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DEPARTMENT OF THE ARMY
NEW ENGLAND DIVISION. CORPS OF ENGINEERS
424 TRAPELO ROAD
WALTHAM MASSACHUSETTS 02154

JuL 07 1980

Honorable Hugh J. Gallen

Governor of the State of New Hampshire
State House

Concord, New Hampshire 03301

L an

Dear Governor Gallen.

Inclosed is a copy of the Millen Lake Dam Phase I Inspection Report,
which was prepared under the National Program for Iaspection of
Non-Federal Dams. This report 1s presented for your use and is based
upon a visual inspection, a review of the past performance and a brief
hydrological study of the dam. A brief assessment is included at the
beginning of the report. 1 have approved the report and support the
findings and recommendations described in Section 7 and ask that you
keep me informed of the actions taken to implement them. This follow-up
action is a vitally important part of this program.

A copy of this report has been forwarded to the Water Resources Board,
the cooperating agency for the State of New Hampshire. 1n addition, a
copy of the report has also been furnished the owner, Millen Lake
Association, Inc., Ardmore, Pennsylvania.

Copies of this report will be made available to the public wupon
request, by this office under the Freedom of Information Act. In the
case of this report the release date will be thirty days from the date
of this letter. :

I wish to take this opportunity to thamk you and the Water Resources
Board for your cooperation in carrying out this program.

Sincerely,
Incl sz(f'. SCHEIDEK
As stated Colonel, Corps of Engineers

Division Engineer

s . . . . .
PR . - . . e e e
. .~ LT e T e A T IS

T A Rn M e i S i P A St s 3 R AalCar (e S e ———— LERA VI Girch g A SVS Mt o A miadt e o aiaa o g

LS e . e RS e e e e St e e
R T WA 1 PR UL PO W SO ittt ndeidmadi e dondnsdnednednediie S etn el PRSP S P PR VAL OO TN I U W AT AT TR P .ot




= Accession For Nz

- MILLEN LAKE DAM DIIC TAB
- NH 00236 Unannounced a
NHWRB 245 4 Justification _

By.

Distribution/
Avai}ability Codes

Avail and/op

Dist Specia)

: i

CONNECTICUT RIVER BASIN
WASHINGTON, NEW HAMPSHIRE

PHASE I INSPECTION REPORT '
NATIONAL DAM INSPECTION PROGRAM SRR

4@

.

AT
et .
BT RROING
PSP S S S L LY S




.................

NATIONAL DAM INSPECTION PROGRAM
PHASE I - INSPECTION REPORT
BRIEF ASSESSMENT

Identification No: NH 00236

Name of Dam: Millen Lake Dam

Town: Washington

County and State: Sullivan, New Hampshire
Stream: Millen Lake

Date of Inspection: Decembel". 6, 1979

Millen Lake Dam is an earthfill gravity structure approximately 23 feet high from
crest of dam to toe of slope and about 115 feet long. The upstream face consists
of a concrete and mortared stone retaining wall which extends from crest of dam
vertically downward to the lake bottom. The crest width is approximately 42 feet
and is an asphalt paved town road. Located in the center of the dam is the
principal spillway and sluice gate structure which both discharge into a common
concrete inlet box. Flow from this box enters a 48-inch diameter corrugated
aluminum pipe which runs beneath the roadway and discharges at the toe of the
downstream slope. There is no emergency spillway incorporated as part of the dam
structure. :

The dam impounds Millen Lake and the discharge flows through an unnamed brook
in a southwesterly direction for approximately 0.8 miles to Ashuelot Pond. It is
reported that the dam was originally constructed for industrial purposes, but its
present use is recreational. The reservoir is 1.31 miles in length with a surface
area of about 156 aeres. The maximum storage capacity is about 1,285 acre-feet.

As a result of the visual inspection and the review of available data regarding
this facility, the dam is considered to be in FAIR condition. Major concerns are:
lack of vegetation on the downstream slope and on the upstream and downstream
edges of the crest render these areas less resistant to erosion; minor settlement
of the crest in the vicinity of the buried spillway conduit; and trees growing on
the abutments and downstream slope.

This dam is classified as INTERMEDIATE in size and a SIGNIFICANT hazard
structure in accordance with the recommended guidelines established by the Corps
of Engineers.The test flood for this dam, therefore, ranges from one-half the
Probable Maximum Flood (1/2 PMF) to the Probable Maximum Flood (PMF). The
ful PMF was utilized for this hydrologic analysis. The test flood inflow was
estimated to be 3,320 cfs, and resulted in a routed test flood outflow equal to
890 cfs which would overtop the dam crest by about 0.3 feet. The maximum
spillway capacity (assuming that the sluice gate is closed) with the water

ii
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level at the dam crest was estimated to be 89 cfs or about 10 percent of the

routed test flood outflow. However, this is not considered to be a serious limitation
: of the dam since more than 80 percent of the routed test flood outflow bypasses
the dam via a stream channel located approximately 1,000 feet from the dam on
the west shore of the lake. A major breach with the reservoir surface at the dam

§

- crest would destroy the town road over the dam and would increase the stage of
the immediate downstream channel to nearly 14 feet resulting in damage to the
residence located directly behind the dam. Water would rise to approximately 2

r feet above the sill of the house. The potential for loss of less than a few lives
exists.

It is recommended that the owner engage a qualified registered professional engineer
to design or specify erosion protection for the crest and downstream slope of the
dam, to investigate the cause of settlement of the crest in the vicinity of the
! buried spillway conduit to specify and oversee procedures for the removal of trees
1 and their root systems from the abutments and downstream slope of the dam and
to do a detailed hydrologic-hydraulic investigation to assess further the potential
of overtopping the dam, the adequacy of the spillway to pass the test flood, and
the need for and the means to increase project discharge capacity. Included in
the hydrologic-hydraulic investigation should be an examination of the need for
maintaining the secondary stream channel outlet located upstream from the dam.
It is also recommended that the owner clear the trees from a zone 25 feet wide
on either side of the downstream channel for a distance of 100 feet below the

B

dam.
i The recommendations and remedial measures are described in Section 7 and should
be addressed by the owner within one year after receipt of this Phase I Inspection
B ‘ Report.
s, W W
SNOF KEw 1,
B ér%‘\%m wﬁ!g‘:@,{_ enneth M. Stewart
- 97 e N L% Project Manager
3¢ . £3 N.H.P.E. 3531
g =i sEwar m:3
EX) ‘9' & S E A Consultants Inc.
%q“’no S Rochester, New Hampshire
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This Phase I Inspection Report on Millen Lake Dam
S has been revieved by the undersigned Reviev Board members. In owr
g opinion, the reported findings, conclusions, and recommendations are

consistent with the Recommended Gujidelines for Safety Inspection of
Dams, and with good enginsering judgment and practice, and 4is heredy

submitted for approval.

[ oo PPt

v o

ARAMAST MAHTESIAN, MEMBER
Geotechnical Engineering Branch
Engineering Division

" Gy T

CARNEY M. TERZIAN, MEMBER
Design Branch
8 Engineering Division

RICHARD DIBUONO, CHAIRMAN . o ’ -0
Water Control Branch )
Engineering Division

APPROVAL RECOMMENDED:

- %n 3. FIR : 7

Chief, Bogineering Division
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PREFACE SR

This report is prepared under guidance contained in the Recommended Guidelines
for Safety Inspection of Dams, for Phase I Investigations. Copies of these guidelines e
may be obtained from the Office of Chief of Engineers, Washington, D.C. 20314, A
The purpose of a Phase I investigation is to identify expeditiously those dams 1

which may pose hazards to human life or property. The assessment of the general
[ condition of the dam is based upon available data and visual inspections. Detailed
investigation, and analyses involving topographic mapping, subsurface investigations,

testing, and detailed computational evaluations are beyond the scope of a Phase I . * .
investigation; however, the investigation is intended to identify any need for such e %
. studies. L
L 4
In reviewing this report, it should be realized that the reported condition of the . . A
3 dam is based on observations of field conditions at the time of inspection along RO

with data available to the inspection team. In cases where the reservoir was

lowered or drained prior to inspection, such action, while improving the stability
and safety of the dam, removes the normal load on the structure and may obscure
certain conditions which might otherwise be detectable if inspected under the

normal operating environment of the structure.

It is important to note that the condition of a dam depends on numerous and . ."_ '_,1
constantly changing internal and external conditions, and is evolutionary in nature. R

It would be incorrect to assume that the present condition of the dam will continue '_:‘,:'-__jti'-'J
to represent the condition of the dam at some point in the future. Only through ,'_;'-'_ .Ef;fl"_
continued care and inspection can there be any chance that unsafe conditions be e
detected.

Phase I inspections are not intended to provide detailed hydrologic and hydraulic
anaiyses. In accordance with the established guidelines, the Spillway Test flood is
based on the estimated "Probable Maximum Flood" for the region (greatest reason-
ably possible storm runoff), or fractions thereof. Because of the magnitude and
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rarity of such a storm event, finding that a spillway will not pass the test flood
should not be interpreted as necessarily posing a highly inadequate condition. The
test flood provides a measure of relative spillway capacity and serves as an aide
in determining the need for more detailed hydrologic and hydraulic studies, con-
sidering the size of the dam, its general condition and the downstream damage
potential.

The Phase 1 investigation does not include an assessment of the need for fences,
gates, no-trespassing signs, repairs to existing fences and railings and oth:r items
which may be needed to minimize trespassing and provide greater security for the
facility and safety to the public. An evaluation of the project for compliance with
OSHA rules and regulations is also excluded.

vi
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NATIONAL DAM INSPECTION PROGRAM -
PHASE I INSPECTION REPORT R o
MILLEN LAKE DAM T

SECTION 1 ::-:'.,'-._’.f:ﬂ'_.‘

! PROJECT INFORMATION - . -
1.1 General
)
{ a.  Authority. Public Law 92-367, August 8, 1972, authorized the Secretary .
t of the Army, through the Corps of Engineers, to initiate a National Program of .
Dam Inspection throughout the United States. The New England Division of the e

! Corps of Engineers has been assigned the responsibility of supervising the inspection
of dams within the New England Region. S E A Consultants Inc. has been retained
by the New England Division to inspect and report on selected dams in the State
] of New Hampshire. Authorization and notice to proceed were issued to S E A
h Consultants Inc. under a letter of November 5, 1979 from William Hodgson, Jr., PRI

Colonel, Corps of Engineers. Contract No. DACW33-80-C-0008 has been assigned B
by the Corps of Engineers for this work. S

b. Purpose
(1) To perform technical inspection and evaluation of non-federal dams o “..
to identify conditions which threaten the public safety and thus permit correction ®

in a timely manner by non-federal interests.

(2) To encourage and prepare the states to initiate quickly effective
dam safety programs for non-federal dams.

(3) To update, verify and complete the National Inventory of Dams.

1.2 Description of Project

a. Location. Millen Lake Dam is located in the Town of Washington, New
Hampshire, at the south end of the Millen Lake, under Faxon Hill Road. The dam S
impounds water from Millen Lake, which after passing over the spillway, flows ®
through an unnamed brook in a southwesterly direction for approximately 0.8 miles =
where it discharges into Ashuelot Pond. The dam is shown on U.S.G.S. Quagrangle,
Lovewell Mountain, New Hampshire, with coordinates approximately N43-09'05",
w72°07'39", Sullivan County, New Hampshire. (See Location Plan)

b. Description of Dam and Appurtenances. Millen Lake Dam is an earthfill
gravity structure, with a concrete and mortared stone face wall, approximately IR
23 feet high from crest of dam to toe of slope and about 115 feet in length. The S
upstream face consists of a concrete and mortared stone retaining wall which

'
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extends from crest of dam vertically downward to the lake bottom. The downstream
slope is approximately 1 foot vertical to 2 feet horizontal (1:2) from crest of dam .
F to toe of slope. The crest width is approximately 42 feet and is asphalt paved. ®

Located in the center of the dam is the principal spillway and gate structure
which consists of a steel gate located at the lake bottom which discharges into
a 3 feet wide by 3 feet high stone box sluiceway. Located directly above the gate
} is the spillway which consists of a 4 feet wide by 3 feet high conerete box culvert.

Y, V*I "

The concrete box culvert and stone lined box sluiceway extend about 12 feet until ®
they both discharge into a common concrete inlet box. Flow from the inlet box

enters a 48 inch diameter corrugated aluminum pipe which runs beneath Faxon

Hill Road and discharges at the toe of the downstream slope.

c. Size Classification. Intermediate (height 23 feet, storage - 1,285 B
acre-feet) based on storage (greater than or equal to 1,000 acre-feet and less than °
50,000 acre-feet) as given in the Recommended Guidelines for Safety Inspection
of Dams.

Lake Dam could result in damage to the residence located directly behind the :
dam. Water would rise to approximately 2 feet above the sill of the house. In o
5 addition to the possible damage to the house, the town road over the dam would RS
;_:I be destroyed. The potential for loss of less than a few lives exists.

i d. Hazard Classification. Significant Hazard. A major breach in the Millen

e. Ownership. Land titles on file at the Sullivan County Registry of S
Deeds, Newport, New Hampshire indicate that in 1857, Faulkner and Colony o
Manufacturing Company bought up several large tracts of land in an area just .o
southwest of the Town of Washington, to construct a dam and create an artificial e
lake for industrial purposes, known as Millen Lake. Faulkner and Colony went R
bankrupt in the mid 1950's, and it is not known to whom the ownership of the S
dam was transferred at that time. Records show that in 1970, the owner was the S
Keene Housing Authority, who conveyed the dam in the same year to the present S
owner, Millen Lake Association, Ine. The person in responsible charge of the dam . 0
for the Association is Donald Callendar, President, Millen Lake Association, 2944 R
Morris Road, Ardmore, Pennsylvania 19003. Telephone No. (215) 642-0112.

& Operator. The dam is operated by Mark Basto, Millen Lake Road,
Washington, New Hampshire 03280. Telephone No. (603) 495-3619.

. Purpose of Dam. The original purpose of the dam was to create an
artificial body of water, called Millen Lake, for industrial purposes by a Faulkner
and Colony Manufacturing Company. Faulkner and Colony went bankrupt in the
mid 1950's and the present purpose of the dam is recreational.

h. Design and Construction History. Land deeds indicate that in 1857, .0
Faulkner and Colony Manufacturing Company bought several large tracts of land AN
in order to construct a dam and create an artificial lake for industrial purposes,
known as Millen Lake. The actual date of construction of the dam or date when e
water was first impounded is not known. The earliest records on file at the State A
of New Hampshire Water Resources Board show the dam to be in existence in .
1937. ]
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The dam was reconstructed in July of 1970 by Curtis Rowe of Hillsboro, New
Hampshire. This work consisted of a new face wall of concrete, a new 48 inch
corrugated aluminum pipe for an outlet, and stone riprap on the downstream slope
around the discharge of the outlet pipe.

An as-built sketch was prepared by P.E. Rolfe, Professional Engineer, Washington,
New Hampshire, in November 1970 and is on file at the State of New Hampshire
Water Resources Board.

i. Normal Operating Procedures. The Millen Lake Dam is used primarily
to retain the water of Millen Lake for recreational purposes. The normal operating
procedure for this dam is to lower the water level in October approximately 2
feet (plus or minus) so that debris along the edge of the lake can be removed
and repairs made to docks. The lake is usually not brought up to normal pool level
until spring. When the lake is lowered during the winter, a conscious effort is
made to keep the level at an elevation which will maintain flow in a stream
channel approximately 1,000 feet upstream from the dam. This flow provides a
source of water for livestock raised along the stream. This channel represents a
secondary outlet to Millen Lake, and essentially functions as an emergency spillway
for the dam.

1.3 Pertinent Data

a. Drainage Area. The drainage area above the Millen Lake Dam covers
an area of approximately 1.23 square miles (787 acres), consisting of steeply sloped
terrain. The topography in the basin ranges from over 1960 feet (NGVD) to below
1580 feet at the base of the dam face. The majority of the drainage area is
heavily wooded. Development is predominantly located along the western edge of
the lake and consists of a combination of year round and summer residences.

b. - Discharge at Damsite. The outlet works consist of a 4 feet wide by 3
feet high concrete box spillway and a gated, 3 feet square stone box sluiceway.
The spillway and sluiceway connect to a common concrete inlet box about 12 feet
behind the face of the dam. Flow entering the inlet box leaves through a 48 inch
diameter corrugated aluminum pipe. This pipe passes through the dam and discharges
to the stream channel at the toe of the dam. The spillway weir is set at
approximately 1582.0 feet above mean sea level, and the water surface is maintained
near that elevation throughout most of the year. During the winter months, the
reservoir is lowered about 2 feet by opening the sluice gate. This gate can be
used to lower the reservoir to an elevation of 1572.9 feet.

(1) The capacity of the sluiceway was estimated to be 155 cfs with
the water surface at the top of dam (elevation 1587.2 feet) and 157 efs with the
water surface at the test flood elevation (elevation 1587.5 feet).
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(2) Maximum known flood at damsite - unknown

(3) The capacity of the ungated spillway with the water surface at
the top of the dam (at elevation 1587.2 feet) was estimated to be 89 cfs.

(4) The capacity of the ungated spillway with the water surface at
the test flood elevation (at elevation 1587.5 feet) was estimated to be 92 efs.

(5) N/A
(6) N/A

(7) The total spillway capacity at the test flood elevation was
estimated to be 92 efs.

(8) The total project discharge at top of dam was estimated to be
660 cfs with the sluice gate closed (89 efs spillway, 571 efs channel upstream
from the dam) and 815 cfs with the sluice gate open (89 ecfs spillway, 155 efs
sluiceway, 571 cfs channel upstream from dam).

(9) The total project discharge at the test flood elevation was
estimated to be 890 cfs with the sluice gate closed (92 cfs spillway, 746 cfs
channel upstream from dam, 52 efs over dam crest).

e.  Elevation (feet, NGVD) based on elevation 1582.0 shown on U.S.G.S.
quad sheet assumed to be pool elevation at top of permanent spillway crest

(1) Streambed at toe of dam - 1564.0

(2) Bottom of cutoff - unknown

(3) Maximum tailwater - unknown

(4) Recreation pool - 1582.3

(5) Full flood control pool - N/A

(6) Spillway crest - 1582.0

(7)  Design surcharge (Original Design) - unknown
(8) Top of dam - 1587.2

(9) Test flood design surcharge - 1587.5

1-4
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d. Reservoir (length in feet)
(1) Normal pool -~ 6,940
(2) Flood control pool - N/A
(3) Spillway crest pool - 6,930

(4) Top of dam - 7,125

(5) Test flood pool - 7,135
e. Storage (acre-feet)

(1) Normal pool - 465

Al

(2) Flood control pool - N/A
(3) Spillway crest pool - 420
(4) Top of dam - 1285

(5) Test flood pool - 1,340

f. Reservoir Surface (acres)

(1) Normal pool - 156

(2) Flood control pool - N/A
(3) Spillway crest - 156

(4) Test flood pool - 179

(5) Top of dam - 177
-8 Dam ®

(1) Type - earthfill gravity structure with concrete and mortared
stone face wall

(2) Length - 115 feet

(3) Height - 23 feet maximum J

(4) Top Width - 42 feet

(5) Side Slopes - upstream - vertical face wall to lake bottom e
- downstream - 1V to 2H earth to toe of slope °




e

— ]

L

(6) Zoning - unknown o
N
(7) Impervious core - unknown T
T
(8) Cutoff - unknown RS

®

(9) Grout curtain - none :
(10) Other - none S
T
h.  Diversion and Regulating Tunnel S
Not applicable (see Section j below) o :
i.  Spillway o
.
(1) Type - concrete, discharge into 4 feet wide by 3 feet high concrete '_ i
box culvert .

®
]
(2) Length of weir - 4.0 feet 3
(3) Crest elevation - 1582.0 (permanent crest) 3

(4) Gates - N/A -
(5) U/S Channel - Millen Lake. The banks are tree lined. The slopes
of the lake appear stable. No evidence of significant sedimentation was observed.
The approach channel is wide and unobstructed.
(6) D/S Channel. The outlet works discharge to a natural stream o L
channel at the toe of the downstream slope of the dam. The stream channel is -9
approximately 10 feet wide at the base, with steeply sloping tree-lined banks. The .
channel becomes broader and less steep as it enters Ashuelot Pond approximately -
0.8 miles downstream from the dam. e
i+ Regulating Outlets o R
(1) Invert - Sluice gate - 1572.9 bottom of gate opening I 1
(2) Size - Sluice gate - 3.0 feet x 3.0 feet stone lined culvert : jﬁi
(3) Description - Sluice gate - one steel gate with 3.0 feet x 3.0 feet RERERAR
opening - 0
(4) Control Mechanism - Sluice gate - opened and closed mannually RS
by 3 inch by 1-1/4 inch steel channel gate RSN
stem secured by chain and padlock. S e
® |
1-6
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4 SECTION 2
! ENGINEERING DATA

2.1 Design
No design data were disclosed for Millen Lake Dam.

r 2.2 Construction ]

A sketch on file at the State of New Hampshire Water Resources Board indicates ]
& reconstruction of the Millen Lake Dam occurred in July of 1970, and the work S
was performed by Curtis Rowe of Hillsboro, New Hampshire. This sketch shows S
"as-buijlt" detail and was prepared by P.E. Rolph, Professional Engineer, Washington, o
i New Hampshire and dated November 12, 1970. o :

———Y

2.3 Operation

8 R
b No engineering operational data were found. . L
2.4 Evaluation

- a.  Availability. No engineering data were available for Millen Lake Dam,
other than the "as-built" sketeh described in Section 2.2. A search of the files of
the State of New Hampshire Water Resources Board and contact with the Seleetmen o
for the Town of Washington, revealed a limited amount of recorded information. o

b.  Adequacy. The final assessments and recommendations of this investiga-
tion are based on the visual inspection and the hydrologic and hydraulie caleulations.

c.  Validity. The field investigation indicated that the external features
of the Millen Lake Dam substantially agree with those shown on the "as-built"
sketch mentioned in Section 2.2. The only apparent differences are that the slope -
of the 48 inch diameter corrugated, aluminum outlet pipe does not agree with
that indicated on the "as-built" sketch, and no dumped stone is present on the SO
downstream slope as indicated on the "as-built" sketch.
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SECTION 3
VISUAL INSPECTION

3.1 Findings

a. General. Millen Lake Dam impounds a lake of intermediate size. The
watershed above the dam consists of steeply sloped terrain surrounding Millen
Lake. The majority of the drainage basin is heavily wooded. Development is
predominantly located along the western edge of the lake and consists of a
combination of year round and summer residences. The downstream area is heavily
wooded and undeveloped.

The field inspection of Millen Lake Dam was made on December 6, 1979. The
inspection team consisted of personnel from S E A Consultants Inc. and Geotechnical
Engineers, Ine. Inspection checklists, completed during the visual inspection, are
ineluded in Appendix A. At the time of inspection, no water was passing over the
spillway. The pool elevation was at approximately 1582.0 feet (NGVD). The upstream
face of the dam could only be inspected above this water level.

b. Dam. Millen Lake Dam is an earthern embankment about 23 feet high,
115 feet long, and 42 feet wide at the crest. (See Photo No. 2.)

There is a paved roadway on the crest of the dam. (See Photo No. 7.) The shoulders
of the roadway, out to the upstream and downstream edge of the crest, consist
of sand and gravel, and have practically no vegetation. (See Photo No. 7.) The
roadway has settled a few inches in the vicinity of the spillway conduit which
passes under it. (See Plans and Details in Appendix B.) Two logs, which are
supported against trees, retain the top 1 to 2 feet of fill at the downstream edge
of the crest and some erosion of the fill, apparently due to runoff from the
roadway, has occurred on the downstream edge of the crest. (See Photo No. 8.)

The upstream face of the dam is retained by a stone-masonry retaining wall which
is in good condition. (See Photo Nos. 3, 4 and 5.) A concrete facing has been
constructed against this wall up to an elevation about 4 inches above the overflow
spillway crest. (See Photo No. 6 and Plans and details in Appendix B.)

The downstream slope of the embankment is inclined at 1V:2H and consists of
sand, gravel, and boulders. (See Photo Nos. 8, 9 and 10.) Two large trees are
growing near the top of the slope, and several trees are growing near the downstream
toe of the slope. The slope is practically bare of any other vegetation. There was
no evidence of seepage on the downstream slope or in the area downstream of
the toe of the dam.

Both abutments appear to consist of soil. Bedrock appears to be exposed on both
sides of the valley bottom immediately downstream of the dam. Trees are growing
on the upstream and downstream sides of both abutments, approximately at the
elevation of the crest of the dam, or slightly lower. (See Photo Nos. 5 and 7.)
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c.  Appurtenant Structures. Located in the center of the dam is the
prineipal spillway and gate structure which consists of a steel gate located at the
lake bottom which discharges into a 3 feet wide by 3 feet high stone box sluiceway
(See Photo No. 6 and Plans and Details in Appendix B). Located directly above
the gate is the spillway which consists of a 4 feet wide by 3 feet high concrete
2 box culvert, with a wire mesh covering the entrance. The concrete box culvert
and stone lined box sluiceway extend about 12 feet until they both discharge into
a common concrete inlet box. Flow from this inlet box enters a 48 inch diameter
corrugated aluminum pipe which runs beneath Faxon Hill Road and discharges at
the toe of the downstream slope (See Photo No. 10). The sluice gate control
mechanism consists of a 3 inch by 1-1/4 inch steel channel gate stem rising through 1
a 4 inch diameter iron pipe (See Photo No. 6). The gate stem is secured by chain o |
and padlock and is operated manually. The spillway, sluiceway, gate and stem, and ' A
all other works relating to this structure appear to be in good condition and were o
operable at the time of inspection. '

d. Reservoir Area. The slopes of the reservoir appear to be stable. No
- evidence of significant sedimentation was observed. Trees are growing on the banks
of the approach channel upstream of the dam, but the channel is wide and
unobstructed (See Photo No. 1).

e. Downstream Channel. One tree has fallen across the channel im- fi-j}ff’,‘
mediately downstream of the dam, and many trees overhang the channel (See RSN
Photo Nos. 11 and 12). LA

N )1

3.2 Evaluation

On the basis of the results of the visual inspection, Millen Lake Dam is considered
to be in fair condition.

.. The lack of vegetation on the shoulders next to the paved roadway on the crest - ._
- of the dam and also on the downstream slope of the dam leaves those areas Lo
subject to erosion by rainfall runoff or in case of overtopping, by flowing water.
Erosion which has already started on the downstream edge of the crest will act
as a focus for more intense erosion as time goes on.

A '
L : oo
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- The two logs which retain the top 1 to 2 feet of fill on the downstream edge of _' »
. the crest will eventually rot and break, allowing the edge of the crest to slump _
and making it more susceptible to erosion. RIS

. Minor settlement of the crest in the viecinity of the spillway conduit which passes AR
; under the crest appears to be evidence of poor compaction of the backfill around T
the conduit when it was reconstructed. If the backfill is poorly compacted, it . @
could be susceptible to seepage and piping problems. T

Trees growing on the abutments and downstream slope could lead to seepage and j'f.;,if“_';l;’_?
) piping problems if a tree blows over and pulls out its roots, or if a tree dies or g o
‘b is cut and its roots rot.
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' SECTION 4 C
P OPERATIONAL AND MAINTENANCE PROCEDURES 4

' : 4.1 Operational Procedures

‘ a. General. The Millen Lake Dam is used primarily to retain the waters :
, of Millen Lake. The normal operating procedure for this dam is to lower the water . @
r level in the month of October approximately 2 feet (plus or minus) so that debris

along the edge of the lake can be removed and repairs made to docks.

b. Description of Any Warning System in Effect. No written warning system
exists for the dam.

L
4.2 Maintenance Procedures g
a. General. The owner, the Millen Lake Association, is responsible for
the maintenance of the dam. A general inspection and cleaning of debris from the
spillway and gate chamber is usually made in October when the water level is
lowered. o
b. Operating Facilities. No formal plan for maintenance of operating
facilities was disclosed. L
4.3 Evaluation ,
o
The current operation and maintenance procedures for the Millen Lake Dam S
are inadequate to insure that all problems encountered can be remedied within a
reasonable period of time. The owner should establish a written operation and -
maintenance procedure, as well as establish a warning system to follow in event -
of flood flow conditions or imminent dam failure. o
)
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SECTION 5
EVALUATION OF HYDROLOGIC/HYDRAULIC FEATURES

5.1 General. The Millen Lake Dam is an earthfill gravity structure approximately . ]
23 fect high from crest of dam to toe of slope and 115 feet long. The spillway
consists of a 4 feet wide by 3 feet high stone box culvert, which discharges into REEROA
a concrcte inlet box. Flow from the box culvert enters a 48 inch corrugated R
aluminum pipe which discharges to the stream channel at the toe of the dam. oo
Located below the spillway structure is a gated 3 fect by 3 feet sluiceway, which e
also discharges to the concrete inlet box when the gate is opened. Outflow from

Millen Lake also occurs through a stream channel located approximately 1000 feet

upstream from the dam on the west shore of the lake. Discharge through this

channel is controlled by a 24 inch corrugated aluminum culvert which passes

beneath the road located about 500 feet from the edge of the lake. The invert

of this culvert is more than 2 feet lower than the spillway invert, therefore, water ®
normally flows through this channel during the entire year. In fact, a conscious -
effort is made to maintain the flow so that water from this stream channel can ]
be used to water livestock. The roadway has been constructed on fill deposited

across the original stream channel. This layer of fill is about 4 feet deep near

the culvert and quickly thins out to the original ground surface on each side of

the culvert. Consequently, this road does not represent a significant barrier across o
the stream channel. .

The drainage area above the dam consists of steeply sloped terrain which is heavily
wooded. No other impoundments, which would delay the arrival of runoff to Millen
Lake, are located in the drainage area. The dam impounds a lake which functions .
as a recreation facility. The dam is classified as intermediate in size, having a . ®
maximum storage of approximately 1285 acre-feet.

t
'.A*.'u__\_l!'

5.2 Design Data. No hydrological or hydraulic design data were disclosed.

5.3 Experience Data. No experience data were disclosed. Maximum flood flows o
or elevations are unknown. . @

5.4 Test Flood Analysis. Due to the absence of detailed design and operational
information, the hydrologic evaluation was performed utilizing data gathered during
field inspection, watershed size and an estimated test flood determined from the
Corps of Engineers guide curves. For this dam (intermediate size and significant SRR
hazard) the test flood ranges from one-half the Probable Maximum Flood (1/2 [
PMF) to the full Probable iWaximum Flood (PMF). The full PMF was selected for

this analysis in order to show the relative hydrologic significance of the secondary

stream channel outlet on the west shore of the lake. Since the drainage area

consists of steeply sloping terrain, the "mountainous" curve, from the Corps of RN
Engineers set of guide curves, was used to estimate the maximum probable flood R
peak flow rate. ®

.....................................................
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Based on an estimated maximum probable flood peak flow rate of 2700 cfs per

. square mile and a drainage area of 1.23 square miles, the test flood inflow was -.
estimated to be 3320 cfs. The test flood was routed through the reservoir in
accordance with the Corps of Engineers procedure for Estimating Effect of
Surcharge Storage on Maximum Probable Discharge. The reservoir water surface
was assumed to be at elevation 1582.0 prior to the flood routing. The routed test
flood outflow was estimated to be 830 cfs. This analysis indicated that the dam
crest would be overtopped by 0.3 feet. The maximum spillway capacity (assuming

B that the sluice gate is closed) with the water level at the dam crest was estimated
to be 89 cfs, which is only about 10 percent of the test flood discharge. It was
estimated that 746 ecfs, whiech is more than 80 percent of the routed test flood
outflow, would bypass the dam via the stream channel located upstream from the
dam. This flow would overtop the roadway by nearly 3 feet.

5.5 Dam Failure Analysis. The impact of dam failure was assessed utilizing the
"Rule of Thumb" Guidance for Estimating Downstream Dam Failure Hydrographs
published by the Corps of Engineers. The analysis covered a reach extending
approximately 0.8 miles downstream to Ashueclot Pond. The prefailure flow is
negligible (about 2 percent of the peak failure outflow from an assumed breach),
t so prefailure tailwater conditions were not included in the calculations and the
dam failure analvsis was conducted with the water surface at the dam crest. Based
on this analysis, the Millen Lake Dam has been classified as a significant hazard.

An assumed breach in the Millen Lake Dam with the water surface at the dam
crest would increase the stage of the immediate downstream channcl to nearly 14
feet and consequently, could damage the residence located directly behind the
dam. Water would rise to approximately 2 feet above the sill of the house. Further
downstream, the stage would be reduced to about 3 feet as the stream channel
widens before discharging into Ashuelot Pond. The stage would be quickly reduced
to approximately 1 foot when the flow enters the pond. In addition to the possible
damage to the house behind the dam, the road over the dam would also be :
destroyed. The potential for loss of less than a few lives exists. “®
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SECTION 6
P EVALUATION OF STRUCTURAL STABILITY

6.1 Visual Observations

The visual inspection indicates the following potential structural problems:

(1) Lack of vegetation on the downstream slope and on the upstream and ®
downstream edges of the crest, which leaves those areas subject to
erosion.

(2) Erosion on the downstream edge of the crest which, if not controlled,
could lead to breaching of the dam.

oy

(3) Use of logs, which will eventually rot and break, to retain the top 1
to 2 feet of fill on the downstream edge of the crest.

(4) Minor settlement of the crest in the vicinity of the buried spillway
conduit, which may be evidence of poor compaction of the backfill
around the conduit.

(5) Trees growing on the abutments and downstream slope which could lead
to seepage or erosion problems if a tree blows over and pulls out its
roots or if a tree dies or is cut and its roots rot.

6.2 Design and Construction Data

No data regarding the original design or construction of the dam was found.
It is believed that the first dam structure was built shortly after land purchases
were made in 1857 for construction of the artificial lake.

6.3 Post-Construction Changes = . 9
b h
The dam was reconstructed in July of 1970 by Curtis Rowe of Hillsboro, ".-j:':‘;-_'.»f-'ﬂ

New Hampshire. This work consisted of a new face wall of concrete, a new 48
inch corrugated aluminum pipe for an outlet, and stone riprap on the downstream T
slope around the discharge of the outlet pipe. SN

An as-built sketch was prepared by P.E. Rolfe, Professional Engineer, Washington,
New Hampshire, in November 1970. This sketch indicates the cross section of the
embankment to be "dirt and rock fill", but no engineering data about the properties
of the embankment material are given. No information about the foundation of
the dam is given. The sketch indicates that dumped rock was to be placed on the PRI
entire downstream slope, but at the time of the inspection, the downstream slope 1
consisted of sand, gravel and boulders, and a small amount of riprap around the 3 e
discharge of the outlet pipe. Tl

oY

6.4 Seismic Stability

This dam is located in Seismie Zone 2 and, in accordance with the Phase I
guidelines, does not warrant seismic analysis.

6-1
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SECTION 7
ASSESSMENT, RECOMMENDATIONS, AND REMEDIAL MEASURES -

7.1 Dam Assessment ';f-

a. Condition. The visual examination indicates that Millen Lake Dam is TSRS
in fair condition. The major concerns with respect to the integrity of the dam . .
are: 8

(1) Lack of vegetation on the downstream slope and on the shoulders
of the paved roadway on the crest of the dam.

(2) Erosion on the downstream edge of the crest of the dam.

[
(3) Use of logs to retain the top 1 to 2 feet of fill on the downstream .
edge of the crest of the dam.
(4) Minor settlement of the crest of the dam in the vicinity of the
buried spillway conduit.

(5) Trees growing on the abutments and downstream slope.
(6) Inadequacy of the spillway to pass the test flood.

b. Adequacy of Information. The information available from the visual X
mspectlon and hydraulic analysis is adequate to identify the problems that are [ )
listed in 7.2. These problems will require the attention of a qualified registered
professional engineer who will have to make additional engmeermg studies to design
or specify remedial measures. No additional information is needed for the purpose
of this Phase I investigation.

c. Urgeney. The owner should implement the recommendations in 7.2 and e o
7.3 within one year after receipt of this Phase I report. ERRR

7.2 Recommendations

The owner should retain a registered professional engineer qualified in the NN
design and construction of dams to: °

(1) Design or specify erosion protection for the crest and downstream
slope of the dam, including repair of the erosion that has already
occurred on the downstream edge of the crest.

(., Investigate the cause of settlement of the crest in the vicinity °
of the buried spillway conduit and design remedial measures if .
needed. RO

.
7-1 s
o

S S T e R B : e BT P, el ey
e e T T S A R R S i R R R C A A ST A PP D AL SRS PP PR PO VOB




(3) Specify and oversee procedures for the removal of trees and their -
root systems from the abutments and downstream slope of the
dam.

(4) Do a detailed hydrologie-hydraulic investigation to assess further
the potential for overtopping the dam, the adequacy of the spillway
+ to pass the test flood, and the need for and means to increase

) e 2t i |

project discharge capacity. Included in the hydrologic-hydraulic
investigation should be an examination of the need for maintaining
the secondary stream channel outlet located upstream from the
dam.

a2 ad

7.3 Remedial Measures

a. Operating and Maintenance Procedures. The owner should:

(1) Repair masonry wall on right abutment.

&— (2) Clear the trees from a zone 25 feet wide on either side of the
downstream channel for a distance of 100 feet below the dam.

Y
. v,

(3) Visually inspect the dam and appurtenant structures once each
month.

(4) Engage a registered professional engineer qualified in the design
and construction of dams to make a comprehensive technical
inspection of the dam once every one year.

(5) Establish a surveillance program for use during and after heavy
rainfall, and also a warning program to follow in case of emergency RIS
conditions. e

7.4 Alternatives

There are no practical alternatives to the recommendations of Section 7.2
and 7.3.
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APPENDIX A

INSPECTION CHECKLIST
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g INSPECTION CHECK LIST
g PARTY ORGANIZATION
PROJECT: Millen Lake Dam, NH DATE: December 6, 1979
F TIME: __ 2:00 P.M.
S WEATHER: cool, pretty cloudy
N W.S. ELEV,_1582.0 U.S. 1564.8 DN.S.
L (NGVD)
' PARTY:
1. Kenneth Stewart, S E A 6.
2. Robert Durfee, S E A 7.
3. Bruce Pierstorff, S E A 8.
4. Philip Ricardi, S E A 9.
[ 5. Ronald Hirschfeld, GEI 10.
PROJECT FEATURE INSPECTED BY REMARKS
1. Structural Stability K. Stewart/R. Durfee
2. Hydrology/Hydraulics B. Pierstorff/P. Ricardi
3. Socils and Geology R. Hirschfeld
4.
5.
6.
7.
8.
9.
10.
. ® 1
= 3
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INSPECTION CHECK LIST

PROJECT: Millen Lake Dam, NH DATE: December 6, 1979
PROJECT FEATURE: Dam Embankment NAME:
DISCIPLINE: NAME:
AREA EVALUATED CONDITIONS
DAM EMBANKMENT
Crest Elevation 1587.2
Current Pool Elevation 1582.0
Maximum Impoundment to Date Unknown

Surface Cracks
Pavement Condition
Movement or Settlement of Crest

Lateral Movement

Vertical Alignment

Horizontal Alignment
Condition .at Abutment and at
Concrete Structures

Indications of Movement of Structural
Items on Slopes

Trespassing on Slopes

Vegetation on Slopes

Sloughing or Erosion of Slopes or Abutments

Rock Slope Protection - Riprap Failures

Unusual Movement or Cracking
at or near Toe

Unusual Embankment or Downstream Seepage
Piping or Boils

Foundation Drainage Features

Toe Drains

Instrumentation System

None observed

Good

Irregular settlement of crest near upstream
side in vicinity of spillway

None observed

See "Movement or Settlement of Crest"
Good

Good

None observed
Road shoulders on crest are bare of vegetation

Trees growing on upstream and downstream
side of abutments; trees growing at down-
stream toe of dam

Erosion of downstream side of crest

No riprap

None observed
None observed
None observed
None observed
None observed
None observed

.........
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INSPECTION CHECK LIST

r

PROJECT: Millen Lake Dam, NH DATE: _pecember 6, 1979
PROJECT FEATURE:__ Dike Embankment NAME:
DISCIPLINE: NAME:

AREA EVALUATED CONDITIONS
DIKE EMBANKMENT No dike

Crest Elevation

Current Pool Elevation

Maximum Impoundment to Date
Surface Cracks

Pavement Condition

Movement or Settlement of Crest
Lateral Movement

Vertical Alignment

Horizontal Alignment

Condition at Abutment and at
Concrete Structures

Indications of Movement of Structural

Items on Slopes
Trespassing on Slopes

Vegetation on Slopes

Sloughing or Erosion of Slopes or Abutments
Rock Slope Protection - Riprap Failures
Unusual Movement or Cracking
at or near Toe
Unusual Embankment or Downstream Seepage
Piping or Boils
Foundation Drainage Features
Toe Drains
Instrumentation System
A=3

o
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.




v

-

Drains or Weep Holes
b. Intake Structure
Condition of Concrete

Stop Logs and Slots

None

Mortared stone - good

None

ol g e
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INSPECTION CHECK LIST
PROJECT: Millen Lake Dam, NH DATE: December &, 1979
PROJECT FEATURE: Intake Channel NAME: - . -
DISCIPLINE: NAME: AR
.. b
R
RO
AREA EVALUATED CONDITIONS R
o
' OUTLET WORKS - INTAKE CHANNEL AND *
INTAKE STRUCTURE .
a. Approach Channel -
Slope Conditions Good ) l
Bottom Conditions Good S
Rock Slides or Falls None : A'.
Log Boom None ° :
Debris Minor - leaves and twigs against screen pro- .
tecting gate SRS
Condition of Concrete Lining Not applicable o 4
®

1
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PROJECT: Millen Lake Dam, NH

INSPECTION CHECK LIST

DATE: December 5, 1979

PROJECT FEATURE: _ Control Tower

NAME:

DISCIPLINE:

NAME:

AREA EVALUATED

CONDITIONS

OUTLET WORKS - CONTROL TOWER

a. Concrete and Structural
General Condition
Condition of Joints
Spalling
Visible Reinforcing
Rusting or Staining of Concrete
Any Seepage or Efflorescence
Joint Alignment

Unusual Seepage or Leaks in
Gate Chamber

Cracks
X Rusting or Corrosion of Steel
b. Mechanical and Electriecal
Air Vents
Float Wells
Crane Hoist
Elevator
Hydraulic System
Service Gates
Emergency Gates
Lightning Protection System
Emergency Power System

Wiring and Lighting System

.......

No control tower

L
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INSPECTION CHECK LIST
PROJECT: Millen Lake Dam, NH DATE: December 6, 1979
' PROJECT FEATURE: Transition and Conduit NAME:
3
DISCIPLINE: NAME:
AREA EVALUATED CONDITIONS
]
OUTLET WORKS - TRANSITION Concrete conduit leading to 48" diameter
AND CONDUIT corrugated pipe not accessible
General Condition of Concrete
Rust or Staining on Concrete
Spalling
Erosion or Cavitation
- Cracking
Alignment of Monoliths
Alignment of Joints
i Numbering of Monoliths
. -
o 1
® .4
f'_;]
g SENREN
] ®
SR
ST
S
J - ° |
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PROJECT: Millen Lake Dam, NH

INSPECTION CHECK LIST

DISCIPLINE:

PROJECT FEATURE: _ ogutiet Structure

AREA EVALUATED

OUTLET WORKS - OUTLET STRUCTURE

AND OUTLET CHANNEL

General Condition of Concrete
Rust or Staining

Spalling

Erosion or Cavitation

Visible Reinforecing

Any Seepage or Efflorescence
Condition at Joints

Drain holes

Channel

Loose Rock or Trees Overhanging
Channel

Condition of Discharge Channel

DATE: _pecember 6, 1979
NAME: - -
®
NAME: o
CONDITIONS
®
48" diameter corrugated metal pipe
Not applicable
None
o |
Not applicable .
Not applicable o]
Not applicable ' . R
Not applicable _
Not visible S
None PR
®

Trees overhanging channel

Fair
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INSPECTION CHECK LIST

PROJECT: Millen Lake Dam, NH

DATE: December 6, 1979

NAME:

. PROJECT FEATURE: _ Spillway Weir

DISCIPLINE:

NAME:

AREA EVALUATED

CONDITIONS

OUTLET WORKS - SPILLWAY WEIR,

APPROACH AND DISCHARGE CHANNELS

a.
i
b.
i
|
c.

Approach Channel

General Condition
Loose Rock Overhanging Channel
Trees Overhanging Channel

Floor of Approach Channel

Weir and Training Walls

General Condition of Concrete
Rust or Staining

Spalling

Any Visible Reinforcing

Any Seepage or Efflorescence

Drain Holes

Discharge Channel

General Condition
Loose Rock Overhanging Channel

Trees Overhanging Channel

Floor of Channel

Other Obstructions

Good
None
None

Not visible beneath reservoir surface

Good
None observed
None
None
None

None observed

Good

None

Several overhanging trees. One tree has fallen
into channel immediately downstream of dis- .
charge outlet. R
Natural - loose stone

None

'.4.' Al ot ol ot
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INSPECTION CHECK LIST B p
PROJECT: Millen Lake Dam, NH DATE: December 6, 1979 1
l PROJECT FEATURE: Service Bridge NAME: - ° 3
i DISCIPLINE: NAME: ' g
AREA EVALUATED CONDITIONS :fj
- o
o QUTLET WORKS - SERVICE BRIDGE No service bridge )
a. Super Structure
Bearings l
@
Anchor Bolts
Bridge Seat
Longitudinal Members
L °® ]
Under Side of Deck

Secondary Bracing
Deck
Drainage System

Railings

Expansion Joints
[ Paint : . ]
b. Abutment & Piers |
General Condition of Concrete
Alignment of Abutment . 4
Approach to Bridge

Condition of Seat & Backwall
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APPENDIX B

ENGINEERING DATA
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AVATLABLE ENGINEERING DATA

A sketch dated 1970 showing "as-built" detail of plan and section
for reconstruction of the Millen Lake Dam 1s available at the

New Hampshire Water Resources Board, 37 Pleasant Street, Concord,
New Hampshire 03301.
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Date: December 10, 1979 gsf IL b«
i R
To: Vernon A. Knowlton, \ " b}
Chief Engineer B

Water Resources Engineer

. 6."'
From: Ken Stern, /g: s

Subject: Corps Inspection of Millen Lake Dam, No. 245.04, Washington ::LFVF

On December 6, 1979 I visited the site prior to the inspection team from SEA
Consultants.
The dam is approximately 18 ft. high, 75 ft. long and 35 ft. wide. It is a
combination concrete, stone and earth structure with a paved road on the crest.
®
The upstream channel restricts flow to the dam. There is a high level spillway R
and a deep gate which is operated.
The potential damage, should the dam fail, would be to the road which» is the
dam and @ house downstream. The house is a summer house and is wel. sbove the T
main channel but flows overtopping the dam could erode soil from the building ) ®
foundation. i
The items noted in need of attention are:
1- Trees growing on the downstream slope. :
®
2~ The erodible downstream slope. Lo
3- There is no apparent gate lifting mechanism

but the gate is operated.

I believe any action on this dam can wait until the report is received. “‘.

KS:paf
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NEW HAMPSHIRE WATER RESOURCES BOARD

INSPECTION REPORT

Town: lAZ :g‘s‘-,gzmmu Dam Number: =2.98.c4

Ny

Name of Dam, Stream and/or Water Body: M{LUZA/ LAxgs
- , '
Qwner: Lau/,u o un Telephone Number:

Mailing Address: [oiQa A‘ug l/k;mw )

7~
Max. Height of Dam: /52/ Pond Area: Zéﬁ Length of Dam: 0

FOUNDATION: _ Sgrrtf

OUTLET WORKS: .
S Pl AW LEADMY: T2 2PN I3 4¢ QP

ot .
A
PSS W S P TR

i’. B -~

e

Wl A R

ABUTMENTS : STrose

EMBANKMENT: Poan Ry, -~ [=aery

Note: Give Sizing, Condition and detailed descBri‘.lption for each item, if applicable.

a

ate s la




-2- Dam No.
. ‘ 40’
SPILLWAY: Length: 2.8 Freeboard: -

SEEPAGE: Location, estimated quantity, etc.

F Aot 0 AsEesed

ﬂ* T
“

Changes Since Construction or Last Inspection:

Recosrzuqun) oF 5 Boon ¢ saSmcieran) off

MNEw Cand o7

N

Tail Water Conditions:

NooD ¢ SrRELe”

Overall Condition of Dam: 4!’0

Contact With Owmer: Ao

‘Date of Inspection: ’,;L b@g 7] Suggested Reinspection Date (‘)82

|
3 Class of Dam: Aofzw A3 ~ I rvpes. 720D

TR e R : Signature-/é’“fg&/ﬁ/

Date A Dre 27

. -

e 1

o

Yote: Give Sizing, Condition and detailed description for each item,if applicable. - o 1
B-5 o]




-3~ Dam No.

COMMENTS : )
1) &7  cvelsPucshy  e&S

2) SUSH~  Siwed CoyrR

D Povo oo  HMeid  ge (msPecqe G

Ouzier  Pibr )
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SKETCH OF DAM (Show Plan, Elevation & Cross Sections)

SEE  okrHK  Pron) SuBuTTRO W/ SerL,

-
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DATE: October 13, 1970

FROM: Francis C. Moore
Water Resources Engineer

SUBJECT: Outlet Culvert at Millen Pond,
Washington #245.04

TO: Vernon A. Knowlton
Chief Water Resources Engineer

On June 9, 1970, I visited Millen Pond at request of Abner Barker, Washington
Selectman concerning the condition of the outlet at Millen Pond dam. The
masonry retaining walls to the roadway over the outlet tunmnel was falling away
from the wall. Also, the masonry in the outlet tunnel was deteriorating with
some large stones shifting into the tunnel. The tunnel and roadway retaining
wall were in disrepair.

Abner Barker said they wanted to replace the preseant outlet tunnel with a pipe
culvert. I said that this could be done but that the plans for the culvert
outlet pipe should be reviewed by Water Resources Board prior to the placement.
He said he was going to talk with New Hampshire Public Works and Highway Dept.
concerning this work.

On October 10, 1970, after hearing that the culvert had been placed, I visited
the Millen Pond dam. A 48" aluminum corrugated pipe outlet pipe - about 40 feet
long - had been laid. The former outlet was about 3' to 4' wide and about twelve
feet high. 1If the 48" pipe culvert has a 12 1/2% grade it would pass a 100 year
frequency flood flow. The grade of the pipe was not determined but it did not
apoear to be over 107,. The distance from the spillway downstream slab to the
drop chamber wall did not anpear to be sufficient during extreme flows. It was
difficult to see how much it was without a measuring rod as there is now a
masonry slab above this chamber.

No Special Board permit nor probably a variance by Water Supply and Pollution
Control Commission were obtained. No plans were submitted to the Water Resources
Board. 1In my opinion, any storm over 50 year frequency could overtop the embank-
ment.
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DATE: June 10, 1970

FROM: Francis C. Moore
Water Resources Engineer

SUBJECT: Millen Pond Qutlet Sluiceway - 254.04 - Washington

TO: Vernon A. Knowlton, Chief Engineer
N. H. Water Resources Board

" On June 9, 1970, I inspected the condition of the road culvert immediately
downstream of Millen Pond spillway at request of Abner Barker of Washingtonlﬁtkafﬂ'°”

Since last inspection, September 26, 1969, the downstream east side of the
dry masonry wall along the sluiceway culvert has shifted toward the west.
This movement is at least &4 inches just under the capstone and is 8" to 12"
just above the bottom of the wall closing off slightly the sluiceway opening.
This movement apparently has been caused by heavy construction trucks passing
over the culvert on way to Ashuelot Lake Shores development. The road now is
restricted by sign to 6 Ton Gross Load.

The Town wished to replace this 12' high by 3' wide culvert by a corrugated
metal culvert pipe. They are also requesting the Keene Division Engineer of
Public Works and Highways Department to inspect and offer suggestions. I
have heard that the dam owner, now Millen Lake Association, is responsible

for the sluiceway outlet channel. However, in my mind, this condition has
been caused by impact of very heavily loaded trucks passing it until now with-
out any load limits.

Millen Pond has a drainage area of only 1.23 sq. mi. and a pond area of 148
acres. The 15 year frequency flood flow is 161 c.f.s. and 100 year frequency
flow of 325 c.f.s. There is about 2' drop in 20' in the culvert channel. A
54 inch CM pipe will carry 325 c.f.s. with a slope of 0.07. A 48 inch pipe
carries 325 c.f.s. with a 0.125 slope and a 60" with a 0.04 slope carries 325
c.f.s.

It is suggested that a 54" CM culvert pipe be installed with its inlet invert
elevation at or below the bottom of the gate opening in the dam and sloped not
less than 2' in 28' or 3' in 40' length. An opening just below the dam spill-
way at least 30" long and the full width of the channel, 4', must be maintained
but can be screened for safety. The side walls should be pointed up but not
faced with concrete (which would reduce the space). A headwall from bottom to
top should be built of concrete to prevent all leakage along culvert pipe.

As the road will be widened to TRA standards, the downstream face will be sloped
and probably faced with riprap from channel and downstream wall excavation. The
brook channel below the present masonry downstream face should be cleared of
loose boulders to allow better stream flow.

It is suggested that the Town present any plans of the culvert installation to
this Board in detail.

FCM/ ib
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MEMORANDUM

TO: Varnon A, Knowlton, Water Resources Eangineer

RE: Inspection of Millen Lake Dam, Washingtonm -  #245.0%

Cn September 26, 1969, I inspected Millen Lake dam and
ecergency outlet in Washington, llew Hampshira. This ipspection
was made to determine what essential work was needed o safely
onerats the dam with 2 minimm of efforet.

The following work should be completed:

(1) BRetween the road and the outlet spillway thers 13 a
plarked over opening that is a potential highway memace. To correct
this, a removable concrete slab 3' wide with 2' along line of stream
siiould cover the hole, This cover should be able to support a con-
cantrated load of 4 toms without falling., To do this, the sides of
tha hole should be concreted up a distance of about 2 1/2 feet from
stones down that depth. About 1 1/2 cubic yards of concrete is
involved which iacludes considerable form work. Some provision for
& small grating in the cover should be made for local surface draianage.

(2) Just downstream of the outlet spillway there {s a cap
stone on the wall that has an opening several inches wide. This hole
siiould be concreted to prevent injury to peonle walking alonz the
dm,

(3) There are many trees between the masonry facing of
the dam and the roadway and ome large maple just upstream of the east
ead of the magonry wall that should be cleared. If uprootad by
uind, they might tear a hole Iln the top of dam.

(4) The area between the masonry dam and the highway should
be graded, fertilized, seeded and mulched to wmake a more pleasing
apoearance and to provide improved drainage.

(5) The opening below the cutlet spillway under the roadway
saculd have all loose stones, wood and debris removed to {mprove the
outlet conditioms.

(6) At the emergency cutlet about 600 yards rorth of the outlet

domr, there 1a a 24-inch corrugated metal cutlet pige with invert located
about (.2 f£eat below the main spillway concrete crest., The arnproach

charnel to thia vipe should be claared of brush and vegetation and deepenad

at tha thread of stream from the pond to at least six icches below the
favart of tha entrance to the pipe culvert to improve flow conditions.
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It is estimated thaz the total cost to accomplish the above
six noted items would be approximately $1,000.00.

Suggested operation of this dam {8 to lower the level of Millen
Pond by four feet in the late fall and then close the gata completely
except for very minor flow to provide a minimem of fish water im the
brook. The lake would fill by the end of spring rumoff., 1In case of
exceptionally high spring flood flows, the gate could be opened to provide
for the unusually high flows during this high runoff period.

This pond has a freeboard of only two feet two inches above
the outlet spillway concrete before it overflow the road north of tha
dam., This is only a little over three inches of runoff from the total
drainage area to the point the pond overflows the road.

Francis €. Hoore
Water Resources Engineer

fem?e
cc: K.3righton
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_ G NEW HAMPSHIRE WATER CONTROL COMMISSION =T
l - L= _ DATA ON RESERVOIRS & PONDS IN NEW HAN]PSHIRE ’ 7 L

,y_o'CAnou B o T AT DAM NO 245040 o
5 = S Co
F " TOWR ceeresesneesrivsas .‘!a.smnthn ......................... County ..............Snlllvan. -

Stream ....... H.ﬁmeﬁ.'laa.m' SRS

DRA!NAG'-' AREA v
Controlled eeemrenieraas Sq. Mi

i A un& sty

ELEVATION vs. WATER SURFACE AREA va. VOLUME

. YJ‘\-\ . DR ]

Pomt I ". © Head L Area

(1) Max.-Flood Height — rercecenee reveennens T eereeversereesennenees S :
- (2) Top of Fla;vhuboards o ............ aessernasnnaanenes 1
~ .(3) Permanent Crest B _ e s o o
~ (4) Normal Drav&down B . SR - 18" N
- (5) Max. Drawdown . ' ' . ' T vevessassssoneans e
(6) Original Pond R ' -

L

Base Used Coef. to change to U.S G R LI R—— ........................... A

-~ o -

“ '- l-_‘il' ¢

RESERVOIR CAPACITY |

M- T )i Total Volume

Drawdown

S ‘Volufne

- or

} 'aq.'ft.

Inches per sq. ‘ ,. '

USEOF WATER ..

OWNER ............. F aulknez&Colony Mg Ca...
REMARKS . j

T
Tabulation By ............ 3 S Date .vvviverinnnnrereneennns 9/..2..2./..39 ...............................
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NEwW HAMl;SHlRE WATER CONTROL COMMISSION \
:" DATA ON DAMS IN NEW HAMPSHIRE
LOCATION Y STATE NO. ..245.0%.. )
! Town ....nashington : County .. SULIivan o, ®
» Stream M1llen.Leke...Y. evuneRmsseee e ee SRR RRRAR A0SR RRRRR e 1 Rr R 1
r Basin-Primary ...COnR.Ra . SECORATY v ASHRELQE.. R,
g Local Name ',:
Coordinates—Lat. ‘ : Long. ® :
r GENERAL DATA / ]
j Drainage area: Controlled......7 ............. Sq. Mi.: Uncontrolled .................... Sq. Mi.: Total.2»29...... Sq. Mi. !
[ Overall length of dam ..93..."...ft.: Date of Construction ......... .
Height: Stream bed to highest elev..... l’-l-J ...... ft.: Max. Structure l..l..f: ft. |
. Cost—Dam : Reservoir ...eecesvieierieenes _.
h DESCRIPTION Road&Culvert,stone&earth ¥
Waste Gates )
: Type URDE WoT-T 50’ oY T ]
, Number ...} : Size .orBovion. ft. high x 3. . ft. wide .
Elevation Invert Eal : Total Area 6 reereveseesaennesanans sq. ft.
f Hoist '
[ Waste Gates Conduit
Number $ MAErIalS ettt as s et s snss e sara s mans canasene
--  Size ft.: Length £E. 0 AL@A covcrtervrmrerarrerierinssssstssssansssresssesseseresenessmnsses sq. ft. o ;
Embankment : ]
Type o]
Height—Max. TR 1 T ft. S
Top—Width : Elev. ft. A . ?
Slopes—Upstream on : Downstream on 3
Length—Right of Spillway : Left of Spillway ... I 3
Spillway ) . ;_ o
Materials of Construction BB OTE et e oo T
Length—Total ......% / £E2 NEE ooomersrrocsssssressmsrsmseens ssssessmeteeessn ot £t °
Height of permanent section—Max. .... I SR 2 21D 1 SO .. ft. 1
Flashboards—Type : Height ft. A
Elevation—Permanent Crest ' ... Top of Flashboard et esossesesesesne e -
Flood Capacity [} & TS cfs/sq. mi. ]
Abutments ¢ ]
Materials: ... . . -
Freeboard: Max. .......... 3 ....... e TEe T MDL coeeeeeceeeeeseretressreeeeseereren roreerseesasaseasestessssesssessasesessases ft. - 1
Headworks to Power Devel.—(See “Data on Power Development”) g =
OWNER oo Fau L ENerCOLonT. MEE, COu /s sess s o |
REMARKS Leaks at base.Condition good ¢ - ,:._;7
Use-Storage for Industry. -
Tabulztion By ... P"LT ....................... Date 9/22/39 .......................................................... *
BLB11284 B~13 L




N=ZW HAMPSHIRE WATER RESCURCES BOARD

" INVENTORY OF DAMS AND WATER POYWER DEVELOPMENT

NTS
BASIY Connectrco & NA. 4 24004
RIVER 4/, /e dake MIIES FROM LOCTS £.7 D.R.GO.IL Z.2¢
. TCWN xS0 250 47 OWNER App/éreaes klConlneri, MEg, Co . [onlr Pol 6
LOCAL TAME OF Dall 7T P /N AL
BUILY DESTRIP-I0Y _ Secie s Dint e o e

LPuad vc ylvers rtloiw vtz

S BANED 4 7

TCla AREA-ACRES /44 .47 fs. DRATDOTN Fe. ___POYD CaAPACITY-ACRE Fi.

LISET-TCP 70 BED CF STREAI-FT. 57 - 42 AKX . MIN,
OVIRALL IZNGTH OF LAM-FT. .Q_IZS SIAXLFLCCD d..ICHI‘ 4BOVE CR"S"‘-FJ.

PERMANEINT CREST ELEV.U.:.J.U. L LOCAL GAGE
TATLYATER ELEV.U.3.3.S. - LOCAL CAGE
SPILL7AY LENGTHS-FT, _4 ___ FREEBOARD-FZ. 3 o
FLAS.I3CARDS~TYPE ,KEI STy 23040 CuriT " R
WASTE CATIS-NC. WTTTH ": WOPLENTLN DEPE SILL BRLOW GCRoST
/ 3 _Z .0
REMARKS A i Romed -
:.-?I //7‘? /i Up/ﬁél"" I(/ dLI )ﬂ/)": (‘/‘/[ ;.’:«f'"';..‘-—’-,’g:
T pntte Aihio fiZ PraoA S5 Z. LTva /*’-' wg Ay 2 Achy e Lnp 2
PCYWER DEVELORMENT
RATED EEAD C.F.S. "
TIITS N0, HP EIZT TULL GATE Kl MAXE R
pes \ J ‘.' .
USE O£ page - o
. T
REZMARYS lp s Snrw W £ Faplenor Jo wha OeCom agim o4 5 Zo of7e
4 'T /’ e 7
DATE 2l e
/ ' 2
~1.3 > T
712337 4=
!
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Photo No. 2 - General view of dam from lake.
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Photo No. 5 - View of upstream face of dam and left abutment
from right abutment.

Photo No. 6 - Closeup view of upstream face of spillway.
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Photo No. 9 - View of downstream slope of dam and building
t from top of dam.
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Photo No. 10 - View of downstream slope of dam and outlet i’ﬁjii;
pipe from right side of downstrcam channel : :
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APPENDIX D

HYDROLOGIC AND HYDRAULIC COMPUTATIONS
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B. Effect of surcharge storage on max. or-h. llscnarge
1. Pertinent Data
. ] - - . O
a. Drainage area = 123 S a2l
b. Characteristics of basin - Ve Tae o
c. Test flood = PrAF (Trvemaduats ©om aed T i = ant v iecly
2. TFollow Army Corps' proceiure
2. STEP 1: Determine Peak Inilow ~.. Zr-m Zuide Curve
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! ITI. Using "Rule of Thumb" Guidance for Estimating Downstream Dam Failure o 1
! Hydrographs examine impact of dam failure SRR,
[ 1. Pertinent Data ‘ :3:
®
i a. Faillure occurs when reservoir level at crest of
dam - elevation = |587%F. 2 feet
4
1 4
b. Storage at crest elevatlon estlmated to be approximately ®
b -
1 A. Reach 1 j
L .
- 1. STEP 1l: Determine reservoir storage at time of failure S
b S
3 .
from previous calcs. storage = (Z 335 2w -t B
- : 4
[ B 1
2., STEP 2: Determine Peak Failure Outflow QDl -
a 32
[ - _ Y
QPl = (8/27) Wy \Ig Y, .;
Wwhere: wb = Breach width (use 40% of total length) S
= (0.40) (115 feat) ]
}‘_ = 46 -Cee“\' g
. 4
{ Y = Total height from channel bed to pool
s .
’ level at failure £33 2 / 1
~ — 1]
g_ = 4.3 deat 1572.3
k ~ [ - .3 a,—a_i.% . 1
= 1
9 <8/Zq)<4e*€’?"?> < ‘Z.‘/ : \4\.3{:) _
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3. STEP 3: Prepare stage-discharge curve for Reach 1
Y
; a. Pertinent Data
, (1) Reach length = L I0D —eet °
(2) Channel slope = O- C3
(3) Manningn = 0.0OS
(4) Channel shape - 'h-;Pez'o\J.a.»Qv _
(5) Base width = |0 Lee* °
i
b. See Figure 3 for stage-discharge curve
A -- 4, STEP 4: Estimate Reach Outflow °
:j a. Determine stage for Qp, = 1190 et from Figure 3
r . .
and find volume in reach
i a S @
(1) Stage (depth of flow) = t-q reel -
r . . cross-sectional
(2) Volume in reach = (reach length) (area of channel>
- ~A L . ~ e f‘A\
X-area = ('3'5\)(?’61 (108 T 5T 1% ®
= 322 Liz ‘
ziofH)(2e2 44
. Volume = V, = ( O~~) 224 >
A2 sl T a -
- " / - P
| 6 e :
S
: Vl < ¥ . reach length QK
1 ®
b. Determirne QPZ(TRIAL) B
_ v,
Uz(rrrany - %o \L = = S

%z (rr1aL) = (1190 em=) (1T Tres

- ‘\\ ‘
Qez URiny = “Helacts
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r ¢. Compute V2 using QP:(TRIAL)
v - . .
From Figure 3 determine stage for QPE(TRIAL)
p Stage = 1o reat
X-area = <©~5\)Cq-q C‘“—{‘)/\‘/Qﬂh t 55--)
3 z
~ 322 ©*
;. (210wt ) (322 &)
s vy * A3560 -+ ace
' Vo = [, b oe- ot
#
3
d. Average V1 and V2 and compute Qpc
V., + V
(1) Vavg = 1 5 2
v [WGac-b+ + |, poc-Fd
avg = e AR
3 = )
Vavg = .6 Ccre —~+
- Vav
r (2} Qp, = Qp ( ‘—55)
J;—‘.V y /,/ __(‘_—(.’; 1
Qp; = G“qja’/’\ | 285 )/
®
.
- - BOQ‘(—S ]
Qp2 - A” e
¢ o |
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3. STEP 3: Prepare stage-discharge curve for FPeach 2

a. Pertinent Data
oy Coat
(1) Reach length = 290

(2) Channel slope = 0.019

(3) Manningn = O. OF
(4) Channel shape - ‘T‘ra.pezo\éd

(5) Base width = [ .‘;@LQ _ . [

b. See Figure 3 for stage-discharge curve

.- 4. STEP“4: Estimate Reach Outflow L
a. Determine stage for Qp, = < | ZJ - from Figure 3 _ ]
and find volume in reach ]

[

(1) Stage (depth of flow) = 4.7‘ —ee T

. ]
(2) Volume in reach = (reach length) (cross—secLlonal ST
= area of channel
- 4
. ~— 4 -~ S99
X-area = (C;:)(a ,-;‘,\,._) L* 4 Lo T, N .1
= 254 k<2
{ 23« :- ’ ( ; = D-=) .
- B N e
Volume Vi 23 S6C - -Yame
- 5' 2 A2 -—ﬁ' L4 4
S

Vl < 7 reach length 7K
b. Determine QP’(’"DIAL) ._ 9
o ﬁ:;L.;.‘f- :‘
= N ‘e S
Uz(rrIaL) T Yez <1 - = Ry
<. " s
- ! - s ) :
Upz(TRTAL) - (4,\ oY T 2=S ]
; .-:."'.‘ i -_ff:]
Qastl i = —~ O TS S
"
i
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c. Compute V2 using QPB(TRIAL) ®

From Figure 3 determine stage :Or QPS(TRIAL) N
Stage = 4¥:1 -£€C¥ ]

X-area = (9.3)(4. 7445 10§+ + F844)

= 25444"
. (zsagrz) (Slo &) .
2 -—’z\_‘g’,—;—éo < faue

<
"

2 5.2 acre -4l

d. Average Vl and V2 and compiite Tog

(1) Vavg = —L—2———

Vavc_" = 2

..
[
o
A‘ki

o

(21 Qpz = Qpy (i - Yéxg) T

el

(4,180c5)( |~ ho /

1)
O
o
w
1

A4 b0

O

el
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3. STEP3: Prepare stage-discharge curve for Peach 3 ].
5 o
a. Pertinent Data : '. ]
r (1) Reach length = #0200 feat *
(2) Channel slope = O.05
& (3) Manningn =02.05 .
d (4) Channel shape - +ra‘;e Z_OWLWC
<
(5) Base width == IO feet ‘ o
b. See Tigure 3 for stage-discharge curve .
L - 4. STEP 4: Estimate Reach Outflow V. "
a. Determine stage for Qpz ° -1 169 c S from Figure 3
and find volume in reach 1

(1) Stage (depth of flow) = 5.2 ~ b

(2) Volume in reach = (reach length) (%POSS—SGctlonai)
area of channel

R I

—_ e ~ , - . -
X~area = (Oe:—)<i:=()_"*)\(o+¥ iy D:)) - T ) .
= 30% (40 _
< , r
Cw I + SR
Volume = V, = CBO? b Q,Jo Al )
1 43 S60 4% aw :
. 2.8 Gcee- i4 ° 1
S . k
Vl < 7 J.reach length 0K R
.' 1
b. Determine QP‘-\(TRIAL) R

_ v
Qcq(TrIAL) T 03 <1 - ;)

®
P .’?’ < j
Opq(rrTaL) - (“\' 60 C=, T 23S SR
qut-'“;,\\_\ = ATJ (SJ C = AR
)
o0




SIEfA CONSULTANTS INC. BOSTON , MASS. o i

ENGINEERS / PLANNERS ROCHESTER, N.H. [ )
Cuent__Arnpy Corog Joe No.__274-7901 Pace _ 25 o T =

A ] ~ - ] <
ProJeCT . liéw o 4 Compro. By ___ Dl DATE 20 Q.

1]
’ . — > "')/‘
DevTaiL '—’tvﬁw'ﬂrj{h Calee Ck'n. Bvy KM§ DaTE -—//—/JJ

-~ ' fee A
Z. \‘wmpute ]: using .I\"(Mpr'«A)

o

4

T I ~ -
Fvom 1T re AN tFp oyt RS i - y
FROM o ciZudre s Zet = 7Y ~pa(TRIAL) S
T4

/ =~ /7 [N ~ PN
mmaren = U202 (S0 2 5% (o fs + 109~ )

d. Average V1 and YV, and = oo 4

(1) Vavg = ———=

Vavg = z

Vavg =

QP424)‘5O c’+$ ’
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P
e e
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3. STEP 5 Prepare stage-dischares curye <2+ Feach #
L a. Pertinent Data
. DL = N L
(1) Reach length = 265 -
:"V
(2) Channel slope = O.-CO < T
(3) Manningn = C£.09 . . \
P
(4) Channel shap= - Trayce zorhax ( U SR N SO
(5) Base width == |0 fut D
b. See Figure 3 for stage-discharge curve
g 4. STEP4: Estimate Reach Jutflaw
!
! 2. Determire stage for Qpgq - 4155 ca= From Figure 3
and find volume in reach
(1) Stage (depth of flow) = 2.9 (eot
(2) Volume in reach = (rea~h lang*h) (AFZES_S,eﬁ"mj‘)
: ar ~f shainnel

H

. N P _ :
X-area o,s;(Z.o’)(lo'w,aC> +(3.:)(3.«,(‘4~u - Lz,
2z

"
O
N
R UR
tH
2

’ 00 <4~ - 6 D
Volume = V, = LI* B /_\ -
1 T LAD et aem

oa

b. De*ermine QPS(TRIAL)

(/ .o g
‘os(TrTaL) T Cra ’\1 - —~> ST

ol
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AR

0 /4\‘_

TTE(TETALY -
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c. Compute V2 15108 Jpa(rrrar)
From Figure 3 determin= ""3g2 £Or T._ norq;y
Stage = 2-8 'LQQJ{' [
g [ PR N Nt sea Ty
Kearea = (0.5 (o)1 ~ 233 £ (0.5 C.3)(E0 w20
~ 1800 {+®
L -~
/7 - (.4
(1800 £+%) (2e56 L) .
‘ = ~
[ ]2 3 560 rtf o
V, = 10D Ziere- X
 J
i A 7 and e - - .
d. Average Vl and . and . : 5 oo
vV, + ¥ '
fa (1) vavg = A2 .
[ Hbac-bs = MOac-- T
Vaw; = = ff;f
J,I °
Vavg = |13 e~ - +ea X
_ Vave
) (2] ng Q:C (l ~ ) o |
4= i — __LL?—-‘——-\
: Qps = (V50 e 235
- [ ]
- 1
Qp5 = = "_;,G? O T ;-
‘.'I
i
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3. STEP2: Prepare stage-discharge curve f2r feach §

DY

a. Pertinent Data )

r (1) Reach length = 5150 reet

’ (2) Channel slope = 0007

(3) Manningn = O-0O8

(4) Channel shape - &Tngezcﬁiaj |
(5) Base width = 2700 et (ol =0 et oaeoecn)

b. See Figure 3 for stage-discharge curve

. 4, STEP<: Estimate Reach Outflow

a. Determine stage for Qps = 3390 = from Figire
and find volume in reach
= — ~ .
(1) Stage (depth of flow) = |, + +2e~
. .. Ccross-sectional
(2) Volume in reach = (reach length) ( 2ETIT o w)
= area of zhannal
/ Kl /7 - ’oa —_—
Yeapea = =+ T)01e = -
= 4660 {:¢
7/ . N 7 - ) el T N
Volume = Vl = g*/'teéw)**‘ ;o= 50 -
”1;.‘5_- "'"?/.Ci =
= =51 Cime, - s+
S
vl < Vi rezzh length 0¥
L. Dertermine | o x
Tpg (TFIAL)
~ - r
“Ce(TFIAL) T Tts <l - ——>
~— ” . 5::_‘
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c. Compute V, using Qp.(pars:) o
From Figure 2 determinr=z c=t1ig2 7o jfﬁ(TRIAL)
Stage = L2 legs °
N
~ /7 £ oo = )
I pEastr e 220 -7
X-area = (O'5>< Lo =i =
re2
v R3230 %%
N
(3230 £+7)( 5150 ~et ) °
V = S——
2 .
A3 Z60 - aen
V2 = = 8 T et
L
d. Average V, and v an-i ~ome e T ‘
vV, + V >
(1) Vavg = L = 2
546 acfs & 322acs ,.
Vawj = : -~ T ¥
o
Vavg =  “A46d aers-t"
[ (2) G LEES
2 Q = G 1 - —==
_ Ype T TS g °
457
t } —/"
k Ope = ( 3390 gh}(\ 1235
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