of flood control projects in New England,

consisting of 35 flood control dams and 2 hurricane harriers require an
efficlent, reliable and rapid means of both collecting and coordinating

20



hydrologic data by the Reservoir Regulation Section. The installation of
an autometic hydrologic radio reporting network has been undertaken
recently.

Radio gaging stations are being established at the following locations
in the Connecticut River basin: .

Passumpsic Rlver at Passumpsic, Vermont
Connecticut Rlver at Wells River, Vermont

White River at West Hartford, Vermont

Connecticut River at White River Junction, Vermont
Connectlicut River at North Walpole, New Hampshire

Deerfield River et West Deerfleld, Massachusetts
Connecticut River at Montague City, Massachusetts
Chicopee River at Indian Orchard, Massachusetts
Westfield River at Westfleld, Massachusetts

Connecticut River at Springfield, Massachusetis
Farmington River at Collinsville, Connecticut
Farmington River at Ralnbow, Connecticut
Comnecticut River at Hartford, Connecticut

Radic geages will also be instelled at Mad River and Conant Brook
Reservoirs (see plate C-1 for locations of radio gages).

The network is scheduled for completion by the end of fiscal year 1969.
Details of the radio hydrologic reporting network will be covered in the
Connecticut River Master Manual of Reservoir Regulation.

23. IMPROVEMENTS BY OTHER FEDERAL AGENCIES

The Soil Conservation Service (SCS) of the U. S. Department of Agri-
culture has developed a work plan for the Jewell Brook watershed {dated
April 1964) which affords protection to the community of ILudlow, Vermont
from Jewell Brook floodflows. This plan includes 4 small floodwater
retarding reservoirs in the headwaters and a diversion chamnel in Ludlow
and is shown on plate C-2l. Pertinent data are contained in teble C-~10.
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TABLE C-10

PERTINENT DATA - SCS PROJECTS

A, FLOOD RETARDING STRUCTURES*

Reservolr Area end
' Storage at Emergency Outlet Discharge at
Dralnage Spillway Elevation Emergency Spillway
Reservoir Site Area Area Storage CFS CSM Condult Size
(sq.mi.) (acres)  (inches)

1 - Upper Jewell Brook 2.09 26 3.0 136 65 30" Diameter
2 - Grant Brook 1. 74 18 3.0 148 85 30" Disameter
3 - Parker Brooki# 1.3 20 3.0 1hh 110 30" Diameter
5 -

Sanders Brook 1.74 8.2 . 2.0 164 25 30" Diameter

# Site 1 is scheduled for completion in 1968, site 2 in
1969, with the work plan completed by 1972

** Multiple-purpose project, recreation and flood control

B. DIVERSION CHANNEL

Design Scheduled

Streem Location Length Capacit Completion Date
' Ifl:i lcfaf

South Hill Brook Town of Ludlow 665 175 Completed
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ATTACHMENT I
RESERVOTR REGULATION

1. ORGANIZATTON

The Reservoir Regulation Section is responsible for regulation of
the flood control reservoirs in the New England area. In the New
England Division, the Hydrology & Hydraullcs Branch of the Engineering
Division functions also as the Reservoir Regulation Sectiorn (RRS). In
addition to its regular flood control dutiea, RRS is responsible for:
(a) monthly reports on reservoir regulation, (b) continuing studies of
regulation procedures, (c) analyses of actual flood operations, (d)
training of personnel, (e) the establishment of a data gathering and
reporting network, and (f) meintenance of hydrologic equipment. The
supervision of routine operationg and maintenance activitles comes under
the Jurisdiction of the Reservoir Branch of the Operations Division. An
organization chart for reservolr reguletion in the New England Division
is shown on plate C-I-1.

The Reservoir Regulation Section is subdivided into basin units, each
responsible for receiving routine hydrometeorological reports and direct-
ing reservoir regulation within an assigned river basin. FEach unit con=-
sists of a regulator in charge of the overall operation in the basin, and
project regulators who receive reports and issue instructions to individe
ual damz either from NED headguarters during working hours or from their
homes during nonworking hours. Whenever emergency conditions so require,
the RRS staffs NED headquarters and the regulation units are organized to
assure 2k-hour operation as long as the emergency exists.

2. INSTRUCTIONS TO OPERATORS

All instructions to operators for regulation of the floecd control
regervolrs are glven directly by the RRS with advisories forwarded to the
Operatlions Division. When the North Springfileld dam operator 1s unable
to communicate with RRS and circumstences require immediate action, the
operator has full authority and responsibility to operate the flood con-
trol. gates and regulate discharges in accordance with Emergency Operation
Procedures (EOP) described in paragraph 15. Standard Operating Procedures
and Operating Guide Curves are ghown on plates C-I-2 through C-I-k.

3. COMMUNICATIONS

All communications between the dam operstor and RRS are made via the
RED radio network during normal working hours or when NED headquarters is
otherwise manned. Whenever the radio network is inoperative, commmica-
tions are made by telephome. During nomworking hours, reports and regu-
lation instructions are issued by telephone to or from the homes of RRS
personnel., A telephone directory is mainteined and 1ssued by RRS for 1ts
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specific use during flood operations. In the event of failure of the NED
radio network and telephone service, emergency commmications are at-
tempted through State Police and (ivil Defense radio facilities.

4., PRECIPITATION REPORTING NETWORK

Reports of precipitation data from the Black River basin are used pri-
marily for the purpose of alerting regulation personnel and providing a
basgis for appraising the severity of the storm. The collection and re-
porting of precipitation date from the Noxrth Springfield dam, as well as
from voluntary observers at Cavendish and Tyson, are the responsibility
of the North Springfield dam operator. He should periodically review the
network arrangements with voluntary observers as well as trying to in-
crease the number of reporting stations to insure that a complete report-
ing network is established. The River Forecast Center at Hartford,
Connecticut receives precipitation reports from USWB observer stations in
and near the Black River besin which are available to RRS upon request.
Locations of the NED and USWB precipitation stations are shown on plate
C-I-2.

5. RIVER REPORTING NETWORK

a. QGeneral. A network of river stage observation stations has been
established dowmstream of the North Springfield dem which is part of an
overall river reporting system for the Comnecticut River basin. This
network assists in the execution of the reservoir regulation plan by per-
mitting personnel in RRS or at the dems to obtain river stages at selected
locations either on tributaries or the Conmmecticut River. Immediately
downstream of the dam, the USGS maintalns a gaging statlon which provides
a continuous record of releases from the dam.

b. Bleck River. An index staff gage is located on the left bank of
the Blac¢k River at the bridge entrance to Fellows Gear Shaper Company,
about 1,000 feet downstream of dam 1, in Springfield, Vermont. The gage,
established by NED during the construction of Rorth Springfield dem,
indicates runoff from a drainage area of approximately 188 square miles,
of which 158 lie upstremm of North Springfield dam. River stages can be
obtained 24 hours a day by telephoning plant personnel. A provisional
discharge rating curve has been established for the index gage and 1s
ghown on plate C-I-1ll. (Recently a staff gage has been installed about
100 feet upstream of Gear Shaper dem 1 and is antlcipated to be used in
fu’cure)o;;erations. A provisional rating curve also is shown on plate
C"I-ll .

¢. Connecticut River. The USGS gaglng station at North Walpole,
New Hampehire, located about 100 feet upstream of the Saxtons River be-~
tween the commmmities of Bellows Falls, Vermont and North Walpole, New
Hampshire, is the primary index station for determining reservoir flood
releages on the Comnecticut River. This gage measures runoff from
5,493 square mlles and has been in operation since 1942. A telemark
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system (telephone tremsmitting equipment) has been installed at this lo-
cation. OQther Index stations algo used as guides are the USGS gaging
stations at White River Junction, Vermont (D.A. * 6,266 square miles) and
Montague City, Massachusetts (D.A. ®» 7,865 square miles), both of which
have telemark systems. These three gages on the Connecticut River are
included in the automatic hydrologlc radlie reporting network and are
shown on plate C~I-2,

6. WEATHER AND RIVER FORECASTS

a. Precipitation foreecasts. In addition to normal periodic weather
forecasts, quentitative precipitation forecasts prepared by the U. S.
Weather Bureau are received daily over the Massachusetis Weather Teletype
Network by the Reservoir Regulation Section. Supplemental weather infor-
mation and forecasts prior to or during floods are made available upon
request from the USWB office at Boston, Massachusetis.

b. USWB river forecasts. The River Forecast Center of the Weather
Bureau at Hartford, Connecticut is responsible for preparing and dlssemi-
nating flood forecasts for the Comnnecticut River and some of 1lts princi-
pal tributaries. Blweekly forecasts, Iindlicating the amount of l2~hour
rainfall necessary to produce flood conditions on tributaries are pre-
pared by the Center and transmitted by teletype to RRS. Although flood
forecasts are not given specificelly for the Black River, they are indice-
tive of conditions existing in the basin.

¢« Corps of Engineers flcod forecasts. Guide curves, shown on plate
C~I~3, have been developed for eetimeting rainfall-runoff relationships
for Corps of Engineers use only. Curves of rainfall versus estimated peak
discharges intc the reservolr have heen determined from avallable infor-
mation. The curves will be checked with future data and modified, 1If
necessary, to improve the correlation.

7. REPORTS

a. Wee reports. The dem operator mekes a routine report by radlo
(or telephone) to RRS each Friday morming which insures continucus con-
tact between the operating personnel and RRS and also serves as a check
on the copmunications network. The report includes the preceding 2k-hour
precipitation, current weather conditions, reservolr pool stage, regula-
- tion data, river conditions at index stations and other miscellaneous
data. A sample of the completed form is shown on sheet C-I-li.

b. Alerting reports. An alerting report le promptly made and in-
cludes available pertinent data together with a general appraisal of
local conditions (data from sll the precipitation or flood index stations
may not be availeble). Whenever any of the following conditions occur,
the dam operator will immediately notify RRS:

(L) Precipitation. Occurrence of 1 inch of precipitation during

I-3



a 2h-hour period at the dam or any reporting station within the network.

(2) Reservoir stage. Whenever a rising pool reaches a stage of
18 feet during the nonrecreation season or reaches a stage of 25.5 feet
during the recreation season.

(3) River stages. Whenever the Black River at Fellows Gear
Shaper Company index gege in Springfleld resches 2.0 feet and is rising
or the Comnecticut River at North Walpcle reaches 24.0 feet and is
rising.

(%) Unusual conditions. Unusuel local conditlons such as diffi-
culty with the gates, ice jems, excessive debris, bridge fallures, etc.
will be reported.

c. Supplemental reports. Supplemental radio (or telephone) reports
are made to KRS by the dam operator either with insbructions from RRS or if
it appears that flood conditions might develop in the basin as the result
of melting snow, ice Jjams, dem failures or beavy localized rainfall. The
time and frequency of these reports are dependent upon the severity of
conditions and specific instructions from RRS. Flood reports are trens-
mitted at minimum 3-hour intervals. Sheet C=-I-2 shows a typical reporte
ing log indicating data to be included in reports by the dam coperator
during flood periods. Insofar as practicable, the following information
should be included in the flood report:

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

(2) Reservoir stage. The pool stage at time of reporting and
geveral previous readings with the corresponding times to determine the
rate of rise and define the inflow hydrograph (accurate readings of stage
and time are essential to facilitate computations made by RRS).

(3) Gate positions. Gate cpenings and discharges at time of
reporting and beglnning of storm.

(4) Precipitation reports from observers. Rainfell datae re=-
celved from cooperative observers.

(5) River stages. River stages with times of observations from
gages al Springfield and North Walpole and other stations as requested by
RRS.

(6) Snow cover. General snow cover which may affect runoff conw
ditions throughout the basin.

(7) Miscellaneous data. Any other information which might be
pertinent.
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d. Special reports. A specilal report is submitted by the dam operator
to RRS whenever unusual clrcumstances occur during a flood or 1f requested.
The report may be written in longhand and should describe the subjects out-
lined below if appropriate,

(1) Observations at dam. The dam operator makes general observa-
tions of conditions occurring at the ocutlet works as listed below. The
observations are entered in the log book at the dam. If possible, photo-
grephs are taken of any unusual conditions noting date, time, reservoir
gage heights and position of the gates.

(a) Intake and portal. BExtent and action of eddies asnd waves
in the vicinity of the condult intakes and portals.

(b) Outlet and spillway discharge channels. Extent and ac-
tion of turbulence or eddies downstresm of the splllway and outlet works.

(¢) Ice and debris. Effect on 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 phenomens that may
occur.

(2) Observations at control points. During periods of reservoir
regulation, particularly while emptying the reservolr, reconnaissance of
the river i1s made by the dam operator upon specific authorization from
RRS to obtain further data on the safe chanmnel capacity of the Black River
through principal demsge areas, Critical stages at damege polnts are core-
related with concurrent stage at the nearest gaging station to obtaln the
corresponding discharge.

8. SPECIAL ADVISORIES

In accordsnce with reguiations set forth in EM 500-1-1, Domestic
Emergency Operations, special advisorles from RRS on flood potential and
progress of all threatening storms are submitted to the Division Engineer,
Chief, Engineering and Operations Divisions. Flood reports also are mede
to OCE by Reservoir Regulation Section.

9. MAINTENANCE OF LOG

All reports, instructions, records of unusual circumstances at the
dam, and information pertinent to regulation of the reservoir are entered
in the log. A log is maintained by both the dam operator and the Reser-
voir Regulatlion Section.



10. GATE OPERATION RECORD

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

11. RESERVOIR REGULATION - NORMAIL, PERIODS

a. Nonrecreation seasonm. The permanent pocl 1s maintained at a
stage of about 15 feet which is the crest of the concrete U-shaped weir
Jjust upstream of the center gate (elevation 46T7). The two outside gates
are closed and the middle gate fully open. No gate operation is required
during minor pool rises. Based on limited operating experience at the
project, formation of ice at the intake works during the winter months is
not a problem. However, if icing problems do ocecur, RRS should be noti-
fied immediately.

b. Recreation season. During the month of May, and foliowing the
spring runoff period, the pool will be raised to elevation 475, equivalent
to a stege of 23 feet. Two gates will be completely closed, and the third
throttled to maintain the pool. In order to minimize pool stage fluctu-
ations during minor rises, the third gate will be automatically operated
by a selsyn controlled motor. Im this automatic condition, the gate open-
ing will range from 0.l to 5 feet, the dilischarges from 15 to 700 cfs, and
pool. stages from 23 to 25.5 feet. When the pool rises 1o 25.5 feet, an
alarm will sound alerting the operator. RRS will be notified at this time
for further instructions.

¢. Cooperation with downetresm water users. The policy of the Corps
of Engineers is to cooperate whenever possible with downstreem water users,
police authorities and other interested parties and agencies. The operator
of the dam mey be requested by downstresm water users to modify the river-
flow for short pericds of time. Whenever a request for such modification
is received, the operator shall ascertaln the validity of the request and
obtain assurances from all other downstream water users that they are agree~
able with the proposed operation. The operator will then relay the infor-
mation to RRS and requeat instructions. Under no circumstances will the
reservolr releases be less than 15 cfs as this smount of dlscharge is re-
gquired for maintenance of fish life downstream.

12, RESERVOIR REGULATION ~ FLOOD PERIODS

a. Geperal. Regulation of flow from North Springfield Reservolr is
initiated for specific river stages on the Black and Commecticut Rivers or
for heavy ralnfall over the basin. Regulation may be considered in three
phases during the course of a flood: Phase I - appraisal of stom or
river conditions during development of the flood and initial regulation,
Phase II - regulation during the flood period, and FPhase IIT - emptying the
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reservoir following downstream recession of the flood. The Standard Oper-
ating Procedure is shown on plate C-I-2.

b. Phage I - Initial regulation of flow. This phase is importent as
it is necessary to collect rainfell and discharge data and appralse the
development of the storm and magnitude of the flood 1n a short period of
time. Gate operations at North Springfield dam will be initiated for the
following conditions:

(1) Black River. Regulation of the reservoir for Black River
stages will be in accordance with guide curves shown on plate C-I-hk. At
all times regulation will be undertaken to keep the river stage at the Gear
Shaper index gage less than 3.0 feet. Average travel time from the dam to
the index gage ls about 1 hour.

(2) Connecticut River. Regulatlon of the reservoir for Connec-
ticut River stages will be based on origin of the flood and In accordance
with the following schedule:

Flood Origin Regulatlion Required
Upstream (North of White River No regulation imtil White River Junc-
Junction) tion stege exceeds 20 feet.
Central (White River Junction Restrict outflow at dam and be pre-
0 Montague City) pared to close to minimum openings.

A regulation schedule based on the
North Walpole index station follows:

North Walpole Stage
for Initlating Regulation Restrict Qutflow to:

24,0 feet (66,700 cfs),
rising 1,500 efs

25.0 feet (71,200 efs),
rising 750 efs

26.0 feet (75,700 cfs),
and higher : 15 cfs*

# Minimum required for maintensnce of fish life (15 cfs)



Flood Origin Regulation Required

Downstream {Soutb of Montague Restrict outflow based on local condi-
City) tions and be prepared to close o
minimm openings according to the fol-
lowing schedule:

Stage for Closing Gates

Index Iocatlon to Minimum Openings
Montague Clty 25,0 feet (65,800 cfs) and rising
Springfield 12.0 feet (65,000 ¢fs) eand rising

Table C-I-1l consiste of warning and flood stages at Key index stations
along the Copnnecticut River, average peesk travel times and meximum re-
corded stages. Average travel time from the dam t¢ the North Walpole
gage is approximately 5 hours.

(3) Reinfall. Depending on antecedent condtions, past experi-
ence has indicated that 2-3 inches of rainfall over the Black River basin
in 24 hours produces a moderate rise in river stages. Therefore, initial
regulation of the reserveir ls also considered necessary whenever the
following precipitation has been recorded at the dam within a 24-hour
period.

Reinfall-Inches Maximum Reservolr Release
(2b~bour period) (cfs)
Less than 2 Gates in normal position
2-3 1,500
3-h 750
More than L4 15 (minimum opening)

¢, Phase II - Continustion of regulation. During this phase of a
flood,outflow from the reservolr is regulated to alleviate, or reduce as
far as practicable, downstream flood demages on the Black and Connecticut
Rivers. If the gates are completely closed, they remsin in that position
until the final phase of operation 1s initlated. If they are not com-
pletely closed, it will be necessary to follow schedule listed in Phase I.

{1) Black River. The reservoir discharges will be regulated to
malntain safe channel eapacities on the Black River. If the gates are
partially open and reservoir stages continue to rise, further gate oper-
ations may be necessary to maintain nondsmeging flows.
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TABLE C-I-1

CONNECTICUT RIVER
WARNING AND FLOOD STAGES

Warning Stage Flood Stage & Discharge Average Peak  Maximmm Recorded Stage

Index Station G Helght Gage Height CF3 Travel Time Gage Height Date
feet ifeeti {hours) feet

White River Junction 17.0 20.0 51,.000 35.0 11/ k/27
(38,300)
9
North Walpole 26.0 30.0 95,000 43.8 3/19/36
(75,700)
20
Montague City 25.0 28.0 80,000 hg,2 3/19/36
(65,800) |
12
Holyoke 7.0 9.0 92,000 16.8 3/19/36
(60,000) ¢
Springfield 12,0 20.0 151,000 28.6 3/20/36
(65,000) ¢
Thompsonville 8.0 10.3 161,700 16.6 3/20/36
{120,000)
7
Hartford 16.0 22.0 114,000 37.6 3/21/36

(66,000)



(2) Comnecticut River. The dam is regulated in coordination
with other reservoire in the system to provide optimm flood reductions
to communities along the Connecticut River.

fnother important regulation activity during this period is the col-
lection of hydrologlc and hydraulic data such as: (a) precipitation
amounts throughout the entire Black River basin, (b) snow cover and water
content in case of spring floods, (c) stage and discharge values at down-
stream control points on the Black River, and (d) any other pertinent
ralnfall and runoff information which will assist in regulation of the.
reservoirs. Discharge data along the main Conmnecticut River and principal
tributaries above and below the mouth of the Black River are received by
RES in order to coordinate the regulation of North Springfield Reservoir
nith 21l other reservolrs in the Connecticut River basin.

d. Phase II1 - Emptying the reservolrs

(1) General. The runoff hydrogreph of each flood has its own
characteristics, and as a result the operating procedures will vary, but
in general Phage III usually is based on conditions in the Connecticut
River. During recession of the flood on the Black or Conpecticut Rivers,
the reservoir is emptied as rapidly as possible. The rate of increase in
discharges 1s not to exceed 500 cfs per hour. Following emptying of the
reservolr the gates wll) be set at their normal openings.

(2) Black River. Evacuation discharges from the reservoir will
not exceed Black River channel capacities. The channel capacity in Spring-
field is about 5,000 cfs.

(3) Connecticut River. Evacuation of the reservoir will not be
initiated until the flood erest has pessed North Walpole. Gulde curves
for reservoir releases are shown on plate C-I-k,

Bvacuating discharges from the North Springfield Reservoir will be
coordinated with releases from other projects in the system in & manner
that will allow Connecticut River flood crests to continue receding. This
subject will be described in detail in the Master Regulation Manual for
the Connecticut River basin.

Secondary river rises during Phase III, due to either additional
rainfall or snowmelt, may result in the regulation procedure reverting to
Phases I or IT.

e. Spillway discharge. Ordinarily during a major flocd the gates
will be closed to induce surcharge storage whenever downstream channel
capacity continues to be exceeded by the runoff from uncontrolled areas.
However, gates at the dam will be immediately operated with or without
instructions from RRS, when the pool rises to the following levels,
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Stage Above -
Spillway Crest Gate 1

Gate 2 Gate 3
Lt 0 0 0
51 0 6' 0
6! o] F 0
T 6' F 0
8! 6 F 6'
9! F P &'
10! F F F

F - Fully Open

f. Alerting of flood affected populace. Whenever it is anticipated
that the pool will rise above spillway crest elevation during an extreme
flood, police and/or officials of communities downstream that may be af-
Tected will be advised immedliately of impending conditions. Whenever the

ool is expected to rise above the flowage easement lline of 550 feet msl
?h. 5 feet above spillway crest), affected residents within the reservoir
area will be notified.

g. Effect of regulation on roads within the reservolr area. Several
roads that pase through the reservoir area (shown on plate C-18 of the
appendix) are subject to inundation during the storsge of floodwaters. If
the pool 1s expected to rise sbove a stage of 30 feet, the T permanent
barricades (steel posts with cables) on roads leading to the reservoir ares
will be closed.

Town Road 22 will be inundated when the resexrvoir reaches a stage of
98 feet, elevation 550,0 feet msl which is 4.5 feet above the spillway
crest. If spillway dlscharge is anticipated, barricades are necessary at
the westerly end of the embankment of Town Road 22 crossing and at the
Junction of Town Road 22 and North-South Road east of the spillway section.
Local authorities will be notified by the operator when barricades are
required.

13. EXTRAORDINARY FLOOD CONDITIONS

It is conceivable that extraordinary and unpredictable flood condi-
tions may arise, such as dam or bridge fallures, highway or railroad
washouts, ice Jams or debris deposits. Since the prime purpose of the
reservolr is to prevent further damage, regulation during such unusuel con-
ditions may not follow previcusly deseribed rules but will be governed by
the urgency of the circumstances. If time permita, RRS will be notified
immediately of any unusual incident so that the emergency can be weighed
with resgpect tc condltions at other locations. The gates will be coperated
to provide maximm protection.

14, REGULATION WITH FAILURE OF COMMUNICATIONS
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If the operator is unable to communicate with RRS by normal or emer-
gency methods and conditions develop which appeaxr to warrant regulstion,
he will operate the gates in accordance with instructions contsined in
paragraph 15, Emergency Operating Procedure. However, possession of the
instructions contained in this mapual does not relieve the operator of his
responsibility for continued efforts to communicate with the Reservoir
Regulation Section. In cases of emergency, the operator shall attempt to
communicate with RRS through the Vermont Stete Police end Office of Civil
Defense Mobilization radic networks. It should be emphasized that when-
ever communicstions fall, or due to lack of adequate reports which make it
impossible to fully appraise the rumoff from an intense storm, it is prefer~
able to restrict immediately or completely stop the reservoir discharge
then delay reguletion and actually contribute to downstream flood conditions.

15. EMERGENCY OPERATING PROCEDURE (EOP)

When unable to contact the RRS end flood conditions develop, the oper-
ator has full authority to act promptly in accordance with instructions
contained herein regarding the partial closure of gates. However, the
gate openings will not he iIncreased until contact has been esiablished with
RRS. During such an operation, if any of the following stages are reached,
there will be no partial gate closures and the operator will close the
gates to the minimm opening.

EMERGENCY OPERATION. PROCEDURE
STAGES FOR COMPLETE CLOSURE OF GATES

Location St
l Teet 5

Black River at Springfield, Vt.
(Fellows Gear Shaper gage) 3.0

Connecticut River at North :
Walpole (USGS gage) 26.0

RAINFALL FOR COMPLETE CLOSURE OF GATES

North Springfield dem willl be closed when-
ever 3 inches of rainfall has fallen in the
Black River basin in a 2hk~hour period.

Enplying the reservolr will not be initiated
until conbtact has heen established with RRS.
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16. SNOW SURVEYS

Snow courses have been established at selected locations within the
reservoir watershed and are shown on plate C-2 of the main report. Weekly
surveys are made by the operator during the winter and early spring to
determine the depth of snow and its equivalent water content. Dates for
surveys are determined each year by RRS g0 as to correspond with monthly
bulletins of the U. S. Geological Survey.

17. ABSENCE FRCM DAM

Whenever the Head Operstor expects to be absent overnight from the dam,
the Reservoir Regulation Section will be notified,

18. SEDIMENTATION

Sedimentation ranges and monuments have not been installed in the
reservolr area. Experience from other reservoixr projects in New England
has shown that only minimal smounts of sediment deposition heve taken place.
Based on readings of existing ranges at other reservoirs, no sedimentation
surveys will be made until some evidence of their need is demonstrated.

19. FUTURE STUDIES

Post flood studies will be made for each period of reservoir regula-
tion to determine efficiency of the communications and reporting networks,
applicability of regulation guides including siage dlscharge relationships,
discharge correlations and flood reductions at demage centers.
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NORTH SPRINGFIELD RESERVOIR
AREA ARD CAPACITY

(DA = 158 square milea)

Capacity Recreation Seapon*
Elevation Stage Ares Ac/Ft Inches Ac/Ft Inches
msl 1ft§ acres
452 0 Gate Invert Elevation
LeT 15 100 500 0.06
Permanent Pool Elevation = 467
L67 15 100 o 0.0 - -
b5 23 290 1,500 0.18 0 0
47 25 325 2,000 0.24 500 0.06
L9 27 360 2,650 0.31 1,150 0.13
481 29 380 3,h00 0.40 1,900 0.22
483 31 koo 4,000 0.h7 2,500 0.29
485 33 k20 14,860 0.57 3,300 0.39
487 35 4ho 5,600 0.66 4,100 0.148
1489 37 455 6,400 0.76 4,900 0.58
491 39 470 7,200 0.85 5,700 0.67
493 41 480 8,000 0.95 6,500 .77
hos k3 495 8,900 1.06 7,00 0.88
497 b5 510 9,600 1.1k 8,100 0.96
499 47 530 10,600 1.26 9,100 1.08
501 ko 550 11,700 1.39 10,200 1.21
505 53 595 1h,000 1.66 13,500 1.48
507 55 620 15,000 1.78 14,500 1.60
509 5T 650 16,500 1.96 16,000 1.78
511 59 675 17,700 2,10 17,200 1.92

# Recreation Pool at 475 feet
1-inch runoff = 8,425 acre-rfeet

PLATE NGC. C-I1-6



Capacit Recreation Season*
Elevation St Area Ac/Ft  Inches Ac/Ft inches
{(msl) m?

msl (acres)

513 61 695 19,200 2.28 17,700 2.10
515 63 720 20,700 2.46 19,200 2.28
517 €5 TH5 22,300 2,65 20,800 2.47
519 67 T70 2h,000 2.85 22,500 2.67
521 69 795 25,600 3.0k 24,100 2.86
523 71 820 27,200 3.23 - 25,700 3.05
525 73 850 29,000 3 bk 27,500 3.26
527 75 880 30,600 3.63 29,100 3.45
529 7 910 32,500 3.86 31,000 3.68
53 T 945 34,500 k.09 33,000 3.91
533 8L 980 36,100 .28 34,600 h.10
535 83 1,020 38,100 h.52 36,600 .3k
537 85 1,060 40,100 4,76 38,600 4,58
539 87 1,095 42,100 5.00 40,600 4,82
541 89 1,125 bk, 200 5.25 42,700 5,07
543 91 1,160 46,200 5.48 L, 700 5.30

545.5 93.5 1,200 50,000 5.93 48,500 5.75
Spillvey Crest Elevatimn = 5k5.5

547 95.0 1,220 51,200 6.08 k9,700 5.90
549 97.0 1,250 54,000 6.41 52,500 6.23
551 - 99.0 1,280 57,000 6.T7 55,500 6.59

'PLATE NO. C-1-6
{cont.)
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ATTACHMENT II
MATINTENANCE OF HYDROLOGIC EQUIPMENT

1. PRECIPITATION GAGE

A standard USWB welghing and recording type preciplitation gage, in-
stalled at North Springfield dam, serves as a supplement to the USWB
rainfall stations at Cavendish and Tyson.

2. RESERVOIR STAGE RECORDER

The float~operated automatic water level recorder at North Spring-
field traces water level in the reservoir at all times. Each morning
the 1nstrument should be checked to assure that the clock 1s keeping
correct time and the pen tracing properly. Any discrepancles in the
record as evidenced by pen time or gage height should be noted on the
chart and the instrument reset. During periods of reservolr storage,
the outslde tile or staff gage should be read to check tape readings
and chart records. Should the recorder become inoperable, RRS should
be notified and arrangements will be made to have the instrument back
in operation.

The chart record should be changed the first working day of each
month and the following information noted in ink at the beginning and
end of each chart:

Outside (tile) gage reading
Pen gage helght reeding
Watch time

Pen time

Date and nsme of dem

New charts for monthly recorders should be obtalned from the NED
warehousge.

3. TATIIWATER GAGING STATION

A USGS geaging station, located downstream on the Black River at North
Springfield, provides a continuous officlal racord of discharges from
the dam. It is equipped with a digltal-~type water stage recorder and
operated and mmintalned under the cooperative stream gaging program.

. TELEPHONE TRANSMITTER (TELEMARK)

Telephone transmitiers (telemarks) are in operation on the Connec-
ticut River at White Rlver Junction, Vermont; North Walpole, New
Hampshire and Montague City, Massachusetts to obtaln lnstantaneous river
stages which ald in regulating releases from the dam. The gage at North



Walpole is the primary index on the Connecticut for determining flocd re-
leases from North Springfield.

If the telemark becomes inmoperative the dam operator should visit the
gage to ascertain the source of difficulty. The telephone company should
be requested to check out thelr system in the presence of the dambender.
RRS should be notified if the telemark remains inoperative, whereby per-
sonnel from the Corps or USGS wlll inspect the gaging station.

Batteries for the Stevens telemark at North Walpole, New Hampshii'e
will be furnished and installed by the head operator.

In addition to the ilndex stations on the Connecticut River, a staff
gage 1s located on the left bank of the Black River at the bridge en-
trance to Fellows Gear Shsper Company in Springfield, Vermont. Arrange-
ments have been made with the firm whereby river stages can be obtained
24 hours a day by contacting plant personnel.

5. BSNOW SAMPLING SET

A snow sampling set has been assigned to the head operator. Proce-
dures for cobiaining snow survey data should follow instructions set forth
in Snow Sampling Guide, Department of Agriculture Handbook 169, 'The only
meintenance required would be occasicnal replacement of worn-out cutier-
heads if proper care is administered.
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