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EVERETT LAKE
DAM-BREAK FLOOD ANALYSIS

1. PURPOSE

This report presents the findings of a dam-break flood analysis
performed for Everett Lake. The dam is located on the Piscataquog
River in East Weare, New Hampshire, approximately 16 miles above
the confluence of the Piscataquog and Merrimack Rivers in the city
of Manchester and 9 miles above the town of Goffstown. The location
of the damis shown on plates 1, 2 and 3.

Included in the report are sections describing pertinent
features of the damand dikes, procedures used for the analysis,
assumed dam-break condition, and effects of varying conditions
(sensitivity tests) on the resulting downstream flood, discharges
and stages. This study was not performed due to any known like-
Tihood of a dam-break at Everett Lake. Its only purpose was to
provide quantitative information for emergency planning use in
accordance with Corps of Engineers regulation (ER 1130-2-419).

2. PROCEDURE

- The Everett dam-break analysis was made using the "National
Weather Service Dam-Break Flood Forecasting Computer Model", developed
by D. L. Fread, Research Hydrologist, Office of Hydrology, National
Weather Service, NOAA, Silver Spring, Maryland 20910. Input to the
computer model consisted of: (a) storage characteristics of the
reservoir, (b) selected geometry and timing of the dam-break,
and (c) hydraulic characteristics of the downstream river channel
including tributary inflows, roughness coefficients, contraction-
expansion loss coefficients, and active and inactive flow regions.
Based on input data, the program simulates a prebreach high flow
steady state condition, then computes the dam-break outflow hydro-
graph and routes it downstream. Calibration of the model is accom-
plished by comparing model computer prebreach stage- d1scharge
relations with known stage- discharge relations at various index
locations along the river (i. e., at dams, gages, etc. Y. The
dynamic unsteady flow routing is performed by a "honing" iterative



process governed by requirements of both the principle of con-
servation of mass and the principle of conservation of momentum.
The analysis provides output on the attenuation of the flood hydro-
graph, resulting flood stages, and timing of the flood wave as it
progresses downstream. A listing of the computer input data used
for the base flood is shown on plates 13-1 through 13-4,

3. DESCRIPTION

a. General. The study extended from Everett Lake in East
Weare, New Hampshire downstream along the Piscatagquog River to its
confluence with the Merrimack River at Manchester, New Hampshire,
for a total distance of about 21 miles. The drainage area of the
Piscataquog River in the study reach increases from 64 square miles
at Everett Lake to 220 miles at the confluence of the Merrimack
River, Hopkinton Lake, a Corps of Engineers flood control project
located in the village of West Hopkinton on the Contoocook River,
was built in conjunction with Everett Lake to form the Hopkinton-
Everett Lakes flood control project. This two reservoir system
is operated, along with three other Corps reservoirs in the basin
to reduce flooding at major industrial, commercial and residential
areas along the Merrimack River., Hopkinton Lake also reduces flooding
at communities along the Contoocook River; in the same way Everett
Lake reduces flooding at communities along the Piscataquog River.

b. Everett Lake. Everett Lake is a flood control project with .
water based recreational activities, built and operated by the Corps
of Engineers., Construction was initiated in November 1959 and com-
pleted in December 1961. Everett Lake is operated to control flooding
on the Piscataquog River (in the communities of Riverdale, Goffstown,
Grasmere, Pinardviiie and Manchester), and is one of 5 existing Corps
reservoirs operated to reduce downstream flooding along the main
stem of the Merrimack River. A map of the Merrimack River basin,
with existing Corps reservoirs, is shown on plate 1. A watershed
map is shown on plate 2 and a reservoir map on plate 3.

Everett Lake is a rolled earthfill embankment with an impervious
core and rock slope protection. The dam is about 2,000 feet Tong
with a maximum height, at elevation 435 feet NGVD, of 115 feet above
the streambed. A general plan of the dam is shown on plate 5 and
an areal photo on plated4. The spiliway consists of an uncontroiled
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concrete ogee weir chute spillway with a crest elevation of 418.0
feet NGVD and a length of 175 feet. The spiliway approach channel
is about 100 feet in length and the chute-type discharge channel

is about 1500 feet Tong., The spillway is located on the east abut-
metn of the dam. The outlet works, located at the center of the
dam, consists of about a 300-foot long intake channel, a gated
structure with gate tower, an 8-foot inside diameter concrete conduit
350 feet in length through rock and an outlet channel about 600
feet in length. The outlet works are controlled by three 3-foot
6-inch by 6-foot high hydraulic operated slide gates. A plan and
profile of the outlet works are shown on plate 6. Pertinent data
on Everett Lake are Tisted in table 1.

Hopkinton Lake, with a net drainage area of 382 square miles,
is another Corps of Engineers project located on the Contoocook
River in the town of Hopkinton, New Hampshire and is physically
connected to Everett Lake by a system of two canals. During minor
floods the two projects act independently as separate reservoirs but
during moderate to major floods, when the Hopkinton pool level ex-
ceeds elevation 401 feet NGVD, flows pass from Hopkinton to Everett
through the canal system. At elevation 401 feet NGVD, Everett has
a storage capacity of 50,250 acre-feet and Hopkinton 25,300 acre-
feet. At spillway crest elevation 418 feet NGVD Everett has a
storage capacity of 92,500 acre-feet and at spiliway crest elevation
of 416 feet NGVD, Hopkinton has a storage capacity of 70,800 acre-
feet. Therefore, the combined storage capacity of the two projects
is 163,300 acre-~feet equivalent to 6.9 inches of runoff from their
combined net drainage area of 446 square miles.

c. Dikes P-1 and P-2. The Everett dam project includes two
remote saddle dikes, P-1 and P-2, Tocated about 3 miles northeast
of the main dam on the divide between Stark Brook and Bela Brook
watersheds. Location of the dam and dikes are shown on plate 3.

Dike P-1 has a total length of 4,050 feet with a top elevation
of 435 feet NGVD and a maximum height of 50 feet. Maximum impound-
ment with project filled to spiliway crest (elevation 418) would be
about 24 feet. The dike is equipped with a gated conduit to permit
Tocal drainage through the dike to Stark Brook during normal periods
and prevent backfliow during periods of flood storage above about
elevation 390 feet NGVD. Dike P-2 has a total length of 2,630
feet with a top elevation of 435 feet NGVD and a maximum height of



LOCATION
DRAINAGE AREA

STORAGE _USE

RESERVOIR STORAGE

Inlet Elevation
Recreation Pool
Maximum Surcharge
Top of Dam

EMBANKMENT

Type

Length

Top Width

Top Elevation
Maximum Height

SPILLWAY
Location
Type

Crest Length
Crest Elevation
Surcharge
Capacity

QUTLET CONDUIT

Type

Size

Length

Service Gates

type

Service Gates

size

Discharge Capacity
at spiliway crest
Downstream channel
capacity

TABLE 1

EVERETT LAKE
PERTINENT DATA

Piscataquog River, East Weare, New Hampshire
64 Square Miles

Flood Controi and Recreation

325 feet NGVD
340 feet NGVD
430 feet NGVD
435 feet NGVD

Rolled earthfill, rock slope protection,
impervious core

2,000 feet

24 feet

435 feet NGVD

115 feet

East abutment .
Uncontrolled, ogee weir, chute, saddle
spillway '

175 feet

418 feet NGVD
12 feet
28,500 cfs

One circular concrete tunnel
8 feet inside diameter

350 feet

Hydraulic operated slide
Three 3'-6" wide x 6' high
4,600 cfs

2,000 cfs




about 30 feet. With the project filled to spiliway crest the
maximum impoundment by the dike would be about 5 feet.

In the event of sudden failure of either dikes P-1 or P-2,
with the project filled to elevation 400 feet NGVD or above, fiows
would discharge into the Bela Brook watershed, Bela Brook flows
northeasterly for about 4 miles, as a relatively flat gradient
stream, discharging into the Turkey Pond complex in Concord, a two-
pond system with an inter connecting canal that passes beneath
Interstate Highway 89. From the Turkey Pond control structure,
discharges flow southeasterly in Turkey River a distance of about
4 miles discharging to the Merrimack River inthe town of Bow about
one-half mite downstream of the Bow-Concord town line and about 0.9
mile upstream of Garvins Falls Dam.

The dam-break flood analysis for the main Everett dam did not
permit detailed analysis of breaks at the iower P-1 and P-2 saddle
dikes. Until more detailed studies can be performed it is re-
commended that for emergency planning, it be assumed that peak stages
along Bela Brook and Turkey River would generally not be over 10
feet above normal river level as a result of a sudden failure at
dikes P-1 or P-2 with the Everett storage filled to spillway crest
{elevation 418).

d. Downstream Valley. The Piscataquog River, downstream of
Everett Lake, flows through six communities within south-central
New Hampshire on its way to the Merrimack River, namely in downstream
order; Riverdale, Parker, Goffstown, Grasmere, Pinardville and
Manchester., River cross sectional data used for the model was
obtained from available survey information and augmented as required
with information from USGS topographical maps.

Within the study reach, the Piscataquog River has a total fall
of 230 feet in a distance of 21 miles for an average gradient of
about 11 feet per mile. The South Branch of the Piscataquog River
adds 113 square miles of drainage area and joins the Piscataquog
River in Goffstown, 7 miles downstream of Everett Lake. From
Everett Dam in East Weare to Greggs Falls Dam in Goffstown, a dis-
tance of about 8 miles, the river falls 40 feet for a gradient of
5 feet per mile, From Greggs Falls Dam in Goffstown to Kelleys
Falls Dam in Pinardville, a distance of 5 miles, the fall is 60 feet



for a gradient of 12 feet per mile. From Kelleys Falls Dam in
Pinardville to the Merrimack River in Manchester near the Municipal
Airport, a distance of 8.5 miles, the river falls another 40 feet
for a gradient of 5 feet per mile.

There are 21 river crossings from Everett Lake to the Merrimack
River including four Interstate-type highway crossings, two State
highways, two railroads and nine Tlocal roads. Also crossing the river
in this reach are four dams which are described below,

{1) Riverdale Dam. This dam is located about 5 miles
downstream of Everett Lake and provides a fire protection pool for
the town of Weare. The Corps of Engineers rebuilt the dam, and
installed a hinged leaf gate, as part of the construction of
Hopkinton and Everett, to provide needed downstream channel capacity.
The dam is a concrete structure on rock with a 60-foot wide by
4-foot high leaf gate. The total dam width is about 150 feet and
has a height of about 6 feet. The top elevation of the dam is 312
feet NGVD with the gate up and the gate sill is at 308 feet NGVD.

(2) U.S. Bobbin Company Dam. This dam is located in
Goffstown about 8 miles downstream of Everett Lake. From field
investigations it appears that this dam is not presently used.
Available information indicates that it has a top elevation of 285
feet NGVD, a length of about 200 feet and a height of 10 feet.

(3) Greggs Falls Dam. This dam was originally a hydro-
power facility owned by the Public Service Company of New Hampshire,
however, the New Hampshire Water Resources Board nowowns the dam
structure and a Mr. William Barris owns the old power station. The
dam is presently used simply to maintain a recreation pool. The
dam (Tocated 1.5 miles downstream from U.S. Bobbin Company Dam)
is 60 feet high and 1360 feet long with a top elevation of 279 feet
NGVD, The spiliway is 462 feet long with a crest elevation of 270
feet NGVD.

(4) Kelleys Falls Dam. Until 1973 this dam was used to
generate electrical power, presently its impoundment is used only
for recreational purposes. The dam is located on the Piscataquog
about 2 miles upstream of the confluence with the Merrimack River




in the city of Manchester, and is owned by the New Hampshire

Water Resources Board, Concord, New Hampshire. The dam is & con-
crete gravity structure 503 feet in length with a top elevation of
168 feet NGVD. The spillway has a length of 192 feet at a crest
elevation of 158 feet NGVD.

4. ASSUMED DAM-BREAK CONDITIONS

a. General. The magnitude of a flood resulting from a dam-
break depends not only on the size of the project but aiso on the
conditions of failure including the initial reservoir level, size
of breach, rate of breach formation, and hydraulic features and
initial flows in the downstream river channels. The selected
input parameters for the dam-break analysis at Everett Lake were
considered the most severe that might be reasonably expected.

b. Selected Input Parameters - (Base Flood)

(1) Initial Reservoitr Level - Full to spillway crest,
elevation 418 feet NGVD. Failure storage equals
Everett storage (92,500 acre-feet) plus Hopkinton
Lake storage above elevation 401 feet NGVD (53,000
acre-feet).

(2) Reservoir Inflow - Recurring 1936 flood of record, peak
inflow to Everett, with present Hopkinton-Everett
complex - 21,500 cfs.

(3) Breach Invert - Elevation 325 feet NGVD

(4) Breach Base Width (3x Height) = 310 feet, trapezoidal
side sTope: 2V:1H,

(5) Time to Complete Formation of Breach - (Duration of
Breach) - one hour,

(6) Prebreach Downstream Flow - March 1936 flood of record
as modified by Everett Lake.




(7) Downstream Channel Roughness - From Everett Lake to
U.S. Bobbin Company Dam - Manning's "n" = 0.08 to 0.10,
U.S. Bobbin Company Dam to Greggs Falis Dam - Manning's
"n" = 0,08 to 0.095 Greggs Falls Dam to Kelleys Falls
Dam - Manning's "n" 0.08 to 0.10, Kelleys Falls Dam
- to the junction of the Merrimack River - Manning's
"n" = 0.08 to 0.095, 5 miles downstream of the
junction on the Merrimack River Manning’s "n" = 0.04
to 0.06.

(8) Downstream Dam Failure - All four dams were assumed
to remain.

5. RESULTS

The resulting peak stage flood profile and flood delineations
for the base flood are shown on plan and profile sheets 1 and 2
(reference plates 8 and S). A flood profile index map is shown
on plate 7. Timing of peak and leading edge of the flood wave
are also noted on the plan and profile plates. The adopted pre-
failure filow was based on the recurring record March 1936 flood
as modified by the present system of reservoirs.

Development of the peak stage profile, discharge and stage
hydrographs for three selected stations downstream of Everett
Lake {river miles 0.00, 7.55 and 20.80) are graphically shown on
plate 10.

The peak dam-break discharge from Everett Lake was 774,600 cfs
and attenuyated to 202,800 cfs at the junction with the South Branch
Piscataquog River and further attenuated to 451,700 cfs at Greggs
Falls Dam. In this 7 and 9.5 mile reach, the peak stages would be
about 50 and 45 feet above normal riverflow, respectively.

The study continued to 5 miles below the junction with the
Merrimack River an additional total distance of 11.5 miles. In
this reach, the peak discharge reduces to 401,400 cfs and then in-
creases to 458,400 cfs at the junction with Merrimack River due to
the prefailure Merrimack River floodflow of 78,000 cfs. The peak
flood stage would vary from about 45 feet to about 60 feet above
normal river level. At the confluence with the Merrimack River,



the peak flood stage would be about 55 feet above normal river level
or about 30 feet above assumed pre~breach high flow. The Merrimack
River has a very flat gradient in this reach, and would maintain
high stages for a considerable distance downstream. The dam break
computation was carried to river mile 25.2 miles, 9 miles downstream
of the junction with the Piscataquog River. At this location the
dam-break flood stage would still be about 50 feet above normal
river Tevel or about 30 feet above pre-breach high flow, or about

- 10 feet above the actual experienced March 1936 flood of record.

The leading edge of the dam~-break flood would reach Goffstown
about ‘1.60 hours after start of failure and the resultant peak flood
stage would occur about 3.00 hours after the start of dam-break.

The city of Manchester would experience the leading edge of the dam-
break 2,20 hours after the start of failure and the resultant peak
flood stage would occur about 4.50 hours after dam-break.

The computer model analysis was terminated 5 miles downstream
of the confluence of the Piscataquog and Merrimack Rivers. Peak
stages of the breach flood wave at the confluence was about 25 feet
higher than that produced by the record flood of March 1936.

6. SENSITIVITY TESTS

In addition to the analysis with. the assumed dam-break conditions,
other studies were made to determine the sensitivity that individual
selected parameters would have on the resulting downstream flood.
Following is a 1isting of conditions used and a description of
results obtained.

a. Breach Width. For the Base Flood analysis, a breach width
of 310 feet (3 x height) was used, a comparative run was made with
a breach width of 450 feet. The 450-foot breach width produced
a peak flow that was 30 percent greater, resulting in stage increases
from about 10 feet at the start to about 4 feet at river mile 25.2.
Comparative profiles for the 310 and 450-foot breach width are shown
on plate 11.

b. Duration of Dam-Break. The selected duration for the dam
failure was one hour. Runs were also completed for failure times
of 2 and 5 hours. Changes in failure time resulted in stage reductions




of 6 feet in the upper river reach to 3 feet in the lower reaches.
Relative effects of the three failure times on the flood profiles
are shown on plate 17,

c. Initial Pool Level. An important factor in determining
the magnitude of a dam-break flood is the Tevel of the reservoir
when the break occurs. Though a full reservoir condition was
adopted, a run was also completed with the reservoir initially
one-half full. Comparative downstream profiles are shown on plate
11. With the one-half full condition, the resulting peak discharge
at Everett Lake was 29 percent less than the adopted full pool
condition. Peak flood levels related to this reduction within the
study reach were from 12 to 11 feet less.

d. 'Channel Roughness. Varying values of Manning's "n" were
tested to determine the effect on downstream flow attenuation,
resulting stage, and timing, with Manning's "n" 5 percent greater
and then 15 percent less than that for the base flood condition.
Reducing the channel roughness values resulted in faster movement
of the fiood wave with somewhat less attenuation. Increasing the
channel roughness values resulted in slower progression of the
flood wave downstream with somewhat greater attenuation. However,
the resulting variation in the downstream flood profile was relatively
small and is shown on plate 12. The most s1gn1f1cant effect of
changing the channel roughness was the difference in timing of the
peak flood stage. At the Greggs Falls Dam in Goffstown, the timing
varied from 3.00 to 3.75 hours, and at the junction of the Merrimack
River it varied from 5.50 to 5.75 hours for the smallest to the
1argest "n" values, respectively.

e. Downstream Dams. There are four dams on the river between
Everett Lake and the Merrimack River: Riverdale, U.S. Bobbin Company,
Greggs Falls, and Kelleys Falls Dams. In the event of a major
dam-break at Everett Lake under full pool conditions, these dams
could be seriously damaged or fail. The adopted base flood conditions
assumed that all dams remained intact; however, the effects of
possible failure was also considered. The Greggs Falls Dam was
selected to determine the effects of a secondary failure on upstream
and downstream flood levels. It was selected over the others.
because it was the highest and because of its location within the
town of Goffstown and also upstream of the city of Manchester. There
is no appreciable storage behind any of the four dams.
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Parameters used and results obtained in the failure of Greggs
Falls Dam were as follows: (1) the dam failed when the upstream
water surface reached elevation 294 feet NGVD, or about 15 feet
above top of dam, and (2) a 400-foot rectangular breach formed in a
period of 1 hour. The failure of Greggs Falls Dam, occurring just
prior to the peak failure discharge from Everett, would reduce levels
just upstream by. about 6 feet and increase levels in downstream
areas by about 0.5 foot. Plate 12 shows comparative results of the
Greggs Falls Dam failure analysis.

f. Antecedent Riverflows. For the base dam-break flood analysis,
it was assumed that a high flow was occurring in the river at the
time of dam-break. This approach was considered appropriate because
if a dam-break were to occur, it is conceivable that it would happen
at a time of abnormally high flow conditions. The assumed base
flow conditions used were recurring March 1936 flood of record
flows, as modified by the now existing system of Corps flood
control reservoirs.

The Everett outflow with the reservoir at spillway crest was
2,000 cfs, the estimated regulated discharge for the March 1936
flood. Downstream tributary inflows of the recurring 1936 flood
was 14,000 cfs from the South Branch Piscataquog River and 62,000
¢fs for the Merrimack River.

The adopted antecedent flow and comparative estimated and
experienced 1936 discharges are as follows:

Adopted Experienced

Antecedent ‘March 1936
Everett Lake - 2,000 {est.) 6,000 (est.)
Below So. Br. Piscataquog R. 16,000 (est.) 20,000 (est.)
Merrimack R, at Manchester 78,000 144,000

An analysis was also compieted using lower antecedent river-
flows at the time of dam-break and the comparative flood stages are
shown on plate 12. The lower antecedent flows used were, 1,000 cfs.
for the Everett outflow, 7,000 cfs below the junction with the South
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Branch Piscataquog River and 32,000 ¢fs at the junction with the
Merrimack River. It is unlikely that these flows would occur
coincidentally with Everett Lake filled to spillway crest. However,
these flows were considered reasonable for the comparative purposes
of this analysis.

7. DISCUSSION

The dam-break analysis for Everett Lake was based on engineering
application of certain laws of physics, considering the physical
characteristic of the project and downstream channel conditions
at failure, Due to the highly unpredictable nature of a dam-break
and the ensuing sequence of events, results of this study should
not be viewed as exact but only as an approximate guantification
of the dam-break flood potential. For purposes of analysis, down-
stream conditions are assumed to remain constant and no allowance
is made for possible enlargement or relocation of river channels
due to scour or the temporary damming effect of debris, all of
which could affect the resulting magnitude and timing of flooding
downstream.
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