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PREFACE 

The Ompompanoosuc River watershed, a tributary of 
the Connecticut River, is located in northeastern 
Vermont and has a drainage area of 136 square 
miles. Union Village Dam, a Corps flood control 
project, is located on the Ompompanoosuc River at 
Union Village, Vermont. This manual describes the 
water control plan for Union Village Dam and is 
considered Appendix A to the Connecticut River 
Master Water Control Manual, dated November 1983. 

This Appendix includes a description of the water­
shed; hydrologic, climatologic and flood data; 
project descriptions, and regulation procedures for 
the reservoir. The Appendix is divided into six 
chapters: Introduction, Management, Watershed 
Characteristics, Communications, and Data Collec­
tion, Hydrologic Forecasts, and Water Control Plan. 
The chapter format allows the reader to obtain 
background on any particular aspect of the project. 

Pertinent hydrologic information on the Ompompa­
noosuc River watershed and Union Village Dam is 
shown on pages i and ii at the front of this 
Appendix. 
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PERTINENT DATA 
UNION VILLAGE DAM 

LOCATION 

DRAINAGE AREA 

STORAGE USE 

RESERVOIR STORAGE 

Ompompanoosuc River; Union Village, Vermont 

126 Square Miles 

Flood Control 

Inlet Elevation 
Spillway Crest 
Maximum Surcharge (des. crit.) 
Top of Dam 

EMBANKMENT FEAJVRES 

Elevation 

420.0 
564.0 
579.0 
584.0 

Stage 

144.0 
159.0 
164.0 

Type Rolled earth and rockfill 
Length (Feet) 1,100 
Top Width (Feet) 30 
Top Elevation (Ft. NGVD) 584.0 
Maximum Height (Feet) 170 
Volume (Cubic yards) 1,619,000 

SPILLWAY FEATURES 
Right Abutment of Darn 

Area 

740 
860 
900 

Location 
Type 
Crest Length (Feet) 

Chute Spillway with Ogee Shaped Weir 
388.0 

SPILLWAY DESIGN FLOOD 
Peak fuflow (CFS) 87,500 
Peak Outflow 84,900 
Volume of Runoff (Acre Feet) 110,600 
Maximum Surcharge 
(Feet above crest) 15.0 

O!JTI.,ET WORKS 
Tunnel 
Tunnel Size (Feet) , 
Length (Feet) 
Flood Control Gates 

Downstream Channel 
Capacity (CFS) 
Maximum Conduit Discharge 
At Spillway Crest 

LAND ACUISITION 
Fee Elevation (Ft. NGVD) 
Easement 

(1) Boston Horseshoe Conduit 
13.0 
1236 
(2) Broome Gates 
Size: 7'6" wide x 12' high 

2,400 

7,860 

564.0 
4 Acres, No Common Elevation 

Runnoff 

MAXIMUM POOL April1969, Stage= 114.0 Ft., Elevation= 534.0 NGVD, 
53% Full 

UNIT RUNOFF 

OPERATING TIME 

PROJECT COSTS 
CTIIROUGH FY 1991) 

COMPLETION DATE 

MAINTAINED BY 

6,720 Acre-Feet= 1 Inch of Runoff 

10 Minutes, Open/Close Gates at 1 Ft./Min 

5,300,000 O+M 
4,950,000 Construction 

June 1950 

New England Division, Corps of Engineers 
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PERTINENT DATA 
OMPOMPANOOSUC RIVER WATERSHED 

HYDROLOGIC INfORMATION 

DRAINAGE AREA 
Mainstcm- Ompompanoosuc River 

Upstream of Dam 
Upstream of USGS Gage 

Square Miles 
126 
130 

Mouth Of The Ompompanoosuc River 136 

Tributaries 
West Branch 
Lake Fairlee Brook 

60 
21 

PRECIPITATION 

Mean Annual 
Max. Annual 
~illl. Annual 
Years of Record 

(fhrough 1988) 

Chelsea 
Vermont 

36.7 
52.5 
24.3 
40 

Union Village 
Dam, Vermont 

35.4 
48.0 
23.5 
38 

Hanover. 
NH 
37.4 
56.0 
24.9 
62 

WATER EQUIVALENT OF SNOW COVER - Based on Corps of Engineers Surveys 

1 February 
15 February 
1 March 
15 March 
1 April 
15 April 

USGS GAGES 

Union Village 
West Hartford 
West Lebanon 
North Walpole 

PEAK FLOWS 

Ompompanoosuc River 
at Union Village, VI 

Date CFS CSM 
11/27 12,000 95* 

2167 7,300 58* 
10/69 7 ,300 58* 
3/36 7,300 58* 

Mean Maximum Minimum 
(inches) (inches) (inches) 

4.0 6.9 0.1 
4.8 8.3 0.1 
5.6 9.6 0 
5.6 9.5 0 
4.2 10.7 0 
1.6 7.6 0 

Drainage Area River Period of Record 
(S<J. mi.) 

130 Ompompanoosuc 1940-present 
690 White 1915-present 

4,092 Connecticut 1911-present 
5,493 Connecticut 1942-present 

White River Connecticut River 
West Hartford, VI WestLebanon,NH 

Date CFS CSM Date CFS CSM 
11/27 120,000 174 11/27 136,000 33 
9/22 47,600 69 3/36 120,000 29 
3/36 45,400 66 9/38 82,400 20 
4/22 35,500 51 6n3 79,100 19 

*Estimated from High Water Mruks 

ANNUAL RUNOFF* 

Mean 
Max. 
Min. 

Omnomnanoosuc River 
A A 

Union Village, VT 

CFS Inches 

195 20 
299 31 

74 7.7 

Year 

1973 
1965 

*Through Water Year 1987 

FLOOD ROUTING COEFICIENTS 

Reach 

Union Village Dam toW. Lebanon 
W. Lebanon to N. Walpole 
N. Walpole to Vernon Dam 
Vernon Dam to Montague City 

White River 
West Hartford, VT 

CFS Inches 

1,176 24 
1,910 38 

494 9.9 

Year 

1976 
1965 

Connecticut River 
West Lebanon, VT 

CFS 

7,135 
10,700 
4.101 

Inches Year 

23.8 
35.8 1928 
13.7 1965 

3-Hr. Routing River Miles High Flow 
Coefficients Between Points Travel Times 

(Hours) 
3/2 13.3 6 
13/6 32.5 15 
13/4 29.5 12 
5/2 18.0 10-12 

,. 



Union Village Dam and Reservoir Area 



APPENPIX A 

OMPOMEANOOSUC RIVER WbTEESHED. VERMONT 
CONNECTICUT RIYER BASIN 

MASTER MANUAL OF WATER CONTROL 

I - INTROQUCTION 

1-01. Regulation Manual 

a. Authorization. This report is prepared pursuant 
to authority contained in ER 1110-2-240, Water Control 
Management, dated 8 October 1982, and EM 1110-2-3600, 
Management of Water Control Systems, dated 30 November 1987, 
which require that manuals be prepared whenever storage 
allocated to one or more of the functions is the responsi­
bility of the Corps of Engineers. Requirements and format in 
EC 1110-2-278, Preparation of Water Control Manuals, dated 
31 August 1993, were utilized in the preparation of this 
manual. 

This manual supersedes the previous regulation manual 
prepared for the Ompompanoosuc River Watershed in February 
1950, and the May 1971 revision. This revision was necessary 
due to developments in the watershed affecting regulation, 
and the necessity to update the format and certain informa­
tion included in the original manual. 

b. Purpose and Scope. This manual serves as a guide 
and reference source for higher authority, reservoir regula­
tion and maintenance personnel in the New England Division, 
project managers, and other personnel concerned with or 
responsible for regulation within the Ompompanoosuc River 
watershed or Connecticut River Basin. Included in this 
manual are the following chapters: 

Chapter I - Introduction. A description of physi­
cal features of Corps and significant non-Federal projects in 
the watershed. This chapter also includes a history of Corps 
projects and a discussion of public documents and reports 
relative to flood control within the Ompompanoosuc and Con­
necticut River watersheds. 

Chapter II - Management. A general description 
of functional responsibilities of the Corps, relating to 
regulation of the projects, with a listing of all interagency 
agreements. 

1-1 



1-02. History of the Project 

a. Authorization. Union Village Dam was authorized 
as a flood control project for the Ornpornpanoosuc River 
watershed in the Flood Control Act of 1936 (Public Law 738, 
74th Congress, 2d session), and the Flood Control Act of 
1938 (Public Law 761, 75th Congress, 1st session). 

b. Construction. Construction of Union Village Dam 
was initiated in March 1947 and completed in June 1950. 

1-03. Project Description 

a. Location . The Ompompanoosuc River watershed is 
located in the central connecticut River Basin on the south 
eastern slope of the Green Mountains . Plate A-1 shows the 
Connecticut River Basin and plate A-2, the Ompornpanoosuc 
watershed. 

Union Village Dam is located in central Vermont on the 
Ompompanoosuc River approximately 4 miles upst.ream of its 
confluence with the Connecticut River. A vicinity and 
reservoir map of Union Village Dam is shown on plate A-3 and 
photograph of the project is shown on page 1-4. 

b. Purpose. Union Village Dam, a single purpose dry 
bed flood control project, is regulated in conjunction with 
15 other Corps flood control reservoirs in the Connecticut 
River Basin to reduce flood stages along the main stem of 
the Connecticut River. In addition, limited recreation 
activities are supported at Union Village Dam, and are inci­
dental to the project's primary purpose of flood control. 

c. Physical Components. Important physical com­
ponents consist of a rolled earth dam with rock slope 
protection, a chute spil lway, and outlet works. 

At spillway crest elevation 564 feet NGVD, Union 
Village Dam has a capacity of 38,000 acre-feet, equivalent to 
5.65 inches of runoff from the contributing 126-square mile 
drainage area. When filled to spillway crest, the reservoir 
has an area of 740 acres and length of 3.5 miles. Area 
capacity curves are shown on plate A-15. The percent storage 
curve, and determination of inflow curves are given on plates 
A-16 and A-29, respectively. 

The dam, consisting of a compacted earth embankment 
with rock slope protection, is approximately 1,100 feet in 
length, with a maximum height of 170 feet above the river­
bed. The top width is 30 feet and top of embankment eleva­
tion is 584.0 feet NGVD, which is 20.0 feet above spillway 

1-3 



Chapter III - Watershed Characteristics. A 
general description of the Ompompanoosuc River watershed and 
its major tributaries, including meteorological and hydro­
logic data (i.e. temperature, precipitation, snowfall, snow 
cover, storms, streamflow and floods), water quality, and 
economic data. Also included are descriptions of design 
floods and analysis of experienced major floods, determining 
the effectiveness of Union Village Dam. 

Chapter IV - Communications and Data Collection. 
Methods of collecting hydrologic data necessary for effective 
reservoir regulation, and a discussion of the automatic col­
lection of hydrologic data through New England Division's 
Satellite Data Collection System (NEDSAT} are included, along 
with descriptions of communication activities between field 
and office personnel during flood and nonflood periods. 

Chapter v - Hydrologic Forecasts. A description 
of forecasts used by Reservoir Control Center personnel in 
regulating Union Village Dam and other projects in the Con­
necticut River Basin. Included are precipitation forecasts 
from the National Weather Service (NWS) and river stage 
predictions from the Northeast River Forecast center in 
Taunton, Massachusetts. 

Chapter VI - Water Control Plan. Includes a sum­
mary of objectives associated with operation of Union Village 
Dam for flood control, hydropower, recreation, water quality, 
water supply including drought contingency, and other uses. 

c. Related Manuals and Reports 

(1) Routine Inspection. Routine operation and 
maintenance activities at all manned, flood control reser­
voirs are performed by project personnel under supervision 
of Project Operations Division in Operations Directorate. 
Operation and Maintenance Manuals prepared for Corps-built 
projects provide essential instructions to operating per­
sonnel for upkeep, repair, maintenance and operation of 
project facilities. An O&M Manual for Union Village Dam 
was prepared in November 1983. 

(2} Proiect Inspection Reports. As part of a 
continuing program to insure structural stability, safety, 
and operational adequacy of each project, a periodic inspec­
tion report is completed for each dam every five years on a 
rotating basis, as specified by ER 1110-2-100. This field 
examination includes geotechnical, structural, mechanical, 
concrete, electrical, and hydrologic/hydraulic features of 
the project. 

l-2 
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crest and 5.0 feet above spillway design surcharge. 
embankment slopes vary from 1 on 2.5 to 1 on 3 {see 
plan plate A-4). 

The 
general 

A chute spillway built on rock is located on the right 
abutment of the dam, with the base of the approach channel at 
elevation 520 feet NGVD. The ogee-shaped spillway crest is 
388 feet in length and has a crest elevation of 564.0 feet 
NGVD. The discharge channel width varies from 160 to 400 
feet, and its bottom slope varies from 7 to 1 percent. 
Spillway discharge flows are returned to the river via a 
1,100-foot channel to Avery Brook, then another 1,100 feet 
along Avery Brook to the Ornpornpanoosuc River. Plan, profile, 
and cross sections of the spillway are shown on plate A-5. 

The outlet works, shown on plate A-7, consist of an 
approach channel, intake structure, discharge conduit, and 

· discharge channel. The intake channel is about 394 feet in 
length and 23 feet wide. The concrete intake structure 
houses equipment to operate the two 7 foot 6 inch by 12 foot 
0 inch broome gates, with electrically operated gear and drum 
type cable hoists. A photograph of the gate hous.e is shown 
on page 1-6. These gates regulate the discharge through the 
13-foot diameter, concrete, horseshoe conduit. Total length 
of the discharge conduit measures 1,167 feet, with entrance 
invert at elevation 420.0 feet NGVD and exit invert at 418.0 
feet NGVD. The rock cut and earth discharge channel is 60 
feet wide and approximately 640 feet long. The outlet rating 
curves are shown on plate A-39. 

d. Recreation. Principal recreation activities at 
Union Village Darn include hiking, picnicking, snowmobiling, 
fishing, hunting, and cross country skiing. 

Pools, rapids, and waterfalls at various locations 
along both the West Branch and Main stern Ornpornpanoosuc River 
provide an attractive setting for much outdoor activity. 
White water on the Main Stem Ompompanoosuc, cascading over 
rocky ledges below the Tucker Hill Road covered bridge in 
central Vermont, see photo on page 1-7, provides a pictur­
esque setting for one of the few remaining structures of its 
type. Picnic tables and fireplaces are also provided at 
various locations along the Ompompanoosuc River, within Union 
Village project lands. 

e. Principal Non-Federal Proiects within the 
Watershed . Lake Fairlee has a drainage area of approximately 
20 square miles and water surface area of approximately 500 
acres. The stone and concrete-capped dam, privately owned by 
a lake front property owner, is 40 feet in length and one 
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foot higher than the 30-foot long spillway. The 30-inch out­
let conduit has a hand-operated wooden gate. 

1-04. Published Documents and Legislative Acts 

a. General. Following is a brief summary of perti­
nent reports, documents, and legislative acts associated with 
Union Village Dam and the Ompompanoosuc River watershed, 
which is included for background purposes. Additional docu­
ments with broader coverage relating to the Connecticut River 
Basin, as well as discussion of some of the following, are 
included in the Connecticut River Basin Master Water Manual, 
November 1983. 

b. House Document 455, 75th Congress. This report, 
published in 1937, proposed a revised plan for flood control 
for the Connecticut River and its tributaries which consisted 
of 20 reservoirs (including Union Village) and seven local 
protection projects . Authorization of this plan was included 
in the Flood Control Act of 1938 (Public Law 761, 75th 
Congress, 1st session) and the Flood Control Act of 1944 
(Public Law 534, 78th Congress, 2d session). 

c. Connecticut River Flood Control Compact. Union 
Village Dam and Reservoir were included in the flood control 
compact adopted by the States of Connecticut, Massachusetts, 
New Hampshire, and Vermont, and approved on 6 June 1953, 
Public Law 52, 83rd Congress, 2d session. 

d. New England New York Interagency Committee Report. 
Flood Control on the Ompompanoosuc River was considered in 
Part Two, Chapter XXI, dated March 1955, and printed as 
Senate Document 14, 85th Congress. The report consisted of a 
compr ehensive survey of land, water, and related natural 
resources of the region. This report, prepared by the New 
England-New York Interagency Committee, was submitted to the 
President of the United States by the Secretary of the Army 
on 27 April 1956. 

e. Comprehensive Water Related Land Resources, 
Connecticut River Basin. This study, dated June 1970, 
recommended the establishment of a summer recreation pool at 
Union Village Dam. The plan was contingent upon a 
solution to an existing water qual i ty problem on the West 
Branch of the Ompompanoosuc River. This problem has not 
been resolved. 

f. Connecticut River Basin Master Manual of Water 
Control. This manual, completed in November 1983, includes a 
description of the Connecticut River Basin; statistical, 
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climatologic, flood, and other hydrologic data; required 
procedures for coordination , communications and data col­
lection; descriptions and pertinent data for reservoirs and 
local protection projects; and general procedures for 
reservoir regulation activi ties. 
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II - MANAGEMENT 

2-01.. General 

a. Project Owner. Union Village Dam is u.s. Govern­
ment property, and is managed by the New England Division, 
corps of Engineers . 

b. Operating Agencies. The New England Division is 
responsible for operation of Union Village Dam. Staffing is 
on a normal work week basis--a hours a day, Monday through 
Friday. During flood emergency conditions, the project is 
staffed on a 24-hour basis, or as instructed by the Reservoir 
Control Center. 

c. Regulating Agency. NED is responsible for regu­
lation of the Union Village Dam flood control project. 

2-02. Functional Responsibilities 

a. New England Division. Reservoir regulation 
activities are performed by the Reservoir Control Center 
(RCC), an element of Water Control Division within the 
Engineering Directorate . RCC's responsibilities are defined 
in a publication entitled: "Guidance Memorandum, Reservoir 
Control Center," dated september 1971. Maintenance activi­
ties at Corps-owned projects are performed by project per­
sonnel under supervision of Project Operations Division of 
Operations Directorate. During regulation periods, project 
personnel are responsible to the Reservoir control Center 
for operating instructions and information. 

Overall administrative functions of each Corps project 
are the responsibility of basin managers; RCC notifies the 
basin manager of all RCC activities which could affect admin­
istrative functions. 

The Water Control Division is comprised of three 
Branches, namely, Reservoir Control Center, Hydrologic 
Engineering Branch, and Hydraulics and Water Quality Branch. 
RCC consists of a staff of hydraulic engineers responsible 
for all reservoir regulation and hurricane barrier activities 
at NED. Other RCC responsibilities include: 

- Preparing, updating, and revising regulation 
manuals. 

- Continuing studies of regulation procedures. 
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- Annual reports on regulation activities. 

- Data collection and reporting networks. 

- Analysis of floods for flood control benefits. 

- Training of personnel. 

The other two Branches, within Water Control Division, 
assist Reservoir Control Center during flood operations, and 
provide technical assistance as requested. An organization 
chart for reservoir regulation in the New England Division is 
shown on plate A-B. 

b. Other Agencies. No other agency has responsibil­
ity of flood control activities at Corps reservoirs in the 
Connecticut River Basin. 

2-03. Interagency Agreements 

a. General. The Corps of Engineers has a cooperative 
working program with the U.S. Geological Survey and a coop­
erative relationship with the National Weather Service and 
its Northeast River Forecast Center at Taunton, Massachu­
setts. NED uses hydrologic and forecasting information from 
these agencies in flood control regulation. 

b. Compacts. The B3d Congress, by the passage of 
Public Law 52, dated 6 June 1953, granted consent and 
approval to an Interstate Compact, covering the Connecticut 
River Basin, which had been previously ratified by the States 
of New Hampshire, Vermont, Massachusetts, and Connecticut. 
Principal purposes of the compact are: 

(1) Ensuring adequate storage capacity for 
impounding water in the interest of flood control. Five 
dams: Union Village, surry Mountain, Birch Hill, Tully, 
and Knightville were in operation when the compact was insti­
tuted. These dams were endorsed by the compact .and are 
included in a tax sharing clause. Additional locations were 
agreed upon for future tax reimbursement upon construction. 

(2) A system of tax loss reimbursement was set up 
so that Southern New England States would share tax losses 
with Northern States from Federal acquisition of lands for 
any flood control dam and reservoir built in the Connecticut 
River Basin. Following is a tabulation of this tax reim­
bursement: 

2-2 



Recipient 
state 

Vermont 
Vermont 
New Hampshire 
New Hampshire 
Massachusetts 

Percent Loss 
Reimbursed 

40 
50 
40 
50 
40 

Reimbursing 
state 

Connecticut 
Massachusetts 
Connecticut 
Massachusetts 
Connecticut 

(3) Providing a joint or common agency through 
which the signatory States may effectively cooperate in 
accomplishing the objectives of flood control and water 
resources utilization in the basin. 

(4) Provides for creation of a commission con­
sist~ng of three representatives from each State. This 
comm1ssion has the authority to enter into contracts and 
agreements, and make ongoing studies and investigations as 
required in the interest of flood control and in cooperation 
with Federal agencies. 

c. News Releases. It is the policy of the Corps of 
Engineers to cooperate with the local press and news media. 
This cooperation provides local communities with information 
regarding regulation of Union Village Dam. The primary 
source of information regarding regulation of the project is 
the Public Affairs Officer, who is responsible for issuing 
all communiques to the news media. 

Whenever the project manager receives requests for 
information from local news media or private citizens, he 
can release information pertinent to his project; however, 
he cannot make any flood forecasts. For additional infor­
mation, referrals should be made to RCC or the Public 
Affairs Office. 
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III - WATERSHED CHARACTERISTICS 

3-01. Description of the Watershed 

a. Ompompanoosuc River. The Ompompanoosuc River 
watershed is located in eastern Vermont, primarily in Orange 
County, with a small portion in Windsor County. The water­
shed is fan-shaped with a dendritic drainage pattern. At its 
confluence with the Connecticut River, the Ompompanoosuc has 
a watershed area of 136 square miles, of which 126 are up­
upstream of Union Village Dam. Because of the steep topo­
graphy, the watershed is prone to rapid runoff. Elevation of 
the watershed varies from 2,300 feet NGVD in .northwestern 
headwaters to 385 feet at the mouth in the eastern portion, 
with an average watershed elevation of about 1,300 feet. 
Geographic features and the stream system of the basin are 
shown on plate A-2. 

The Ompompanoosuc River originates above the town of 
Vershire, Vermont, and flows 24 miles to the confluence with 
the Connecticut River. The main river channel, lying on the 
easterly side of the watershed, flows in a north-south 
direction. The river has a fall of 1,020 feet in the first 
six miles and 430 feet in the remaining 18 miles to the 
confluence with the Connecticut, with two major tributaries 
joining along the way. Water surface profiles and other 
hydrologic features are shown on plate A-9. 

b. Tributaries 

(1} General. The principal tributary in the 
watershed is the West Branch Ompompanoosuc River, with a 
drainage area of 60 square miles. 

(2} West Branch Ompompanoosuc River. The largest 
tributary of the Ompompanoosuc River is located in the west­
ern portion of the basin, originating near Hawkins Mountain. 
Its watershed is oval in shape and it flows in a southeast­
erly direction. It falls about 1,140 feet in the first 5-1/2 
miles, and an additional 540 feet in the remaining 11 miles 
to its confluence with the Ompompanoosuc River, 5 miles from 
its mouth. 

(3} 
21-square mile 
and flows in a 
1-1/2 miles to 
Several brooks 

Lake Fairlee Brook. This tributary, with a 
drainage area, originates at Lake Fairlee, 
westerly direction for a distance of about 
its confluence with the Ompompanoosuc River. 
flow into Lake Fairlee, which has a drainage 
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area of 20 square miles. The largest, Middle Brook with a 
drainage area of 11 square miles, originates near Tebbetts 
Notch and flows in a southerly direction for a distance of 
about 7 miles, with a fall of about 700 feet, to Lake 
Fairlee. 

(4} Lake Fairlee. The lake has a water surface 
area of approximately 500 acres . The privately-owned 40-foot 
long Lake Fairlee dam is made of stone, capped with concrete, 
and is one foot higher than the 30-foot long spillway. The 
30-inch outlet conduit is equipped with a hand-operated 
wooden gate. 

3-02. Climate 

a. General. The Ompompanoosuc River watershed has a 
variable climate characterized by frequent but generally 
short periods of heavy precipitation in the summer, and 
longer periods of less intense precipitation in the winter. 
It lies in the path of the "prevailing westerlies" and 
cyclonic storms that move across the country from the west 
or southwest. The area is also exposed to coastal storms, 
known locally as "northeasters", that travel up the Atlantic 
seaboard, primarily in the spring and fall. In addition, 
tropical hurricanes constitute an infrequent but significant 
potential for flood producing precipitation, particularly 
from August through October. Thunderstorms may occur over 
the basin at any time of year, and may be of local origin or 
associated with a stationary front. Precipitation is fairly 
evenly distributed throughout the year. Winters are moder­
ately severe with subzero temperatures common; summers are 
mild with temperatures over 90 degrees occurring infre­
quently. The climatological station at Chelsea, Vermont, 
located about 16 miles northwest of Union Village Dam and 
about 4 miles outside the Ompompanoosuc River watershed, is 
used to represent the climate of the watershed and is shown 
on plate A-2. 

b. Temperature. The average annual temperature of 
the Ompompanoosuc River watershed is about 42 degrees Fahren­
heit. Average monthly temperatures vary widely throughout 
the year, from about 15 °F. in January to about 67 oF. in 
July. Temperature extremes range from a high of 100 °F. to 
a low of -40 °F. Mean, maximum, and minimum temperatures 
recorded over a 100-year period at Chelsea, Vermont, are 
listed in table A-1. 

c. Precipitation. The mean annual precipitation of 
35 inches is distributed rather uniformly throughout the 
year. Average monthly precipitation at Union Village Dam 

3-2 



TABLE A-1 

MONTHLY TEMPERATURES (OF) 
OMPOMPANOOSUC RIVER WATERSHED AREA 

Chelsea, Vermont Hanover, New HarnJ;!shire 
91 Years of Record, Through 1989 104 Years of Record Through, 1889 

Maximum Minimum Maximum Minimum 
Month Recorded Recorded Mean Recorded Recorded Mean 

January 66 -37 15.0 63 -34 17.9 
February 62 -35 16.5 63 -40 19.8 

March 82 -32 27.1 82 -22 30.1 
April 91 -5 40 . 2 91 6 43.1 

w 
' w May 93 16 52.2 96 22 55.3 

June 95 25 61.1 98 30 64.1 

July 98 29 66.5 101 38 69 . 1 
August 100 27 63.8 103 34 66.7 

September 93 15 56 . 1 95 22 59.1 
October 87 9 45.4 87 13 47.7 

November 77 -17 33.7 79 -12 35.5 
December 65 -40 20.0 67 -37 22.3 

Annual 100 -40 41.5 103 - 40 44 . 8 



ranges from a m~n~mum of 2.28 inches in February to a maximum 
of 3.45 inches in July. However, precipitation is quite 
variable, with much of the winter precipitation occurring as 
snow. Mean, maximum, and minimum monthly precipitation, as 
recorded at Hanover, New Hampshire, Chelsea, Vermont, and 
Union Village Dam are listed in table A-2. Plate A-10 lists 
annual precipitation at Union Village Dam for the 39-year 
period of record . 

d. Snow and Snow Cover. The mean annual snowfall for 
92 years of record at Chelsea, Vermont, is 87.2 inches with 
about 45 percent of this occurring in the months of January 
and February. Variation in the average monthly snowfall is 
shown on table A-3. 

Snow surveys have been taken by the Corps of Engineers 
since the early 1950s in the Ompompanoosuc and White River 
watersheds. Locations of these snow courses are shown on 
plate A-2 and listed in table A-4. Water content in the snow 
cover usually reaches a maximum in late March. Since 1951, 
it has averaged about 6.0 inches, with a maximum of 12.6 
inches, and minimum of zero. Moderate springtime discharges 
commonly occur as a result of melting snow, but runoff from 
this source alone has not been sufficient, during the period 
of record, to cause a major flood. However, serious flood­
ing, due to a combination of heavy rain and snowmelt, is a 
possibility each year. Average, maximum, and minimum water 
equivalents of snow cover in the Ompompanoosuc and White 
River watersheds are shown graphically on plates A-ll and 
A-12. 

e. Storms. Generally, three types of storms occur in 
the Ompompanoosuc River basin: continental, coastal, and 
those involving thunderstorms which may be of local origin or 
the result uf a stationary front. Continental storms, origi­
nating over the western or central part of the United States, 
move generally in an easterly or northeasterly direction. 
These storms may be rapidly moving intense cyclones, or 
stationary storms, not limited to any month, but following 
one another at more or less regular intervals, with varying 
intensities throughout the year. 

Of the coastal storms, tropical hurricanes are the 
most important. They originate either in the South Atlantic 
or in the Western Caribbean Sea, generally moving in a west­
erly or northwesterly direction, curving to the north near 
the main land, and then moving northeast when approaching 
New England. Although the normal path is to the south and 
east of New England, they may be deflected over this area by 
continental cyclonic disturbances or by a large, slow-moving, 
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TABLE A-2 

MONTI:Il.!:i fBf;~lfliATION 
OMPOMPANOOSUC BlYf;B WATERSHED 

(Depth in Inches) 

Hanover, New Hampshire Chelsea, Vermont Union Village Darn, Vermont 
Elevation - 600 ft NGVO Elevation - 800 ft NGVO Elevation - 460 ft NGVD 

(1926 - 1988) (1948 - 1988) (1950 - 1988) 
Average Maximum Minimum Average Maximum Minimum Average Maximum Minimum 

January 2o73 6o62 Oo27 2o57 6o67 Oo31 2o45 6o07 Oo 25 

February 2o38 5o85 Oo09 2o30 6o26 Oo23 2o28 7o51 Oo10 

March 2o74 5o63 OoOO 2o65 5o24 Oo40 2o48 5o68 Oo57 ..., 
I 

"' April 2o90 5o31 0 0 49 2o94 5o48 Oo73 2o78 4o66 Oo98 

Hay 3o43 10o37 Oo88 3o36 8o55 Oo79 3o23 9o51 Oo53 

June 3o10 7o00 Oo43 3o04 5o93 Oo77 2o76 5o85 Oo26 

July 3o73 9 0 71 Oo98 3o59 5o63 Oo 96 3o45 6o 66 Oo89 

August 3o30 10o19 Oo66 3o47 8o97 1.19 3o25 8o85 Oo57 

September 3o30 8o88 Oo67 3o27 6o58 Oo74 3o30 7o55 Oo43 

October 2o93 6o66 Oo26 3o06 8o07 Oo22 2o94 5o80 Oo10 

November 3o60 8o67 1.00 3o43 8 0 31 1. 29 3o38 7o28 Oo98 

December 2o99 7o69 Oo61 2o95 6o49 1. 03 2o84 7o92 Oo77 

Annual 37o41 56o04 24o88 36o65 52o53 24o25 35o36 47o97 23o52 



TABLE A-3 

MONTHLY SNOWFALL 
OMPOMPANOOSUC RIVER WATERSHED 

(Inches) 

Chelsea, Vermont Hanover, New Hampshire 
1898-1989 1890-1989 

IElev ~ 800 ft NGVDl IElev - 600 ft NGVDl 

Percent of Percent of 
Annual Annual 

Month ~ Precip. Mean Precip. 

January 20 . 3 23.3 18.1 25.1 

February 18.6 21.3 17.7 24.5 

March 15.8 18.1 12.0 16.6 

April 6.1 7.0 4.1 5.7 

May 0.6 0.7 

June 

July 

August 

September 

october 0.8 0.9 0.2 0.3 

November 8.0 9.2 5.5 7.6 

December 17.0 19.5 14.6 20.2 

Annual 87.2 100.0 72.2 100.0 
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w 
I ...., 

station 

TABLE A-4 

CORPS OF ENGINEERS 
SNOW SUBVEX COURSES 

OMPOMPANOOSUC RIVER WATERSHED 

Elevation 
(Ft-NGVD) 

Location 
Longitude Latitude 

White River Watershed 

Tweed River 9.00 72°46'40 11 43°46 1 1011 

Silver Lake 1500 72°37'30" 43°43 1 2011 

ompompanoosuc River Watershed 

Union Village Dam 640 72°16'10" 45°48 1 15" 

Post Mills 720 72°15 1 45" 43°52'35" 

Goodhue Ledges 1180 72°17 1 50 11 43°58 1 05 11 

Vershire 1920 72°22'25" 43°59'00" 

strafford 1340 72°23'2011 43°53 1 55" 

County Line 1590 72°24 1 10 11 43°49 1 35" 

Period of 
Record 

1962-Present 

1962-Present 

1951-Present 

1951-Present 

1951-Present 

1951-Present 

1951-Present 

1951-Present 



anticyclonic center located northeast of New England. This 
latter phenomenon is known as a "blocking" high pressure 
cell. In general, hurricanes are likely to occur from June 
through October, with greater incidence of such storms in 
August and September. 

Coastal storms of an extratropical nature differ from 
hurricanes principally because they originate along the 
Eastern seaboard. These coastal storms travel northward 
along the coast, occurring more frequently during autumn, 
winter, and spring months . 

3-03. Streamflow 

a. Discharge Records. The USGS currently maintains 
and publishes streamflow data for over 100 stream gaging 
stations in the Connecticut River Basin. Periods of record 
range from only a few years to over 80 years at some stations 
on the main stem. 

The only stream gaging station in the Ompompanoosuc 
River watershed is located on the Ompompanoosuc River, about 
1,600 feet downstream of Union Village Dam. This gage, owned 
and operated by the u.s . Geological Survey, has provided a 
continuous record of runoff from its 130-square mile drainage 
area since 21 September 1940. Runoff data has been adjusted 
for change in contents at Union Village reservoir since start 
of operation in October 1949 . 

b. Streamflow Data . Annual runoff for the 48-year 
period of record through 1987, at the USGS gaging station at 
Union Village, has varied from a maximum of 32 inches to a 
minimum of 7.9, with an average value of 21 inches over the 
130-square mile watershed. The mean annual runoff repre­
sents about 59 percent of the mean annual precipitation 
(36 inches), and about 54 percent (11.4 inches) of this 
runoff occurs in the months of March, April, and May. Aver­
age annual discharges, adjusted for change in contents of 
Union Village reservoir, over the 48 year period of record 
(1940 - 1987) have varied from a maximum peak of 299 cfs to a 
minimum of 74 cfs, with an average annual flow of 195 cfs. A 
summary of maximum, minimum, and average monthly, as well as 
annual runoff for the Ompompanoosuc River at Union Village 
and White River at West Hartford, is shown in table A-5. 
Plate A-13 tabulates annual runoff values for the period of 
record at these stations, as well as for the Connecticut 
River at West Lebanon, New Hampshire. Discharge records for 
the White River at West Hartford and Connecticut River at 
West Lebanon are included, due to the influence these sta­
tions have on regulation activities at Union Village Dam 
and other Corps reservoirs in the Upper Connecticut Basin. 
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TABLE A-5 

MONTHl.:X: BUNOFF 
OMPOMPANOOSUC AND WHITE RIVER WATERSHEDS 

Ompompanoosuc River at White River at 
Union Village, Vermont West Hartford, Vermont 
D.A. = 130 Square Miles D.A. G 690 Square Miles 

(1940 - 1987) (1915 - 1988) 

Average Maximum Minimum Average Maximum Minimum 
Month m Inches CFS Inches CFS Inches CFS Inches CFS Inches m Inches 

October 98 0.9 389 3.4 9 0.1 639 1.2 2416 4 . 0 80 0.1 
November 160 1.4 425 3.8 23 0.2 980 1.6 2391 3 . 9 285 0.5 

December 167 1.5 593 5.3 29 0.3 994 1.7 3189 5.3 237 0.4 
January 130 1.1 288 2.6 38 0.3 814 1.4 2127 3.6 197 0.3 

w February 140 1.2 507 4.5 32 0.3 788 1.3 3503 5.9 169 0.3 I 
\D March 295 2.6 667 5.9 73 0.6 1904 3.2 7170 12.0 222 0.4 

April 666 5.9 1066 9.5 303 2.7 3926 6.6 7286 12.2 1488 2.5 
May 331 2.9 681 6.0 121 1.1 2010 3.4 4734 7.9 634 1.1 

June 159 1.4 606 5 . 4 40 0.3 880 1.5 3459 5.8 224 0.4 
July 82 0.7 466 4.1 14 0.1 484 0.8 1742 2.9 108 0.2 

August 55 0.5 217 1.9 12 0.1 345 0.6 1822 3.0 91 0.2 
September 60 0.5 201 1.8 8 0.1 401 0.7 2774 4.6 78 0.1 

Water Year 195 21 299 32 74 7.9 1176 24 1910 38 494 9.9 



3-04. Flood History 

a. General. Flood history of the ompompanoosuc River 
watershed extends back for more than 200 years. Information 
pertaining to past flood events has been gathered through old 
newspapers, town history, engineering records, and field 
investigations. These records concerning early floods, 
although meager in most cases, mention significant flooding 
in 1785, 1811, 1824, 1828, 1830, 1867, 1869, 1895, 1913, 
1925, 1927, 1936, 1938, and 1947. Most events were caused 
solely by heavy rainfall, although the flood of 1936 was the 
result of heavy rain in conjunction with melting snow. 

Prior to 1867, the magnitude of these floods is not 
known. Subsequent to 1867, the 1927 event is unquestionably 
the largest. From record high watermarks, the 1927 peak flow 
was estimated to be approximately 12,000 cfs at the Union 
Village Dam site. A tabulation of the six largest known 
flood events in the Ompompanoosuc River Basin follows: 

MAXIMUM FLOW AT 
UNION VILLAGE DAM 

(Dam constructed in 1950) 

November 1927 
Fe.bruary 1867 
October 1869 
March 1936 
June 1947 
September 1938 

b. Recent Floods 

Discharge lcfs\ 

* Estimated 
** Recorded 

12,000* 
7,300* 
7,300* 
7,300* 
4,800** 
4,750* 

(1) General. Several major floods have been 
experienced in the Ompompanoosuc River watershed, occurring 
in November 1927, March 1936, September 1938, June 1947, 
April 1960, March-April 1969, June-July 1973, May-June 1984, 
and March-April 1987. A brief discussion of observed condi­
tions in the Ompompanoosuc watershed·, as a result of each 
flood, is presented in the fo llowing paragraphs. In addi­
tion, detailed discussions of the effects of the above 
floods, with the exception of the 1984 and 1987 events, are 
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presented in the Master Manual of Water Control for the 
Connecticut River Basin, dated November 1983. Isohyetal maps 
for storms associated with the 1927, 1936, 1938, and 1973 
events are also included in the Master Manual, along with 
plates showing the effect of the reservoir system on the 
floods of 1936, 1938, and 1960. 

Due to the significance of the May-June 1984 and 
March-April 1987 floods in the Connecticut River Basin, and 
because they occurred after completion of the Master Manual, 
a detailed narrative of these events, including discussions 
of flooding on the main stem and some of its tributaries, is 
included in this manual. 

(2) November 1927 . In late October 1927, a 
tropical storm forming over the Caribbean, veered northward 
on 1 November, and arrived at the lower end of Chesapeake Bay 
on 3 November. The storm followed a path over western 
Massachusetts and Vermont, causing the greatest flooding on 
Vermont tributaries of the Connecticut River, and serious 
flooding in New Hampshire and western tributaries of Massa­
chusetts. Average precipitation in the Ompompanoosuc River 
watershed for this storm was estimated to have been about 
7.5 inches. A peak discharge estimated to be 12,000 cfs 
occurred at the Union Village USGS gaging station. This is 
the largest flood known to have occurred in the Ompompanoosuc 
River Basin. Property damage in Vermont was estimated to be 
in excess of $26 million. 

(3) March 1936. After the first week of March 
1936, temperatures in New England became unseasonably warm 
and continued so for the remainder of the month. Snow cover 
throughout most of the Connecticut River Basin was above 
average as little thawing occurred in January and February. 
During mid-March, two storm centers with heavy rainfall, 
passed over New England on 11-12 and 17-18. Although total 
rainfall during this period amounted to only 5.7 inches at 
the Chelsea gage, the runoff volume, including snowmelt, 
was equivalent to approximately 7.6 inches of rainfall. The 
flood had three peaks, ranging from 4,600 to 7,300 cfs, with 
a maximum estimated 24-hour average discharge of 6,050 cfs. 
Record flows were set at many index stations on the main stem 
of the Connecticut River. 

(4) September 1938. On 21 September 1938, after 
a week of rainfall, a major hurricane travelled northward 
through the Connecticut River Valley. The combined rainfall 
totaled 4.99 inches at Chelsea, Vermont. Maximum flow at 
Union Village was estimated to be 4,750 cfs. 
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(5) June 1947. The highest recorded discharge at 
the Union Village gaging station (installed 1940) occurred on 
3 June 1947 as a result of heavy rainfall on the previous 
day. Total rainfall for this event was 3.77 inches at 
Chelsea, Vermont. This event, combined with an already satu­
rated ground, resulted in heavy runoff and a peak flow of 
4, 800 cfs at the Union Village gaging station. 

(6) April 1960. Heavy snowfall and abnormal cold 
temperatures in March resulted in thick snow cover in most of 
New England, with water equivalents up to 10 inches in head­
waters of upper tributaries of the Connecticut River Basin. 
This condition, coupled with eight days of unseasonably warm 
weather and moderate to heavy rain from 30 March to 6 April, 
resulted in a 21.2-foot stage on the Connecticut River at 
White River Junction on 5 April. Runoff totals for April on 
the White and Ompompanoosuc Rivers were 9.8 and 9.2 inches, 
respectively. Although no major tributary flooding occurred 
in the basin, tributary discharges synchronized causing the 
main stem of the Connecticut River at Hartford to experience 
a stage of 27.6 feet on 7 April, the highest since August 
1955. 

(7) March-April 1969. A record snow cover with 
wat.er equivalents from 8 to 14 inches existed over all water­
sheds in Vermont, New Hampshire, and central Massachusetts as 
the spring snowmelt season approached in early March 1969. 
On 25 March, up to 2.5 inches of rain fell over much of the 
Connecticut Basin, depleting snow cover in the southern basin 
and causing flows in Connecticut River tributaries to reach 
near channel capacity. The following weeks were character­
ized by frequent shower activity and above normal tempera­
tures, resulting in or near flood stages on the main stem for 
almost the entire month of April. The total 11.8-inch runoff 
for the month of April, at the USGS gage on the White River 
at West Hartford, was 20 percent greater than the previous 
maximum for the month, based on 50 years of record. On the 
Ompompanoosuc River at Union Village, the total 10.5-inch 
runoff volume for the month was also a record, resulting in 
the maximum flood storage utilized at Union Village Dam, 
20,000 acre-feet or 3.0 inches of rainfall over the entire 
126-square mile drainage area. 

(8) June-July 1973. During the last few days of 
June 1973, continuous moderate to heavy shower activity 
occurred over widespread areas of New England, resulting in 
several inches of rain in the mountainous regions of Vermont 
and New Hampshire. This storm caused the greatest summer 
flood, i.e., June, July, and August, in many watersheds in 
the White Mountains of New Hampshire and Green Mountains of 
Vermont. 

3-12 



Rainfall totals in the vicinity of the watershed 
were 2.2, 3.5, and 3.6 inches at Chelsea, Union Village, and 
Hanover, respectively. As a result of this storm, runoff for 
the first 10 days of July totaled 3.2 inches at the Union 
Village USGS gage, and a peak reservoir stage of 96.8 feet, 
equivalent to 33 percent of flood control storage, was expe­
rienced at Union Village Dam. 

(9) May-June 1984. In late May 1984, an exten­
sive, slow moving frontal system resulted in a prolonged 
period of heavy tropical showers over most of New England. 
By 4 June, rainfall amounts varied from several inches in 
coastal regions to more than 10 inches in mountainous areas 
of northern and western Connecticut, Massachusetts, Vermont, 
and New Hampshire. In the Connecticut River Basin, rainfall 
amounts for this period were 7.8 inches at Woodstock, Ver­
mont, 9.9 inches at Surry Mountain, New Hampshire, 10.2 
inches at Knightville Dam, Massachusetts and 10.9 inches at 
Hartford, Connecticut. The extended rainfall caused record 
riverflows in many sections of southern New England, and 
widespread damage to low lying agricultural lands. At that 
time it was the greatest flood experienced by the Corps sys­
tem of 16 reservoirs in the Connecticut Basin. An isohyetal 
map for New England for this event is shown on plate A-17, 
and a photo of Union Village Dam during this flood is dis­
played on page 3-14. 

The greatest flooding was experienced on the main 
stem of the Connecticut River in Massachusetts and Connecti­
cut where stages were the highest since the record floods of 
1936 and 1938. A tabulation of peak observed and computed 
natural discharges on the main stem follows: 

Location 

Montague City, MA 
Holyoke, MA 
Springfield, MA 
Hartford, CT 
Middletown, CT 

CONNECTICUT RIVER 
FLOOD OF JUNE 1984 
REDUCTION IN FLOW 

Computed 
Experienced Natural 
Discharge Discharge 

(cfs) (cfs) 

142,400 175,000 
148,000 181,000· 
189,000 225,000 
208,400 245,000 
186,800 220,000 
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Reduction 
in 

Discharge 
(percent) 

19 
18 
16 
15 
15 



Union Village Dam and Reservoir 
(May, June 1984 Flood Stage=1 03.8') 
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In spite of this record flooding, Corps projects 
in the basin reduced flood stages by about four feet along 
the Connecticut River from Montague City to Hartford. All 
16 Corps reservoirs within the basin were operated during 
this event, with record amounts of storage being utilized at 
nine projects. 

In the Ompompanoosuc River watershed, rainfall 
totals amounted to 4.7 inches in Chelsea, Vermont, for the 
period 27 May to 3 June. At Union Village Dam, flows were 
throttled back while flows on the main stem of the Connecti­
cut River remained high, resulting in a peak pool stage of 
103.8 feet or 40 percent of storage utilized. 

(10) March-April 1987. During a one week period 
beginning the end of March 1987, a pair of intense rainstorms 
hit New England, causing major flooding in most of Connecti­
cut, Massachusetts, New Hampshire, Vermont, and Maine. These 
storms, augmented by snowmelt in the mountains and northern 
areas, resulted in the most widespread flooding in approxi­
mately 50 years. The storms created two separate and dis­
tinct flood peaks, especially in the southern and central 
regions of New England. A rainfall isohyetal for the total 
period is shown on plate A-18. Although this series of 
events produced severe rainfall and flooding throughout much 
of New England, total storm precipitation at Union Village, 
Vermont, was only 2.57 inches, the least recorded at any 
Corps reservoir during that timeframe. To alleviate down­
stream flooding along the main stem of the Connecticut River, 
flows at Union Village were cut back, causing the reservoir 
to fill to a level of 97.8 feet, utilizing 34 percent of the 
reservoir's flood storage capacity. The maximum outflow 
experienced at the Union Village gage during this event was 
2,050 cfs. 

3-05. Frequency Analysis 

a. Natural Peak Discharae Freguency Analysis. Natu­
ral discharge-frequency analyses (without the effects of 
Union Village Dam) have been developed during preparation of 
the previous Water Control Manual, dated May 1971. Analysis 
of flow records from the USGS streamflow gaging station, 
located on the Ompompanoosuc River at Union Village, Vermont, 
was made in the mid-1960s for the then available 23 years of 
systematic flow records plus records of historic flood events 
that occurred in 1927 and .1936. Discharge frequencies were 
determined using a Log Pearson Type III analysis using these 
23 years of systematic records and two historic events. 
Based on a regional analysis, a skew coefficient of 1.0 was 
adopted. The lower portion of the previously developed 
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discharge frequency curve was determined by use of a partial 
duration series in which all peaks above 1,500 cfs were 
arranged in order of magnitude and plotted, using Weibull 
plotting positions. 

As part of the current studies, this analysis was up­
dated for the now available 51 years of systematic flow data 
(1928- 1991), plus the two historic events. The data was 
also analyzed in a Log Pearson Type III anal ysis, resulting 
in a mean log of 3.3572, standard deviation of 0.2412, and a 
computed skew of 0.9. As in previous studies, a skew coeffi­
cient of 1.0 was adopted. A partial duration series was 
also developed for the lower part of the discharge frequency 
curve in which all peaks above 1,500 cfs were used. The 
adopted discharge frequency data, based on the analysis of 
flow data up to 1991, and adjusted for expected probability, 
are shown in table A-6. 

TABLE A-6 

NATURAL PEAK DISCHARGE FREQUENCY 
OMPOMPANOOSUC RIVER AT UNION VILLAGE. VT 

Drainage Area = 130 Square Miles 
(1928 - 1991) 

Expected Probability 
Percent Chance Recurrence Adjustment 
of Occurrence Interval Discharge 

(percent) (years) (cfs) 

1.0 100 13,500 

2.0 50 10,100 

10 . 0 10 4,900 

50.0 2 2,300 

Tabulations of natural peak discharge frequency rela­
tionships (i.e., without the effect of existing Corps reser­
voirs) at USGS streamflow gages within the Connecticut River 
watershed are included in tables 17 and 18 of the Master 
Water Control Manual, Connecticut River Basin, dated November 
1983. 

b. Frequency of Reservoir Filling. The pool stage 
at Union Village Dam has exceeded 50 feet (approximately 
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TABLE A-7 

SIGNIFI~aHl STORAGES* 
Al UNIQH YILLAGE DAM 

( 1950 - 1991) 

Maximum Storage Utj,J,i~eg 
Date Stage Inches Acre-feet Percent 

1950 Apr 53. 2 0. 4 2,4 00 7 
1951 Apr 66.1 0.6 4,300 11 
1952 Jun 74.0 0.9 5,800 15 
1953 Mar 101.4 2.1 14,500 38 ) 
1954 Apr 55.5 0.4 2,700 7 
1955 Apr 64.0 0.6 3,900 10 
1955 Aug 54.6 0.4 2,600 7 
1957 Dec 64.4 0.6 3,900 10. 
1958 Apr 56.6 0. 4 2,9 00 8 
1959 Nov 62.3 0.5 3,600 10 

1960 Apr 77.3 0.9 6,600 17 
1962 Apr 63.0 0.6 3,700 10 
1962 Apr 52.0 0.3 2,300 6 
1964 Mar 50.0 0.3 2,100 6 
;1.964 Apr 69. 1 0.7 4,800 12 
1967 Apr 63. 4 0.6 3,800 10 
1969 Apr 114.0 3.0 20,000 53 I 

1971 May 69.0 0.7 4,800 13 
1972 May 72.0 0.8 5,400 14 
1973 Mar 55.5 0.4 2,700 7 
1973 Jul 96.8 1.8 12,100 33 
1973 Dec 61.4 0.5 3,500 9 
1976 Apr 89.1 1.5 9,730 26 
1977 Mar 72.0 0.8 5,400 13 
1978 Jan 56 .3 0.4 2,780 7 
1979 Mar 84. 4 1.2 8,35 0 22 

1980 Apr 55.5 0.4 2,700 7 
1981 Feb 76.8 0.9 6,450 17 
1982 Apr 62.1 0.5 3,590 9 
1983 Mar 63.9 0.6 3,850 10 
1983 Apr 69.4 0.7 4,880 12 
1983 Dec 81.9 1.1 7,720 20 
1984 Apr 63. 2 0.6 3,750 10 
1984 Jun 103.8 2.3 15,200 40 v 
1986 Feb 59 .0 0.5 3,100 8 
1987 Apr 97 .8 1.9 12,600 34 ~ 
1989 Apr 58 .2 0.5 3,037 8 
1990 Mar 61.4 0 . 5 3,478 9 

* Stage above 50 feet, 6 percent storage 
Elevation at zero stage = 420 ft msl 
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5 percent of flood control storage capacity and start of 
significant storage) 40 times since placed in operation in 
1950. A frequency of reservoir filling analysis was per­
formed, based on a partial duration series in which all 
pool stages above 50 feet were arranged in order of magni­
tude, and plotted using Weibull plotting positions. Pool 
stages from 1950 through 1991 (42 years of data), tabulated 
and used in this analysis, are presented in table A-7. Re­
sults of this frequency analysis are presented in table A-8. 
Corresponding area-capacity tables, area-capacity curves, and 
percent storage curves are shown on plates A-14, A-15, and 
A-16, respectively. 

Pool 
Elevation 
(ft,NGVD) 

483.0 

502.0 

514.0 

524.0 

537.0 

TABLE A-8 

FREQUENCY OF RESERVOIR FILLING 
UNION YILLAGE DAM 

( 1950 - 1991) 

Storage 
Stage Freguency* Acre-Feet 
(ft) (years) 

63 2 3,697 

82 5 7,753 

94 10 11,440 

104 20 15,314 

117 50 21,485 

* Based on Weibull plotting positions 

Spillway Crest: Elevation = 564.0 feet NGVD 

3-06. Analysis of Floods 

Stage = 144 feet · 
Storage = 38,000 acre-feet; 

5.65 inches 

Inches 

0.56 

1.15 

1. 70 

2.28 

3.20 

a. Ompompanoosuc River. Floodflows and precipitation 
records were analyzed to determine runoff characteristics of 
the Ompompanoosuc River Basin. Table A-9 lists peak observed 
discharges at the USGS gaging station on the Ompompanoosuc 
River at Union Village, Vermont. Analysis of time of year 
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TABLE A-9 

PEAK OBSERVED DISCHARGES AT THE 
USGS GAGIN!ii ~IATION ON THE OMPOMPAtlOOSUC RIVER AT 

UNION VILLAGE I VERMONT 

Date Discharge Date Discharge 
(cfs) (cfs) 

18 April 1970 1950 
28 July 1941 1260 7 May 1971 1730 
15 June 1942 2660 20 April 1972 1700 
28 April 1943 1.880 30 June 1973 1.81.0 

9 Nov 1944 2970 1.5 April 1974 1840 

26 April 1945 3300 1.9 April 1975 1540 
9 March 1946 2200 7 April 1976 2060 
3 June 1947 4800 17 March 1977 1.920 
1 April 1948 3240 14 April 1.978 1430 

28 March 1949 2310 13 March 1979 1840 

20 April 1950 2350 11 April 1.980 1400 
31 March 1951 1740 13 May 1981 1. 770 

6 April 1952 2000 21. April 1982 1910 
31 March 1953 1830 22 March 1.983 1760 
19 April 1954 1540 8 June 1984 1840 

1.6 Aug 1.955 1.690 13 March 1985 1070 
17 April 1956 1780 31 March 1986 1950 
24 Jan 1957 740 11 April 1987 2050 
19 April 1958 1.840 3 April 1988 1060 

5 April 1959 1950 6 May 1989 1860 

1 April 1960 1940 April 1990 2000 
24 April 1961 1340 April 1991. 1500 
10 April 1962 2070 

3 April 1963 1580 
13 April 1964 1870 

13 April 1965 1070 
26 March 1966 1120 

6 April 1967 1830 
22 March 1968 2190 
13 April 1969 2130 
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when floods occur, topography, relative timing, and flood 
peak contributions at downstream damage centers on the Con­
necticut River resulted in the following conclusions: 

(1) Floods develop very rapidly in the watershed. 
Peak flows occur about four hours after an intense rainfall 
on principal tributaries of the Ompompanoosuc River. 

(2) Moderately high discharges occur frequently 
as a result of melting snow, but runoff from this source 
alone has never been sufficient to cause a major flood. 
However, rainfall in conjunction with snow melt runoff has 
resulted in floodflows on both the Ompompanoosuc and Connec­
ticut Rivers. 

(3) Peak flows from spring runoff are generally 
of a lesser magnitude than those from intense summer-type 
storms; however, they are usually associated with greater 
volumes of runoff. 

(4) The watershed responds quickly to periods of 
heavy rainfall and since this may occur any time of year, 
there is no flood-free season. 

b. Connecticut River. Flooding along the Connecticut 
River is caused by either excessive rainfall, melting snow, 
or a combination of both. Analyses of historic floods reveal 
that Connecticut River floods have generally occurred in the 
following modes: 

(1) As a general rule, basin-wide flooding 
usually occurs as a combination of rainfall and snowmelt 
(April 1987). 

(2) In the northern portion of the basin, 
upstream of White River Junction (June 1947). 

(3) In the central portion of the basin, between 
White River Junction and Montague City (November 1927). 

(4) In the southern section of the basin, down­
stream of Montague City (August 1955). 

During flood events originating in the northern 
portion of the basin, peak flows at the mouth of the 
Ompompanoosuc occur earlier than Connecticut River peak 
discharges at White River Junction. With basin-wide floods 
and those originating in the central portion, the Ompompa­
noosuc River's peak synchronizes with Connecticut River's 
crest. Discharge contributions to the lower portion of the 
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Connecticut River from the Ompompanoosuc occur on the reced­
ing side of floods, originating in the lower part of the 
basin. Contributions from the Ompompanoosuc to the Con­
necticut River depend considerably on the location of the 
storm. Estimated high flow travel times from Corps reser­
voirs to selected index stations on the Connecticut River are 
included in table 13 of the Master Water Control Manual. 
Plates 48 and 50 of the same manual show contributions of 
the Ompompanoosuc and all other major tributaries to the 
great floods of March 1936 and September 1938. The effect 
Union Village Reservoir would have had on the 1936 and 1938 
events is shown on plate A-19 of this manual. 

c. Ice Jam Flooding 

(1) General. During the spring thaw, many com­
munities along the Connecticut River and its tributaries 
face an additional threat of flooding from ice jams. This is 
especially serious in Vermont and New Hampshire where longer 
periods of cold weather causes thicker ice cover. The origin 
of ice jams varies somewhat at each location, but the result­
ing higher river stages are caused by channel cross sections 
being sufficiently reduced by the piling ice . . 

(2) Ompompanoosuc Riyer. Downstream of Union 
Village Dam, particularly in the area of Campbell Flats, ice 
jamming can be a problem. In the springtime, during periods 
of increased releases, project personnel must carefully 
monitor channel conditions between Union Village Dam and the 
Connecticut River to avoid ice jam flooding. 

(3) White River. The earliest recorded major 
ice jams occurred on the White River in the Hartford, VT, 
area in 1867 and 1908. In recent years, jams have occurred 
with increasing frequency. The problems are caused by rock 
obstructions in the channel, and land projections just down­
stream of the Hartford Highway bridge which spans the White 
River. The river stages are raised considerably by the 
damming effect of ice until a height is reached that releases 
the jam and pushes the ice downstream. In the record 1964 
event, water levels were raised an estimated 10 feet upstream 
of the bridge, before the jam released with a surge that 
moved downstream and destroyed the bridge. 

(4) Connecticut River. The reach of river where 
ice jams are an annual threat is between White River Junction 
and the power pool of New England Power Company's Bellows 
Falls Dam. However, excessive damages did not occur during 
the jams of 1942, 1948, and 1964. Jamming initially occurs 
at bends and constrictions in a 3-mile length of river, just 
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downstream of the confluence with the Mascoma River. Jams 
a lso occur in Windsor, Vermont, in the area between the 
Cornish Highway bridge, the railroad crossing, and Chase 
Island, which is located at the upstream end of the Bellows 
Falls power pool. Further downstream, jams have formed at 
the Ascutney bridge. 

Chapter 4 of the Master Manual of Water Control 
for the Connecticut River Basin, includes discussions of 
other locations on the main stem affected by ice jam 
flooding. 

(5) Dynamic Ice Breakup. The Corps of Engineers, 
Cold Regions Research and Engineering Laboratory, in conjunc­
tion with the State of New Hampshire, has been working on the 
development and testing of methods to prevent formation of 
destructive ice jams. This is done by controlled dynamic 
breakup of the river's ice cover through carefully synchro­
nized releases from Corps and New England Power Company's 
(NEPCO) dams. Releases are coordinated between the Corps 
Union Village Dam, North Hartl and, and North Springfield Lake 
projects as well as NEPCO projects on the main stem of the 
Connecticut River. 

Three such tests have been performed in the Upper 
connecticut River Basin, in 1989, 1990, and 1992. The 1989 
test, which involved a below average ice condition, was 
successful in breaking the ice cover, whereas, the 1990 and 
1992 tests, with considerably thicker ice, were unsuccessful. 
The State of New Hampshire wi ll determine if additional 
testing is needed. At present, no further testing is anti-
cipated. · 

3-07. Design Floods 

a. Spillway Design Fl ood CSDFl . In the 1944 design 
of Union Village Dam, spillway design inflow to the res­
ervoir was derived by applying storm rainfall described 
in Hydrometeorological Report 1. The resulting 30-hour 
storm rainfall, for the 126-square mile drainage area, was 
17.6 inches. Infiltration losses were assumed to be 
1.5 inches for a total of 16.1 inches of rainfall 
excess. 

During the original design, the lack of long term 
streamflow records for the Ompompanoosuc River, required a 
unit hydrograph to be determined by empirical methods, 
using topographical and hydrological relationships of the 
Connecticut River Basin ("The Unit Hydrograph and Flood 
Routing" by G.T. McCarthy, revised 21 March 1939). The 
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empirically developed unit hydrograph had a rainfall time 
period of 12 hours, and then was adjusted for a rainfall 
period of 6 hours. To provide for any nonuniform areal 
distribution of rainfall, the 6-hour unit hydrograph was 
increased about 70 percent, resulting in an adopted unit 
hydrograph with a peak of 8,000 cfs. 

The spillway design inflow to Union Village reservoir 
was derived by applying the rainfall excess of 16.1 inches 
to the adopted 6-hour unit hydrograph. The pool was assumed 
to be full to spillway crest at the beginning of the flood, 
with all sluice gates inoperable. The inflow peaked at 
87,500 cfs, resulting in an outflow of 84,900 cfs and a 
110,600 acre-foot volume of runoff. This would result in a 
maximum pool level of 579.0 feet NGVD, which is 5.0 feet 
below top of the dam. The peak discharges of the SDF are 
7.2 and 18.4 times the November 1927 and September 1938 
flood peaks, respectively. Pertinent data regarding spill­
way design flood characteristics are shown in table A-10. 
Development of the spillway design flood is shown on 
plate A-20. 

b. Review of Design Features of Existing Dams. In 
1988, a hydrologic review of the spillway design flood at 
Union Village Dam was conducted to determine whether the 
spillway conforms adequately to current criteria and poli­
cies, with respect to safety and functional reliability. 
CUrrent criteria specify 3 feet of freeboard be allowed 
above maximum surcharge of the SDF, occurring with an 
antecedent pool filled to spillway crest. A summary of the 
original and 1988 hydrologic design reviews, using Hydro­
meteorological Reports 51 and 52, for Union Village Dam is 
shown in table A-10. The probable maximum storm for Union 
Village Dam, using HMR 51 (72-hour total= 24.6 inches), was 
40 percent greater in volume than the original design storm 
(30-hour total= 17.6 inches). Applying the current HMR 51 
PMP excess {20.1 inches) to the adopted 6-hour unit hydro­
graph (adjusted slightly from a peak of 8,000 to 8,290 cfs), 
resulted in a peak inflow of 120,700 cfs or 38 percent 
greater than the original design. It was determined that 
with storage at spillway crest and outlet gates operable, 
the resulting SDF outflow would be. 118,200 cfs, resulting in 
a maximum pool level of 581.1 feet NGVD, which is 2.9 feet 
below top of the dam. Although current criteria specify 
that 3 feet of freeboard be allowed above maximum surcharge 
of the SDF, with an antecedent full pool, 2.9 feet are not 
considered adequate to pose a critical or emergency 
situation. 
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TABLE A-10 

SPILLWAY DESIGN CRITERIA 
UNION VILLAGE DAM 

(D.A. = 126 sq. mi.) 

Spillway Design storm 

Basis of Design 
Volume of Rainfall 
Total Losses (in) 
Excess Rainfall (in) 
Storm Duration (hr) 

Unit Hydrograph 

Unit Rainfall Duration (hr) 
Peak Flow (cfs) 

Spillway Design Flood 

Peak Inflow (cfs) 
Volume of Runoff (acre-feet) 
Peak Outflow (cfs) 

SDF Reservoir Regulation Plan 

Initial Pool Elev (ft NGVD) 
Outlet Gates During Flood 
Maximum Surcharge Elev (ft NGVD) 
Top of Dam Elev (ft NGVD) 
Freeboard (ft) 

Freeboard Characteristics 

Design Wind Velocity (mph) 
Effective Fetch (miles) 
Average Depth (ft) 
Wave Runup (ft) 
Wind Tide (ft) 
Adopted Freeboard (ft) 
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1944 
Original 
criteria 

USWB 
17.2 
1.5 

16.1 
30 

6 
8,000 

87,500 
110,600 
84,900 

564.0 
Closed 

579 . 0 
584.0 

5.0 

60 
2.5 

4.6 
0.2 
5.0 

1988 SDF 
Review 

HMR 51 
24.6 
4.5 

20.1 
72 

6 
8,290 

120,700 
135,100 
118,200 

564.0 
Operative 

581.1 
584.0 

2.9 

80 
0.65 

100 
3.4 

5.0 



flood 
prior 

c. Standard Project Floods 

(1) Ompornpanoosuc Riyer. A standard project 
(SPF) for the Ompompanoosuc River was not developed 
to construction. 

(2) Connecticut Riyer. A standard project flood 
for the Connecticut River was developed by the Corps for the 
"Comprehensive Wate.r and Land Resources Investigation-­
Connecticut River Basin," dated June 1970. A d i scussion of 
this flood is included in chapter 8 of the Connecti cut River 
Basin Master Water Control Manual. 

3-08. Flood Damages 

a. Damages Prevented 

(1) General. Over the last 65 years, six large 
basin-wide floods have occurred: November 1927, March 1936, 
September 1938, August 1955, May-June 1984, and March-April 
1987 . Discussions of the first four events and damages 
associated with each has been included in the Connecticut 
River Basin - Master Manual of Water Control. The 1984 and 
1987 events have been discussed in detail with regard to 
their effects on both the Connecticut and Ompompanoosuc 
River Basins in section 3-04 of this manual. Total damages 
prevented during the 1984 and 1987 flood events in the 
Connecticut River Basin, as a result of Corps-buitt flood 
control projects, are $595 and $255 million, respectively. 

(2) Union Village pam. Union Village Reservoir 
is regulated in conjunction with a comprehensive system of 
reservoirs to reduce flood stages along the main stem of the 
Connecticut River. Although there is some development along 
the Ompompanoosuc River, most damages prevented, as a result 
of the operation of Union Village Darn, have occurred along 
the main stem of the Connecticut River. Union Village Dam 
has prevented $265 million in damages through September 
1990. 

b. Experienced Flood Levels or Discharges. The fol­
lowing tabulation summarizes experienced flood discharges 
at selected index stations for reference purposes: 
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Location 

Union Village 
West Hartford 
West Lebanon 

MAXIMUM DISCHARGES 
DURING FLOOD EVENT 

November 
1927 
(cfs) 

12,000** 
120,000 
136,000 

* Regulated 

March 
1936 
(cfs) 

7,300** 
45,400 

120,000 

September 
1938 
(cfs) 

4,750** 
47,600 
82,400 

** Estimated from high watermarks 

July 
1987 
(cfs) 

2,050* 
32,600 
68,300* 

c. Benefit Analysis. Following each flood event, RCC 
determines the modifying effects of Corps projects on down­
stream flooding. Natural or unregulated flows and stages are 
computed for index zones in the Connecticut River Basin. 
These stages are then provided to the Economic and Resource 
Analysis Branch of Planning Directorate to determine the 
benefits at each zone, associated with reservoirs and local 
protection projects. A "Damages Prevented" form, used by 
RCC and ERAB to compute benefits within the Connecticut 
Basin is included in the Master Water Control Manual. 

3-09. Droughts 

a. General. The Ompompanoosuc River watershed lies 
within the general climatic zone classified as humid, and 
the average annual precipitation is reasonably well distrib­
uted throughout the year. In National Weather Service 
terminology, a drought is considered a period of 14 or more 
days when less than 0.1 inch of precipitation falls in a 
48-hour period. From an agricultural standpoint, a drought 
is a lack of soil moisture during the growing season. 
Hydrologically, a drought is a prolonged period of precipi­
tation deficiency, seriously diminishing riverflow as well 
as surface and groundwater supplies . Periods of deficient 
precipitation and runoff have occurred in this watershed. 
As previously mentioned, table A-2 summarizes the monthly and 
annual precipitation at Chelsea, Vermont, and table A- 5 
summarizes monthly and annual runoff at the Union Village 
gaging station. 

b. History. Drought history in the watershed extends 
back more than 100 years. Several periods of below average 
precipitation have occurred prior to 1960, although no 
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serious impact has resulted on water needs of the area due 
to sparse population and lack of industry in the region. One 
of the more pronounced periods of below average precipitation 
occurred from 1880 to 1883, when a cumulative deficiency of 
31.5 inches was experienced at Woodstock, Vermont. Simi­
larly, since establishment of the Union Village gaging sta­
tion, several periods of low flow have occurred, the most 
notable in water year 1965 when only 7.70 inches of runoff 
were recorded. 

c. Drought of 1961 - 1966. The longest and most 
severe drought in the history of the Connecticut River Basin, 
as well as the Ompompanoosuc River watershed, occurred during 
the period from 1961 to 1966. During this timeframe, the 
cumulative rainfall deficiency in the Ompompanoosuc River 
Basin amounted to 39.3 inches, considerably more than the 
average annual precipitation of approximately 35 inches. 
The cumulative runoff deficiency amounted to 39 inches, 
considerably greater than the average annual runoff of 
21 inches . Rarely is a deficiency of groundwater carried 
over from one growing season to the next in New England, 
since it is generally replenished during each spring runoff. 
However, this condition occurred in the winter of 1964-1965, 
resulting in a record low flow runoff of 7.9 inches in water 
year 1965, which is about 37 percent of the average yearly 
runoff. 

d. Drought Contingency Planning. Drought contingency 
planning is covered in section 6-05 of this manual. 

3-10. Evaporation. During preparation of "Appendix C-­
Report of Hydrology of the Connecticut River Basin Comprehen­
sive Water and Related Land Resources Investigation," dated 
June 1970, studies were undertaken to determine what effect 
evaporation had on Corps reservoirs. Analysis of available 
published information indicated that net lake losses of 3 to 
8 inches of depth have occurred on area lakes, which is con­
sidered a negligible loss. 

3- 11. Water Quality. Waters of the Ompompanoosuc River are 
classified as class B by the Vermont Water Resources Board, 
as described in the Vermont Water Quality Standards {Vermont 
WRB, 1987). It is important to note that the classification 
assigned to any specific body of water does not necessarily 
represent a description of existing conditions or quality of 
the waters. As described in the Vermont Water Quality 
Standards, "Class B waters shall be managed to achieve and 
maintain a high level of quality, which is compatible with 
the following beneficial values and uses: 
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Values - Water which is of a quality which consist­
ently exhibits good aesthetic value and provides 
high quality habitat for aquatic biota, fish and 
wildlife. 

Uses - Public water supply with filtration and 
disinfection; irrigation and other agricultural 
uses; swimming and recreation." 

Large deposits of copper in the watershed, along with mining 
activities associated with recovery of this copper, have had 
a great effect on water quality of the basin. Much copper 
contamination in the overall water has come from Copperas 
Brook, which drains the abandoned Elizabeth Mine. If it 
were not for effects of copper deposits, the water would be 
of very high quality and good for most any purpose. Even 
effects of acid rain on the watershed are minor due to lime­
stone deposits in the watershed, which causes the water to 
be highly buffered. 
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IV - COMMUNICATIONS AND DATA COLLECTION 

4-01. Hydr.ometeorological Stations 

a. Facilities 

(1) General. During normal working hours or when 
NED headquarters are otherwise manned, communi cations between 
the project manager and the Reservoir Control Center are made 
via the NED radio network, as shown on plate A-21. Whenever 
the radio network is inoperative, communications are made via 
telephone. During nonworking hours, reports and regulation 
instructions are issued via telephone to or from homes of RCC 
personnel. The order of contact within the Reservoir Control 
Center is updated annually, or as needed, and distributed. to 
all Corps projects (see plate A-22). In the event of failure 
of the NED radio network and telephone service, the project 
manager will attempt to communicate through the State Police 
or Civil Defense radio facilities. 

(2) Precipitation Reporting Network. Reports of 
precipitation data from the Ompompanoosuc River watershed are 
primarily used for alerting RCC personnel of possible flood­
ing, and for providing a basis for appraising the severity of 
a given storm. Collection and reporting of precipitation 
data from Union Village Dam is the responsibility of project 
personnel. 

The Reservoir Control Center periodically reviews 
precipitation network arrangements to ensure that an adequate 
reporting network is maintained. The Northeast River Fore­
cast Center in Taunton, Massachusetts, receives precipita­
tion reports from observers in and near the Ompompanoosuc 
River watershed, which are made available to RCC upon 
request. In addition, cooperative daily reporting procedures 
from most Corps dams have been established with the River 
Forecast Center and have been detailed in memos to each proj­
ect. Information reported to the River Forecast Center is 
outlined paragraph 4-01a(5) of this manual. 

Through close coordination with the New England 
Power Company, precipitation reports and hydropower releases 
are available to either the project personnel or RCC, upon 
request. 

(3) New England Division satellite Data Collec­
tion system CNEDSAT). NEDSAT consists of 49 remote reporting 
s t ations, equipped with data collection platforms (DCPs) and 
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a ground receive station at NED headquarters. The DCPs con­
tinuously monitor water levels and rainfall, and the infor­
mation is converted into an ASCII coded message, transmitted 
to NOAA's Geostationary Operational Environmental Satellite 
(GOES) and then back to the NED ground receive station in 
Waltham, Massachusetts, where the signal is decoded and 
discharge rates computed and stored. The data are then 
interpreted by RCC personnel. 

A detailed description of all aspects of NEDSAT 
is included on page 5-3 of the Master Water Control Manual. 
and a typical computer summary printout of data acquired by 
satellite relay is shown on plate A-23. 

RCC has also prepared an operating manual OPMAN, 
describing all aspects of NEDSAT, including data collection 
platforms, ground receive station, computer hardware, soft­
ware, and other pertinent features. Copies of this manual 
are available in the Reservoir Control Center. 

(4) River Reporting Stations 

(a) General. A network of river stage 
observation stations, shown on plate A-24, which is part of 
the overall river reporting system for the Connecticut River 
Basin has been established. This network assists in execu­
tion of the reservoir regulation pl an by permitting RCC and 
project personnel to obtain real time flow data at selected 
key index stations located on tributaries of, or on, the 
Connecticut River. 

(b) Ornpompanoosuc River. The only river 
gaging station currently in the Ompompanoosuc River watershed 
is located on the right bank at Union Village, about 1,600 
feet downstream from Union Village Dam. The gate has been in 
continuous operation since establishment in September 1940 . 
Its records are used to compute runoff from . a 130-square mile 
drainage area. Plate A-33 shows the rating tab~e for this 
station. 

(c) White River. This river empties into 
the Connecticut about 9 miles south of the mouth of the 
Ompompanoosuc River. Due to its large uncontrolled drainage 
area of 712 square miles, it is important that flows from the 
White River be considered when regulating Union Village Darn. 
The USGS gage on the l~hite River at West Hartford has con­
tinually monitored flow from the upper 690-square mile drain­
age area since 1915. It is located about 7.2 miles upstream 
of the mouth, and is telemark equipped, as well as being part 
of NEDSAT. 

4-2 



(d) Connecticut River. Primary index sta­
tions on the Connecticut River used for determining reservoir 
release rates in the Upper Connecticut River Basin are the 
USGS gaging stations at Wells River, VT, West Lebanon, VT, 
North Walpole, NH, and Montague City, MA. These gages are 
all part of NEDSAT. Wells River, West Hartford, North 
Walpole, and Montague City are also telemark equipped. 

The USGS gaging station at Wells River is 
located on the right bank of the Connecticut in the village 
of Wells River, about 200 feet downstream of the Route 302 
bridge, river mile 266. This gage has monitored flow from 
its 2,644-square mile drainage area since placed in operation 
in 1940. 

The USGS gaging station on the Connecticut 
River at West Lebanon is located about 500 feet downstream 
from the mouth of the White River at river mile 215, in the 
community of West Lebanon. The gage, originally located 
across the river in White River Junction from 1911 to 
November 1976, was moved to West Lebanon in November 1978. 
This gage has provided records for the 4,092-square mile 
drainage area. 

The North Walpole gage, with a drainage 
area of 5,493 square miles, is located on the left bank of 
the Connecticut River, just upstream of the Saxtons River 
at river mile 173. This gage has been in operation since 
1942. 

The Montague City gage, with a drainage area 
of 7,865 square miles, is located on the left bank of the 
Connecticut River about 1,000 feet downstream of the mouth of 
the Deerfield River, at river mile 119 in Massachusetts. 
The Montague City gage is an important index station in 
regulation of corps reservoirs for floods on the lower Con­
necticut River. 

Locations of river gages in the Connecticut 
River Basin are shown on plates A-24 and A-32. 

b. Reporting 

(1) Weekly Reports. All corps project managers 
make routine reports via radio or telephone to RCC on Friday 
mornings. These reports insure continuous contact between 
regulation personnel, and also serve as a check of the NED 
radio network. Radio relay coverage is delineated on plate 
A-21. Weekly reports include the preceding 24-hour precipi­
tation, current weather conditions, reservoir pool stages, 
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gate settings, outflows, river conditions at index stations, 
and other miscellaneous data. A sample of a completed NED 
Form 477, used in logging data, is shown on plate A-25. 

(2) Supplemental Flood Alert Reports. Supple­
mental radio (or telephone) reports to RCC are also required 
from project personnel if flood conditions might develop from 
rainfall, melting snow, ice jams, or other climatologic/ 
hydrologic phenomena. Time and frequency of these reports 
are dependent upon severity of conditions. These reports are 
entered on NED Form 503; an example is shown on plate A-26. 

Normally, supplemental reports will be requested 
by RCC during regularly scheduled work hours. When off duty 
reports are necessary, explicit instructions will be given by 
RCC to project personnel, requesting reports at specific 
times and indicating the information to be contained in the 
report. The following information is normally included in a 
supplemental report to the Reservoir Control Center: 

(a) 
precipitation fallen 
intermediate amounts 
by RCC. 

Precipitation at Dam. Total amount of 
up to the reporting time, plus several 
with time of observation, as requested 

(b) Reservoir Stage. The pool stage at time 
of report and, if requested, previous readings with corre­
sponding times to determine rate of rise and to define the 
inflow hydrograph. Accurate readings of both stage and time 
are essential to facilitate computation of inflow. A sample 
NED Form 102, "Computation of Inflow," as well as Union 
Village inflow guide curves, are shown on plates A-28 and 
A-29, respectively. 

(c) Gate Opening and Tailwater Discharge. 
Gate opening and discharge at time of reporting. Any change 
since the previous report should be included with corre­
sponding stage and discharge. 

(d) River Stages. River stages from gages 
at index stations with times of observation. 

(e) Snow Cover. General snow cover which 
may affect runoff conditions throughout the basin. 

(f) Miscellaneous Data. Any other pertinent 
information such as temperature, reports of ice jams in the 
winter, reports of flooding, etc. 

(3) Special Reports. A special report should be 
submitted by the project manager to RCC whenever unusual 
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circumstances occur during a flood, or as requested by RCC. 
The report should include: 

(a) Observations at Dam. Project personnel 
make general observations of conditions at the intake works, 
and enter in log books. If possible, photographs are taken 
of any unusual condition, noting date, time, reservoir stage, 
gate positions, and discharge. Observations reported to RCC 
should include: 

~. Extent and action of eddies, waves, 
or whirlpools in vicinity of the conduit intake and portal. 

£. Extent and action of turbulence or 
eddies downstream of the spillway and outlet works. 

~. Effect on flow through the gates due 
to accumulation of debris and/or ice at the intake. 

~. Pool elevation and position of gates 
where gate vibration or whirlpools develop. 

~. Seepage, noting time, pool stage, 
and color of discharge. Embankment sloughing which may 
appear at downstream sides of the dam or dikes should also be 
reported. 

Q• Other unusual conditions which might 
affect the safety of the dam. 

(b) Observations at Downstream Control 
Points. During periods of flooding and also when emptying 
stored floodwaters, reconnaissance of downstream conditions 
is made by project personnel, as requested by RCC. This is 
necessary in obtaining further information at downstream 
damage areas or index points. 

(c) Observations at Upstream Control Points. 
several small communities located upstream of the reservoir 
on the Ompompanoosuc River, or the West Branch, have been 
prone to flooding. During flood periods, RCC will consider 
having project personnel make reconnaissance visits to these 
areas in order to anticipate andjor evaluate possible 
flooding. 

(4) Alerting Reports 

(a) Scheduled Working Hours <Monday Through 
Friday). The project manager will make an alerting report 
to RCC by radio or telephone according to the following 
instructions: 
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~ Precipitation. 
inch of rainfall or other amount during 
Union Village Dam, as indicated by RCC. 

Occurrence of 1.0 
a 24-hour period at 

~ Reservoir Stage. The reservoir 
reaching 
feet and 
held. 

a stage of 10 feet and rising in the summer, or 25 
rising in the winter, when a winter pool is being 

~ River Stages. Whenever stages on 
the Connecticut River at Wells River reach 7.5 feet (18,700 
cfs) and rising. 

~ Unusual Conditions. Project per­
sonnel will survey local conditions and report any unusual 
problem such as difficulty with gate functions, ice jams, 
excessive debris, bridge failures, etc. 

(b) Nonscheduled Working Hours (Nights, 
Weekends. Holidaysl. When weather forecasts or expected 
runoff conditions pose a threat of possible flood problems 
in downstream areas affected by Corps reservoirs, RCC will 

· issue prior instructions to project personnel, requesting 
an alerting report at a specific time, e.g., 2200 hours on 
Wednesday evening, 1500 hours on Sunday afternoon, etc. If 
additional reporting is considered necessary by RCC during 
nonscheduled working hours, a specific time will be given 
for the report. 

(c) Other. Project personnel are a vital 
element of reservoir regulation activities as they are the 
"eyes and ears" of the Corps. Whenever project managers are 
home or in the watershed area during nonscheduled working 
hours and unexpected hydrologic conditions such as heavy 
rainfall, rising pool levels, high downstream river stages, 
unusual or emergency conditions occur, RCC encourages them 
to make an alerting report, which includes available perti­
nent hydrologic data. 

(5) Snow Survey Reports. Snow courses have been 
established at selected locations within both the Ompompa­
noosuc and Connecticut River watersheds. Weekly surveys are 
made by project personnel during winter and early spring to 
determine snow depths and water equivalent. Survey dates 
are determined each year by RCC so as to correspond with 
bimonthly surveys by the New England Power Company, and sup­
plemental data from other State agencies and power companies. 
Reports contain name of the station, snow depth, and water 
equi~alent. Weekly reports are distributed by RCC to various 
interested parties. An example snow report is shown on 
plate A-30. 
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(6) Northeast River Forecast Center Reports. 
When on duty, project personnel at Union Village Dam will 
make a daily telephone call between 7 a.m. and 8 a.m. to the 
National Weather Service, ROSA (Remote Observation system 
Automation) computer system, located in Burlington, Vermont. 
This system allows weather observers to input their obser­
vations directly into the Weather Service computer system, 
using a memory telephone. The following parameters are 
reported on a daily basis: 

Dam 
Date and time of observation 
Temperature - maximum and minimum (24 hours) 
Temperature - current 
Precipitation amount and form (24 Hours) 
Present weather 
Depth of new snow and total depth 

The above data are used to prepare flood state­
ments by the NWS. Additional information on these statements 
is included in Chapter V of this appendix. 

(7) Special Advisories. In accordance with 
regulations set forth in EM 550-1-1, "Domestic Emergency 
Operations," and "Guidance Memorandum, Reservoir Control 
Center," RCC submits special advisories to the Commander, 
and Engineering and Operations Directorates, on the progress 
of any storm, with possible flood potential, which could 
significantly impact New England. Flood reports for OCE 
are also prepared by the Reservoir Control Center. 

(8) Maintenance of Log. All reports, instruc­
tions, records of unusual circumstances at the project, and 
information pertinent to regulation of the reservoirs are 
entered in log books, maintained by project managers and the 
Reservoir Control Center. 

(9) Gate Operation and Daily Record. All daily 
observations and gate operations are carefully noted on NED 
Form 90 (plate A-27), and submitted monthly to RCC. All 
operations are noted, regardless of the amount or duration of 
change in gate position. The report includes date, time of 
day, reservoir stage, outflow, precipitation, gate settings, 
and remarks. 

NED Form 90 data are entered into a computer file, 
and used by RCC in preparing monthly and annual reservoir 
summaries. These summaries are discussed in paragraph 5-02g 
of the Master Water Control Manual. 
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c. Maintenance of Eguipment 

(1) Precipitation Gages. A standard weighing and 
recording National Weather Service (NWS) precipitation gage 
is located at Union Village Dam. This gage serves as a sup­
plement to other rainfall stations in the vicinity. Charts 
from the Union Village gage are forwarded to the National 
Weather Service. If the gage becomes inoperable, the NWS is 
notified. 

(2) Reservoir Stage Recorders. The water level 
recorder at Union Village Dam monitors water stages in the 
reservoir at all times. This equipment should be checked 
each workday morning, to assure that the clock is keeping 
correct time and the pen is tracing water levels properly. 
Any discrepancy, as evidenced by pen time or gage height, 
should be corrected and the pen reset. During periods of 
reservoir storage, the outside tile staff gage should be 
read periodically to check accuracy of the chart. If the 
recorder become inoperable, RCC should be notified and 
arrangements made for immediate repair by the USGS. 

Pool charts are kept for permanent filing at the 
project. Charts should be changed the first working day of 
each month except during periods of significant impound­
ments. The following information should be noted in ink at 
the beginning and end of each chart: 

Outside tile gage reading 
Pen gage height reading 
Date 
Watch time 
Pen time 

{3) Tailwater Gaging Station. The USGS gaging 
station at Union Village provides a continuous official 
record of releases from the dam. It is equipped with a 
digital-type water stage recorder, and operated and main­
tained by the USGS under the cooperative stream gaging 
program. It is essential that the gage be checked frequently 
to assure proper ' operation. If inspection indicates a need 
for repair, RCC should be notified immediately and arrange­
ments will be made with the USGS to have the equipment 
serviced. 

(4) Telemarks and Talk-A-Marks. These stage 
detection devices, equipped with telephone voice modems, 
obtain current river stages and aid in regulating releases 
from the dam. They are in operation on the Connecticut 
River at Wells River, Vermont; North Walpole, New Hampshire; 

4-8 



Montague City and Holyoke, Massachusetts; and Thompsonville, 
Hartford, and Bodkin Rock, Connecticut. Should the telemark 
at Wells River become inoperative, the Union Village project 
manager will visit the gage to ascertain the source of dif­
ficulty. If the trouble cannot be determined and corrected 
at the gage by project personnel, the telephone company 
should be requested to check out their circuit in presence 
of the project manager, and make necessary repairs. If the 
telemark or talk-a-mark sti ll is not functioning by this 
time, RCC should be notified, and NED or USGS personnel will 
inspect and repair the gaging station. 

(5) Snow Sampling Set. Depending on conditions, 
snow surveys are performed from approximately January to 
April by Union Village pro j ect personnel. Procedures for 
obtaining snow survey data should follow instructions in the 
"Snow Sampling Guide, Department of Agriculture, Handbook 
No. 169." The snow sampling set, which consists of a sam­
pling tube and water equivalent scale, will only require 
occasional replacement of wornout cutterheads if provided 
proper care. 

4-02. water Quality Sampling 

a. General. Explanation of Corps Water Quality 
Sampling objectives is included in chapter V of the Master 
Water Control Manual. This manual also includes locations, 
parameters, and other specifics related to Corps Water 
Quality activities in the Connecticut River Basin. 

b. Union Village Dam. Water quality monitoring sta­
tions have been established at several location throughout 
the ompompanoosuc River Basi n. These stations, depicted on 
plate A-30, have been used to measure water quality para­
meters throughout the basin. Water quality data from station 
UV05 was collected via an automatic water quality monitor 
(AWQM), from the late 1970s to the mid-1980s, when it was 
decided that acquired data was not variable enough to war­
rant the expense associated with this method of collection. 
Data collected under the (AWQM) program, is stored in the 
Environmental Protection Agency's STORET computer system. 
The Hydraulics and Water Quality Branch (HAWQB) of Water 
Control Division retrieves data as needed, and provides 
analysis and interpretation on request for study purposes. 
A report entitled: "Union Village Dam Water Quality Evalu­
ation," prepared by HAWQB, June 1989, includes summaries and 
evaluations of water quality data collected by NED. This 
report and those for other Corps reservoirs are updated 
when necessary. 
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4-03. Sedimentation. In accordance withER 1110-2-4001, 
sedimentation ranges and monuments have been installed. 
However, operating experience has shown that, in most dry 
bed reservoirs of New England, sedimentation accumulated 
during flood filling and emptying, has not had any sig­
nificant impact on the project; therefore, sedimentation is 
not considered a problem. 
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V - HYDROLOGIC FORECASTS 

5-01. National Weather Service 

a. Weather Forecasts. National Weather Service 
offices in Boston, Massachusetts, Albany, New York, and 
Portland, Maine, are responsible for issuing daily weather 
forecasts for public dissemination through the news media. 
These reports are received at the Reservoir Control Center 
approximately four times daily via "CONTEL" Weather Wire 
Service. Special advisories, forecasts, and updates are 
also issued for approaching storm systems and during ad­
verse weather conditions . 

b. Precipitation Forecasts. In addition to normal 
weather reports and forecasts, quantitative precipitation 
forecasts (QPFs), prepared by the National Weather Service, 
are received daily by RCC via computer request. These QPF 
reports indicate the maximum anticipated 24-hour rainfall 
for New England. Supplemental weather information and fore­
casts, prior to or during floods, are available upon request. 

c. Flood Forecasts. Flood forecasts are prepared by 
the Northeast River Forecast Center (NERFC) . These reports 
are transmitted to Weather Service stations (Boston, Albany, 
and Portland), and then issued to the public for the follow­
ing locations within the Connecticut River Basin. 

Connecticut River at North Stratford, VT 
Connecticut River at Dalton, NH 
Connecticut River at Wells River, VT 
Connecticut River at West Lebanon, NH 
Connecticut River at North Walpole, NH 
Connecticut River at Montague City, MA 

Connecticut River at Holyoke, MA 
Connecticut River at Springfield, MA 
Connecticut River at Thompsonville, CT 
Connecticut River at Hartford, CT 
Connecticut River at Bodkin Rock, CT 

Passumpsic River at Passumpsic, VT 
White River at West Hartford, VT 
Chicopee River at Indian Orchard, MA 
Westfield River at Westfield, MA 
Farmington River at Simsbury, CT 
Farmington River at Rainbow, CT 
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d. Coordination with the NERFC. The NERFC also pre­
pares biweekly headwater statements, indicating the amount of 
6-hour rainfall necessary to produce watershed runoff into 
Corps reservoirs, varying from 0.25 to 5 inches. These 
statements also include the amounts of rainfall required to 
produce one-half flood, flood, and twice flood conditions on 
selected tributaries below Corps projects. 

These statements were initiated in 1973 when project 
personnel from 18 NED reservoirs, including Union Village, 
began telephoning climatologic and hydrologic data to the 
National Weather Service on a daily basis. 

s-02. Corps of Engineers 

a. Ompompanoosuc River Watershed. During flood 
periods in the Ompompansoouc River watershed and Upper Con­
necticut River Basin, Union Village Dam is regulated along 
with other Corps projects in the basin to desynchronize 
flows along the main stem of the Connecticut River. Nearly 
all the Ompompansoouc River watershed lies upstream of Union 
Village Dam, and since there are no significant damage areas 
on the Ompompanoosuc downstream of the project, it is not 
necessary to develop flood forecast procedures for this 
watershed. 

b. Connecticut River. Corps plans for flood fore­
casting activities, associated with flood control procedures 
within the Connecticut River Basin, are included in para­
graph 6-02 of the Master Water Control Manual. 
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VI - WATER CONTROL PLAN 

6-01. General Obiective. The general objective of regula­
tion procedures for the Ompompanoosuc River watershed is to 
provide a comprehensive tool for guiding personnel respon­
sible for operating Union Village Dam, in accomplishing the 
missions for which the project was authorized. This plan, 
along with those prepared for fifteen other Corps projects 
in the Connecticut River Basin, provides the most effective 
protection for downstream communities along the Connecticut 
River, while also considering impacts of the short reach of 
the Ompompanoosuc River downstream of Union Village Dam. 

6-02. Flood Control 

a. Normal Pool and Gate Setting 

(1) Winter Season. A 20-foot pool surface ele­
vation of 440 feet NGVO, with an approximate storage volume 
of 440 acre-feet, is maintained throughout the winter months 
to prevent ice buildup on the gate slides, thereby, facili­
tating gate operation. The 20-foot pool level is maintained 
normally by leaving one gate fully closed and controlling the 
pool with the second gate. Care should be taken during 
lowering of the reservoir in springtime so reservoir ice 
does not break the log boom. 

(2) Nonfreezing Season . Normal gate settings 
for the nonfreezing season are 2.0 and 2.0 feet with the 
reservoir empty. Approval will be obtained from the Reser­
voir Control Center if water is to be stored for any reason. 
Any reservoir impoundment will then be emptied as rapidly 
as possible, maintaining safe downstream channel capacity, 
in accordance with directions from RCC. 

b. Flood Control Regulation 

(1) Objective. Flood control is the primary 
purpose of Union Village Dam and will take precedence over 
all other activities pertaining to the project. 

(a) Flowage Easements in the Reservoir Area. 
Four acres of flowage easement were acquired at various ele­
vations at Union Village Dam. It is possible that adjacent 
lands could be inundated during a rare flood. Observation 
will be made periodically by project personnel to determine 
if any development has occurred in these areas which could be 
affected by reservoir impoundments; if so, RCC should be 
notified. 
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(b) Ice Jam Flooding. When an ice jam 
occurs on the Ompompanoosuc or Connecticut Rivers, observa­
tions should be made to determine if releases from the proj­
ect are adversely affecting downstream ice jams. In the 
past, ice jams have occurred on the Connecticut River between 
White River Junction and the Bellows Falls power pool, and on 
the Ompompanoosuc River at Campbell's Flats. Paragraph 
3-0Sc of this manual includes a more extensive discussion on 
ice jam flooding. 

(c) Downstream Developments or Constric­
tions. Project personnel should periodically reconnoiter 
downstream conditions to determine if there are any develop­
ments, debris, or other physical restrictions which might 
reduce nondamaging channel capacity along the Ompompanoosuc 
River downstream of Union Village Dam. 

(2) Flood Period 

(a) General. Regulation of flows from Union 
Village Dam are initiated for heavy rainfall over the Ompomp­
anoosuc River watershed, Upper Connecticut River Basin, and 
also for specific river stages at key stations along the 
Connecticut River. These stations are discussed in paragraph 
4-01. Regulation may be considered in three phases during 
the course of a flood: 

Phase I - The appraisal of storm and river 
conditions during development of the flood 
leading to initial regulation. 

Phase II - Regulation of the project while 
Connecticut River floodflows crest and move 
downstream. 

Phase III - Emptying the reservoir following 
downstream recession of the flood. 

The standard operating procedure (SOP) for 
regulating Union Village Dam is shown on plate A-32. 

(b) Phase I - Appraisal, Initial Regulation. 
During this phase, data collection is vital. Rainfall and 
discharge data are compiled in order to appraise the develop­
ment and magnitude of a flood within the basin. 

Gate operations at Union.Village Dam will be 
initiated to restrict reservoir discharge. Consideration 
will be given to partial closure of gates for any of the 
following conditions: 
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A• Whenever rainfall of 2.0 inches on 
snow-covered frozen ground or ground wet from previous rain­
fall, or 3.0 inches on dry ground occurs within a 24-hour 
period. 

~. Whenever the stage at the USGS North 
Walpole gage reaches 24 feet and rising. 

~. Whenever the stage at the USGS gage 
at Montague City reaches 25 feet and rising. 

(c) Phase II - Continuation of Regulation. 
An important regulation activity during Phase II is the 
collection of hydrologic data such as: 

1· Precipitation amounts throughout the 
watershed as well as surrounding areas. 

~. Snow cover and water content in case 
of snowmelt floods. 

~· Stage and discharge values at 
downstream control points. 

~. Other streamflow data which may 
assist in regulation. 

During Phase II, reservoir discharge is regu­
lated to reduce downstream flooding along the Connecticut 
River. 

As a flood develops, considerable judgment 
and experience are necessary to vary the regulation in 
accordance with the amount of residual reservoir storage at 
Union Village Dam, river stages, water content of remaining 
snow in the watershed, and weather forecasts. In general, 
consideration will be given to complete closure of the flood 
control gates for any of ~he following rising river st~ges: 

Discharge 
~oca~ion Stage c~~ CFSlSg.Mi. 

(ft) 

Wells River, NH 10.0 30,400 11.5 

West Lebanon, NH 17.0 41,300 10.1 

North Walpole, NH 26.0 75,920 13.8 

Montague City, MA 25.0 64,090 8.2 
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There are three hydroelectric plants on the 
main stem Connecticut River operated by the New England Power 
Company (NEPCO), namely, Wilder, Bellows Falls, and Vernon 
Dams (see plate A-32 for locations) that are affected by 
releases from Corps flood control reservoirs. Only Wilder 
is capable of releasing large amounts of water from storage 
that could adversely affect our operations. Releases will be 
coordinated with NEPCO during flood periods. 

(d) Phase III - Emptying the Reservoirs. 
Following the recession of the flood peak at downstream 
communities along the Ompompanoosuc and Connecticut Rivers, 
Union Village reservoir will be emptied as rapidly as pos­
sible, in accordance with instructions issued by RCC. 
Releases will normally be made in a manner that will not 
cause stages downstream to exceed conditions listed below. 

Location 

West Lebanon, 

North Walpole, 

Montague City, 

Thompsonville, 

FLOOD STAGES AT INDEX STATIONS 
DOI'INSTREAM OF CORPS DAMS 

Discharge 
Stage CFS CFS£Sq.Mi. 
(ft) 

NH 22.0 63,300 15.5 

NH 30.0 95,210 17.3 

MA 30.0 89,460 11.4 

CT 9.2 154,000 15.9 

Rating tables for USGS gages in regulation 
of Union Village Dam are shown on plates A-33 through A-37. 

Other Phase III considerations include: 

~. The rate of increase in discharges 
from Union Village Dam should not exceed 300 cfs/hour to 
1,800 cfs, and then at a reduced rate of 100 cfs/hour. Also, 
the rate of reservoir drawdown shall not exceed 15 feet in 24 
hours. 

~. Discharges will be coordinated with 
releases from other reservoirs in the system,· in a manner 
that will normally allow Connecticut River flood crests to 
continue receding, or remain below flood stage. 
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~. The nondamaging channel capacity 
immediately downstream of Union Village Dam is about 2,400 
cfs. This rate of discharge should be considered by RCC 
whenever peak inflows exceed these values, and climatologic 
and hydrologic conditions permit. Outlet rating curves for 
the flood control gates are shown on plate A-39. 

~. Secondary river rises during Phase 
III, due to either additional rainfall or snowmelt, may 
result in regulation procedures reverting to Phase II. 

~. With Union Village reservoir filled 
to spillway crest (elevation 564 feet NGVD; stage 144 feet) 
and 5 csm inflow, it would take 11 days to lower the reser­
voir to a 20-foot stage (elevation 440 feet NGVD) using a 
release rate of 2,400 cfs. With two gates fully open, it 
would take 3.5 days to lower the pool. This would not be 
within regulation guidelines as flows would exceed channel 
capacity; however, it could be considered if emergency con­
ditions warranted. 

2· Discharges should be made in a man­
ner that balances flows through each gate, thereby reducing 
turbulence within the conduit, eddy effects, whirlpools, and 
scouring. 

2· Emptying the reservoir will not 
begin until the flood peak has passed White River Junction . 
Guide curves for evacuating flood storage are shown on plate 
A-40. 

(e) Regulation for Snowmelt. Moderately 
high springtime discharges can occur as a result of melting 
snow, but runoff from this source alone has not caused major 
flooding. Snow cover in lower elevations of Massachusetts 
and connecticut usually diminishes before melting takes place 
in northern areas of Vermont and New Hampshire; however, the 
potential snowmelt flood threat period on the Connecticut 
River and its tributaries is prolonged, generally occurring 
in March and April due to high riverflows and saturated 
ground conditions. 

Active snowmelt begins when density of the 
snowpack becomes "ripe" and rises above 30 percent, i.e., a 
10-inch depth of snow having a 3-inch water equivalent. 
RCC has not developed precise correlations regarding high 
temperatures, snow density, and peak runoff relationships for 
each tributary. However, operating experience has indicated 
that after the snowpack becomes "ripe", several days of pro­
longed temperatures in the fifties and sixties would result 
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in flows of 8 to 10 csm on the main stem Ompompanoosuc River 
and discharges up to 20 csm from the smaller, steeper tribu­
taries in the watershed. Runoff from snowmelt alone is 
diurnal, orderly, and gradual, and regulation by RCC will not 
necessarily follow release guides established for runoff from 
rainfall. Regulation during periods of snowmelt, with no 
rainfall occurring or expected to occur, will generally be 
based on releases consistent with maintaining full downstream 
channel capacities. 

(f) Spillway Discharge. During a major 
flood event, gates will not ordinarily be opened to avoid 
spillway discharge. surcharge storage above the spillway 
crest will be utilized if downstream channel capacities 
continue to be exceeded by runoff from uncontrolled areas. 

If stored floodwaters in the reservoir con­
tinue rising above spillway crest, with the possibility of 
the pool exceeding the maximum design surcharge, the 
following schedule will be used as a guide for gate openings 
during spillway discharges. This schedule will result in 
both gates being fully open when the pool has reached about 
one-half the spillway design flood surcharge. 

Pool Stage 
(feet) 

148 
149 
150 
151 
152 

UNION VILLAGE DAM 

Pool Flood 
Elevation Control ~ates 

(feet NGVD) (feet) 

568 0 - 0 
569 3 - 3 
570 6 - 6 
571 6 - F 
572 F - F 

F - Fully Open 

Spillway crest elevation 564 feet NGVD 
(pool stage 144 feet); top of dam ele­
vation 584 feet NGVD. 

Spillway 
& outlet 

Discharges 
(cfs) 

10,000 
18,300 
26,200 
35,100 
38,800 

It should be emphasized that the spillway 
design flood maximum surcharge would result from an extremely 
rare event, i.e., more than 24 inches of rainfall in 24 
hours, with the reservoir full or nearly full at the begin­
ning of the storm event. The spillway rating curve is shown 
on plate A-41. 
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(g) Alerting Flood Affected Populace. When­
ever it is anticipated that the pool will rise above spillway 
crest elevation along the Ompompanoosuc and Connecticut 
Rivers, police and other local community officials must be 
notified of the situation. These officials will then inform 
the affected populace of the potential flood conditions. 

(h) Effect of Regulation on Roads within the 
Reservoir. Union Village--Thetford Center (East access) and 
River Roads (West access), shown on plate A-3, pass through 
the reservoir area and are subject to inundation during 
storage of floodwaters. Road barriers have been installed at 
locations where these roads pass into the reservoir area. 
These barriers consist of gates limiting access to the 
reservoir. The two barriers on the Union Village-Thetford 
Center Road will be closed by project personnel when the 
reservoir stage is expected to rise over 40 feet (460 feet 
NGVD). The two barriers on River Road will be closed when 
the reservoir stage is expected to rise above 64 feet (484 
feet NGVD). Signs will be placed on the barriers when 
closed. Project personnel will notify local authorities 
when barriers are required. Names of officials to contact 
are updated periodically in the RCC telephone directory. 

(3) Extraordinary Regulation Conditions. It is 
conceivable that extraordinary circumstances or unpredictable 
flood conditions may arise such as a possible drowning, dam 
or bridge failures, highway or railroad washouts, ice jams, 
or debris deposits. Regulation during such unusual condi­
tions may not follow previously described rules but will be 
governed by the urgency of the situation. During these con­
ditions, the project manager has full authority to act 
immediately in the public interest. RCC will be notified as 
soon as possible of any unusual incident so additional action 
may be taken to provide maximum protection. 

(4) Regulation with Failure of Communications. 
If the Union Village project manager is unable to contact 
RCC, he has full authority to act promptly in accordance with 
instructions contained in the Emergency Operating Procedures, 
and will direct regulation of the reservoir until communica­
tions with RCC are reestablished (refer to plate A-32 and the 
following paragraph). Whenever communications fail, and due 
to lack of adequate reports when it is difficult to fully 
appraise runoff conditions from an intense storm, it is 
preferable for the project manager to completely stop reser­
voir discharges rather than contribute to downstream flood 
conditions by delaying regulation. 

In cases of extreme emergency, the project manager 
shall attempt to communicate with RCC through radio network 
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with the State Police and the office of Civil Defense 
Mobilization. 

Releases for emptying the reservoir will not be 
made until contact has been established with RCC . Instruc­
tions contained in this manual do not relieve the project 
manager of his responsibility for continued efforts to 
communicate with RCC. 

(5) Emergency Operating Procedures CEOPI. If 
the project manager is unable to contact RCC, and flood con­
ditions develop, he has full authority to completely restrict 
outflow, exclusive of minimum flows, for any of the following 
conditions : 

If 3-inch precipitation occurs at the project 
i n a 24-hour period. 

If the connecticut River at North Walpole 
reaches a stage of 26 feet. 

If the Connecticut River at Wells River 
reaches a stage of 10 feet. 

Gate Settings for restricting flows to a minimum 
are 0'- 0 . 1' (see plate A-32 for standard and emergency 
operating procedures). 

(6) Cooperation With Downstream Water Users. It 
i s corps policy to cooperate with downstream water users and 
other interested parties or agencies. The project manager 
may be requested by downstream users to deviate from normal 
regulation for short periods of time. Whenever a request for 
such modification is received, he shall ascertain its valid­
ity and require the individual making the request, to obtain 
verbal assurances from other downstream water users that they 
are agreeable to the proposed operation. The project manager 
will then relay the information to RCC and request instruc­
tions. 

(7) Absence from Darn. RCC and the basin manager 
are notified whenever the project will not be staffed daily 
during the normal work week or for an extended period. 

(8) Future Studies. Significant post-flood 
studies will be made by RCC personnel, after all reservoir 
r egulation periods, to determine the following: 

networks. 
- Efficiency of communication and reporting 
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- Applicability of regulation guides, includ­
ing stage-discharge relationships and discharge correlations. 

- Flood reductions at damage centers. 

c. Flood Emergency Plans. A program re~iring prepa­
ration of dam safety plans for all Corps reservo~rs was 
instituted in May 1978 with the issuance of ER 1130-2-419, 
and plans include the following: 

- Emergency notification procedures. 

- List of conditions leading to emergencies such 
as dam breaks and spillway discharge, and ways of dealing 
with such conditions. 

- Reservoir dewatering procedure. 

- Dam failure inundation maps. 

equipment. 
Listing of emergency repair materials and 

- Outline of responsibilities for inspection and 
emergency repairs. 

- List of nearby contractors. 

Preparation of a "Flood Emergency Plan" for Union 
Village Dam was completed by the Corps in June 1985. Copies 
are located in the Emergency Operations Center, New England 
Division. 

6-03. Recreation . A recreation resources program has been 
undertaken by the Corps to provide an increased level of 
recreational opportunities, and to effectively manage natural 
resources available at Corps projects. In response to this 
program, Recreation Resources Development Plans have been 
prepared for all Corps reservoirs, including Union Village 
Dam. Recreational facilities for swimming, picnicking, 
hiking, camping, fishing, hunting, and boating have been 
furnished by the Corps. Related facilities for public 
safety, health and protection, and conservation of natural 
resources are also provided at the projects. 

6-04. Water Quality Activities 

a. General. Executive Order 12088 establishes the 
head of each executive agency with responsibility for preven­
tion, control, and abatement of environmental pollution at 
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Federal facilities and activities, and requires compliance 
with applicable pollution control standards. In consonance 
with this directive and the requirements of ER 1130-2-415 
concerning water quality data collection, interpretation, and 
application activities, the NED Water Quality Management 
Program has been established. The goals and objectives of 
this program are: 

- Meet State water quality standards at existing 
projects through maintenance or improvement of existing water 
quality conditions. 

- Provide the quality of water required to support 
the assigned uses of each project. 

Consider water quality in all aspects of plan­
ning, engineering, design, construction, and operation and 
maintenance activities. 

In support of these goals as they pertain to existing 
reservoirs, the water quality program is designed to define 
existing water quality conditions, identify any subsequent 
change, identify and quantify any water quality problems, 
and provide information useful to reservoir regulation 
activities. Water quality control engineering is performed 
by the Hydraulics and Water Quality Branch, Water Control 
Division. Field measurement, sampling and laboratory 
analysis services are provided by the NED Materials and Water 
Quality Laboratory. A report, summarizing all water quality 
management activities, is submitted annually to OCE, as 
required by ER 1130-2-334. Sampling and analysis of water 
quality are also performed in the interest of public health, 
associated with water supply and recreation activities at 
NED projects, in accordance with ER 1130-2-407 and other 
existing guidance. 

In the event an emergency water quality condition 
exists, either in the upstream watershed or within project 
lands, which may affect use of the reservoir or that of 
downstream users (e.g., chemical spill, algae bloom condi­
tion, failure of an upstream treatment plant) the RCC will 
be notified immediately. In tu.rn, coordination will be made 
with members of the Hydraulics and Water Quality Branch and 
Operations Directorate to determine an acceptable solution 
of the problem. 

b. Specific Water Quality Activities. There is no 
storage allocated specifically to water quality control at 
Union Village Dam. Water quality activities at the project 
are currently limited to only monitoring. Data from sta­
tions upstream and downstream of the dam are analyzed on a 
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periodic basis. Plate A-31 shows the location of water 
quality monitoring stations at Union Village Dam. 

c. Hazardous Substance Emergencies. \~hen a real or 
potential discharge of hazardous substances occurs, e.g., 
chemicals, oil, etc.) into \vaters or other environment, the 
owner or operator of the facility or vessel from where the 
release occurs should notify the United states Government 
immediately. In order to facilitate reporting, the United 
States provides a National Response Center in Washington, 
D.C., staffed 24 hours a day, for coordination of reports; 
the telephone number is 800-424-8802. 

Although the Center is the official and recommended 
point of contact for use, emergency numbers for other United 
States agencies have been provided to all Corps projects in 
the event that the Center cannot be reached. In addition, 
any emergencies at Union Village Dam should be reported to 
the Vermont Department of Water Resources and Environmental 
Engineering, Montpelier, Vermont. 

6-05. Water Supply 

a. Union Village Dam. There is no storage provided 
for water supply at Union Village Dam. 

b. Drought Contingency. ER 1110-2-1941, Drought 
Contingency Plans, dated 15 September 1981, states that all 
v1ater control plans \vill be continually reviewed, and where 
appropriate, adjusted in accordance \vith public needs. 
Therefore, in November 1981, a drought contingency planning 
team was formed by the Nelv England Division. This team 
evaluated each project, and established limits of flexibil­
ity, under existing authorities, to modify project regula­
tion and use existing storage to respond to periods of 
water shortages. 

The Drought contingency Plan for Union Village Dam, 
completed in September 1987, concluded that drought contin­
gency storage could not take place without significant 
degradation of the \vater quali t y, the environment, and 
aquatic life. Therefore, drought contingency planning will 
not be implemented at the project. A copy of the Drought 
Contingency Plan for Union Village Dam is on file in the 
Reservoir Control Center. For information purposes only, 
climatologic and hydrologic indicators, used in recognizing 
the onset of a drought vlithi.n New England Division, are 
presented in attachment 1 of this manual. 
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ANNUAL PRECIPITATION 
AT CHELSEA VERMONT 

(Elevation 750 Ft. NGVD) 

1886 - 1989 

Calendar · Precip. Calendar Precip. Calendar Precip. 
Year (inches) Year (inches) Year (inches) 

1920 41.31 1960 38.39 
1921 32.39 1961 31.77 
1922 38.63 1962 36.09 
1923 36.23 1963 24.25 
1924 34.45 1964 31.36 
1925 39.11 1965 26.58 

1886 34.36 1926 36.95 1966 35.55 
1887 46.70 1927 44.21 1967 34.63 
1888 43.68 1928 36 .42 1968 36.06 
1889 46.34 1929 37.14 1969 38.23 

1890 45.61 1930 1970 30.97 
1891 37.46 1931 35.70 1971 36.01 
1892 38.85 1932 37.33 1972 40.75 
1893 34.71 1933 34.46 1973 47.42 
1894 38.30 1934 32.63 1974 39.17 
1895 33.88 1934 34.08 1975 38.26 
1896 30.54 1936 45.55 1976 47.42 
1897 48.06 1937 40.25 1977 36.44 
1898 37.53 1938 39.77 1978 35.83 
1899 27.06 1939 33.37 1979 35.39 

1900 36.48 1940 34.87 1980 29.47 
1901 29.37 1941 28.04 1981 42.51 
1902 38.77 1942 37.53 1982 30.93 
1903 29.65 1943 39.31 1983 52.53 
1904 29.40 1944 34.70 1984 37.59 
1905 30.48 1945 49.11 1985 32.74 
1906 35.67 1946 39.59 1986 38.72 
1907 41.66 1947 39.92 1987 35.89 
1908 27.45 1948 35.20 1988 30.83 
1909 33.10 1949 1989 38.75 

1910 33.13 1950 34.23 AVERAGE 36.66 in. 
1911 35.14 1951 38.00 
1912 35.16 1952 34.91 
1913 31.90 1953 39.42 
1914 29.36 1954 47.52 
1915 30.08 1955 35.55 
1916 32.69 1956 37.43 
1917 32.49 1957 33.93 
1918 33.75 1958 40.56 
1919 33.87 1959 42.78 
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WATER YEAR Ompompan oosuc R. 
at Uni o n Village, Vt . 

D.A. = 130 sq. mi. 

ANNUAL RUNOFF 

SELECTED GAGING STATIONS 

Co n nec t i cut Riv er­
at Wes t Lebano n , N.H . 

White Riv er at 
West Hartford, Vt. 
D.A. = 690 sq. mi. D.A. = 4092 sq . mi. ----------- --------------------------- --------------- ------------ -·- ----------------- ------

1930 
1031 
1932 
1933 
1934 
1935 
1936 
1937 
1938 
1939 

194 0 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 

1950 
195 1 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 

1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 

1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 

1980 
1981 
1982 
1983 
1984 
1985 
1985 
1987 
1988 
1989 

AVERAGE•• 

CFS 

121 
169 
211 
197 
253 
246 
268 
155 
153 

164 
2 0 7 
251 
208 
231 
213 
206 
131 
235 
148 

276 
170 
125 
157 
131 
74 

163 
166 
18 9 
2 13 

198 
164 
228 
299 
249 
179 
283 
177 
218 
i 6 9 

119 
195 
225 
197 
287 
12 4 
225 
183 
169 
155 

195 

Inche s 

12.6 
17.6 
22.0 
20.6 
26.4 
25.7 
28.0 
16.2 
16.0 

I 7. I 
21.6 
26.2 
21.7 
24. 1 
2 2 .2 
21.5 
13.7 
24.5 
15.5 

28.8 
17. 8 
13 . I 
16.4 
13.7 
7.7 

17.0 
13.9 
19.7 
2 2 .2 

20.7 
I 7 . I 
23 . 8 
31. 2 
26.0 
18.7 
29.6 
18.5 
22.8 
i7. 6 

12.4 
20.4 
23.5 
20.6 
30.0 
12.9 
23.5 
19. I 
17.6 
16.3 

20.4 

CF'S 

1070 
936 
969 

1144 
9 2 8 

10 66 
1390 
1529 
1247 
1339 

I I 0 8 
7 I I 

1015 
1318 
1 127 
1443 
1364 
1595 
948 
970 

996 
1251 
1453 
1236 
1329 
1226 
1140 
8 2 5 

126'7 
917 

1589 
978 
796 
914 
808 
494 

1012 
996 

1026 
1280 

I 181 
1005 
1299 
1777 
1487 
1192 
1910 
1173 
1480 
1230 

832 
1146 
1321 
1245 
1605 
878 

1452 
1208 
1164 
1204 

1 185 

Inches 

2 1.2 
18.6 
19 . 2 
22.7 
18. 4 
21.2 
2'7 . 6 
30 . 4 
24.8 
20 .6 

22.0 
14 . 1 
20 . 2 
26 . 2 
22. 4 
28 . 7 
27. 1 
3 1 . 7 
18 .8 
19 .3 

19.8 
2 4 . 8 
28. 8 
24 . 5 
2 6. 4 
1 4 . 3 
22. 6 
16. 4 
25 .2 
18.2 

3 1. 5 
19 . 4 
15.8 
I 8. I 
16. 0 

9 .8 
20. 1 
19.8 
20. 4 
25 .4 

23 . 4 
20. 0 
25. 8 
35. 3 
29 .5 
23. 7 
37.9 
23.3 
29.4 
2 4.4 

16.5 
22.8 
20.2 
24 . 7 
31.9 
17.3 
28.6 
2 3 .8 
22.9 
2 3 .7 

23. 3 

- Formally located at White River Junction. Vermont (1911-1976). 
•• Period of record. 

CFS 

6 0 14 
488 4 
6593 
722 1 
6053 
6683 
8 018 
8493 
7 0 43 
7839 

6 4 19 
50 40 
6 2 44 
'7 523 
6 5 66 
8 4 09 
7938 
92 12 
52 16 
5525 

6236 
71 5 1 
7711 
6 740 
8864 
70 48 
6158 
5057 
8032 
5608 

8782 
60 14 
5 4 26 
6765 
56:'-1 
4 I 0 I 
6552 
5875 
6477 
77151 

7 207 
6132 
7223 

10060 
9 7 73 
6 403 

10 460 

4754 
79 56 
80 25 
754 3 
9 533 
5513 
7 152 
6 082 
6071 
65!H 

72 4 2 

Inches 

20 . I 
16 . 4 
2 2. I 
2 4 . 2 
20.3 
22.4 
26 .8 
28 . 4 
23 .6 
26.2 

2 1.5 
16 .9 
20 .9 
25 .2 
22.0 
28.5 
26.6 
3 0 . 8 
17.5 
18.5 

20 . 9 
23.9 
25.8 
22. 6 
29 .7 
26 .6 
20.6 
16.9 
26.9 
18 .8 

29.4 
20 . I 
18 . 2 
22.6 
18.8 
13.7 
21 . 9 
19 . 7 
21.7 
2 6.0 

24.4 
20.5 
2 4 .2 
33.7 
3 2.7 
21.4 
35. 0 

15 .9 
26 . 6 
26 . 9 
25.3 
31.6 
18.3 
23 . 7 
20 .2 
20 . I 
2 1.9 

2 4 .0 



UNION VILLAGE RESERVOIR 
AREA I CAPACITY 

(DA • 126 square miles) 

Elevation 
(ft. ,msl) 

Stage 
(ft) 

A.tn 
(acres) 

Capacity 
(acfft) (inches) 

420 
425 
430 
435 
440 
445 
450 

455 
460 
465 
470 
475 
480 
485 

490 
495 
500 
505 
510 
515 
520 

525 
530 
535 
540 
545 
550 
555 

560 
564 

Spillway 

565 
570 
575 
579 

0 
5 

10 
15 
20 
25 
30 

35 
40 
45 
50 
55 
60 
65 

70 
75 
80 
85 
90 
95 

100 

105 
110 
115 
120 
125 
130 
.135 

0 
12 
22 
33 
45 
58 
72 

86 
97 

115 
132 
148 
168 
188 

208 
232 
255 
280 
307 
338 
372 

406 
444 
483 
530 
575 
622 
666 

140 707 
144 740 

Crest Elevation • 564.0 

145 
150 
155 
159 

748 
785 
823 
853 

0 
100 
200 
300 
400 
500 
650 

800 
1,200 
1,600 
2,100 
2,600 
3,300 
4,000 

5,000 
6,000 
7,250 
8,500 

10,000 
11,800 
13,700 

15,700 
18,000 
20,500 
23,000 
26,000 
29,000 
32,300 

35,200 
38,000 

ft., msl 

38,700 
42,500 
46,600 
49,640 

Maximum Surcharge Elevation .. 579.0 ft., msl 

580 160 
584 164 

Top of Dam Elevation 

860 
896 

= 584. 0 ft. , 

1 ~ inch runoff = 6,720 acre-feet 

50,400 
53,920 

msl 

o.oo 
0.01 
0.03 
0.04 
0.06 
0.07 
0.10 

0.12 
0.18 
0.24 
0. 31 
0. 39 
0. 49 
0.60 

0.74 
0.89 
1. 08 
1. 26 
1. 49 
1. 76 
2.04 

2.34 
2.68 
3.05 
3.42 
3.87 
4. 32 
4.81 

5.24 
5.65 

5.76 
6.32 
6.93 
7.39 

7.50 
8.02 

Full 
Percent 

o.o 
0.3 
0.5 
0.8 
1.1 
1.3 
1.7 

2.1 
3.2 
4.2 
5.5 
6.8 
8.7 

10.5 

13.2 
15.8 
19.1 
22.4 
26.3 
31.1 
36.1 

41.3 
47.4 
53.9 
60.5 
68.4 
76.3 
85.0 

92.6 
100.0 
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CENED-ED-WR 21 October 1993 
l1r. Harinellijmbc/7630 

MEl10RANDUl1 FOR SEE DISTRIBUTION 

SUBJECT: Schedule for Contacting Reservoir Control Center 
Personnel at Home 

1. Mr. Dave Schafer, who recently joined the RCC staff, has 
been assigned regulation duties for the Lower Connecticut River 
Basin. Effective 1 November 1993, the following schedule 
supersedes the previous one submitted 11 February 1993. Revi­
sions have been kept to a minimum, with changes only in the 
Lower Connecticut and Blackstone River Basins. 

River Basins ll 112 n fi. 

Upper Connecticut Hanlon Hom Hi rick Marinelli 
Lower Connecticut* Schafer Mirick Hanlon Marinelli 
Merrimack Hom Mirick Hanlon Marinelli 
Naugatuck Hanlon Mirick Hom Marinelli 
Thames Mirick Hom Hanlon Marinelli 
Blackstone Hom Mirick Hanlon Marinelli 

* Colebrook Lake reports to Mirick 

Hurricane Barriers 

stamford 
New Bedford (hurricanes only) 

All RCC Personnel 
Marinelli and Mirick 

2. Home telephone numbers for RCC personnel are: 

Paul Marinelli 
Bob Mirick 
Victor Hom 
Greg Hanlon 
Dave Schafer 

508-460-9567 
508-369-5259 
508-791-8044 
508-667-1108 
517-232-4954 

Marlboro, MA 
Concord, MA 
Worcester, MA 
Billerica, MA* 
Brookline, MA 

* Temporary residence until DecjJan 

DISTRIBUTION: 
RCC PERSONNEL 
OPERATIONS DIRECTORATE 
BASIN MANAGERS 
PARK HANAGERS 

1(~1~ 
Chief, Water Control Division 
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LATEST GOES RROCS READINGS DATE: 7/19/91 TIME 8:45 

NO. NAME D.A. M/D TIME DT STAGE +/- Q +f- CSM 
SQ MI HR:MIN HRS FT FT/HR CFS Q/HR Q/DA 

--------------------------------------------------------------------------------
38 WELLS RIVER 2644 7/19 7:51 1.0 2.38 .10 1421. 123. .5 
36 WEST HARTFORD 690 7/19 8:09 2.1 2.86 .00 161. o. .2 
35 WEST LEBANON 4092 7/19 6:18 .7 3.41 .oo 781. 0.- • 2 
37 NORTH WALPOLE 5493 7/19 5:25 2.4 5.61 .04 1700. 62. . 3 
15 KEENE 214 7/19 5:23 3.0 66.07 .00 o. "0. .o 
48 ATHOL 280 7/19 7:51 2.1 -4.57 .00 102. o. .4 

6 MONTAGUE CITY 7865 7/19 5:14 .9 6.50 .00 2940. o. .4 
46 BARRE PLAINS 115 7/19 6:22 .4 .74 .00 169. o. 1.5 

5 GIBBS CROSSING 199 7/19 7:26 • 3 2.10 .oo 69. o. .3 
17 INDIAN ORCHARD 688 7/19 8:33 4.5 4.02 .22 226. 42. .3 
18 WESTFIELD 497 7/19 7:29 .9 3.01 .oo 142. o. .3 
16 THOMPSONVILLE 9661 7/19 7: 00 1.8 -.70 .oo 4831 o. .5 
27 MAD RIVER DAM 18 7/19 8:07 2.9 17.03 .oo 0. o. .o 
24 UNIONVILLE 378 7/19 8:13 .9 5.04 -.01 287. -6. .8 
20 SIMSBURY * 497 7/19 5:56 3.5 1.72 .00 268. o. .5 
19 HARTFORD (NWS) 10480 7/19 7:39 1.7 2.09 .59 5315. 3060. .5 

33 WOODSTOCK 193 7/19 2:24 11.1 2.23 .00 83. o. . 4 
34 RUMNEY 143 7/19 4:29 6.6 .37 .00 13. o. .1 
32 PLYMOUTH 622 7/19 7:06 .9 .09 .00 182. o. . 3 
40 BRISTOL 86 7/19 2:13 3.7 1.27 .00 10. o. .1 
39 TILTON 471 7/19 2:42 1.7 2.50 .00 262. o. .6 
47 FRANKLIN JCT 1507 7/19 3:00 6.3 3.89 .oo 717. o. .s 
44 PETERBOROUGH 68 7/19 8:13 .4 1.17 .00 19. o. • 3 

3 HENNIKER 368 7/19 1:50 7.7 4.55 .00 71. o. . 2 
10 RIVER HILL 760 7/19 4:17 5.1 10.83 .02 369. 8. .5 
11 CONCORD 2385 7/19 7:19 1.8 5. 72 .06 7106. 143. 3.0 

8 GOFFSTOWN 202 7/19 6:08 3.6 3.18 .oo 33. o. . 2 
9 GOFFS FALLS 3092 7/19 7:03 7.2 4.19 .oo 2823. -3. .9 

41 SOUHEGAN 171 7/19 8:18 2.7 2.34 .00 54. o. . 3 
42 EAST PEPPERELL 316 7/19 7:26 1.7 2.17 .38 198. 92. .6 
14 LOWELL 4635 7/19 8.00 .8 41.70 .00 4172 o. .9 

28 HALL MEADOW DAM 17 7/19 1:00 8.3 1.29 .00 14. o. .8 
30 EAST BRANCH DAM 9 7/19 6:02 4.8 .29 .00 3. o. • 3 
26 THOMASTON DAM 99 7/19 6:35 2.0 • 83 .04 29 • 2. . 3 
3l NORTHFIELD BRK LK 6 7/19 6:40 3.5 21.60 .oo o. o. .o 
25 BLACK ROCK LAKE 23 7/19 8:14 4.3 25.83 -.01 o. o. .o 
23 HANCOCK BRK LAKE 12 7/19 3:35 6.4 6.64 .oo o. o. .o 
29 HOP BROOK LAKE 16 7/19 7:59 1.6 18.16 -.01 3. -1. . 2 
43 WATERBURY 180 7/19 8:12 .9 6.70 -.14 58. -20. .3 
22 BEACON FALLS 259 7/19 7:40 7.0 1.42 .00 76. o. . 3 
21 STEVENSON 1545 7/19 8:34 5.0 1.12 .00 85. o. . 1 

2 WEBSTER 85 7/19 3:37 2.5 4.34 .00 10. o. .1 
45 PUTNAM 331 7/19 5:13 4.2 1.99 .00 67. o. . 2 

4 JEWETT CITY 715 7/19 6:45 7.6 4.19 ·.00 118. o. • 2 
1 WILLIMANTIC 401 7/19 6:19 8.0 1.52 .00 42. o. .1 

13 NORTHBRIDGE 139 7/19 0:35 9.0 2.81 .oo 84. 1. • 6 
12 WOONSOCKET 416 7/18 22:16 13.7 1.00 .oo 112. o. • 3 
50 STAMFORD BARRIER 2 7/19 8:45 .9 1.91 -1.22 1141. -1. 86.0 

PLATE A-23 



VT 

NH 

N 

STAMFORD 

NEW ENGLAND DIVISON 
GOES SATELLETE 

HYDROLOGIC DATA 
COLLECTION NEWTORK 

4191 

PLATE A-24 



ITEM 

1 Time of OblMifVation 

2 Precipitation ( last 24 hrs. ) 

3 Form of Precipitation 

4 Present Weether 

5 Pool Stage 

6 Tendency 

7 Gate Openings 

8 Tallwatw Gage 

9 Outflow 

INDEX POINTS 
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REGULATION OF AND RESERVOIRS 
LOG OF REPORTS AND INSTRUCTIONS 
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GATE OPERATION RECORD 
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SPILLWAY CREST ELEVATION= 144 FT.,STAGE=564FT. M.S.L . 
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CONNECTICUT RIVER FLOOD CONTROL 
OMPOMPANOOSUC RIVER WATERSHED 

UNION VILLAGE RESERVOIR 

INFLOW CURVES 
U.S ARMY ENGINEER DIVISION NEW ENGI.AND 
CORPS OF ENGINEER WALTHAM, MASS. 

FEBRUARY 1992 
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SIIOV BULLETIM 92 - 4 

TABULATION OF SNOV OAT& FOR 10 FEUUUY 1992 

E I I S I I I !i C 0 N D 1 T I 0 I! 5 P E R I 0 0 0 f REC O&~ 

QWILliU.I!Q!~< 1) PERCENJ OF OEISIIY YEARS WUU .. .iW.lVAJ..EHT 
LOCATION SNOW WATER AVEiAGi<2) " KAXUUK UNIKUH AVERAGE 

CQNNECTICUI RIV~B IA~IH 
ONPONPANOOSUC RIVER 7 2.0 45 29 41 7.6 • I 4 .5 
OTTAUQUECHEE RIVER 7 1.7 31 25 30 9.6 .1 5,4 
BLACK RIVER 6 1.7 35 28 31 8.5 .1 4.8 
WEST RIVER 9 2 .1 39 23 34 9.9 .3 5.3 

ASHUELOT RIVER 1!0 SIIOV 42 8.0 .0 3.3 
ULLERS RIVER 1!0 SIIOV 42 5.8 .o 2.5 
CHICOPEE iiVER 1!0 SNOW 35 5 .6 .o 2.4 
WESTFIELD RIVER PATCHES 42 8.0 .o 3.5 
FARMINGTON RIVER PATCHES 35 5.4 .o 2.1 

niBRI~ACK BIV~8 IA~IK 
PEKIGEWASSET RIVER 7 2.0 38 28 51 9.1 .o 5.2 
CONTOOCOOK RIVER PATCHES 41 8.9 .o 4.0 
PISCATAQUOG RIVER PATCHES 29 7.9 .o 4.2 

lHAKES iiVfiR BASIN 
SHETUCKET RIVER NO SIIOV 34 5.a .o 1.3 
QUINEBAUG RIVER NO SNOV 34 5.5 .o 1.7 

HQUSATONIC HIVi8 IASl! 
MAUCATUCK RIVER 110 SIIOV 35 5.8 .o 1.7 

'"0 
l' ILACKSTONE RIVER IASIM 

~ BLACKSTONE RIVER NO SNOW 35 6.0 .0 1.7 

~ 
(1) BASED ON OBSERVATIONS AND BEASUREKEMTS 
<2> CO"PARISON Of EXIS11 NG WATER EQUIVALENTS TO AVERAGE w WATER EQUIVALENT ON TillS OATE fOR PERIOD OF RECORD 

0 
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LI£1 (H0 

- l"ltiC111"1TATIOH • lt[~OitOIMG 

A IT" l A .. GAGutG- "t:COAOING 

0 SNOW COVIIISU 

UMtO" VlLLAC£ DAM STATIOI LOCATtOWS 

Lo~•ted oa the &a1 t lraach of tbc Oapoap a noo•vc 
River at tba Covered bri4ae on Tucker Bill toad, 
Thetford. Canter, tT 

Loc•tad oa the Za1t lraocb of the Oapoapaaoo•vc 
Rivar in Weat Fairlee, VT. 

Located oo the E••t lraach of Cba O•poap a noo • uc 
Rivar belo~ the confluence vith an unna•ad •traaa 
• lle b•lov tha Thetford Ceater bridaa. 

Located oo c•e Ea•t lraoeb of the Oapo•p•••• • ~c 
al•ar oaa ~varter aile below a t a tion UV11. 

Loca ted on the Wcat lraaeb of the Oapoapaaooa~c 
l.i•ar a t c•e brid&a vbcre louta IU iatar•a ct• 
Tucker Bi ll load, The tford, YT. 

Loc a ted oo c•c Vas t l r a och of tha Oapoap a aoa av c 
l i•cr io South Stratford, fT. 

~ocat•d on th• •a ia aeea ot the Oa po•p a noo t YC l iv e ~ 
a bout 2 t • nth t of a ail~ belov tbe coa f lueac• of the 
!at t and W•at lraoebea. 

tocat•d on tbe Oapoapan~oauc ti••r below UnLoa 
Vlllace 0 •• but above Avc~y Brook~ Onion Vill a&• , 
VT, 

CONNECTICUT RIVER FLOOD CONTROL 

OMPOMPANOOSUC RllfER WATERSHED 

BASELINE 
WATER QUALITY STATIONS 

. FEBRUARY 1992 
NEW ENGLAND DIVISION 

CORPS OF ENGINEERS 
WALTHAM., MASS, 
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SfANDARD OPERATING P ROCEDURE (SOP) 
FLOOD CONTROL REGUlATION /~l? UNION VILLAGE DAM N { 1; ..... 

l STORM RAINFALL RNER INDEX STATIONS DUTIES DURING EACH PHASE ' ( lt (Wl1liiN 24-HOUR PERIOD) 
M TECEDENT CONDmONS POOL WHr.E CONNECilCIJr RIVER AT aooo CONJRO!. PBOJECf MNfAGER RIVER AT REGULATION PHASE STAGE 

DRY 
FEET WEST WEllS WEST NORTII MOl'> TAGUE INSTRUCTIONS PHASE I I I SNOW-COVERED, HARlFORD RIVER LEBANON WALPOLE CITY 

I ~~I) WET OR FROZEN GROUI\'D 
690SQ.MI. 2.644 SQ.Ml. ~.092 SQ.MI. S,493 SQ.MI. 7,86SSQML 

I. COUECT AND REPORT RAINFALL AND 
GROUND STAGE DATA 10 RCC. 

2. Of'ERATE ACCORDING TO IJ';S"J"RliCnONS ~· lJ~ ·~ FROMRCC. 

I- APPRAISAL SUMMER 10.0' 7.5' 14.0' 24.0' 25.0' PHASE II 
.' ........ ~ ~ 1 0' (Rising) NORMAL I. Of'ERA TE ACCORD !NO 10 ~J-;STRUCTIONS 

INITIAL 1.0" 1.0" 
WTh'TER (9,580 CFS) (18,700 CFS) (29 ,300 CFS) (66,740 CFS) (64,090 CFS) GATE FROMRCC. &t~ /---

ALERT 25' (Rising) SETTh'\GS 2. NOTE ANY UNUSUAL CONDmONs AT DA."'. 

~rtvN 'S ....,.-IN DOWNSIREAM CHANNEL OR AT INDEX 
STATIOSS. 

------------ -------------------------- ----------------------f--------- f--------- f--------- f---------f------------------ 3. COUECT AND REI..A Y RAINFALL. STAGE )\~'~ /~ ll'.TTIAL 10.0' 7.5' 14.0' 24.0' 25.0' AND FLOW DATA AS DIRECTED BY RCC. 
2.0" 3.0" I'. \A N\A 

REGULATION (9,580 CFS) ( 18,700 CFS) (29.300 CFS) (66,740 CFS) (64,090 CFS) PHASE ill \ i ' I ""t"•X J, vn •• " DAM 
I. COt-.'11NUE PHASE D. STEP 3. 

wrn ~ ~,f II 10.0' 17.0' 26.0' 25.0' RESTRlCT OUTFLOW 2. RECONI'O!TER DOWNSTREAM CHAN-
CONTll'.'UATION 3.0" 4.0" I'. \A N\A (30,400 CFS) (41.300CFS) (75,920 CFS) (64,090 CFS) TO 10CFS NELS AND l'O'IE'o'TIAL DAMAGE AREAS. 

\\_ r'~~~~ OF REGULATION 3. REPORT TO RCC FOR FURTHER INSTRUC-
TIONS. 

m BASIN R EG!D ATOR ) \ .. ':A~ . ) PEAK TRAVEL TIMES 

EVACUATION STORM AND/OR FLOOD HAS NON-DA.\.tAGING O!ANNEL CAPACITY AT UNION VILLAGE DAM IS ABOUT2400 CF$_ lwnL.S A. TO WHITE A. JCT. 24 HAS. 
.~ '"'-~ ... h I..;;,;T( R. JCT. TON. WALPOLE IS-HR' 

~&t ABATED ALL GATE SETilNGS AND ALERT CONDffiONS SUBJECT TO CHANGE BY RCC. PHASE! . .w.\ v I• w" ""'. TO MONTAGUE an 18HRS 

I. COMPD...£ DATA. 

~ w 
NOTES: 2. PIA~ AND COOROINA TE NEXTINSlRUC-

F;MERGENCX OPERATION PROCEDURE 1. EMPTYING 11iE RESERVOIR SHALL NOT BE INITIA n:D UNTlL COhT ACT HAS BEE'/ EST ABUSHED WTrn RCC. 
TIONS TO I'ROJECr MANAGERS. 

3. RESTRJCT OUTFLOW TO MA.mTAIN SAFE / ~.__/"' ~ e.~ ...... } (DURING CDMMUNICATIONS FAU...URE WITH RCC) 2. ruE RATE OF INCREASE IN RESERVOIR DJSOI.ARGE SHALL NOT EXCEED300 CFSMOUR TO 1800 CFS 1liEI' I 00 CFSIHOUR DOWNSTREAM CHANNEL CAPACITEs. 
TO 2.400 CFS. 4. lh1'0RM CHIEF OF RCC OF ACTIONS TAKE'<. \ :> 1~ /L.: 1 CQMPI,EIE Q QSURE 3. 1HE MAXIMUM RATE OF RESERVOIR DRAWDOWN SHOULD NOT EXCEED 15 FEET IN 24 HOURS. PHASE II ( lL ~ ~mfA..W ... rd GATE SETT"D/GS (O.ll' - 0.1 ') 4. MAXIMUM NON-DAMAGING ClAN~ CAPACITIES AT ABOVE INDEX ST ATIOSS ARE AS FOLLOW: 

RAr-IF AlliN 24 HOURS 3.0" CON!\"ECT1Cl1T RIVER AT: WELLSRNER - 13-0 FEET =41,000CFS !.CONTINUE RECUU\TION INSTRUCTIONS 

WEST LEBANON 2:21) FEET =63,000CFS 
TO PROJECT MANAGERS. . J.< L(G£HO - 2.1NFORM RCC CHIEF /IS TO SE:VERflY Of __ ._(~. ~'\ RISING RIVER STAGES NORTH WALPOLE- 30.0 FEET c95,000CFS FLOOD AND ACTIONS TAKEN. \{ .... r·"':s- 9 U. S G S. GAGING STATION 

CON:>"ECTletrr RIVER AT: MONT AGUE OTY - 30.0 FEET c89,000CFS 
WElLS Rrv""ER I 0.17 

WI-liTE RIVER AT: WEST HARlFORD - )8.0 FEET =37,000CFS PHASE Ill 
\ . ~~ ~~/ WEST LEBANON 17.0 

5. REl.EA.SES FROM STORAGE WR.L BE COORD INA n:D WTIH NEW ENGLAND POWER CO., DURING FLOOD PERIODS- I. COUJlCTDATAFROM PROJECTMANAGERS 26.<7 I j -::::._J ) t 0 • • NOR1H W Al.J'OU: 6. QOSE 11iE TWO BARRIERS ON 11iE EAST ACCESS ROAD WHEN lHE RESERVIOR STAGE IS EXPECTED TO RISE ABOVE 4<7. 2. TRANSMIT INSTRUCTIONS TO PROJECT 
MO:>'T AGUE CITY :zs.a 

7. O-OSE 11iE TWO BARRIERS ON 11iE WEST ACCESS ROAD WHEN lHE RESERVOIR STAGE IS EXl'£CTED TO RISE ABOVE 64' MANAGERS UNTIL. FLOOD HAS ABA TED. SCAL( Iff IIIIIU S 
I 

PLATE A-32 



UNITED STATES DEPARTMENT Of INTERIOR • GEOLOGICAL SU.VEY · YATER RfSOURCES DIVISION PAGE 

01141500 

CMP<»>PAHOOSUC RIVER AT UNION VILLAGE, Vl 

OFFSET: 2.30 8REAK,OFFSET: (4.20,1.60) 

BASt!> 011 ---DISCHARGE MEASUUHEHTS, 

EXPANDED RA1'1NG TAB~E TYPE: LOG 
DATE PROCESSED: 08·20-1991 Q 13:11 BY KTOP~IH 

DO: 2 TYPE: 001 RATING NO: 29.0 

START DATE/TIME: 10-20·89 (1000 ) 

NOS ---• AND ---• AND IS __ WELL DEFINED 8ET\4:EN __ ANO -- CFS 

CONP BY DATE CHK. BY OATE 
RATING 29 SAHE AS RATING 24 

c;AGE 

HEIGHT 
(FEEl) 

DISCHARGE IN CUSIC FEff PER SECOND (STANDARD PRECISION) 
OJFF I N 0 

PER 
TENTH FT 

2.70 
2.80 
2.90 

3.00 
3.10 
3.20 
3.30 
3.40 

3.50 
3.6<) 

3. 10 
3.8C 
3.90 

4.00 
4.10 
4.20 
4.30 
4.40 

4.50 
4.60 
4.70 
4.8C 
4.90 

5.00 
5. 10 

5.20 
5.30 
5.40 

5.50 
5.60 
1.70 

5.80 
e;.QO 

6.00 
6.10 
6.20 
6.30 
6.40 

.oo 

7.7 
11.9 

18. 0• 

26.0" 
38. 0* 
5o .o· 
70.0• 

90.0• 
110 
no• 
tSO• 
174 

zoo• 
223 
247' 

275 
305* 

332 
360' 
392 
425* 
463 

503 
545• 
575 
605• 
648 

694 

74 1 

m·. 
840 

891 

945 

1000• 

1060 

1120 

118C 

.01 .02 .03 .04 

8.0 
12.5 

18.7 

27.1 
39.1 
51.9 
71.9 

91.9 
11 1 

132 
152 

176 

202 

225 

210 

278 
308 

331 
363 
395 
429 
467 

507 

548 

178 
6<)9 

653 

698 
746 

795 

845 

897 

950 
1010 
1070 
1130 
1190 

8.4 

tl.o• 

19.5 
28.2 

40.2 
53.8 
73.9 

93.9 
113 
134 

155 
179 

204 
228 

252 

281 

310 

337 
366 

398 
432 
471 

511 
551 
581 
6 14 
657 

703 

751 

800 
aso 
902 

956 
1010 
1070 

1130 
1200 

8.8 

13.6 

20.2 
29.3 
41.4 
55.8 

75.9 

95.9 
1.11 
136 

157 
182 

207 

230 
255 

284 

313 

340 

369 
401 

436 

475 

515 
554 

584 

618 

662 

708 
751 
805 

855 
907 

961 
1020 
1080 
1140 
1200 

9.2 
14.2 

21 .o 
30.4 
42.6 
57.9 

n.9 

97.9 
117 

138 
159 

184 

209 

232 

258 
287 
316 

343 
372 

405 
440 

479 

519 

157 

187 

622 ... 
712 
760 
810 

860 
912 

967 
1020 
1080 

1150 
1210 

.05 .06 .07 

6.0" 
9.6 

14.8 

21.8 
31.6 
43. 7 
6<).0' 

ao.o• 

100• 

120 
140 
162 
187 

211 
235 

261 
290 
318 

346 

376 
408 
444 

483 

524 

560 
190 
626 
671 

117 
765 
815 
861 
918 

on 
1030 
1090 

1150 
1220 

6.3 
1o.o• 
15.4 

22.6 
32.8 
45.0 
61.9 
81.9 

102 
122 
142 

164 

189 

214 

237 
264 

293 
321 

349 
379 
411 

447 

487 

128 

563 
593 
631 
675 

722 
no 
820 
810 
923 

978 
1040 

1100 
1160 

1220 

6.6 
10.5 
16.0 

23.4 
34.1 
46.2 
63.9 
83.9 

104 

124 
144 
167 

192 

216 

240 
266 

296 
324 

351 
382 

415 
451 

491 

132 
566 

596 

635 
68C 

n1 
m 
825 

876 

928 

983 

1040 
1100 
1160 
1230 

.08 

7.0 
10.9 
16.7 

24.2 
31.3 
47.4 
65.9 
85.9 

106 
126 
146 

169 
195 

218 
242 
269 
299 
326 

314 
385 
418 

455 
495 

536 
569 
599 
640 
681 

731 

780 
83<) 

881 

934 

989 

1050 
1110 
1170 
1240 

.09 

7.3 
1t.4 
17.3 

25.1 
36.7 
48.7 
67.9 

87.9 

108 
128 
148 
171 

197 

221 
245 

2n 
302 
329 

357 

388 
422 

459 
499 

541 

sn 
602 
644 

689 

736 

785 
831 
81)6 

939 

994 
1050 

11 10 
1180 
1240 

3.4 
4.2 
6.1 

8.0 
12.0 
12.0 
20.0 
20.0 

20.0 
20.0 
20.0 
24.0 

26.0 

23.0 
24.0 
28.0 
30.0 
27.0 

28.0 
32.0 
33.0 
38.0 
40.0 

42.0 
3<),0 

30.0 
43.0 
46.0 

47.0 
49.0 

50.0 
51.0 
54 .0 

55.0 
6<).0 

60.0 
60.0 
70.0 

PLATE A-33 a 



UWJ1EO STATES OEPAITMENT OF JNTERlOR · GEOLOGICAl SURVEY · YA1£R aESOURCES OJ VISION PAGE 2 
EXPA~OEO RATING TABLE TYPE: LOG 

01141500 DATE PROCESSEO: oa· 20 ·1991 Q 13:1 1 BY IC1'CPP-lN 

CMPa4PANOOSUC UVU AT UMll:* VJLLACE, VT 00: 2 TYPE: 001 RA.HN'G 190 : 29.0 
OffSET: 2.30 BREAK.OFFSET: (4.20, 1.60) START DATE/ TIME: 10·20·89 (1000) 

RATING 29 SAME AS RATING 24 
GAGE OJ FF lll 0 

MEIGH1 DISCHARGE lN CUSIC FEET PER SECOND (STANDARD PR£CJSION) PER 
<FtEJ> .00 .01 .02 .03 .04 .05 .06 .07 .08 .09 TENTH ff 

6.50 m o• 1260 1260 1270 1280 1280 1290 1300 1l00 1310 70.0 
6.60 1320 13ZO 1330 1340 1340 1350 1360 1360 1370 1380 60.0 
6.70 1380 13~0 1400 1400 1410 142<> 1430 1430 1440 1450 70.0 
6.80 .1450 1460 1470 1480 1480 1490 1500 1500 1510 1520 80.0 
6.90 1530 1530 1540 1550 1560 1560 1570 1580 1580 1590 70.0 

7.00 1600• 1610 1620 1620 1630 1640 1650 1650 1660 1670 80.0 
7.10 1680 1690 1690 1700 1710 1no 1730 1730 '1740 1750 80.0 
7.20 1760 1770 1770 17110 1790 1800 1810 1810 1820 1830 80.0 
7.~ 1840 1850 1860 1860 1870 1880 1890 1900 1910 1920 80.0 
7.40 1920 1930 1940 1950 1960 1970 1980 1980 1990 2000 90.0 

7.50 2010 2020 2030 2040 2050 2060 2060 2070 2080 2090 90.0 
7.60 2100* 2110 2120 2130 2130 2140 2150 2160 2170 2180 90.0 
7.70 2190 2200 22<>0 2210 2220 2230 2240 2250 2260 2270 90.0 

7.80 2280 2280 2290 noo 2310 2320 mo 2340 2350 2360 90.0 
7.90 2370 2380 2390 2390 2400 24 10 2420 2430 2440 2450 90.0· 

8.00 2460• 

PLATE A-33 b 



Ult:.4-JOO 

8.o\SED ON 

GAGE 
HC 1\i"T 

IN FEET 

2. 00 
1.00 
4.0~ 

5. 00 
6.00 
7 .oo 
B.JO 
9 . 00 

10.00 
11 . 00 
12.00 
13 . 00 
14.00 

15.00 
16.00 
17 . oo 
18. 00 
19.00 

197 
645 

1390 
2420 
l740 
5 )60 
7290 

9550 
12)00 
15000 
18100 
21400 

2490~ 

25700 
32800 
H200 
41700 

JlPE ~C~(SCA~! O~FSCT ~ 1.S0) R&TlNG UO !7 

JISC~.o\R&E ~£A~URE~!hlS, ~D ............ ' ~NO ······' ~hO JS ----- ~ELL Of~J~fO 8ETWEEH 
•COMP 8Y ---·· OAT! 

• 1 

229 
704 

1480 
2>40 
3080 
5540 
7500 

98!0 
1l500 
15300 
18400 
2170iJ 

25200 
29100 
n2o:; 
37700 
~o:zco 

·c~o. ev ----- oatE 
~!Stk•~GE IN (U~l( FeET PEO SECOND CST.NOA~O P~EtlS!ONl 

.2 .J .4 .5 .6 .7 

2o4 
711 

1510 
2660 
404C 
5720 
77 :?0 

10100 
12800 
1So00 
18t00 
22100 

ZSoOO 
29500 
!1700 
H100 
42650 

502 
859 

1670 
2780 
4190 
5900 
7950 

10)00 
15100 
15900 
19100 
22400 

26000 
29900 
H100 
H600 

H2 
910 

1770 
2910 
4550 
6090 
8160 

10600 
1 nco 
16200 
19400 
22100 

26)00 
lOlOO 
)4600 
lYOOC 

12 
585 
982 

1870 
5040 
4510 
H80 
asao 

10900 
15600 
16600 
19800 
25100 

26700 
50700 
35000 
l9SOO 

91 
02 

1060 

1910 
5170 
4670 
6480 
8610 

11100 
13900 
16900 
20100 
21400 

21100 
51100 
51400 
l99CO 

114 
411 

1140 

2050 
lJ 10 
4640 
6670 
8850 

11400 
14200 
17200 
2040C 
naco 
21SOO 
51500 
35900 
404CO 

• 6 

139 
SH 

1220 

2190 
3450 
5010 
6880 
9090 

11700 
14500 
17500 
20700 
24100 

27900 
52000 
56500 
4C60D 

.9 

167 
5!7 

1500 

llOC 
}590 
51 eo 
7080 
93JO 

12000 
14300 
11800 
2110C 
24SOO 

28500 
l24CO 
56800 
41300 

AND ........ 

OIFF IN Q 
Pft 

FOOT GH 

448 
745 

1050 
1320 
1620 
1930 
2Z90 

2720 
2700 
5100 
BOO 
3500 

5800 
4100 
4400 
4500 



UNITED STATES DEPARTMENT OF INTERIOR ~ GEOLOGICAL SURVEY ~ WATER RESOURCES DIVISION PAGE 
EXPANDED RATUIG TABLE lYPE: LOG 

01138500 DATE PROCESSED: 08·20·1991 Q 16:46 BY KTOPPIN 
CONNECTICUT RIVER AT YELLS RIVER, VT 00: 4 TYPE: 001 RATING JKI: 24.D 

STAAT OATE/TlME: 11·17·89 (0330) OFfSET : ~.90 8JIEAK,OFFSET: (4.00,1.90) (10.00,·3.30) 

BASED OM--- DJSCMARCf MEASUREMENts, NO$ ---• AHO ---• AND IS __ YELL DEFINED 6ET\IEE1t __ AHO __ CFS 

GAGE 

HEIGHT 

(FEET) 

.20 

.30 

.40 

.50 

.60 

.10 

.8o 

.90 

1.00 
1, 10 
1.20 

1.30 
1,40 

1.50 
1.60 
1. 70 
1.80 
1.90 

2.00 
2. 10 
2 .. 20 

2.30 
2.40 

2.50 
2.60 
2.10 
z.e.o 
2.90 

3.00 
3.10 
3.20 

3.30 
3.40 

3.50 

3.60 
3.70 

3.80 
3.90 

.00 

47.0• 

60.0'" 

16.9 

96.9 
120• 

149 
182 
219 

261 
308 
360• 
415 
4~ 

S40* 

614 
695 
783 
877 

980• 
1100 
1230 

1380 
1530 

17000 
1860 
2030 
2210 
2400 

2600• 

2820 
3060 
3310 
3570 

3850• 

4100 

4360 
4630 
4910 

c:atP BY DATE CHK, BY DATE 

SAME AS RT. 23 BELOW 1.50 FT AND ABOVE 6.00 FT. 

DISCHARGE IN CUBIC FEET PER SECOND 
.01 .02 .03 .04 

48.2 
61.6 
78.8 

99.0 
123 

152 
laS 
223 

265 
313 
365 
420 
481 

547 
622 
703 
792 
887 

992 
1110 

1250 

1390 
1550 

1nD 

1880 
2050 

2230 

2420 

2620 
2850 
3080 
3330 
3600 

3870 
4120 
4390 

4660 

4940 

49.4 
63.2 
80.7 

101 
125 

155 
189 
227 

270 
318 
371 
426 
487 

554 

630 

712 
801 
8'}1 

1000 

1130 
1260 
1410 

1570 

1T30 

1890 

2060 
2250 
2440 

2640 
2870 
3110 
3360 
3630 

3900 

4150 
4410 
4680 
4970 

50.7 

64.8 
82.6 

103 
128 
158 
193 
231 

274 
323 
376 
432 

494 

562 
638 
no 
810 
907 

1020 

1140 
1260 

1420 
1580 

1150 
1910 
2080 

2260 
2460 

2670 
2890 
3130 
3390 
3650 

3920 

4180 
4441> 
4710 
5000 

52.0 
66.4 
84.5 

106 
131 

161 
196 
235 

279 

328 
381 
438 
500 

569 
646 

m 
820 

918 

1030 

1150 

1290 
1440 

1600 

1760 
1930 
2100 

2280 
2480 

2690 
2920 

3160 
3410 

3680 

30XO 

4200 
4470 
4740 
5020 

(STANDARD PRECiSION) 
.05 .06 .07 

53.~ 

68.1 

86. 5 

108 

134 

165 
zoo• 
239 

283 
333 
387 
444 
507 

576 
654 

T38 
829 
928 

10€.0 

1170 
1300 

1450 
1610 

1780 

1940 
2120 
2300 
2500 

2710 
2940 
3180 
3440 
3710 

3970 
4230 
4490 
4770 

5050 

54.6 
69.8 
88.5 

110 
137 
168 

204 
243 

288 
338 
392 
450 

513 

584 
662 
747 

839 
938 

1050 
1180 
1320 
11.70 

1630 

1790 
1960 
2141> 
2320 
2520 

2730 
2960 
3210 
3470 
3740 

4000 

4250 
4520 

4800 

5080 

55.9 
71.6 
90.5 

113 
140 
171 
207 

248 

293 
344 
398 
456 

520 

591 

610 
755 

848 
948 

1060 

1190 

13.30 

1490 
1650 

1810 
1980 
2150 
2340 

2540 

2~0 

2990 
3230 
~490 

3770 

41>20 
4280 
4550 
4820 
5110 

.08 

57.2 
T3.3 
92.6 

115 
143 

115 
211 
252 

298 
349 
403 
462 
526 

599 

618 
764 

858 
OX9 

1080 

1210 
13SO 
1500 
1610 

1830 
1990 
2170 
rno 
2560 

2780 
3010 
3260 

3520 
3790 

1.050 

4310 
4570 
4850 
5140 

.09 

58.6 
75. 1 

94.7 

118 
146 

118 
215 
256 

303 
355 
409 
468 
533 

606 
686 

m 
868 

969 

1().90 

1220 
1360 
1520 
1680 

1840 

2010 
2190 
2380 
2580 

2800 
3041> 
3280 

3550 
3820 

4010 

4330 
4600 
4880 

5170 

OIFF INC 

••• 
TEliTK FT 

13.0 
16.9 
20.0 

23. 1 

29.0 
33.0 
37.0 
42.0 

47 .o 
52 .0 

55.0 

60 .0 
65 .0 

74.0 
81.0 
88.0 
94.0 

103 

120 
130 
150 
150 

170 

160 
170 
180 
190 
200 

220 
240 
250 
260 

280 

250 
260 
270 
280 
290 

PLATE A-35 a 



0113MOO 

\MITEO $TAT£$ OEPAifM(Wt OF UtTUIOR - IZOlOGICAl SURVEY - \af(R Uso..aCU OIYISlCII 

UPAIIOED RATI.C T.U..E 

DATI PIOCUUD: 04•20•199'1 ;il 16:46 IIY UCPPf'l 

.Mil 2 

nP£: l.OG 

COIIIfCTICVT •rvt:• AT WUU RIVU, VT 4 fYH: 001 RATING .110: 24.0 

STAaT DATI/TINE: 11•17•89 C03JO) 
S.vtf AS IU. 23 HLOol 1.50 fT AliD AIOVE 6.00 n . 

OHSIT: · .90 lltfU,OffSET: (4.00,1.90) (10.00,•3 .)(1) 

..... 
HI I GMT 

(lEfT) 

4.00 

' · 10 
4.20 
4.30 
4 ,40 

4.SO 

4.60 
4.70 
4.80 
4.90 

3.00 
3.10 
5.20 
5. 30 
5.40 

5.50 
5.60 
5 .70 
5.ao 
5.90 

6.00 
6.10 
6.20 
6.30 
6 . 40 

6.50 
6.60 
6.70 
6 .80 
6 .90 

7.00 

7.10 
7.20 
7.30 
7.40 

7.30 
7.60 
1.10 

.00 

5200* 

5550 
5900 
6260 
6630 

7000• 

7350 
7710 
8070 
8430 

aaoo• 
9140 

9470 
9810 

10200 

10500 
10800 
11200 

11500 
11900 

12200" 

12700 
1)100 
13600 

14000" 

14400 

14900 
15300 
15800• 

16200 

16600 

17000 
17400• 

17800 

18300 

18700 

19200" 

19600 

OIStHARCl IN CUSIC fElT Pt• SIOONO 
.01 .02 .Ol .04 

5230 
5580 
5940 
6300 

6670 

1040 

7390 
7740 
8100 
11470 

8830 
9170 
9SIO 
9840 

10200 

10500 

10900 

11200 

11600 
11900 

12300 

IVOO 

13100 
13600 

14000 

14500 

14900 
15400 

15800 
16200 

16600 
17000 
17400 
17900 

18300 

18800 

19200 

19100 

5270 
5620 
5970 
6330 
6100 

7070 
7420 

7780 
8140 
MID 

8870 
9200 
9540 
mo 

10200 

10600 
10900 

11300 
11600 
11900 

12300 
12800 
13200 

13600 

14100 

14500 

15000 
15400 
15900 
16300 

16100 

11100 
17500 

17900 

18400 

18800 

19300 

19700 

5300 
5650 
6010 
6370 
6740 

7110 

7460 

7820 
8180 
8540 

8900 

9240 
9S70 
9910 

10300 

10600 

10900 

11300 
11600 
12000 

12400 
12800 
11200 

13700 
14100 

14600 
15000 

moo 
15900 
16300 

16700 
17100 

17500 
16000 
18400 

18800 

19300 

19e00 

5340 
5690 
6050 
6410 
6780 

7140 
7490 
7MO 
8210 
M80 

8930 
9270 
9610 
9950 

10300 

10600 

11000 

11300 
11100 
12000 

12400 
12600 

13300 
11100 

14200 

14600 
15100 
15500 
16000 

16400 

16800 

17200 
17600 
16000 
18500 

Ul900 
19300 
19800 

(STANDARD PR!CISIOM) 
.05 .06 .01 

5370 
5720 
6080 

6440 

6810 

7180 
7530 
71190 

a2SO 
8620 

~70 

9300 
9640 
9980 

10300 

10700 
11000 

11400 
11700 

12100 

12400 

12900 

13300 

·~ 14200 

14100 

15100 
15600 
16000 
16400 

16800 

•noo 
17600 
18100 

18500 

18900 ...... 
19e00 

5410 

5760 
6120 
6480 

6MO 

7210 

7570 
1920 

8290 
8650 

9000 
9340 

9680 
10000 
10400 

10700 
11000 

11400 

11100 

12100 

12500 
12900 

13400 

·~ 14300 

14700 

15200 

15600 

16000 

16400 

16800 

1noo 
17700 
18100 

18500 

19000 

19t.OO 

19900 

5440 
5800 
6150 

6520 
6890 

nso 
7600 
1960 
8320 
8690 

9<130 
9370 
9710 

10000 

10400 

10700 
11100 
11400 

11800 
12100 

12500 
13000 

13400 

13900 
14300 

14800 
15200 
15700 

16100 
16500 

16900 
17300 
1noo 
18100 

18600 

19000 

19SOO 

19900 

.o8 

5480 
5830 
6190 
6550 
6930 

nao 
7640 -8360 
87l0 

9070 
9400 
9740 

10100 
10400 

10600 
11100 

11500 
11&00 

12200 

12600 

13000 

13500 

13900 
1'400 

14800 
15300 
15100 
16100 
16500 

16900 
17300 
17700 
18200 
18600 

19100 
19SOO 

20000 

.09 

5510 
5870 
6230 
6590 
6960 

7320 
7670 
8030 

11400 
8760 

9100 
9440 
9780 

10100 

10500 

10800 
11100 

11500 
11800 

12200 

12600 
13100 

moo 
14000 

14400 

14800 

15300 
15800 
16200 
16600 

17000 

17400 
17800 
18200 
18700 

19100 

19600 

20000 

OEH IW Q ... 
TENTII H 

350 
350 
360 
370 
370 

350 

360 

360 

360 

311:J 

340 

330 

340 
390 
300 

300 

400 
300 
400 
300 

500 
400 
500 
400 
400 

500 
400 
500 
400 

400 

4CO 
400 

400 
500 
400 

SOD 
400 

lOO 

PLATE A-35 b 



01138'500 

UNITED STATES OEPARTMEMT Of INtERIOR - GEOlOGICAl SURVEY · ~ATER RESOURCES DIVISION 

EXPANOEO RATING TABLE 

DATE PROCESSED: 08·20·1991 ~ 16:46 SY KTOPPlH 

PAGE 3 

TYPE: lOG 

CONNECTICUT RIVER AT WEllS RIVER, Vf 00: ' TYPE: 001 RATING ..0: 24.0 
OFFSU: ·.90 8REAK,OFFSET: (4.00, 1.90) (10,00,-3.30) START DATE/TINE: 11-17·89 (0330> 

SAME AS Rf, 23 BELOW 1.50 FT ANO A80V£ 6.00 FT, 

GAGE 

HE lGHT 
(fEEl) 

7.8G 
7.90 

a.oo 
8.10 

8.20 
8.}0 

8.40 

8.50 

8.60 
8.70 

8.80 

8.90 

9.00 
9 .10 

9.20 
9 . }0 

9.40 

9.50 

9.60 

9.70 
9.8() 

9.90 

10,00 
10.10 

10.20 
10.30 

10.40 

10.50 
10.60 

10,70 

10 .80 
10,90 

11.00 
11.10 

11.20 

11.30 
11.40 

. 00 

21)100 

21)500 

21000• 

21500 

22000 
22500 

2l000 

23600" 
24100 

24600 

25200 

25700 

26300• 

26700 
27100 

27500 

27900 

28300• 

28700 

29200 

29600 
30000 

30400• 

30700 

31100 
31400 

31800 

32100• 

l2500 
328()0 

33200 
l3500 

33900" 

34200 
34600 

34900 

35300 

DISCHARGE IN CUBIC FEET PER SECOND 
.01 .02 .03 .04 

20100 

20600 

21100 

21600 
22100 

22600 

23100 

23600 
24200 

24700 

25300 

25800 

26300 

26700 
27100 

27600 

28000 

28400 

288GO 
29200 

29600 
}0000 

30400 
308GO 

31100 

31'500 

318GO 

l2200 
32500 

32900 

33200 
33600 

l3900 
34}00 
}4600 

35000 
35300 

20200 

20600 

21100 

21600 
22100 

22600 

23200 

23700 
24200 

24800 

25300 
25900 

26400 

26800 
27200 
27600 

28000 

28400 

28800 

29200 

29600 
30100 

30500 
308GO 
312.00 

31SOD 
31900 

32200 

32600 

32900 
33300 

n60o 

3400D 
lGOO 
34600 
35000 

35300 

2021)0 

20700 

21200 

21700 

2Z200 
22700 

23200 

23700 
24300 
248()0 

25400 

25900 

26400 

26800 
27200 

27600 

28000 

28400 

28900 

29300 
29700 

301DO 

30500 
30800 
31200 
}1500 

31900 

l2200 

32600 

l2900 
n1oo 

n700 

34000 

34300 
34700 
}5000 

35400 

203DO 
20700 

21200 

21700 

22200 
22700 

23300 

23800 
24300 

24900 
25400 

26000 

26500 

26900 
27300 

2noo 
28100 

28500 

28900 

29300 

29700 
3.0100 

30500 
30900 
312.00 

31600 
31900 

32300 

32600 

33000 
33300 
33700 

}4000 

34400 

34700 
35100 
35400 

(STANDARD PlECJSlCN) 

.os .06 .07 

20300 
21)800 

21300 

21800 

22300 
22800 

23300 

23800 
24400 

24900 

25500 
26000 

26500 

26900 
27300 

2noo 
28100 

28500 

28900 
29400 

29800 
3021)0 

30600 
30900 
31300 
31600 

32000 

32300 

32700 
33000 

33400 
33700 

34100 
34400 

34700 
35100 

35400 

20400 

20800 

21300 

21800 

22300 
22800 

23400 

23900 
24400 

25000 

25500 
26100 

26500 
26900 
27300 

27800 

28200 

28600 

29000 

29400 
29800 

30200 

30600 
31000 

31300 

31600 
l2000 

32300 

32700 
ll100 

33400 
33800 

34100 

34400 
34800 
35100 

l5500 

20&00 

20900 

21400 

21900 
22400 

22900 
23400 

23900 
24500 

25000 

25600 
26100 

26600 
. 27000 

27400 

27a00 
28200 

28600 

29000 
29400 

29900 

30300 

30600 
31000 

31300 
31700 

32000 

32400 

32700 
33100 

n•oo 
338()0 

34100 

34500 

34800 
35200 

35500 

.08 

20400 

20900 

21400 

21900 
. 22400 

22900 
23500 

24000 

24500 
25100 

25600 

26200 

26600 
27000 
27400 

27800 

28200 

28700 
29100 

29SOO 
29900 
30300 

30700 
31000 
11400 

31700 
32100 

32400 

32800 
33100 

33500 

33800 

34200 
34500 
34800 

35200 

l5500 

.09 

2~00 

21000 

21500 

zzooo 
22500 

23000 
23500 

24 100 

24600 

25100 
25700 

26200 

26700 
27100 

27500 
27900 

28300 

28700 

29100 
29500 

moo 
30400 

30700 
31100 
31400 

31800 
32100 

32500 

32800 

33200 
l3500 

n90o 

34200 
34500 

34900 

35200 
35600 

OIH Uf 0 

PER 

TENTH H 

400 

500 

500 

500 

500 
500 

600 

500 
500 

600 

500 
600 

400 
400 
400 

400 

400 

400 

500 
400 

400 

400 

leO 
400 

300 
400 

300 

400 
300 
400 
300 
400 

300 
400 

300 
400 

leO 

PLATE A-35 c 



Ot1liSSOO 

UIIITtD STAftS 0£PAUMEJIT Of UfTUIC. .. GEOl.OC.H:.U. SUilV£Y • IMIE.l lUOJtaS OIYI SIOM 

£JPUI)[0 llATIIIIG TAitE 

DATE PROCESSED: 08·20·1991 a 16:46 If (TOPPJ~ 

'AC! 4 
TTPE: l OG 

CONNECTICUT RIVER AT UElL$ liVER, VT DOt 4 lYPE: 001 RATING NO: 24.0 
OffSET: ·.90 BREAJC,O,Sff: (4.00,1.90) (10.00,•3.30) STAAT DATE/TlME: 11 ·17·89 (0330) 

SAME AS RT. 23 BELOW 1.50 FT AND AIOV! 6.00 FT. 
CAC£ 

NElCHT 
(f£U) 

11.SO 
11.60 
I !.Ill 
11.80 

11.90 

12.00 

12.10 

12.20 

12 .l0 

12.40 

12. 50 

12.60 
12. 711 

12.1!0 

12.90 

13.00 

13.10 

13.20 

13.30 

13,40 

13.50 

13.60 
13.1'0 

u.eo 
13.90 

14.00 

14.10 

14.20 

14,30 

14.40 

t4.SO 

1(,.60 

14.70 
14.$0 

14.90 

15.00 

15.10 

11.20 

.00 

35600 
35900 

36300 
36600 

371100 

37300 

1noo 
38000 

38400 

38700 

39100 

30<00 
39!00 

40100 

40500 

40800 

41200 

41600 

41900 

4Z300 

42!>00 
43000 
4)400 

43700 
44100 

44500 

44800 

45200 

4~ 

45900 

46300 
467110 

471100 

47400 

47800 

4a200 

48500 

4a900 

OISCHAICE lM CUBIC fEET PER SlCONO 

.01 . 02 .03 . 04 

3,_ 
36000 

36300 

36700 

37000 

37400 

1noo 
38100 

3&<00 
38$)0 

39100 
39SOO 
39800 

40200 

40500 

40900 

41200 

41600 

42000 

4Z300 

42700 

43000 
43400 

43800 

44100 

44500 
44900 

45200 
45600 
46000 

46300 
46700 

47100 
47100 

47800 

48200 

48600 

49000 

35700 

36000 

36400 
36700 

37000 

37400 

3noo 
38100 

38400 

38!100 

39100 

39SOO 
39900 
40200 

40600 

40900 

41l00 

41600 

42000 

42400 

<2700 

43100 

43400 

43800 

44200 

44500 
44900 

45300 
45600 
46000 

46400 

46800 

47100 

4l'SOO 
47900 

48200 

48600 
49000 

35700 
36000 
36400 
36700 
37100 

37400 

37800 

38100 

38500 

38800 

39200 
39SOO 
39900 
40200 

40600 

41000 

41300 

41700 

42000 

42400 

42$)0 

43100 

43500 

43800 

44200 

44600 

44900 

45300 

45700 

46000 

46400 

46800 

4noo 
47500 

47900 

48300 
48700 

49000 

31700 
36100 

36400 
36800 

moo 

37100 

37800 

38200 

38500 

38900 

39200 

39600 
39900 
40300 

40600 

41000 

41300 

41700 

42100 

42400 

4nDO 

4:5200 
4}500 

43900 
44200 

44600 

45000 

45300 

41700 

46100 

46500 
46800 
4noo 
47600 

47900 

48300 

.a roo 
49100 

(STANDARD PREClSION) 

.os .06 .or 

31800 

36100 

36100 

36800 
snoo 

37SOO 
37800 

38200 

38500 

34WO 

39300 

39600 
40000 

40300 

40700 

41000 

41400 

41700 

42100 

42500 

42800 

43200 

43600 

43900 

44l00 

44600 

45000 

45400 

45800 

46100 

46500 

46900 

47100 
47600 

48000 

48400 

48700 

49100 

35800 

36200 

36500 
36800 

37200 

37500 

37900 

38200 

38600 

38900 

39l00 

39600 

40000 

40400 

40700 

41100 

41400 

41800 

42100 
42500 

42900 

43200 

43600 

44000 

44300 

44700 

45100 

45400 
45800 

46200 

46100 

46900 

47300 

47600 

.aooo 

.a<OO 
48800 

49100 

37600 

37900 

38300 

38600 

39000 

39300 
39700 

40000 

40400 

40700 

41100 

41500 

41800 

42ZOO 
42500 

42900 

UlOO 
43600 
44000 

44400 

44700 

45100 

45500 

45800 

46200 

46600 

46900 

47l00 

4noo 
4al00 

48400 

4a800 
49200 

.08 

35900 

36200 

36600 
36900 

37300 

31600 
38000 

38300 

38700 

39000 

39400 

39700 

40100 
40400 

40800 

41100 
41500 

41900 

42200 
42Ml0 

42900 

43300 
43700 

44000 

44400 

44800 

45100 

45500 
45900 

46200 

46600 

47000 
473QO 

4nDO 
48100 

48500 

48800 

49200 

.09 

35900 

36300 

36600 
36900 

37300 

37600 

38000 

38300 
38700 

39000 

39400 

19700 

40100 

40500 

40800 

412:00 
41500 

4\900 

42200 
42600 

43000 

43l00 

43700 
44100 

44400 

44800 

45200 

45500 
45900 

46300 

46600 

47000 

47400 

47800 

4a100 

48500 
48900 

49300 

OH' lH 0 
~R 

1'lHTM rT 

lOO 
400 

lOO 
400 

300 

400 

300 

400 

300 
400 

lOO 
400 
lOO 
400 

300 

400 

400 

300 

400 
300 

400 
400 

300 

400 

400 

300 

400 

400 

300 

400 

400 

lOO 
400 
400 

400 

300 

400 

400 

PLATE A-35 d 



011~00 

UMITED STATtS O(PAITMUT Of UtfUIOl • Gi£0lOCICAl UYEY · VATU REsaJIC,fS DIVISION 
WAMDED RAfUIG TABU 

DATI NOCUSED: 08·20·1991 • 16:46 IY lTOP'PI.M 
CDUI((fiQ.IT IIV(t Af \EU.S RIY£2, VT 4 Tl'PI: 001 IAfiMGi NO: 24.0 

OFfill: ·.90 PfAX,OffSfT: (4.00,1.90) (10.00, •3.30) STAaT OATl/HMIE : 11·17·89 (0330) 

UM( A$ at, 2l 8El0ll 1.50 fT ANO A80V£ 6.00 JT • ..... 
MI!J GMT 

tflU> .00 

15.30 49300 

1S. 40 49700 

15.50 50100 

15.60 50400 
15.70 5oaoo 

IS.IO 51200 

15.90 51600 

16.00 52000 

16.10 52500 

16.20 52100 
16.30 53100 

16.40 53500 

16.50 53900 
16 .60 54300 

16.70 54700 

16. 80 55100 
16.90 55400 

17.00 55800 

17.10 56200 

17.20 S6600 
17.30 57000 
17.'4) 57'00 

17.50 51800 
17.60 5&200 
17.70 58600 

11 .eo 590oo 

17.90 59400 

18 .00 59800"' 

.OISCHARCE lN OJIIC U:tr Pflt SECONO 

. 01 . 02 . 03 .04 

49300 

49700 

50100 

50500 

50900 
51200 

51600 

5~ 
52400 

52800 

5J200 
53500 

55900 

54300 
54700 
55100 

55500 

55900 

56300 

56100 
57100 

57500 

57800 

5&200 
58600 
59000 

59400 

49400 
49800 

50100 

50500 

50900 
51300 

51100 

52000 
52400 

5UOO 

53200 
53600 

54000 
54400 

54700 
55 100 

55500 

55900 

56300 

56100 
57100 

57500 

57900 
58300 
58700 

59100 

59500 

49400 

49800 

50200 

50600 

50900 
51300 

51700 

52100 

5~ 

52800 

55200 
53600 

54000 
54400 

541!100 

55200 
55600 

56000 

56400 

56100 
57100 

57500 

57900 
58300 
58100 

59100 

59500 

50200 

50600 
51000 

51400 

51100 

52100 

52500 

52900 

55300 
53700 

54000 
54400 

54800 

55200 
55600 

56000 

56400 

56800 
snoo 
57600 

58000 
58400 
58$)() 

59200 
59600 

<STANDARD PREClSION) 
.OS . 06 .07 

49SOO 
49900 

50200 

50600 
51000 

51400 

51800 

52200 
52500 

52900 

5JJOO 
53700 

54100 
54500 

54900 

55JOO 
55600 

56000 

56400 

56800 
snoo 
57600 

58000 
58400 
!MOO 
59200 

59600 

49500 

49900 

50300 

50700 
51000 

51400 

51800 

52200 
52600 

5JOOO 
55300 

5J700 

54100 

54500 
54900 

55300 

55700 

56100 

56500 
56900 

573DO 
57700 

58000 
58400 

58800 

59200 
59600 

49600 
49900 

50300 
50700 

51100 

51500 

51800 

52200 

52600 
53000 
53400 

53800 

54200 

54600 
54900 
55300 

55700 

56100 

56500 
56900 

573DO 
57700 

5&100 

5&500 
58900 

59300 

59700 

.oa 

49600 

50000 

50400 
50700 

51100 

SISOO 
51900 

523DO 

52700 

SJOOO 
5:1400 

53800 

54200 

54600 

55000 
55400 

55800 

56200 

56500 
56900 
573DO 
57700 

5&100 

sa5oo 
5&900 
59500 
59700 

.09 

49600 

50000 

50'00 

50800 
51200 
51500 

51900 

523DO 

52100 
53100 

53500 

53900 

54200 

54600 

55000 
55400 

55800 

56200 
56600 
51000 
57400 

51800 

58200 
58600 
59000 
59400 

59800 

DIFF IN Q 

PER 

TUTM fT 

400 

400 

300 
400 

400 

400 

400 

300 
400 

400 

400 

400 

400 

400 
400 

300 
400 

400 

400 
400 

400 

400 

400 

400 

400 

400 

400'* 

PLATE A-35 e 



UtdH:::l: ~JAT~S OEP&S::f"'ttH OF lkJfRIO~ - ~EOtOGlCAL SUIYff • -&tf~ RES~UR(ES ~IYJSIO~ 

taP,NOEO RiliNG TA8L~ OA1'f 'RlNTEO oa-1o·el 

011.4SJO COhh'ECT :cur AI•E~ ~T WESt lt~~MQ~, ~" nPf: LOC.(S(Alf OffSf.T = 1 .00) UTINC NO 35 

a•seD ON ------- JIS(,i~GE Mf~SUR!"~~Ti, ~0. __________ , ••o Ah' IS -·-·· WELL OEFifolft 8ETWfEN ANO --·--

~~c;·:::::::::-t~-:::::::::;-;RoM·:::::::::·ro-::::::::: 
• CO"P BY ••••• DHE 
• C(O .. BY ••••• DATE 

G.CE Ol,_F IN 0 
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DROUGHT CONTINGENCY PLAN 
CLIMATOLOGIC AND HYDROLOGIC INDICATORS 

1. INTRODUCTION 

This appendix is presented to supplement the developed 
Drought Contingency Plan with climatological as well as 
hydrological data that are useful towards identifying and 
recognizing periods of dry or drought conditions. The analyses 
presented is not intended to predict a drought, as most drought 
predicting measures are not considered very accurate or 
promising. It is however, intended to aid in recognizing the 
onset of water shortage conditions in an effort to mitigate their 
impacts prior to severe or emergency conditions prevailing. It 
is most beneficial to recognize the beginning of a drought rather 
than to initiate action after the drought's effect become 
apparent. 

The data presented is in the form of "guide curves" and do 
not serve the purpose of a single "trigger" in which emergency 
drought storage at Corps reservoirs would be initiated. As 
stated in the main text of the Drought Contingency Plan, NED's 
decision to store emergency water supply would be based on a 
combination of the guide curves as well as information received 
from various Federal and State agencies. 

The data presented is an attempt to show regional indicators 
of dry or drought periods. While specific index stations were 
used in developing the guide curves, their use is not to be 
restricted to that station only. Their application is considered 
to represent generalized conditions in areas within the region. 

Indicators such as rainfall-duration-frequency and minimum 
surface runoff-duration frequency were developed for various 
index stations within New England. Index stations selected were 
based on proximity to Corps drought contingency candidate 
reservoirs, period of record and reliability of data. The guide 
curves were developed and compared with historic drought data as 
a way to "track" current observed conditions with comparable 
historic conditions. Also presented is the Palmer Drought 
Severity Index (PDSI) classification chart with available New 
England historic drought index levels indicated. 

2. · DROUGHTS 

a. General. Hydrologically, drought is defined as a 
prolonged period of precipitation deficiency which seriously 
affects riverflow as well as surface and groundwater supplies. 
The duration, magnitude, severity, frequency and areal extent 
have been identified as five common characteristics of drought. 
These characteristics are applicable to drought whether measured 
by precipitation, streamflow, reservoir levels or by the Palmer 



index. 

b. History. Drought history in New England before 1900 is 
rather limited. Periods of precipitation deficiencies were 
experienced, however, records of runoff deficiency are relatively 
non-existent . Since the establishment of streamflow gaging 
stations, low flow periods and drought conditions have been 
observed throughout the New England river basins at various 
times. Serious droughts occurred within New England during the 
periods 1924-1927; 1929-1933 and 1961- 1967. 

c. Drought of Record. The drought of 1961 to 1967 was the 
longest and most severe in the history of the New England region. 
It was the most severe in nearly 170 years of precipitation 
records in Boston, Massachusetts. The 1960's drought followed a 
period of above normal precipitation which contributed to 
relaxation on the part of cities and towns during what was really 
a period of rapidly increasing water demand. In addition, a 
considerable number of water facilities failed since most had 
been designed to meet a repetition of the less severe drought of 
the 1930's. 

During the period 1963 through 1966, the cumulative 
precipitation deficiencies (i.e. total amount below normal) 
varied from about 40 to 60 inches throughout New England, which 
is equivalent to 1 to 1.3 years of normal rainfall. 

The accumulative deficiency in the average runoff for water 
years 1962 to 1966 varied from about 25 to 50 inches throughout 
New England, equivalent to about 1 to 2 years of average annual 
runoff. 

3. CLIMATOLOGIC AND HYDROLOGIC ANALYSIS 

a. General. Streamflow, reservoir levels, ground water 
levels, soil moisture, precipitation and the Palmer Drought 
Severity Index are some of the indicators used by drought 
managers for early detection as well as continued tracking of a 
drought. This analysis focused on three of these indicators: 
rainfall; runoff and the Palmer Index. Rainfall and runoff were 
selected due to the large magnitude of available historic as well 
as current data. The Palmer Index was selected primarily due to 
its wide acceptance as a reliable drought indicator. While many 
more parameters are used in the drought identification process, 
it is believed that for purposes of the Drought Contingency Plans 
the parameters selected and the analysis performed offer a 
reasonable approach to drought management at NED reservoirs. 

b. Climatological Data. Rainfall frequencies for 1, 3, 6 
and 12 month durations were developed for various index stations. 
The curves were developed using the period of record monthly 
rainfall data at each index station. Accumulative tabulations 
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were made for 1, 3, 6 and 12 consecutive months, assigning 
Weibull plotting positions and fitting the curves through the 
data. Index stations selected, with their corresponding periods 
of record, as well as the mean, maximum and minimum monthly 
rainfall, are shown in tables 1 through 3. The computed 
frequency curves are graphically shown on plates 1 through 3. 
Historic data, where available, was plotted on the 3, 6 and 12 
month duration curves. The historic data was presented to allow 
comparison with any current data to that which occurred during 
historic droughts. This comparative analysis allows for a better 
understanding of the drought or dry period being experienced and 
provides for a historical perspective during drought tracking 
procedures. 

Although the 1 and 3 month durations are presented, it is 
suggested that any drought emergency actions or conclusions not 
be based solely on the data of these short durations. In the New 
England region, experience has shown that low rainfall amounts 
for durations of 1 and 3 months do not necessarily constitute a 
dry or drought condition. For example: During the winter of 
1988/1989 rainfall was historically low for a consecutive 3 month 
duration, measuring 6.5 inches at Storrs, ct. Applying this 
rainfall to the 3 month curve identified the frequency to be 
about a 16 year drought, tracking somewhere between the historic 
droughts of 1924-1927 and 1980-1981. However, when the 6 month 
cumulative rainfall, during the same dry period, computed to be 
21.5 inches, was applied to the 6 month curve, the frequency 
became less critical, equivalent to about a 2 year event. On an 
annual duration, the total 1989 rainfall amounts were considered 
at or 'above normal despite record low 3 month durations. Had 
drought emergency measures been implemented solely on the 3 month 
duration data it would have been proven to be premature or 
unnecessary. It is therefore recommended that although 1 and 3 
month rainfall amounts should not be ignored, durations greater 
than 3 months should always be considered prior to any emergency 
drought plans being implemented. 

c. Hydrologic Data. Streamflow data measured and published 
by the u.s. Geological Survey was used exclusively in all 
hydrologic analysis performed as part of this appendix. Since 
this analysis concerned itself with low streamflows, an attempt 
was made to identify and use streamflow index stations that are 
not regulated during periods of low flow. While many New England 
rivers and streams are regulated, to some extent, by mill pond 
dams, as well as other run of river type dams, it was assumed 
that any occasional regulation of low flows on the index stations 
selected would be considered to be minor and have minimal affect 
on natural low flow conditions. The mean, maximum and minimum 
monthly flows for four USGS gaging stations used as index 
stations in this report are presented in tables 4 through 7. 
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TABLE 1 

fBE~IPITATION SUMMARY (INCHES} 
STORRS, CONNECTICUT 

ELEVATION 650 FT. NGVD 
(101 Years of Record) 

Month Mean Maximum Minimum 

January 3.65 13.79 0.64 

February 3.25 7.89 0.37 

March 3.94 10.65 0.15 

April 3.80 10.94 0.55 

May 3.76 9.21 0.33 

June 3 . 33 12.79 0.29 

July 4.15 12.15 0.78 

August 4.19 14.75 0.47 

September 3.84 17.00 0.45 

October 3.64 8.82 0.15 

November 4.00 9.24 0.47 

December 3.84 9.97 0.68 

ANNUAL 44.90 66.31 29.16 
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TABLE 2 

~RECIPITATION SUMMARY (INCHES} 
AMHERST, MASSACHU~&;ITS 
ELEVATION l50 FT. NGVO 

{64 Years of Record) 

Month Mean Maximum Minimum 

January 3.11 8.16 0.49 

February 2.81 7.58 0.08 

March 3.44 8.24 0.24 

April 3.61 8.99 0.55 

May 3.75 11.95 0.83 

June 3.97 10.25 0.72 

July 3.74 10.56 0.00 

August 3.73 16.10 0.67 

September 3.77 14.55 0.94 

October 3. 17 8.10 0.32 

November 3.84 8.65 0.70 

December 3.47 8.77 0.58 

ANNUAL 42.55 60.25 29.55 
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TABLE 3 

PRECIPITATION SUMMABY (INCHES} 
CONCORD, NEW HAMPSHJ;R,J:; 
~~EV~TION 350 FT. NGVD 

{69 Years of Record) 

Month ~ Maximum Minimum 

January 2.69 8.09 0.40 

February 2.45 7.77 0.03 

March 3.12 10.36 0.55 

April 3.11 6.63 0.42 

May 3 . 10 9.52 0.60 

June 3.34 10.10 0.64 

July 3.38 7.57 0.96 

August 3.01 6.88 0.95 

September 3.16 10.68 0.41 

October 2.85 8.78 0.05 

November 3.73 7.59 0.50 

December 4.56 10.34 0.58 

ANNUAL 38.26 54.29 24.17 
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Month 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

ANNUAL 

TABLE 4 

MONTHLY STREAM FLOW 
QUINEBAUG RIVER AT JEWETT CITY. CT 

DRAINAGE AREA - 713 Sq . Miles 
(1919 - 1990) 

Mean Maximum 
cfs inches cfs inches 

1566 2.52 5694 9.18 

1664 2.19 3919 5.16 

2530 4.08 6930 11.17 

2436 3.68 5519 8 . 33 

1534 2.47 2842 4.58 

1033 1.56 4758 7.18 

578 0.93 4110 6.63 

498 0.80 3918 6.32 

532 0.80 3502 5.28 

630 1.02 3279 5.29 

1066 1. 61 3443 5.19 

1434 2.31 ,1125 6.65 

1293 23.54 2015 38.24 

7 

Minimum 
cfs inches 

219 0.35 

473 0.62 

1220 1. 97 

854 1. 29 

620 1.00 

262 0.40 

138 0.22 

98 0.16 

97 0.15 

132 0.21 

189 0.29 

281 0. 4 5 

598 11.35 



Month 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

ANNUAL 

TABLE 5 

MONTHLY STREAM FLOW 
WEST BRANCH WESTFIELD RIVER 

AT HUNTINGTON, MA 
DRAINAGE AREA - 94 Sq . Miles 

(1935 - 1990) 

Mean Maximum 
cfs inches cfs inches 

173 2.12 448 5.49 

185 2 . 05 712 7.88 

369 4.52 1098 13.46 

503 5.97 1069 12.68 

257 3.15 761 9.33 

141 1. 67 684 8.11 

66 0.81 307 3.76 

57 0.69 632 7.75 

64 0.76 579 6.87 

102 1.25 1041 12.76 

173 2.05 544 6.45 

195 2 . 39 664 8.14 

190 27.36 296 42.62 

8 

Minimum 
cfs inches 

24 0.29 

35 0.39 

112 1. 37 

1.16 1. 38 

76 0.93 

27 0.32 

10 0.12 

9 0.11 

9 0.11 

13 0.16 

25 0. 30 

40 0.49 

74 10.66 



Month 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

ANNUAL 

TABLE 6 

MONTHLY STREAM FLOW 
SMITH RIVER NEAR BRISTOL. NH 
DRAINAGE AREA = 86 Sq. Miles 

(1918 - 1990) 

~ Maximum 
cfs inches cfs inches 

99 1. 33 253 3.39 

99 1. 20 578 7.00 

254 3.41 1242 16.65 

487 6.33 1077 14.00 

230 3.08 504 6.76 

104 1. 35 353 4.59 

52 0.70 387 5.19 

34 0.46 168 2.25 

41 0.53 457 5.94 

68 0.91 267 3.58 

127 1. 65 379 4.93 

131 1. 76 39:> 5.27 

143 22.57 223 35.19 

9 

Minim:um 
cfs inches 

19 0.25 

21 0.25 

30 0.40 

183 2.38 

72 0.97 

21 0.27 

9 0.12 

5 0.07 

8 0.10 

9 0.12 

25 0.33 

22 0.29 

65 10.26 



Month 

January 

February 

March 

April 

May 

June 

July 

August 

September 

october 

November 

December 

ANNUAL 

TABLE 7 

MONTHLY STREAM FLOW 
WEST RIVER AT NEWFANE, VT 

DRAINAGE AREA - 308 Sq. Miles 
(1919 - 1990) 

Mean Maximum 
cfs inches cfs inches 

452 l. 69 1515 5.67 

444 l. 50 1497 5.06 

1090 4.08 3712 13.89 

2199 7.92 4411 15.88 

1010 3.78 2733 10.23 

403 1.45 1439 5.18 

205 o. 77 1321 4.94 

159 0.60 1539 5.76 

200 0.72 1667 6.00 

337 1.26 1768 6.61 

567 2.04 1437 5.17 

556 2.08 1578 5.91 

636 28.02 1084 47.77 

10 

Minimum 
cfs inches 

95 0.36 

109 0.37 

184 0.69 

589 2.12 

249 0.93 

64 0.23 

29 0.11 

36 0.13 

22 0.08 

33 0.12 

91 0.33 

137 0.51 

272 11.98 



An annual low flow frequency analysis was made of the 
historical low flow data for each selected USGS gaging station. 
Low flows were determined for durations of 1, 3, 14, 30, 60, 90, 
183 and 365 consecutive days for each. climatological year (1 
April to 31 March) using the USGS "WATSTORE" data storage and 
retrieval computer system. The annual low flows for each 
duration were fitted to a Log Pearson Type III distribution. The 
fitting technique involves transforming annual low flow values to 
logarithmic values and finding the mean, standard deviation and 
skew coefficient of the logarithms. The computed low flow 
frequency duration curves are shown graphically on plates 1 
through 3. Historical data, where available, was plotted for 
each index station. It is noted that low flow duration curves 
are not shown less than a 30 day period. Within New England, low 
streamflow data, over a consecutive period of less than 30 days, 
is considered to be inconclusive when assessing drought 
conditions. 

d. Palmer Drought Severity Index CPDSil. The Palmer 
Drought Severity Index is a widely used indicator of drought 
conditions. It is published in the following: "Weekly Weather 
and Crop Bulletin" prepared jointly by the National Oceanic and 
Atmospheric Administration (NOAA) and the u.s. Department of 
Agriculture (USDA); "Weekly Climate Bulletin" of the NOAA, 
Climate Analysis Center; and monthly "National Water Conditions" 
report of the u.s. Geological Survey. The National Climate 
Center computes the PDSI for all climate divisions in the 
contiguous United States. 

The PDSI is a meteorological index that reflects estimates 
of departure of soil moisture from normal. Normal moisture 
conditions are derived from period of record data including 
monthly averages of evapotranspiration, soil water recharge, 
runoff and water loss from the soil. The index is standardized 
so that it has a consistent meaning in different climate areas 
and from month to month. The classification system translates 
the numerical value of the index to a descriptive measure of 
drought or wetness. The dry periods on the index are classified 
as extreme drought and assigned a numerical value of -4.0. The 
region on the PDSI graph between extreme drought and near normal 
conditions was subdivided into three additional drought 
categories: Severe (PDSI = -3.0): Moderate (PDSI = -2.0); and 
Mild (PDSI = -1.0). The current PDSI classification system is 
shown graphically on plates 1 through 3. Also shown on the PDSI 
graphs are the classifications assigned by others to some 
historic droughts data that occurred throughout New England. 

The PDSI is presented as a tool in assessing current wet or 
dry conditions only and should be used in conjunction with other 
hydrological and climatological data for effective drought 
management. The PDSI should not be used for drought planning or 
hydrologic drought forecasting. 
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