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DEPARTMENT OF THE ARMY

NEW ENGLAND DIVISION. CORPS OF ENGINEERS
424 TRAPELO ROAD
WALTHAM, MASSACHUSETTS 02254

REPLY TO i
ATTENTION OF:

NEDED SEP 16 1981

Honorable Hugh J. Gallen

Governor of the State of New Hampshire
State House

Concord, New Hampshire 03301

Dear Governor Gallen:

Inclosed 1s a copy of the Murphy Dam (NH-00185) Phase I Inspection ‘
Report, prepared under the National Program for Inspection of Non- !
Federal Dams. This report is based upon a visual inspection, a review of i
the past performance and a brief hydrological study of the dam. I i
approve the report and support the findings and recommendations l
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 iamportant ‘
part. $
i
I
|
|

Copies of this report has been forwarded to the Water Resources Board.
Copies will be available to the public in thirty days.

I wish to thank you and the Water Resources Board for your cooperation
in this program.

Sincerely,
Incl ' C. E. EDGAR, III ;
As stated Colonel, Corps of Engineers ‘.
Division Engineer :
Accession For
NTIS GRA&I ,
pTIC TAB :
U:.announced a !
Justification :
By.
Digt!_'}_kﬂtlﬂi’
—jvailabily;!_cﬂe_._'——
TAvell and/o®
18t special {
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NATIONAL DAM INSPECTION PROGRAM
PHASE I INVESTIGATION REPORT

Identification No.: NH 00185
Name of Dam: Murphy
Town: Pittsburg
County and State: Coos, New Hampshire
Stream: Connecticut River
Date of Site Visit: 22 April 1981
413
\\\ BRIEF ASSESSMENT o
Murphy Dam consists of an eart sankment dam with a

side approach channel overflow-spPillway. The crest length
of the dam embankment .is—2,200 ft. with a hydraulic height
of 106 ft.-_St @ to the top of Murphy Dam (El. 1400) is
estimated to be 131,375 acre-ft, Water is normally coanveyed
from the reservoir, Lake Franc¢is, to the Connecticut River
by the outlet works, which consists of a submerged upstream
intake, gate house, 13-ft. diameter conduit, control house,
stilling pool and discharge channel. Lake Francis, together
with the First and Second Connecticut Lakes, is a storage
reservoir for power generation along the Connecticut

River.

Due to the potential loss of a more than a few lives and
excessive economic loss, in the event the dam were to fail,
Murphy Dam has been determined to have a "high" hazard
potential classification in accordance with Corps of Engineers
guidelines.

The dam is in good condition, based on a visual exami-
nation of the structure. Although some deficiences were
noted, there was no evidence of settlement, lateral move-
ment or other signs of structural failure, or other con-
ditions which would warrant urgent remedial action.

Based on the ''large"” size and "high' hazard potential
classifications, in accordance with Corps of Engineers
guidelines, the test flood for this dam is the Probable
Maximum Flood (PMF). With the water level at the top of
dam, the spillway capacity without stanchion boards and
flashboards is approximately 74,000 cfs, which is 121
percent of the test flood. The test flood outflow of 61,000
cfs (inflow of 81,300 cfs) can be passed with a freeboard of
about 3 ft.
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It is recommended that, within one year of this report,
a registered professional engineer qualified in the design
and construction of dams determine the character and the
long term effect of the seepage along the downstream toe on
the stability of the dam embankment, and establish procedures
for monitoring of seepage at the overflow spillway, in order
to arrive at necessary remedial measures, as outlined in
Section 7.2. In addition, an evaluation of the potential
impact of PMF overflow from the spillway discharge channel
on the control house should be accomplished within two years
after receipt of this report. Any necessary modifications
resulting from the investigations, and remedial measures,
including removal of vegetation from the spillway dikes and
dam embankment, and repair of spalled and cracked concrete,
as outlined in Section 7.3, should be implemented by the
Owner within two years after receipt of this report. The
Owner should also establish an emergency preparedness plan
and downstream warning system for the dam site that compli-
ments the state's existing disaster operations plan, "Link-Up",
and should continue with the present program of annual
technical inspections.
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This Phase I Inspection Report on  Murphy Dam (NH00185)

has been reviewed by the undersigned Review Board members. In our
opinion, the reported findings, conclusions, and recommendations are
consistent with the Recommended Guidelines for Safety Inspection of
Dams, and with good engineering judgement and practice, and is hereby
submitted for approval.

Engineering Division

(aran XXAamnr

ARAMAST MAHTESIAN, MEMBER
Geotechmical Engineering Branch
Engineering Division

CARNEY M. TERZIAN, CBAIRMAN
Design Branch
Engineering Division

APPROVAL RECOMMENDED:

S A-Jggﬁm—

JOE B. FRYAR

Chief, Engineoring Division
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PRETACE

This report is prepared under guidance contained in zhe
Recommended Guideiines for Safety Inspection of Dams. for
Phase I Investigations. Copies of these guidelines may be
obtained from the office of Chief of Engineers. W¥Washing=zon,
DC 20314. The purpose of a Phase I Iavestigartion is to
identify expeditiously those dams which may pose nazards to
human life or property. The assessment of the general con-
dition of the dam is based upon available data and visual
inspections. Detailed investigation, and analyvses iavolving
topograpnic mapping, subsurface investigations, testing, and
detailad computational evaluations are bevond the scope of »
a Phase I Investigation; however, the investigation is in-
tended ts identify any need for such studies.

In reviewing this report, it should be realized that I
the reported condition of the dam is based on observations
of field conditions at the time of inspection along with
data available to the inspection team. In cases where the
reservoir was lowered or drained prior to imspection, such %
action, while improving the stability and safety of the dam.
removes the normal load ou the structure and may obscure cer-
tain conditions which might otherwise be detectable if in-
spected under the normal operating environment of the structure.

It is importan®t to note that the condition of a dam de-
pends on numerous and constantly changing internal and external
conditions, and is evolutionary in npature. It would be incorrect
to assume that the present coandition of the dam will continue
TO represent the condition of the dam at some poiat in the
future. Only through continued care and inspection can there
be any chance that unsafe conditions will be detected.

Phase I Investigations are not intended to provide detailed
hydrolcgic and hydraulic analyses. In accordance with the esta-
blished Guidelines, the test flood is based on the estimated
"probable maximum flood" for the region (greatest reasonably
possible storm run-off), or a fraction thereof. Because of
the magnitude and rarity of such a storm event, a finding that
a spillway will not pass the test flood should not be inter-
preted as necessarily posing a highly inadequate condition.

The test flood provides a measure of relative spillway capacity and

serves as an aid in determining the need for more detailed '
hydrologic and hydraulic studies, considering the size of the

dam, its general condition and the downstream damage pctential.
Consideration of downstream flocding other than in the event

of a dam failure is beyond the scope of this investigation.

The Phase I Investigation does not include an assessment
of the need for fences, gates, no-trespassing signs, repairs
to existing fences and railings and other items which may be
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needed to minimize trespass and provide grearter security for
the facility and safety to the public. An evaluation of the
project for compliance with CSHA rules and regulaticns is also
axcluded.
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PHASE I INVESTIGATION REPORT
NATIONAL DAM INSPECTION PROGRAM

MURPHY DAM
NH 00185

SECTION 1 - PROJECT INFORMATION

1.1 General

a. Authority. DPublic Law 92-367, 8 August 1972,
authorized the Secretary 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 Corps of Engineers has been assigned the responsibility
of supervising the inspection of dams within the New England
region.

Haley & Aldrich, Inc. has been retained by the New
England Division to inspect and report on selected dams in
the States of New Hampshire and Maine. Authorization and
notice to proceed were issued to Haley & Aldrich, Ianc. under
a letter dated 31 October 1979 from Colonel William E. Hodgson,
Jr., Corps of Engineers. Contract No. DACW33-80-C-0009 has
been assigned by the Corps of Engineers for this work. Camp,
Dresser & McKee, Inc. was retained as consultant to Haley &
Aldrich, Inc. on the structural, mechanical/electrical and
hydraulic/hydrologic aspects of the lIanvestigation.

. Purpose of Inspection. The primary purposes of
the National Dam lnspection Program are to:

1. Perform technical inspection and evaluation of
non-federal dams to identify conditioas which
threaten the public safety and thus permit cor-
rection in a timely manner by non-Federal in-
terests.

2. Encourage and prepare the states to intiate effective
dam safety programs for non-Federal dams.

3. Update, verify and complete the National Inveantory
of Dams.

S e e et SV 7 7
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1.2 Description of Project

a. Location. The dam is located on the headwaters
of the Connecticut River in the Town of Pittsburg, New
Hampshire, as shown on the Location Map, page vii. The
latitude and longitude of the dam site are N45°02.7' and
W710 22.9', respectively.

b. Description of Dam and Appurtenances. Murphy Dam
consists of a zoned earth embankment dam with a side approach
channel overflow spillway. The earth embankment dam has a
straight alignment and is approximately 2200-ft. long with
a hydraulic height of 106 ft. The spillway approach chan-
nel is located around the right, or north, end of the dam.
From left to right training wall the spillway has an effec-
tive crest length of 208 ft. Low earth embankments are
located immediately to the right and left of the spillway
respectively designated west and east spillway dike. The
east spillway dike and the dam adjoin giving the facility
a continuous centerline crest length of about 3600 ft.

A roadway is located on the 20-ft. wide crest of
the dam embankment. On the upstream side of the dam embank-
ment from the toe to, about El. 1385, the slope is 3 hori-
zontal to 1 vertical (3H:1V); above El. 1385, the slope
changes to 2H:1V up to the crest. Similarly, on the down- '
stream side, the lower slope is 2.5H:1V and the upper part
is 2H:1V. The transition of the downstream slope is not
well defined, but is shown on design drawings to be at about
El. 1370. Both the upstream and downstream toes are
constructed of rock fill. A blanket of select pervious
material underlies riprap on the upstream side. Large
riprap, described as heavy derrick stone, covers the
downstream slope.

Internally, the dam embankmeat has an impervious core
with shoulders constructed of pervious material over and
outside the impervious materials. The top of the impervious
core is 20 ft. wide, and both the upstream and downstream
sides have a slope of 2H:1V. Under about balf of the
embankment, starting at the left abutment, the core was
designed to extend through the pervious overburden soils and
into glacial til, or 10 ft. minimum depth below stripped
natural ground, which ever was greater. Below the rest of

1-2




v !

the embankment the core was keyed into sound bedrock. The
embankment does not have an internal drainage system.
However, seepage through the embankment is conveyed by the
rock fill toe and, due to natural contours, collects in the
general area of the original river bed.

The side approach channel is a somewhat irregular cut

excavated in earth with riprap on portions of the side

] slopes. Founded on bedrock and constructed of concrete, the
broad crested overflow spillway consists of four 37-ft. wide

N stop log bays® and one 60-ft. wide flashboard bay.

‘ The stop logs are 4-in. thick. Details of these bays are

. given in Section 1.3 and Section 5. A walkway bridge with ‘
concrete and steel truss spans crosses the spillway and is i

f supported by 4-ft. wide piers that separate the individual

! stop logs and flashboard bays. A concrete training wall is

located at the left upstream side of the spillway that

provides protection for this end of the spillway.

The dikes at either side of the spillway each have a crest
' . width of 20 ft. at E1. 1400. Neither has an impervious core,
¢ ; but both are constructed of semi-pervious and impervious
' materials. Upstream and downstream slopes of both dikes are
] 2H:1V. Riprap is provided on the upstream sides of the
‘ dikes, which form the downstream end of the spillway approach
channel. The crest and other portions of the dikes have
grassed surfaces.

i Flow over the spillway is conveyed by an 800-ft. long
discharge channel to the Connecticut River. The upper
. 400 ft. of the channel is excavated in rock with concrete
| l side walls, and the lower 400 ft. is excavated into earth
Lo with riprapped slopes.

i Subsequent to the original design and construction of

Murphy Dam, earth dikes were added along either side of the
discharge channel upstream end. Referred to herein as the
, north (right) and south (left) spillway dikes, these dikes
| are each about 400 ft. long, and were constructed to retain
high spillway flows. The crests of these dikes are 10 ft.
wide and slope from approximately El. 1384, upstream, to El.
1380 downstream. These dikes are constructed of semi-
pervious and impervious materials and have grassed crests
and exterior slopes with riprap on their interior slopes.
Both exterior and interior slopes are 2H:1V.

: *Also called stanchion bays in the available information.
' 1-3 '
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Water is normally conveyed to the Connecticut River
I by the outlet works. The outlet works consists of a con-
crete intake, gate house, two lengths of 13-ft. diameter
conduit, control house, stilling pool and discharge chan-~
nel,

The intake is located upstream of the left side of the 1
dam embankment and has an excavated approach channel approxi-
mately 250 ft. long and 20 ft. wide at its bottom, with
riprapped side slopes at 2H:1V. Both intake and approach
channel are totally submerged by Lake Francis; the invert
of the intake is at El. 1305.5. Water enters through two
openings, each measuring 10 ft. by 20 ft., that are con- ,
nected to a 253 ft. length of 13-ft. diameter conduit to ‘
the gate house. At the gate house the conduit flow is con-
trolled by a Broome headgate raised (opened) and lowered
(closed) by means of a gasoline engine and cable hoist.
Located about S50 ft. upstream of the dam centerline, the
gate house has a 6-ft. wide access bridge from the embank-
ment crest upto the gate house operating floor, which is
! at E1. 1404.

Between the gate house and control house, a distance
of 587 ft., flow is conveyed beneath the dam by the second
length of steel-plate-lined 13-ft. diameter conduit. At the
control house the invert of the conduit is at E1l. 1302. The i
outlet control works consists of two 84-in. Dow Valves and
one 30-~in. Dow Valve that are activated by electric motors. i
Flow is measured by means of Venturi meters, one meter
for the 30 in. valve and a large one for the two 84 in.
valves. The three valves discharge into a 100-ft. long
by 25 ft. wide stilling pool downstream from the control
house.

Three stop log bays at the downstream end of the still-
ing pool control the pool water level at about El1. 1311.
One of the stop log bays is 15 ft. wide and the other two
are 12.5 ft. wide. Discharge from the stilling pool flows
about 200 ft. along a channel excavated in rock and enters
the Connecticut River about 400 ft. upstream of the overflow
spillway outlet,

C. Size Classification. The storage to the top of
Murphy Dam is estimated to be 131,375 acre-ft., and the
corresponding hydraulic height of the dam is approximately
106 ft. Storage of more than 50,000 acre-ft. and/or a height
greater than 100 ft. classifies a dam in the "large" size
category, according to the guidelines established by the
Corps of Engineers.

L
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d. Hazard Classification. Dam failure analysis com-
putations in Appendix D which are based on ''"Guidance for
Estimating Downstream Dam Failure Hydrographs" demonstrate
why Murphy Dam has been determined as having a "high"
hazard potential classification in accordance with Corps of
Engineers guidelines. Channel water depths downstream of
the dam prior to a dam failure would be approximately 20 ft.
below the elevation of existing development. A failure of
the Murphy Dam would result in water depths approximately 2C
ft. above existing development and could destroy a minimum
of 30 residential and commercial structures located immediately
downstream of the dam in the Town of Pittsburg, New Hampshire.
The potential loss of life would be more than a few. Further-
more, extensive damage would occur along several miles of
the Connecticut River downstream of the dam.

e. Ownership. The name, address and phone number of
the current owner are:

Water Resources Board
State of New Hampshire
37 Pleasant Street
Concord, NH 03301
Phone: (603) 271-3406

Mr. Vernon A. Knowlton is the Chief Engineer of the
Water Resources Board.

f. Operator. Mr. David Chappell, Dam Operator, has
been respons e for operation, maintenance and safety
of the dam since 1974. His phone number is (603) 538-6530.

g. Purpose of Dam. Murphy Dam forms the reservoir
of Lake Francis. Lake Francis, together with the First and
Second Connecticut Lakes, is a storage reservoir for power
generation along the Connecticut River. In addition,
Murphy Dam provides some flood storage capacity.

h. Design and Construction History. Design and con-
struction records that are available through the Water
Resurces Board of the State of New Hampshire, document when
and how the dam was built.

i. Normal Operational Procedures. Maintenance of the
Dam is performed on a routine schedule. The operator
who is permanently assigned to the facility has responsi-
bility for the operation of the conduit gate controls and

1-5
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spillway stop logs and flashboards on an as-needed basis.
During dry weather periods, normal operation is to release
flows through the outlet works on demand by the downstream
power generating facilities. During periods of high reservoir
inflows, there are formal operating procedures to be followed
by the Dam Operator in the event that communication with
advisors is not possible. A copy of the written procedures

is contained in Appendix B.

1.3 Pertinent Data

All dimensions and elevations reported herein are from
project records and are based on National Geodetic Vertical
Datum (NGVD) of 1929.

a. Drainage Area. The drainage area tributary to the
dam site 1s 1 sq. mi., consisting of two major watersheds:
Perry Stream having 78 sq. mi. of uncontrolled drainage area
and 96 sq. mi. which is controlled by the First and Second
Connecticut Lakes. All of the 174 sq. mi. drainage area is
heavily forested and essentially undeveloped.

b. Discharge At Dam Site.

1. Outlet works............. Maximum controlled dis-
charge - 2,000 cfs
2. Maximum known flood at :
dam site.......v¢ec000.... Maximum recorded reser- ;
voir stage E1. 1386.2 '
on 25 May 1977
3. Spillway capacity at
topof dam.......cccc0.0. 74,000 cfs at El. 1400.0
(without stop logs and
flashboards)

4. Spillway capacity at
test flood pool
elevation....cceveeeeeee. 61,000 cfs at E1l. 1397.0
(without stop logs and
flashboards)

S. Gated spillway capacity
at normal pool eleva-
tion......¢ee00evveeeeee.. Not applicable
6. Gated spillway capacity
at test flood pool
elevation.........c...... Not applicable
7. Total spillway capacity
at test floor pool
elevation.......cvc00vv.. 61,000 cfs at El. 1397.0

1-6
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8. Total project discharge

lh . \

at top of dam............ 76,000 cfs at El. 1400.0
9. Total project discharge
at test flood pool
elevation.........ce0uv.. 63,000 cfs at El. 1397.0
Elevation. (ft. above NGVD)
1. Streambed at centerline
of dam....cvveinnnnenns 1294.0
2. Maximum tailwater....... Design tailwater unknown.
3. Upstream portal invert
diversion tunnel........ 1305.5
4. Maximum normal pool...... 1378.0
5. Full flood control pool. Not applicable
6. Spillway crest (without
stop logs and
flashboards)............ One 37-ft. wide bay at
El. 1370.
Three 37-ft. wide bays
at E1. 1375.0
One 60~ft. wide bay at
. El. 1383.0
(with stanchion boards
and flashboards)........ El. 1385.0 on 37-ft. wide bays
El. 1386.0 on 60-ft. wide bay
7. Discharge surcharge -
original design......... 1390.3
8. Topof dam.............. 1400.0
9. Test flood surcharge.... 1397.0
Length of Reservoir. (mi. estimated)
1. Maximum normal
pool....... Cecssnecanns . 5.35
2. Flood contro
pool....... Ces e oo Not applicable
3. Spillway crest.......... 5.3
4. Topof dam..........00.. 5.5
5. Test flood pool......... 5.4
Storage.(acre-feet)
1. Maximum normal pool..... 86,500 at El. 1378.0
2. Flood control pool...... Not applicable
3. Spillway Crest....... .o 71,180 at El. 1370.0
4. Topof dam......o00vvuee 131,375 at E1. 1400.0
5. Test flood pool......... 125,000 at El. 1397.0
1-7
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Reservoir Surface. {acres)

1. Maximum normal pool..... 1,895 at E1. 1378.0

2. Flood control pool...... Not applicable

3. Spillway crest.......... 1,766 at E1l. 1370.0

4. Top of dam.,............ . 2,240 at E1.1400.0

5. Test flood pool......... 2,210 at El. 1397.0

Dam Embankment.

1. Typ€.ceeevvevereasassars RoOlled earth fill

2. Crest length............ 2200 f¢t.

3. Height.................. 100 ft,.

4, Top width........... cve. 20 ft,

5. Side slopes....... wesees 3H:1V to 2H:1V U/S
2.5H:1V to 2H:1V D/S

6. Zoning..veveeoeeeseesss. Impervious core with
U/S and D/S shoulders
of semi-pervious and per-
vious materials

7. Impervious core......... Compacted impervious
fill

8. Cutoff...... ceteaasann .. Core carried up to 10 ft.
below natural stripped
ground surface or keyed
into bedrock

9. Grout curtain..... ++.es+. Contract provided for
drilling and grouting where
core is keyed and founded
on bedrock

Spillway Dike Embankments
East West

1. Type..ceveveseevoenseeaes. Rolled earth fill

2. Crest length......... «v. 410 ft. 530 ft.

3. Height.......ciivinaense 10 ft. 17 ft.

4. Top width............... 20 ft. 20 ft.

5. Side slopes.........se.. 2H:1V both U/S and D/S

Discharge Channel Dike Embankments
North South

1. Type.ceceeeeenaneeasssss Rolled earth fill

2. Crest length............ 400 ft. 400 ft.

3. Height.(estimated)...... 14 ft. 16 ft.

4, Top width............... 10 ft. 10 ft.

5. Side slopes............. 2H:1V both U/S and D/S

1-8
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Diversion and Regulating Tunnel.

Not applicable

Spillway
1. Type.veviivennn e Broad crested concrete
overflow
2. Length of weir...... Bay No. Width (ft.)
1 37*
2 37*
3 37*
4 37=*
) 6O *=*
Effective crest length 208
4-4 ft. wide concrete piers 16
Total length of weir 2249
3. Crest elevation..... Bay No. Elev.
1 1370.0=
2 1375.0*
3 1375.0=
4 1375.0=*
5 1383.0%*%
*Stop logs (also called stanchion boards)
**Flashboards
4. Gates...vvevan et None
5. U/S channel......... Excavated from earth
overburden with riprap
on side slopes
6. D/S channel......... Upper portion excavated
from rock with concrete
side walls. Earth
dikes parallel upper |
portion at each side of
channel. Lower portion !
excavated from earth.
7. General........ s e Stop logs are manually
released. Half of flash-
boards (30 ft.) designed
to release automatically
with upstream water level
at E1., 1387.6, other half
designed to release at
E1. 1388.1.
1-9
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Regulating Outlet

Description......

Size... e
Invert...........
Control mechanism

1-10
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13-ft. diameter penstock
975 ft. long, with 13 ft.
x 13 ft. Broome Gate

U/S and two 84-in. dia-
meter and one 30-in. dia.
butterfly valves D/S;

30 in. valve is by-

pass for low flow

Two 84 in. valves and

one 30 in. valve

84 in. valves at invert
El. 1301.50

30 in. valve at in-

vert El1. 1297.5

Two 84 in. Dow valves
electric motor operated
with standby gasoline
engine. 30 in. Dow valve
manually operated. All
control mechanisms at

El. 1322 in control house




SECTION 2 - ENGINEERING DATA

2.1 Design Data

The dam and appurtenant structures were designed
between 1937 and 1939 by the firm of Charles T. Main, Inc.,
Engineers, of Boston, Massachusetts. Documentation of the
project design, consisting of some originals and mostly
copies of construction drawings and geologic reports, is
available through the offices of the Water Resources Board
in Concord, New Hampshire. However, no design computations
were located or are known to exist.

2.2 Construction Data

The dam was constructed during 1938 through 1940.
Records of the construction of the dam are kept at the dam
site in the control house. These records are in the form
of field plans, daily reports, progress photographs, monthly
estimates and weekly, reports on construction, soils laboratory
test records and concrete pour records.

2.3 Operation Data

Formal procedures exist for activating the controls and
outlets of Murphy Dam under emergency conditions and are
posted in the control house. The Dam Operator fills out an
Operation Record form daily (see Appendix B) and main-
tains a written log of activities at the dam site. Operation
of the dam is coordinated with the needs of the both the
New England Electric System and Public Service Company of
New Hampshire.

2.4 Evaluation of Data

a. Availability. A list of the engineering data
available for use in preparing this report is included on
page B-1. Selected documents from the listing are also
included in Appendix B.
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b. Adequacy. There was a considerable amount of
engineering data available to aid in the evaluation of
Murphy Dam. A review of these data in combination with
visual examination, consideration of past performance and
application of engineering judgement, was adequate for the
purposes of a Phase I assessment.

¢. Validity. The information contained in the en-
gineering data may generally be considered valid. However,
details on the drawings are shown as designed and some
differ from those actually built. Heavy derrick stone was
used on the downstream slope of the dam in lieu of riprap,
and the north and south spillway dikes were added after the
dam was constructed. The spillway boarding system and left
abutment wall have also been changed from the original
design and construction shown on the drawings.
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SECTION 3 ~ VISUAL EXAMINATION

3.1 Findings

a. General. The Phase I visual examination of Murphy
Dam was conducted on 22 April 1981. The upstream water
surface was at about E1. 1370.5. The Operator was controlling
discharge at about 15 cfs and raising the level of the
reservoir.

In general, the project was found to be in good con-
dition. Several deficiencies which require correction
were noted. The Operator demonstrated the operability of
outlets and controls and cooperated in all aspects of the
site inspection.

A visual inspection check list is included in Appen-
dix A and selected photographs of the project are given
in Appendix C. A "Site Plan Sketch'", page C-1, shows the
direction of view for each photograph.

b. Dam. At the dam embankment crest, from the left
abutment to about the gate house, the gravel surface had
a thin covering of vegetation indicating that this por-
tion of the roadway is not frequently travelled. Alignment
of the crest was good to excellent, and visually, in agree-
ment with the design drawings. There were small local
depressions, but no major rutting or erosion, along the
crest and at the abutments. Unpaved service roadways at
either end of the dam were in satisfactory condition.

At the upstream side of the dam, the transition of the
slope from 3H:1V to 2H:1V at about El. 1385 was readily
distinguishable, Photo No. 3. The gate house and associated
foot bridge were in a well maintained condition and showed
no indications of structural distress where they adjoin the
embankment, Photo No. 4. No large tree growth was present
on the embankment slopes but wooded areas were located close |
to both the abutments and the downstream toe, Photo No. 5.
Grass, brush, weeds, moss and small (less than 1 in. diameter)
trees and tree stumps (up to 3 in. in diameter) between the
stone protection on the upstream and downstream sides obscured
the slopes, Photos No. 2 and No. 6. This ground cover may
have hidden indications of local sloughing, erosion,
slope failures or animal burrows. The rock protection
also makes both slopes quite jagged and uneven, parti-
cularly on the downstream side, Photo No. 6. This unevenness
appeared to be caused by the large and variable size of the
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heavy derrick stone. In addition, there may have been
irregular placement during the original construction. The
transition of the downstream slope from 2.5H:1V to 2H:1V at
about El. 1370 had a concave appearance that was not as
visible as the transition of the upstream slope.

During the construction of the dam, seeded loam was
placed directly over the lower end of the downstream rock
fill toe and bas formed a blanket of sod over this section
of the dam. A number of local depressions and sink holes
have developed over the rock fill along the toe from either
foot traffic, erosion due to local runoff, seasonal frost
action or a combination of these factors. The largest sink
hole along the downstream toe was located near the middle of
the dam and extended approximately 7 ft. laterally under
the sod, Photo No. 8.

A long shallow swale located downstream of the dam,
skewed with respect to the alignment of the dam and
corresponding to the location of the outlet works conduit,
was soft with ponded water from local snow melt runoff,
Photo No. 7. It was reported in the available information
that this was a long-standing condition, occurring in the
spring, and that the -area dries in the summer.

There were signs of beaver activity in a wooded area
immediately downstream of where the dam crosses the previous
alignment of the Connecticut River. Fallen trees were
prevalent and what looked like an abandoned beaver lodge and
beaver dam with an associated pond were located within a
spoil area from the construction of the facility. Flow
tributary to the pond originates primarily as runoff from
the hillside left and downstream of the dam and as seepage
conveyed by the rock fill toe. On the day of the site
inspection there was runoff due to snow melt. The Operator
reported that during the summer water can be heard flowing
beneath a portion of the downstream slope protection;
however, this flow could not be detected on the day of the
site visit.

A thin accumulation of silt and sand approximately
3 ft. by 5 ft. in area has formed at the upstream end of the
beaver pond, Photo No. 10. Most of the deposited material
was apparently from the area of an unpaved access road
downstream of the left dam abutment. However, some of
the material appeared to bave been coming from the direction
of the rock fill toe of the dam. A report by Chas. T. Main,
Inc. dated 1977 noted that there was flow along about
300 ft. of the rock fill toe and that minor seepage was
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emerging along the downstream toe in the area of the old
river bed, but did not indicate an accumulation of silt or
sand in the area of the beaver pond. From the reported
information it is believed that the condition is long-~
standing, but the significance of the silt and sand and what
effects the seepage may have on the stability of the dam
have not been determined.

A single 3-in. ID steel pipe, described as an observa-
tion riser and located within the Connecticut River bed
immediately downstream of the embankment, was flowing at the
time of the inspection, indicating an artesian condition in
underlying soils, Photo No. 9. The lower invert of the pipe
and whether the pipe has any perforations are unknown. Flow
from the pipe has been measured by the Operator; however,
the outlet can become submerged by the beaver pond, making
direct measurements of flow impossible. No boils or
springs were observed at the downstream toe or in the area
of the riser pipe.

¢. Appurtenant Structures. The broad crested overflow
spillway was in generally good condition, Photo No. 15. The
bridge seats in the concrete piers and right spillway
abutment were spalled, as was the downstream portion of the
flashboard bay apron. The downstream face of the concrete
portion of the walkway bridge was also spalled, although in
general both the steel truss and concrete spans of the
bridge were in good condition. The flashboard and stop log
systems were also in good condition.

The spillway approach and discharge channels, Photos No.
18 and No. 19, had some vegetation in the form of brush
present. There were cracks in the panels of concrete rock
facing in the left spillway discharge channel wall, Photo
No. 21. There was an apparent seepage condition at the toe
of the spillway apron adjacent to to the left wall, Photo
No. 20, as evidenced by greater flow downstream from the
apron than over the apron. The flow appeared clear. These
deficiencies were considered to be minor and therefore the 1
general condition of the spillway approach and discharge
channels was good.

The four low earth embankments, spillway dikes, were
all in good condition overall. However, from the Operator's
records it is apparent that the east and west dikes, Photos
No. 16 and No. 17, have not had to retain a full reservoir.
Further, it appears that the north and south dikes, along
the spillway discharge channel, have never been required to
retain high spillway flows.
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The crests of the east and west spillway dikes were
level, had well mowed grass surfaces and uniform slopes.
No evidence of significant erosion or sloughing was apparent;
bhowever, at several locations on the west dike there were
small local displacements, possibly due to frost action
or tree removal operations. Numerous stumps were located on
the upstream side of the west dike as were several, cut nearly
flush to the ground surface, on the downstream side.

On the upstream side of the east spillway dike there
was a thick development of trees. The root systems of this
mature tree growth traverse the crest of the dike. A rock
outcrop at the right end of the east spillway dike adjacent to
the overflow spillway also had many mature trees growing
across it.

The gate house was also in good condition. The dam
operator was present during the inspection and the Broome
head gate was operated with no deficiencies noted, as was
the head gate by-pass valve. The concrete access bridge
spanning from the gate house to the dam crest was in good
condition. The alignment and general condition of the con-
crete abutment upon which the bridge is seated at the dam
crest were good.

The control house located downstream of the dam was in
good condition, Photo No. 11. The two electric motor
operated 84-in. Dow butterfly valves were opened to drain
the outlet conduit and permit its inspection, Photo No. 14.
The low flow 30-in. Dow valve was operated manually. An
emergency stand-by gasoline engine is available for opera-
tion of the 84-in. Dow valves. During the control house
inspection, this engine was started and kept running for a
time, demonstrating its operable condition.

A walk-thru inspection of the 13-ft. diameter buried
conduit revealed no significant deficiencies. The steel
plate lining was observed to be sound with only minor
corrosive action noted. The head gate at the upstream end
of the conduit was leaking to a moderate extent at the lower
right corner. The two 84 in. butterfly valves at the
downstream end were observed to be in good condition as was
the 13-ft. by 8-ft. Venturi meter. The 30 in. butterfly
valve was submerged.
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The outlet works stilling pool, Photos No.12, was in
generally good condition with minor spalling and some
seepage noted at the upstream vertical construction joints.
Cracks were observed in the basin headwall above the conduit
outlet valves. One of the cracks appeared to define a
fairly large spall area. Some seepage was also observed at
a horizontal coanstruction joint in this wall and/or from a
line of weep holes located directly above the joint.
Despite these conditions, the wall is considered to be
structurally adequate. Observation of the three bay stop
log facility at the downstream end of the stilling pool
showed the concrer=: piers, the stoplogs and the 30-in.
by-pass gate to be in good condition. The by-pass gate was
operated manually to drain the pool during the site visit,
Photo No. 13.

d. Reservoir Area. Lake Francis is approximately 5.5
mi. long and has a maximum width of about 1.4 mi. In general,
the reservoir shoreline consists of undeveloped, moderately
sloped wooded banks. The formation of the reservoir required
the abandonment/relocation of two roadways and approximately
20 structures. The Connecticut River extends approximately
2 mi. upstream of Lake Francis to the outlet from the
First Connecticut Lake.

e. Downstream Channel. The Connecticut River flows
from the dam through the states of New Hampshire, Vermont,
Massachusetts, and Connecticut. The outlet works discharge

channel joins the original Connecticut River bed about 600 ft.

downstream of the toe of the dam. The spillway discharge
channel joins the Connecticut River approximately 400 ft.
further downstream. The Town of Pittsburgh, New Hampshire
is located on the right bank of the river approximately
3,000 ft. downstream of the dam, Photo No. 22.

3.2 Evaluation

Based on the visual examination conducted on 22 April
1981, Murphy Dam is considered to be in good condition.
No condition was observed that would immediately affect the
safety of the facility. The sink hole and shallow wet swale
downstream of the dam embankment are not considered to be
deficiencies in the dam. The seepage and possible soil
erosion at the downstream toe of the dam embankment in the
area of the beaver pond require further monitoring and
evaluation. The seepage observed downstream of the spillway
at the end of the portion of the spillway apron adjacent to
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the left training wall also warraats monitoring. The left
training wall of the spillway discharge channel, the bridge
seats in the concrete piers at the spillway crest, and the
outlet works stilling pool headwall, need attention to
prevent further deterioration. Remedial measures outlined
in Section 7.3 should be implemented to correct the noted
deficiencies.
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SECTION 4 ~ OPERATIONAL AND MAINTENANCE PROCEDURES

4.1 Operational Procedures

a. General. There are formal procedures for the
operation of Murphy Dam. Entitled, Operation Procedure for
Pittsburg Reservoir During Period of High Inflow to be
Followed by Operator 1f Communication with Advisors 1s not
Possible, the procedures are conspicuously posted 1n the
control house. Flashboards and stop logs are maintained on
the spillway weir year round. The conduit head gate and
outlet works butterfly valves are operated as-needed to
withdraw water as required by the downstream users,

b. Description of any Warning System in Effect. There
is no specific warning system or emergency action plan in
effect for Murphy Dam. However, the Owner is within the
framework of the operations plan "Link Up", an interagency
plan in the state of New Hampshire for natural and man-made
disaster operations. This plan establishes the procedure
for notifying and calling upon the resources of other
state agencies in times of emergency.

4.2 Maintenance Procedures

a. General. Available references indicate that the
Murphy Dam 1s inspected annually under the auspices of
the New Hampshire Water Resources Board in cooperation
with the project's water users. It is further indicated
that an additional program consisting of inspections at
five year intervals by an outside consultant also exists.
The written report resulting from the first of the five
year interval inspections was furnished by the Owner. The
report is dated November 1977, and includes a summary of
an on-site inspection of the facility, a PMF hydrological
study of the facilities, and stability analyses of the
structure.
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b. Operating Facilities. The spillway appeared to
be well maintained and free of debris as did the outlet
works stilling pool and discharge channel. The head gate
control tower and outlet works control house were also well
maintained and the functional operation of all gates in
the outlet works was demoanstrated. A formal written mainten-
ance procedure entitled, Pittsburg Reservoir Maintenance
Procedure Broome Gate and Hoist, was posted 1n a fully view-
able location 1nside the head gate control tower.

4.3 Evaluation

Formal operation and maintenance procedures are in
effect for the project. Remedial work at the facility is
based on conditions observed during the annual technical
inspections. The annual technical inspections should be
continued.

Since a failure of the dam would cause loss of life,
and extensive property damage downstream, a detailed
emergency action plan and warning system should be esta-
blished for Murphy Dam to compliment the existing operations
plan "Link-Up'".

-~ -
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SECTION 5 - EVALUATION OF HYDRACLIC/HYDROLOGIC FEATURES

3.1 General

Lake Francis, and the First and Second Connecticut
Lakes, are storage reservoirs for power generation along the
Connecticut River by the New England Electric System and the
Public Service Company of New Hampshire. The 174 sq. mi.
drainage abea tributary to Lake Francis consists of two
major watersheds: Perry Stream having 78 sq. mi. of uncon-
trolled drainage area and 96 sq. mi. which is controlled by
the First and Second Connecticut Lakes. Murphy Dam, which
impounds Lake Francis, is a 2,200 ft. long by 106 ft. high
earth embankment structure with a gated outlet conduit for
the normal release of flow and a side agproach overflow
spillway with flashboards and stop logs™ for flood discharges.

The outlet works consists of a 975 ft. long, 13 ft.
diameter conduit having the following appurtenant features:
Upstream intake structure with trash rack; upstream gate house
for 13-ft. by 13-ft. Broome head gate; and downstream coatrol
bhouse and stilling pool.

Normal outlet works operation for the release of flows
for downstream power generation is regulated by two 84
in. butterfly valves and gaged by a 13 ft. by 8 ft. Ven-
turi meter. When no discharge is required by the downstream
power plants, the 13 ft. by 13 ft. Broome head gate is kept
open, the two 84 in. butterfly valves are closed, and a
minimum fish flow of 15 cfs is released by a 42 in. by
30 in. by-pass pipe and gaged by a 42 in. by 28 in. Ven-
turi meter.

The side approach channel overflow spillway consists
of five bays having a total weir length of 224 ft. and in-
cludes earthen dikes at El. 1400 at both abutments as well
as a concrete bulkhead wall at the spillway left abutment
at El. 1395.0. The five spillway bays have the following
geometry:

Bay No. Width (ft.) Crest Elev. Board Elev.
1 37 1370.0 1385.0
2 37 1375.0 1385.0
3 37 1375.0 1385.0
4 37 1375.0 1385.0
5 60 1383.0 1386.0

*Also called stanchion boards in the available information.
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Bay Nos. 1, 2, 3 and 4 incorporate stop logs with manual
release mechanisms and Bay No. 5 incorporates self-releasing
flashboards. Spillway discharges are conveyed by an 800-f<.
long discharge channel to the Connecticut River.

5.2 Design Data

The spillway was originally designed to discharge 36,000
cfs at reservoir (Lake Francis) El. 1390.3. At this stage
there would be 9.7 ft. freeboard at the main dam and spill-
way dikes and 2.7 ft. at the spillway left concrete retaining
wall as originally constructed.

Hydrologic analysis, conducted by Chas. T. Main, Inc.
in 1958 (see Appendix B), for an "extreme flood" (ie: 18
in, of rainfall in 30 hours resulting in 15 in. of total
run-off) determined that the peak inflow would be 72,000
cfs, peak outflow 51,300 cfs and reservoir El. 1394.1. At
this stage, the spillway left abutment concrete wall would
be overtopped by 1.1 ft. as originally constructed. Con-
sequently, this wall was raised two feet to El. 1395.0.

5.3 Experience Data

Maximum and minimum recorded reservoir levels occurred on
25 May 1977 at El. 1386.2 and on 18 March 1977 at El. 1324.9,
respectively. The level at the time of inspection on
22 April 1981 was El1. 1370.5. During the Phase ] inspection,
the 13 ft. diameter outlet work conduit and stilling pool
were dewatered to faciliate their inspection. The operating
procedures required to accomplish this were as follows:

1. Initially, the 13 ft. sq. head gate was open, the
two 84 in. butterfly valves were closed, the
stilling pool was full to El. 1311.0, and the 30 in.
by-pass butterfly was partially open to release 15
cfs for fish flow in the Connacticut River,

2. The 30 in. butterfly valve was manually closed
at the control house.

3. The 13 ft. square head gate at the gate house was
closed using the gasoline-driven motor.

4. The head gate by-pass gate was manually opened at
the gate house.
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The two 84 in. butterfly valves were opened using
the electric motors at the control house. The
stand-by gasoline motor was also started to demon-
strate its operability.

6. The head gate by-pass was closed at the gate house
and cinders were placed at the upstream face of the

13 ft. square head gate to minimize leakage and facili-
tate its inspection.

7. The 30 in. stilling pool drain gate was opened and
wedges were driven between stoplogs to accelerate
the dewatering of the pool.

8. The 30 in. butterfly valve was opened at the
control house so as to dewater the low point in the
13 ft. diameter conduit immediately upstream of the
13 £t. by 8 ft. Venturi meter.

5.4 Test Flood Analysis

Based on the Corps of Engineers Guidelines, the recom-
mended test flood for the size '"large'" and hazard potential
"high" is the PMF (Probable Maximum Flood). Application of
the Corps of Engineers Guideline Curves for estimating peak
PMF inflows is inappropriate due to the attenuating effects
of the upstream storage at the First and Second Connecticut
Lakes.

PMF analysis performed in 1977 by the design engineer
developed unit hydrographs for the two major contributary
watersheds based on a geomorphologically similar watershed.
The PMF outflow from the First Connecticut Lake was deter-
mined to be 34,200 cfs (inflow = 53,690 cfs) which, when
combined with the Perry Stream PMF hydrograph, resulted
in a Lake Francis inflow of 81,300 cfs.

The Lake Francis routed PMF outflow peak was deter-
mined to be 61,000 cfs at a reservoir stage of El. 1397.0.
At this stage, there would be 3 ft. of freeboard on the dam
and east and west spillway dikes; the spillway is therefore
considered adequate. However, at reservoir El. 1397.0 the
spillway left abutment concrete retaining wall would be
overtopped by 2 ft. of water. Prior hydrologic analysis had
indicated that this non-overflow retaining wall would be
overtopped by an "extreme flood" (reservoir El1. 1395.0 and
discharge of 51,300 cfs) and consequently an additional 2
ft. bad been added to the top of the wall bringing it to
its present elevation of 1395.0.

5-3
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Prior hydraulic analysis of the spillway discharge
channel by the design engineer also determined that a
discharge of 49,300 cfs would overtop the channel banks
beginning about 300 ft. downstream of the spillway weir.
While no detailed backwater analysis has been performed for
a PMF discharge of 61,000 cfs, it is apparent that it would
overtop the discharge channel nearer to the spillway weir
than 300 ft. While this overflow, combined with the 2 ft.
overtopping of the spillway left abutment retaining wall,
might not adversely impact on the dam embankment, it could
cause serious damage to the control house as the overflow
would be directed towards it. The ground floor level of
this structure is at El1. 1333.0 and the gate motor operators
are at floor E1l. 1322.0. Tailwater analysis by the design
engineer determined that the Connecticut River would flood
to E1. 1330.0 in the vicinity of the control house during
the PMF outflow.

5.5 Dam Failure Analysis

Based on the Corps of Engineers guidelines for estimating
dam failure hydrographs and assuming that a failure would
occur along 40 percent of the mid-height length of the dam
(480-ft. breech width), the peak failure outflow is estimated
to be about 843,000 cfs. A flood wave of this magnitude
would inundate the Town of Pittsburg, which is located about
3,000 ft. downstream of the dam, by about 20 ft. of water.
Prior to a dam failure, channel water depths would be about
20 ft. below the elevation of existing development. As a
result of a dam failure, a minimum of 30 residential and
commercial structures would be destroyed. The Connecticut
River is located in a steep valley downstream of the dam
with no significant overbank flood plain. Consequently, the
flood wave would continue for several miles downstream at a
depth of 50 to 70 ft. above the normal channel water surface
elevation.

The petential loss of life resulting from a dam failure
would be at least several persons and the economic loss,
excessive. The dam is accordingly classified in the "high'"
hazard potential.

-
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SECTION 6 -~ EVALUATION OF STRUCTURAL STABILITY

6.1 Visual Observartions

There was no visual evidence of settlement, lateral
movement or other signs of structural instability in the
dam embankment, overflow spillway and associated dikes,
gate house or outlet works facilities during the site in-
spection. All portions of the project appeared to be per-
forming satisfactorily under present conditions. Based
on the visual examination conducted on 22 April 1981, no
reason was found to question structural stability of the
dam.

6.2 Design and Consruction Data

Construction drawings and documentation of the Zonstruc-
tion operations were located. From a review of the informa-
tion it appears that the construction operations were
closely monitored to insure compliance with the intended
design. Records were made of the pertinent aspects of the
construction, including but not limited to soil and rock
types encountered, tests of geotechnical properties, concrete
pour data and visual observations.

As part of the inspection of the facility in 1977
by Chas. T. Main, Inc., stability analyses were conducted
for all important water retaining structures and the intake
gate tower for a full reservoir condition, a full reservoir
with both seismic and ice conditions, a rapid drawdown
condition, a rapid drawdown with seismic condition, and a
probable maximum flood condition. Based on the review of
the available information, the earth embankment dam, overflow
spillway and appurtenant structures are considered to be
stable.

6.3 Post-Construction Changes

Written documents recommending changes toc the spill-
way facility were located. A report prepared by Chas. T.
Main, Inc. in 1958 and forwarded to the New Hampshire Water
Resources Board recommended removal of a failing flashboard
system originally installed in conjunction with stop logs

-
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in four of the spillway bays. In addition, it was recom-
mended that the height of the left upstream concrete spill-
way abutment wall be increased by two feet. Also located wi
a plan, dated September 1942, which details the original
construction of the boarding system in the spillway bays.
No formal written documentation confirming implementation
of the recommended changes was located. However, visual
observation during the site inspection on 22 April 1981,
indicated a stop log system without flashboards in four of
the spillway bays, while the fifth bay boarding system
consisted entirely of flashboards. Furthermore, an additio
of two feet in height to the spillway left abutment concret:
retaining wall was apparent.

6.4 Seismic Stability

As described in Section 6.2 above, seismic stability
analyses have been performed for the major water retaining
structures and the intake gate house, considering both
full reservoir and rapid drawdown conditions. The analyses
indicate the structure would be stable under the assumed
conditions. Murphy Dam is located in a Seismic Zone 2,
and in accordance with Corps of Engineers’' guidelines does
not warrant further seismic analysis at this time.




SECTION 7 - ASSESSMENT, RECOMMENDATIONS
AND REMEDIAL MEASURES

7.1 Dam Assessment

a. Condition. The visual examination of Murphy Dam
revealed that the dam and appurtenant structures were in
good condition. Although there were no signs of impending
structural failure or other conditions which would warrant
urgent remedial action, several deficiencies were noted.

Based on the results of hydrologic computations by the
design engineer, included in Appendix D and summarized in
Section 5, the spillway is capable of passing the test flood,
which for this structure is the PMF, without overtopping the
dam. With the water level at the top of the dam, the un-
gated spillway capacity is approximately 74,000 cfs. The
test flood outflow of 61,000 cfs (inflow of 81,300 cfs)
could be passed with a freeboard of 3 ft. and an unused
surcharge-storage of approximately 6,300 acre-ft. remaining.

b. Adequacy of Information. This evaluation of the
dam is based primarily on visual examination, hydraulic
and hydrologic computations by others, consideration of past
performance and application of engineering judgement.
Generally, the information available or obtained was ade-
quate for the purposes of a Phase I assessment.

¢. Urgency. Recommended additional investigations 1,
3 and 4, outlined in Section 7.2, should be undertaken by
the Owner and completed within one year after receipt of
this report. The recommended remedial measures outlined
Section 7.3 and additional investigation 2 should be
accomplished within two years after receipt of this report.

7.2 Recommendations

It is recommended that a registered professional
engineer qualified in the design and construction of dams
undertake the following investigations:




Determine the extent and character of seepage flow
beneath the downstream slope protection and at

the downstream toe of the dam embankment. The long
term effect of the seepage on the stability of the
dam should be evaluated, as well as what corrective
measures are warranted.

Evaluate the potential impact of PMF overflow
at both the spillway left abutment retaining wall
and south spillway dike on the control house.

Clear away the leaves and establish a program to
make periodic observations of the seepage condition
at the left side of the overflow spillway apron
under various reservoir water levels, noting
carefully the extent and location of seepage.

Based upon the results of the monitoring program
determine the repairs warranted to correct the
condition.

Delineate the areas where brush and tree growth
should not be permitted. Establish procedures for
the removal of brush, tree, stumps and their
associated root systems. These procedures should
consider the type of material used to backfill
voids, the removal and replacement of riprap
protection on affected upstream slopes, and pro-
viding and maintaining a well-developed growth

of vegetation on crests and downstream areas at
completion of the work.

The Owner should then implement corrective measures on

the basis of these engineering evaluations.

7.3 Remedial Measures

Although the dam and appurtenant structures are generally

a.

in good condition, it is considered important that the
following items be accomplished by the Owner:

Operation and Maintenance Procedures. The follow-

ing should be undertaken by the New Hampshire Water Re-
sources Board:

7-2
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1. In areas where brush, trees and stumps exist within
the prohibited limits, they should be removed
following the procedures established under Section 7.2.4.
The existing areas warranting attention include,
but are not limited to, the east and west spillway
dikes and upstream and downstream dam embankment
slopes.

2. Repair the spalled areas of concrete on the
spillway pier bridge seats and downstream face
of the footbridge.

3. Repair the cracks in the concrete at the left
downstream wall of the spillway discharge chan-
nel near Station 24+00 and at the headwall of
the outlet works stilling pool.

4. Develop a written emergency preparedness plan
and warning system to be used in the event of
impending failure of the dam or other emergency
conditions. The plan should be developed in
cooperation with local officials and downstream
inhabitants and should compliment the state's
existing disaster operations plan, ''Link-Up".

5. Continue with the present program of annual technical

inspections performed in cooperation with the
project's water users.

7.4 Alternatives

There are no practical alternatives to the above recom-
mendations.
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VISUAL INSPECTION PARTY ORGANIZATION
NATIONAL DAM INSPECTION PROGRAM

Dam: Murphy

Date: 22 April 1981

Time: 0730-1530

Weather: Clear and fair - Temperature in 30's

Water Surface Elevation Upstream: El. 1370.5 (NGVD)

Stream Flow: 15 cfs controlled discharge

Inspection Party:

Peter L. LeCount - Soils/Geology
Charles R. Nickerson
Haley & Aldrich, Inc.
Joseph E. Downing : - Hydraulic/Hydrologic
Francis E. Luttazi - Structural /Mechanical
Camp, Dresser & McKee, Inc.

Present During Inspection:

Richard W. DeBold (for part of the time) - Civil Engineer, NHWRB
David Chappel - Dam Operator, NHWRB
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VISUAL INSPECTION CHECK LIST
NATIONAL DAM INSPECTION PROGRAM

DAM:__Murphy

DATE! 22 April 81

AREA EVALUATED

CONDITION

DAM EMBANKMENT

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 Abutments and
at Concrete Structures

Indications of Movement of
Structural Items on Slope

Trespassing on Slopes

HALEY & ALDRICH, INC.

Designed maximum E1. 1402.0 (NGVD)

Designed minimum E1. 1400.0 (NGVD), top
of dam

El. 1370.5 (NGVD) Operator in progress
of filling reservoir

El1. 1386.2 (25 May 1977)

None observed along crest or at abut-
ments

No pavement; gravel wearing surface.
From left abutment to approx. gate
house wearing surface has thin
coverage of vegetation; moss and grass
has local bare spots (several square
feet in areal extent) present, but
no major erosion or rutting

No significant movement or settlement
of crest evident. Small local de-
pressions from vehicle traffic present

None observed

Visually, good to excellent, straight

Visually, good to excellent, straight

Good to excellent overall, at both abut-
ments, unpaved service roads at either
end of embankment are in good condi-
tion; embankment does not abut any
concrete structures

No structural items on downstream slope.
Gate house located at upstream slope;
conditions at abutment of access
bridge and at base of gate house do
not indicate any major movement; see
additional comments under "Outlet
Works - Intake Control Tower'"

Dam site open to public, no barriers ex-
cept fences; access restricted by
Operator who attends to dam on daily
basis, no vandalism observed

CAMBRIOGE, MASSACHUSETTS
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VISUAL INSPECTION CHECK LIST
NATIONAL DAM INSPECTION PROGRAM

DAM: _Murphy

DATE: 22 _April 81

AREA EVALUATED

CONDITION

Animal Burrows in Embank-
ment

Vegetation on Embankment

Sloughing or Erosion of
Slopes or Abutments

Rock Slope Protection -
Riprap Failures

Unusual Movement or Crack-
ing at or Near Toes

Unusual Embankment or Down-

stream Seepage

Piping or Boils

Foundation Drainage
Features

HALEY & ALDRICH, INC.

None observed; however, upstream and
downstream slopes have riprap slope
protection

At crest as noted above under "Pave-
ment Condition'". Grass, brush, weeds
moss and small (less than one inch
in diameter) trees and tree stumps
between riprap stones on downstream
and upstream slopes

No major sloughing or erosion of slopes
or abutments observed. Erosion due
to local runoff observed at both abut-
ments and downstream slope but not of
major areal extent

Surface of rock slope protection irregu-
lar at both upstream and downstream
sides, evidently due to large size
of stones; may possibly have been
local settlement or original irregular
placement

Local depressions and sink holes where
fill placed over downstream rock fill
toe; one hole extends approximately 7
ft. laterally under sod

Local standing or flowing water among
rocks at downstream toe, particularly
in vicinity of present beaver pond
and former river channel; not major
flow at any one location

No active piping or boils observed, but
there is some silt and sand on bottom
where flow enters beaver pond (see
above); most of the sediment appears
to have come from direction of road
downstream of left abutment, but a
small part seems to have come from
rock at dam toe

Downstream shell was designed to be con-
structed of pervious fill with large
rock fill toe. A vertical 3 in. ID
pipe at edge of beaver pond is flowing
at an estimated 2 gpm and is under-
stood to be monitoring/relieving hydro-
static pressure in old river bed below
dam toe

A-3
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FULE NO. 4454

DAM! Murphy

VISUAL INSPECTION CHECK LIST
NATIONAL DAM INSPECTION PROGRAM

AREA EVALUATED

CONDITION

Instrumentation Systems

EAST SPILLWAY DIKE EMBANKMENT

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
Animal Burrows in Embankment
Vegetation on Embankment

Sloughing or Erosion of
Slopes or Abutments

Rock Slope Protection -
Riprap Failures

Unusual Movement or Crack-
ing at or near Toes

Unusual Embankment or Down-
stream Seepage

Piping or Boils

Foundation Drainage Features

Toe Drains

Instrumentation Systems

| HALEY & ALDRICM, INC.

No internal embankment instrumentation
systems present

E1. 1400 (NGVD)

See DAM EMBANKMENT

See DAM EMBANKMENT

None observed

Not applicable, crest approximately 20-
ft. wide, with surface vegetation
except where serves as gravel access
road to dam

None apparent

None apparent

Good to fair overall, slightly irregular

Good to fair overall, slightly irregular
at rock outcrop adjacent to left side
of spillway

Left end abuts rock outcrop, condition
good; no concrete structures

No structural items on slopes

See DAM EMBANKMENT

None observed

Mature tree grcwth at upstream slope.
Crest and downstream slope mown grass.
Large mature root systems traverse
crest of dike. Also mature tree
growth out of rock outcrop at left
end, adjacent to spillway

None observed

At upstream slope, condition obscured
by mature tree growth

None observed downstream, not observable
upstream

None observed, upstream water level well
below elevation of dike toe

None observed

None

None

None

CAMBRIOGE. MASSACHUSETTS
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VISUAL INSPECTION CHECK LIST
NATIONAL DAM INSPECTION PROGRAM

DAM! Murphy

DATE! 22 April 81

AREA EVALUATED

CONDITION

WEST SPILLWAY DIKE EMBANKMENT

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 Slope

Trespassing on Slopes

Animal Burrows in Embankment

Vegetation on Embankment

Sloughing or Erosion of
Slopes or Abutments

Rock Slope Protection -
Riprap Failures

Unusual Movement or Crack-
ing at or near Toes

Unusual Embankment or Down-
stream Seepage

Piping or Boils

Foundation Drainage Features

Toe Drains

Instrumentation Systems

E1l. 1400 (NGVD)

See DAM EMBANKMENT

See DAM EMBANKMENT

None observed

Not applicable, crest approximately 20
ft. wide with surface vegetation

None apparent

None apparent

Good overall but slightly irregular
locally

Good, curved in good agreement with
design drawings

Approximately 6-in. deep depression
across width of crest and extending
4 ft. from right spillway training
wall

No structural items on slopes

None apparent - see DAM EMBANKMENT

None observed

Crest mown grass in good condition, up-
stream slope riprapped with brush
and stumps in voids, downstream slope
thickly grassed, little brush and
weeds and a few stumps

Apparent at several locations in down-
stream slope,only local sloughing of
surface vegetation possibly due
to tree removal operations, slope at
2H to 1V, typically

At upstream slope only, riprap in fair
condition, many stumps (up to 1l-ft.
in diameter) between stones. Cutting
appears recent; much brush also pre-
sent. Slopes at 2H to 1V, typically

None observed

None observed, upstream water level well
below elevation of dike toe

None observed

None

None

None
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VISUAL INSPECTION CHECK LIST
NATIONAL DAM INSPECTION PROGRAM

DAM' Murphy

DATE! 22 dpril 8]

AREA EVALUATED

CONDITION

NORTH SPILLWAY DIKE EMBANKMENT]

FLENO 4454

h—

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 Movements of
Structural Items on Slopes

Trespassing on Slopes

Animal Burrows in Embankment

Vegetation on Embankment

Sloughing or Erosion of
Slopes or Abutments
Rock Slope Protection -

Riprap Failures

Unusual Movement or Cracking
at or near Toes

Unusual Embankment or Down-
stream Seepage

Piping or Boils

Foundation Drainage Features

Toe Drains

Instrumentation Systems

HALEY & ALDARICH, INC.

Slopes from E1. 1384 at upstream end to
El. 1380 at downstream end

Spillway not conveying discharge Aduring
site visit

Unknown

None observed

Not applicable, sparse crest approximate-
ly 10 ft. wide with surface vegetation

None apparent

None apparent

Satisfactory, slopes gently down toward
downstream toe

Satisfactory, slightly curved

Condition good at upstream abutment,
no downstream abutment or concrete
structures

No structural items on slopes

None apparent - see DAM EMBANKMENT

None observed, slopes covered with
vegetation

Crest mown grass; discharge channel
slope riprapped, both slopes covered
with well developed growth of weeds,
brush and small trees

Minor local sloughing

Riprap on discharge channel side of
dike, slope irregular but at about 2H
to 1V, typically

None readily evident, but thick vegeta-
tion at toe of slopes

None observed, dike not retaining any
water

None observed

None

None

None

CAMBAIDGE, MASSACHUSETTS




VISUAL INSPECTION CHECK LIST
NATIONAL DAM INSPECTION PROGRAM

oAm:_ Murpby

DATE! 22 April 81

AREA EVALUATED

CONDITION

SOUTH SPILLWAY DIKE EMBANK-~

FUENO ! 934

s

MENT

-

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 Sloped
Trespassing on Slopes
Animal Burrows in Embankmendt
Vegetation on Embankment

Sloughing or Erosion of
Slopes or Abutments
Rock Slope Protection -

Riprap Failures

Unusual Movement or Crack-
ing at or Near Toes

Unusual Embankment or Down-
stream Seepage

Piping or Boils

Foundation Drainage Featured

Toe Drains

Instrumentation Systems

HALEY & ALDRICH, INC.

Slopes from E1. 1384 at upstream end to
El. 1380 at downstream end

Spillway not conveying discharge during
site visit

Unknown

None observed

Not applicable, crest approximately 10
ft. wide with surface vegetation

None apparent

None apparent

Good, slopes gently down toward down-
stream end in general agreement with
design drawings

Good, straight

Condition good at upstream abutment, no
downstream abutment or concrete struc-
ture

No structural items on slopes

None apparent - See DAM EMBANKMENT

None observed

Crest mown grass; spillway channel slope
riprapped, both slopes covered with
well developed, growth of weeds and
brush

Minor local sloughing and erosion due
to runoff

Riprap on discharge channel side of
dike, slope irregular but at about
2H to 1V, typically

None readily evident

None observed, dike not retaining any
water

None observed

None

None

None

CAMBRIOGE. MASSACHUSETTS




FLEND 4454

DAM'__Murphy

VISUAL INSPECTION CHECK LIST
NATIONAL DAM INSPECTION PROGRAM

DATE' 22 ipril 81

AREA EVALUATED

CONDITION

OUTLET WORKS - INTAKE CONTROL

TOWER

a. Concrete and Structural

General Condition
Condition of Joints
Spalling

Visible Reinforcing

Rusting or Staining.of
Concrete

Any Seepage or Efflores-
cence

Joint Alignment

Unusual Seepage or Leaks
in Gate Chamber

Cracks

Rusting or Corrosion of
Steel

b. Mechanical and Electrical

Air Vents

Service Gates

HALEY & ALDRICH, INC.

> and

NOTE: Intake control tower located on
north side of U/S face of dam between
center of dam and spillway approach
channel. Access by concrete foot-
bridge. Water level inside tower pre-
cluded examination of inside portion
of structure.

Good

Good

None noted. Shrinkage cracks observed
at spall repair of concrete portion
at bearing seat for footbridge. Re-
pair intact

None noted

None noted

None noted outside of structure with
water level inside tower at 1370.5

Good - . no exceptions noted

Submerged. During inspection of portion
of conduit D/S of control tower, pres-
surized leakage was observed at lower
right corner of roome head gate

None noted in concrete portions of
structure. Some cracking noted in
outside brickwork adjacent to windows
on each side of tower

None noted

Good, no deficiencies noted in 24 in.
diameter air vent. No obstructions
noted

Gasoline powered cable hoist used to
operate Broome head gate for intake
conduit. Gate was lowered and
raised during the site visit with
no deficiencies noted. Leakage
through gate as noted above

CAMBRIOGE, MASSACHUSETTS
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FLENO 4454

VISUAL INSPECTION CHECK LIST
NATIONAL DAM INSPECTION PROGRAM

DAM: Murphy

DATE! 22 April 81

AREA EVALUATED

CONDITICN

Emergency Gates

Lightning Protection
System

Emergency Power System

Wiring and Lighting
System in Gate Chamber

Other

OUTLET WORKS -~ TRANSITION AND

CONDUIT

General Condition of Con-
duit

Erosion or Cavitation

Alignment of Joints
Butterfly Valves

HALEY & ALDRICH, INC.

24 in. diameter manually-operated byv-
pass gate. By-pass was operated
during site visit with no deficiencies
noted. No leakage through gate
noted

None noted

Manually operated by-pass gate

Gate operator room at El. 1404.0 and
chamber at E1. 1385.0 well lighted
with no deficiencies noted

Access to the intake control towe: is
provided by a 5 ft. wide concrete
footbridge. The bridge is generally
in good condition with no deficiencies
noted. Small repair at tower bridge
seat was observed. Condition of
bridge support pier at dam crest was
noted without deficiency. Metal rail-
ing in sound condition. ‘inor
weathering of deck observed. Joint
detail at tower was operational

NOTE: A walk-through examination of
D/S portion of 13.0 ft. diameter con-
duit between stilling basin and intake
control tower was performed.

Conduit lined with 7/16 in. steel plate
which precluded inspection of con-
crete. Plate lining was in sound
condition

None noted. Interior surface of con-
duit was covered with rust tubercles
and slime

No deficiencies noted

The 84 in. Dow valves in good condition.
When closed with head gate open,
moderate leakage through both gates
was observed

CAMBRIDGE, MASSACHUSETTS




. VISUAL INSPECTION CHECK LIST
NATIONAL DAM INSPECTION PROGRAM
DAM:__Murphy DATE: 22 At
AREA EVALUATED CONDITION

OUTLET WORKS - STILLING BASIN

crete
Rusting or Staining

Spalling

Erosion or Cavitation

Visible Reinforcing
Cracks

Efflorescence

Seepage

Condition of Joints

Drain Holes

Basin Floor
Stop Logs

FLE NO 4454

HALEY & ALDRICH, INC.

General Condition at Con-

Good

Some rust staining at intersectic
headwall (above Dow valves) anc
stilling basin wall. Lower por
of headwall stained generally

Minor spalling of right wall cons
tion joint closest to control h
noted. Cracking, apparently pr
to spalling, noted at left cent
lower portion of headwall

Minor cavitation of concrete basi
tom beneath each 84 in. Dow val
noted

None noted

Diagonal cracking across upper cc
of top portion of headwall note
Appear to be shrinkage cracks

At crack noted above, lower porti
headwall in general and D/S ver
construction joint in left wall

Continuous flow observed from wee
furthest to the right in the he
wall. Ice formation along leng
lower portion of headwall benes
the line of weep holes was obse
and is apparently evidence of s
seepage from these weeps or the
zontal construction joint immec
below the weeps

Good. Minor spalling and seepage
noted above

Six weep holes in lower portion ¢
concrete headwall appeared unot
structed. Steady seepage flow
one as stated above

Submerged. No deficiencies notec

Three bays of stop logs in good «
tion allowing moderate leakage
ing drawdown procedure, Two ct
piers defining bays and concre
in good condition with no defi:
noted

CAMBRIDGE, MASSACHUSETTS




FLENO 4454

DAM:__Murphy

VISUAL INSPECTION CHECK LIST
NATIONAL DAM INSPECTION PROGRAM

DATE: 22 April 81

AREA EVALUATED

CONDITION

Service Gates

Loose Rock or Trees Over-
hanging Basin

OUTLET WORKS - CONTROL HOUSE

a. Interior

General Condition

Service Gates

Emergency Power System

Wiring and Lighting
System

Unusual Seepage or Leaks
in Gate Chamber

HALEY & ALDRICH, INC.

Manually operated by-pass gate in good
condition; fully operable. Draw-
down of basin facilitated with
operation of gate during site inspec-
tion

None noted. D/S portion of basin dis-
charge channel is cut through bedrock,
-with left and right sides wooded

NOTE: Operators for Dow butterfly
valves and by-pass gates housed in-
side brick faced control house on
concrete foundation.

Good. Interior clean and neat with no

- structural deficiencies noted. 6-ton
manually operated crane hoist appeared
in good operating condition. Hoist
was not operated during site visit

Two 84 in. Dow valves operated elec-
trically during site visit. Manual
operation also possible. 30 in. Dow
valve operated manually during in-
spection. No deficiencies noted in
operation of any of the three gates

Gasoline powered engine available for
operation of 84 in. Dow valves.
Engine was started during inspection,
however, it was not used to operate
gates at that time

One of four lights on ground level floor
E1l, 1333.0 inoperable, Second level
at E1. 1322.0 was well lighted.
Third level at approximately El1. 1310
was without permanent lighting

None noted. O0il spillage, apparently
from ongoing maintenance work, was
noted and gas odor was noted

A-11
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DAM!__Murphy

VISUAL INSPECTION CHECK LIST
NATIONAL DAM INSPECTION PROGRAM

DATE: 22 April 81

AREA EVALUATED

CONDITION

b. Exterior

General condition

OUTLET WORKS -~ SPILLWAY WEIR,
D/S TRAINING WALLS, APPROACH
AND DISCHARGE CHANNELS

a. Approach Channel

General Condition
Loose Rock Overhanging
Channel

Trees Overhanging Channe
Floor of Approach Channe

b. Spillway Weirs, Piers and

Abutments

Numbering of Piers

General Condition of
Concrete
Rust or Staining

FLENO 4454

HALEY & ALDRICH, INC,

]

Good. No deficiencies noted in brick-
work or granite portions of control
house.
from roof

Good

None noted. U/S slope of dike at right
side of spillway protected with large
size riprap. Bedrock upon which
spillway is founded is visible at
right side

Right and left banks wooded

Partially submerged. Channel floor of

coarse gravel, cobbles. Some brush
present
NOTE: Four stanchion board bays and

one flashboard bay on the far right
from spillway weir between four con-
crete piers and the two concrete
abutments, In addition, the piers
and abutments support a concrete
footbridge over the stanchion board
bays and a structural steel foot-
bridge over the flashboard bay.

To facilitate this portion of the
check list, the concrete piers have
been numbered #1 through #4 from
left to right

Good. Some repair work noted

Minor rust staining at right abutment
from metal work of footbridge, and
at concrete footbridge from metal
railing

A-12

A few tiles were noted missing|.
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FULENO 4454

DAM'! Murphy

VISUAL INSPECTION CHECK LIST
NATIONAL DAM INSPECTION PROGRAM

DATE' 22 April 81

AREA EVALUATED

CONDITION

Spalling

Cracks

Any Seepage or Efflores-
cence

Drain Holes

Alignment of Abutments
and Piers
Joints

| MALEY & ALDRICH, INC.

Any Visible Reinforéing

Some spalling noted at bridge seat at

left side of pier #1, left and right
sides of pier #2, right side of pier
#3, and left and right sides of

pier #4. Some spalling noted at D/S
face of concrete footbridge between
piers #1 and #2, and #3 and #4.
Spalling and ""hollow'" concrete de-
tected at D/S face of flashboard bay
apron adjacent to pier #4. Spalling
observed at top right abutment at ‘
bridge seat and U/S of bridge seat,
and minor spalling noted at left U/S
abutment at vertical construction
joint

Shrinkage cracking of mortar repair at

left side of stairs at left abutment
observed

At bridge seat at right side of pier

#2

Some leakage noted beneath stanchion

boards between left abutment and pier
#1. Fill, apparently placed to re-
tard leakage was observed on U/S side
of stanchion boards. Some efflores-
cence at right side of stairs at

left abutment, and at two vertical
construction joints in the left abut-
ment

in. diameter vertical pipe weepholes
5 ft. on centers D/S of stanchion
board bays. Water noted in several
of these weepholes. However, no flow
observed

Good. No deficiencies noted

General condition of joints is good.

It appears that pier spalling at
bridge seats noted above is an in-
dication of working expansion joints
in the concrete footbridge. Hori-
zontal displacement of footbridge
relative to right side of pier #4
was noted

A-13
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FRLENO 4454

VISUAL INSPECTION CHECK LIST
NATIONAL DAM INSPECTION PROGRAM

DAM'! Murphy

DATE: 22 April 81

AREA EVALUATED

CONDITION

| HALEY & ALDRICH, INC.
CAMBRIDGE, MASSACHUSETTS

c.

D/S Training Walls

Numbering of Training
Wall Panels
General Condition

Rust or Staining
Cracks

Spalling

Any Visible Reinforcing
Any Seepage or Efflores-
cence

Drain Holes

Alignment

d. Discharge Channel

General Condition

NOTE: Length of walls not entirely
accessible for close inspection.

Refer to Appendix B, "Inspection and
Report by Chas. T. Main, Inc.' Plate
I for station locations

Condition of right and left concrete
training walls found to be generally
satisfactory

None noted

Several minor cracks noted over length
of both right and left walls.
Noticeable cracking of two adjacent
panels in left wall near station #24.
Vertical displacement of approximately
3/4 in. noted between portions of
wall panel defined by U/S crack

At cracks noted above near station #24.
D/S of this location, portion of
left wall is broken away and was
observed within spillway discharge
channel

None noted

Some efflorescence noted at cracks.
Minor flow noted from weep in left
wall panel at termination of spill-
way apron. The size and flow from
the seepage pool at this location
apparently indicates an additional
source of seepage. However, none
was confirmed

Weeps built into both walls. No ob-
structions noted. Flow observed
from one weep only, as noted above

Good. No exceptions noted other
than local displacement noted
above under 'Cracking"

Good

A-14




FLEND 4454

I/

VISUAL INSPECTION CHECK LIST
NATIONAL DAM INSPECTION PROGRAM

DAM:__Murphy

DATE! 22 April 81

AREA EVALUATED

CONDITION

Loose Rock Overhanging
Channel

Trees Overhanging
Channel

Floor of Channel

Other

OUTLET WORKS - SERVICE BRIDGE

AT SPILLWAY WEIR

[ HALEY & ALDRICH. INC.

a. Concrete Footbridge

Bridge Seats

Under Side of Deck
Deck

Drainage System
Railings
Expansion Joints

Abutment and Piers

D/S portion of spillway cut through
rock, portions of which overhang
channel at right and left sides and

are susceptible to freeze-thaw cycles.

No substantial portions of loose
rock noted
None noted. Right side is wooded
Bedrock. Some brush present
See checklist notes concerning seepage
at left D/S Training Wall

3 ft. thick, 6.5 ft. wide concrete
beam spans each of four stanchion
board bays isolated by expansion
joints at each of four piers. Pro-
vides support for, and access to,
stop log stanchions. Good general
condition

Generally in good condition. As pre-
viously noted, spalling observed at
bridge seats at four piers; visible
reinforcing at one. No exceptions
at left abutment

Good, nodeficiencies noted

Generally in good condition. Moderate
scaling observed. Some repair work
observed. Spalling noted at down-
stream face of deck

None noted

Good condition

Operational. No deficiencies noted.
Caulking is sound with no noted
impregnation of foreign matter

See "Outlet Works - Spillway Weir,
D/S Training Walls, Approach and
Discharge Channels

A-15
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VISUAL INSPECTION CHECK LIST
NATIONAL DAM INSPECTION PROGRAM

DAM:__Murphv

DATE: 22 April 81

AREA EVALUATED

CONDITION

FLE NO 4454

b——

b. Structural Steel Foot-

HALEY & ALDRICH, INC.
CAMBRIOGE. MASSACHUSETTS

bridge

Superstructure

Bearings

Anchor Bolts

Bridge Seat
Longitudinal Members

Under Side of Deck
Secondary Bracing
Deck

Drainage System
Railings
Expansion Joints
Paint

A light structural steel truss foot-
bridge, in good general condition,
spans flashboard bay at right side
of spillway

Good

Good

Spalled at right abutment

Good. Structural adequacy apparent,
however, bridge noted to be flexible

No deficiencies noted

Good

Bar grating, one section of which was
noted to be bent and loosely secured
with wire

None

Good condition

None

Minor spot rusting of steel members
is generally noted

A-16
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APPERDIX B - ENGINEERING DATA

LIST OF AVAILABLE DATA
PRIOR INSPECTION REPORTS

Date ' ' Descriétion
9 and 10 December 1970 ' New Hampshire Water Resources
- Bosard
16 March 1973 : New Hagpahiro Water Resources
‘ , Boar : .
9 October 1974 New Hampshire Water Resources
: : _ Board and New England Power
- E ~ - Company
28 November 1977 - Chas., T. Main, Inec.
DRAVWINGS |

wa Hampshire Water Resources Board, Concord; NH, Pitts-
burg Reservoir Dam by Chas. T. lain Inc., Engineers,

Boston, Massachusetts

‘Drawing No.  Title

1318-11-1 "General Plan"

1318-11-8K-1 "E:m Site Explorstory Drill

1318-10 _ "Plan and Sections of Danm" _

1318-13 ‘-"Condnit-Profiles and In-

- ~ take Details" =

1318-18 “Cunduit-ﬁato TOWOr-Svill-.
, way Bridge” :

1318-16 "CouduitoOMtlet Cbatrol

Yorks" ,

1318-21 '"Conauit-cancrete Dettils—
_ ~ Sheet I" _

'1318-31 "Outlet Coatrol Works-

General Plas & mnons'?

 1318-35  "Outiet Control House-

Plans & Sections”

Date
Undated

Undated
4 January 1937

4 Jaauary 1937

| 4 January 1937
4 January 1937
11 August 1938

29 October 1938

10 July 19%
iael" 30 Jume 1039

Page
B-1 thru B-4

B-18 thru B-23
B-24 thru B-29

B-30 thru B-41

B-48

B-49
B-50

B-51
B-52
B-53

B84
B-8%

B-58
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18-7
Subject: lfurphy Dan

Mr. Wwalter G. White, Chairman

Hew Hampshire Water Resources Board
State Zouse Annex

Ccncord, New Hampshire

Dear Mr. White:

Sursuant to your request we have studied the Murphy Dam spillway arrange-~
ment in the light of information developed since its construction. OCur
report is submitted herewith. Briefly, our conclusicns and recommendaticns
are as follows:

I. Reservoir elevations and spillway discharges were determined
mder the assumption that a hurricane storm, similar to that of iugust,
1955, would travel to the aresa without appreciable diminution. Under
this very conservative assumption the dam would still retain about 5.0
feet of freetoard. 1o apprenension whatever need therefore be retained
regarding its safetye.

The south tulkhead wall of the spillway might, nowever, be overzcnned
atout one foot. The spillirey discharge channel banks might aisc bte cvor-
torped. MHeither of these would endanger the safety of the dam tut thay

mignt carry debris to the outlet building area. We, therefore, rescommend
that the bulkhead wall be raised 2 feet by additional concrete, that the
discharge channel be widened in the deep rock cut just atove the highiay
bridge, that the dovmstream gortion of the discharge channel be cleared
of loose rock and bottom irregularities, and that the material cbtained
frem these latter be used to construct small dikes along the upper porticn
of the channel banks. We estimate that this work would cost in the order
of £290,000.

1T, ‘e further studied the spillway operation under a series orf [l.ocs
that reascnably can be expected to answer certain cuestions asked by ir.
Leonard R. Frost. Our conclusions are:

a. The present flashbecards in the stanchion bays add nothing of
corgequence %o the safety of the dam. Trey generaily increzse the eak

spillway discharges. Although they have sore advantag2 in decressins las

() M
,.

board and stanchion loss, this is sligh* and we see no reascn theit *he swcw

logs chould not te replaced. “Je particularly recormend that they be repioc.d

if the reservoir is teing held dovm, and ater wasted, for fear of losing

flashboards or if it is decided 4o kecp the outlet valves closed during

flosds, !
B-6 |
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b. Keeping the outlet valves closed during floods would decrease
the peak discharge in a2 good many cases but in otners would have little ad-
vantage and in some would actually cause an increase. From the tangible
evidence we cannot recommend this procedure although we can offer no strong
objections if there is an intangible advantage. Ve definitely do not
recormnend a procedure whereby the gates are left closed and then opened
on incipient flashboard failure.

c. Holding the reservoir below full stage has no advantage either
i:om a flood control or flashboard failure standpoint that should, in our
opinion, dictate this mode of operation.

d. Mechanical means for raising and replacing top sections of the
flashboards are not economically justifiable.

e. A stock of spare parts for one stanchion bay is amply warrante
These would cost in the order of &1,5CO.

e trust that the above gives you everything vou desire on the matter. Fles
let us know if we can do something further.
Yours very truly,
CHAS. T. MAIN, TNNC.
oSl
By Z/’ Z/ 5 o :’/:' it ad

C. C. Cullum

CCC.vrd
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August 21, 1958
1318-7-1

NEW HAMPSHIRE WATER RESOURCES EOARD

MURPHY DAM
STUDY COF SPILLWAY AND DISCHARGE CHANNEL

A. SCOPE

This report covers a study of the Spillway for Murphy Dam to deter-
mine, in the light of rainfall and flood records accumulated since its
construction:

1. Vhether its capacity is now considered adequate to orovide for
the safety of the dam under extreme flood conditions.

2. Whether the discharge channel will carry such flood flows safely
past the dam, )

3. What measures would be recommended to correct any deficiencies.

It also covers studies of the Spillway operation under smaller freshetis,
occurring principally during the summer months when the pond is most nearl;
full, to answer the following questions:

1. Should the flashboards now installed in the spillway stanchion
bayc be replaced by stoplogs as originally designed?

2. In time of flood, should the outlet valves remain closed so that
all flood flows are passed over the spillway?

3. Is there any decided advantage, either as regards flood control
or flashktoard operation, in having the reservoir below normal full level
(say Elev. 1383)7?

ke Should some mechanical means be provided for raising top sections
(atout 2 ft.) of the stoplogs and quickly replacing them near the end of a
flood?

5. Should spare parts be stocked for the stanchion bays?
B« EXTREIE FLCOD

Subsequent to completion of the project, several hirricane storms
have durped enormous quantities of water over the Mew England area.




Notable among these, becides the storm of Sept.17-21,1933 when the project
wzs under construction, were six which occwrred in 195L and 1955. The
grincipal storm, as regards intensity and quantity of rainfall, with
atterdant extreme run-off, was "Diane" of Aug. 17-19, 1955 with its ante-

" cedent storm "Connie" of Aug. 11-15, 1955.

None of these storms reached the Pittsburg area. However, certain
of then have traveled inland into Pennsylvania a2 corparable distance so
that such a possibility should be taken into accowmt,

Hurricane storms occwr in August and September, at a time when the
reservoir is, a good part of the time, fairly well filled. At the end of
the months of July, August and September the following elevations were
recorded for the years 1940-1955 inclusive:

Maxdmum Elevation - 1383.9
10% Time Above - 1382.8
20%, Time Above - 1381.6
Mean - 1378.3
207, Time Below - 1371.8
10/} Time Below - 1368,3
iiinimm Elevation - 1356.1

The condition of inflow to a high reservoir from a hurricane storm
iz the most critical for spillway capacity. The combination of a warm
rain on heavy snow cover might produce as great, or greater, inflows but
this would occur dwring the period when the reservoir would be drawn down.

Accordingly, the spillway capacity was checked, based on the following
criteria, with the realization that these criteria are extremely conservative:

lHaximum Rainfall, 30 hrs. - 18,0v
Total Run-off - 15,0

Hydrographs were developed for the various portions cf the drainage
area. The inflow above Second Connecticut Lake was first routed over
Second Connecticut Lake Dam., The discharge, plus the intervening flow
between Second and First Lakes was then routed over First Connecticut Lake
Dam, This discharge, plus the discharge from Perry Stream and the inter-
vening area, was then routed over Murphy Dam Spillway. Plate I shows a
hydrograph of inflow ard of outflow, with corresponding Lake Llevations.

The following are cardinal points:

Maximam Inflow ~ 72,000 cfs

HMaximum Outflow - 51,300 cfs (incl. valve discharge)
Maximum Spillway Discharge - L9,3C0 cfs

laximm Peservoir Elev, - 1,39L.1
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The above is for the present arrangement of flashboards and the
Tesent operation procedure instructions of New England Power Service Co.

C. SPILLWAY CAPACITY
The above indicates the following with respect to the dam and spilluway:

l. Under the worst conditions the earth dam would still have almost
six feet of freeboard. It is, therefore, perfectly safe against overtopping,

2. The spillway operating bridge would be overtopued abtout cne foot.
This bridge, however, is a heavy (3 ft. thick) concrete slab and is adequate
to withstand such a condition.

3. The concrete bulkhead wall at the south end of the spillway would
also be overtopped about one foot. The overflow would be directed away
from the toe of the main embankment so that the safety of :the dam would
not be jeopardized. However, there might be other fairly serious condi-
tions:

(a). Backfill against the bulkhead could be washed away to
such an extent that the wall would be unstable and a portion might fail.
This, however, could not be sufficient to cause a sericus peak in the
discharge, nor is it probable that failure would be below spillway level
so that no more than a normal amount of reservoir storage would be lost,

(b)e The overflow, and particularly the discharge from a wall
failure, would be directed towards the outlet buildirg. This flow and the
naterials brought down by scour from the hillside could cause considerable
damage to the outlet works:

It is recommended that this wall be raised 2 feet by additional con-
crete. About 10 cu. yds. of concrete would be required, which should cost
in the order of $5C0.00,

D. DISCHARGE CHANNEL

The hydraulics of the channel was checked under the condition of
maximm spillway discharge (L9,3CO cfs. - Par. B, above). It was found
that the channel will not contain this flow beyond about Sta. 23+00.
Plate II is a profile of the channel showing maximum water surface levels
and the ground line along its banks.

Overflow on the south side would follow the same general path as
discussed above for flow over the spillway bulkhead wall (Par. C,3,b).
Again, there could be considerable damage tc the outlet works. Overflow
on the north side would very likely cause serious erosion along the escape
route to the brook leading west. The remote possibility of such an oceur-
rence however does not justify major expenditwre. For instance, if we
assume 41,000,000 damage with 1,CCO year recurrence (actvally, the proba-
bility may be greater), we could justify an annval cost of 1,000 or, with
L annual charges, a capital expenditure of .;25,000.

B-10
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The following is, therefore, recormended:

1. Widen the charnel below station 23+CO0 + to 26+C0 + by excavation
of a 10 ft. wide berm on the south side at the level of the top of the
concrete side walls. This will provide sufficient area to prevent a
hydravlic jump and keep the flow at sub-critical stage.

2. Construct a berm along the south side of the channel from

Sta. 23+00 to Sta. 25+50 up to the maximum water swface level.

Extend

the inside face of this berm with riprap down to the top of the concrete

side wall.

3. Construct a dike on the north side across the draw between Sta.

22+00 + and Sta. 24+CO *. This dike would be well back from the channel * -~ ..
so as to be safe from possible erosion of the earth slope above the con-

crete side wall,

Material for this construction would come from the excavation and from

cleanout of the channel downstream from the highway bridge.
should be done in any case. Plate II also shows a suggested section of the
excavation and of the berm, although final design will require a better -
survey of the ground than is now available. The same is also true as

regards location of the dike recommended under 3.

The following is a preliminary estimate of cost:

Channel Widening, Earth Excavation - 600 c.y.

Charmel Widening, Rock Excavation - 5CO c.y.
Channel Cleanout 3,000 c.y.
Placing Fill 3,200 c.y. <
Placing Riprap 860 c.y.
Clearing & lisc.

Engineering & Contingencies

Total

a

@
@
d
€]

$1.00
$8.00
$1.25
30,25
$5.00
L.S.

L.S.

This latter

3 600.C0
l+,000.CO
3,750.C0

8Co.co
L, 3C0.C0
2,000.C0

2,550.00
$18,0C0.C0

Beyond Sta. 26+00 the flow would spread out on either side of the
channel. The highway bridge crossing the channel would be overtopped and
and might or might not be seriously damaged. The bridge abutment would
wquestionably be washed out. All of the conditions had been foreseen in
the original design and the decision was made that the expenditure required
to alleviate them was not warranted. Access to the dam for operation
would still be possible. There is no substantial change frcm these origi-
nal considerations so that expenditure for remedial measires in this area

is not deemed justified at this time.
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Telocities in the wpaved section of the channel would be in the
range of 30 ft. per. sec. under the maximum conditions above outlined.
in unpredictable amount of erosion would therefore take place. Paving
the bottom is, however, not considered justified. The cost would be in
the order of %75,000.00.

It is further recommended that the pool just below the highway
tridge be pumped out to see if there has been any undercutting of the
retaining walls and that any necessary repairs indicated be made.

%, SPILLWAY OPERATION AND FLASHECARD ARRANGEMENT

In order to study the spillway operation and flashboard arrangement,
storms of varying sizes were routed througn the reservoir, first assuming
the initial reservoir at Elev. 1383 and then at Elev. 1385. These were as
follows:

STORM I. - 1" run-off in 3 hrs.(equivalent to about 13" rainfall),
This is an ordinary heavy thunderstorm and might be expected to have a
return period of about L years for the entire year, or possibly 8 to 10
years for the critical summer period. It would produce a peak inflow of
about L,200 cfs. Actually, three storms in this order of magnitude have
been experienced since the project was completed: in 1942, 1945 and 1947.

STOSM TI. - 2" run-off in 3 hrs. (equivalent to at least 23" of rain-
11 in 3 hours or considerably more over a longer period). This is a
irly heavy rain and might be expected to have a return period of at least
5~30 years for the surmer period. It would produce a peak inflew of about
31,300 efs, No storm in this order of magnitude has teen experienced since
the project was completed,

]

(S IR LI
oW

TORM III. - Equivalent to the storm of June 15-16, 1943. Rainfall
juwing this storm, and the antecedent rain, was as follows:

June 10 & 11 =~ 1.85"
June 12 - 0.27"
June 13 - 0.23"
Jwne 14 - 0.00
June 15 & 16 - L.Ls"

Rain fell throughout the 15th and during the early morning of the 16th,
rith a significant period of about 24 hours. The actual rainfall of the
5th has a return period of about 20 years for the entire year. However,
-ith the antecedent conditions which would saturate the ground and cause a
leavy run-off as well as bring the reservoir to nearly full stage in any
‘ear, the return period should be no less than 75 years during the critical
uwimer and early fall period. The actual run-off was about 3.4, indicating
he very low retention of about .05" per hour. The peak inflow was 19,600 cfs,
ccording to data furnished by N. E. Power Service Co.

Table A shows the maximum outflow (including outlet valve discharge) and
aximum reservoir elevations for the various storms and for the follcuing
lashtoard arrangements and operating procedures:




Case A - Present flashboards and present New England Power
Service Co.'s overating instructicns.

Case B - Present flashboards in stanchion bays replaced by stop-
logs and present rules regarding operation of outlet
valves during floods,

Case C - Same as B, except outlet valves to remain closed during
- floods.

Study of Table A and the data below indicates the following
regarding the questions set up in paragraph A:

1. Should the Stoplogs 3e Replaced? The present flashboards
in the stanchion bays add nothing of real significance to the safety of
the dan. They were apparently installed to afford the follewing presumed
zdvantages: .

(a) Less loss of Bay #5 flashboards. However, since these
would go off with the stoplogs replaced only under a
flood having a return of greater than 30 years and there
woulid be a gain in reservoir elevation of only 0.2 to
0.4 ft., this advantage is largely theoretical.

(b) Less likelihood of having to drop stanchions. Again,
since this has an expectancy in the order of 1 to 1CO
and the next flood of this magnitude cannot be predicted
with the accuracy required to determine whether they
would have to be dropped in either case, the advantage
is theoretical.

The peak discharges are greater for the present arrangement except for
mall floods where no flashboards fail or for large floods where stanchions
ave to be dropped. However, unless this greater discharge (about 25%) has
eal significance there is no decided tangible difference betiween the two
rrangements. Data are not available to properly evaluate any intangible
ifferences and it appears that the weight of these differences should govern
~e decision as to whether or not the stoplogs should be replaced. It is
:finitely recommended, however, that they be replaced (or at least in Bays #2
*d #3 which now have the weakest pins) if the reservoir is being held dowm
d water wasted for fear of losing flashbpards, or if it is decided to keep
2 outlet valve closed during floods.

2. Should the Outlet Valves be Closed During Floods? It is

finite that the valves should be operated as at present unless the present
azshboards in the stanchion bays are replaced by stoplogs. Otherwise, these
rds will go off at fairly regular intervals. When a bay fails, the dis-
arge over the lovered crest will approach, and in some cases will exceed,

e gate capacity. Referring to Table "A", Bays lo. 2 and 3 would fail under
orm I if left in place. The peak discharge would then be 2,320 cfs as com~
red with 2,200 cfs with the valve used or with the stoplogs replaced.

6 B-13
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Assuming that the stoplogs are replaced in the stanchion bays, flash-
boards must remain in the overflow section (Bay No., 5). Peak outflows here
again would te worsened for a flood that could be held below failure level
by use of the valves and that would cause failure without their use.
(Reference Table "A", Storm III). The same is truve for a flood that is on
the borderline for dropping of stanchions. These conditions, however, are
rare. Under the great rajority of cases the peak outflows would be de-
creased in the order of 1,000 cfs.

A procedure whereby the gates would remain closed until incipient
failure of a bay of flashboards and then be opened would be advantageous
only in the rarest of instances. It would be cangerous without highly
efficient flood forecasting and perfect control of the operation. Inaccwurate
flood forecasting would run the risk of adding the gate discharge
\mnecessarily or of syperimposing the gate discharge on the flashboard
failure discharge, the latter being the more likely.

3+ What Are the Advantages in having the Reservoir below
Full Level?

(a) For flood control, holding to Elev. 1383 has some but
no greav advantage. It reduces outflow peaks in the
order of 1,C00 cfs for all sizes of floods.

(b) For flashboard oper: 'ion. Under the present spillway
dressing, maybe once every 10 years or so a flashboard
failwre would be saved by holding the reservoir low tut
this is of no great advantage ° provided the reservoir can
te refilled on the tail end of a flood. There is no
reason that this should not be possible. If the siozlogs
are replaced, the consideration is even less,

(¢) For storage. It is customary to allow room in Storage
reservoirs for lccal storms. One foot in this case
would appear to be enough. This allows 0.43" run-off
on the 87 sq. mi. below First Lake which is equivalent
to 3/L" - 1" rainfall under dry conditions.

It would therefore appear that power consideration
should govern and that the reservoir should be filled
as completely as the available inflow allows, provided
that this will result,in the judgment of the operators,
in the least wastage of water.,

L. Should Mechanical iHeans be Provided for Handling the Top
Section of Stoplogs?

A fairly simple trolley beam arrangement could be worked out for
iandling the top section (say about 2 feet) of the Stoplogs (provided
‘hey are replaced). The cost should be in the order of $25,000. Annual
‘narges might be:

7 B-14




Interest - 3.C0%
35-50 yr. Sinking Fund C,39%
ilaintenance 0.11%

L.00% x §25,C00 = 31,000.C0

The value might be calculated as follows:
{a) Say, probability of Bay #5 flashboards going out is:
One in 30, without removable boards
One in 40 with removable boards
One in 120 as the difference
Assume lose stored water - Elev. 1383-1385 = 1,710,000 kwh,
Value of power loss @ 3f¢/xwh = $8,550.C0

Annual value of power loss = $8,550/120 = ;371.25

(b) Say, probability of Stanchions being dropped is:
One in 100 vithou’d removable boards
One in 150 with —emovable boards
One in 300 as the difference.
Assume lose stored water- Elev. 1375-1383 = 6,585,000 kwh
Value of power loss C 1/2¢ /lwh = $32,930
Annual 7alue of power loss 32,930/300 = $109.80
Annual Charge justified = ;71.25 + 109,80 = 3$181.05

The Annual Charge of $1,CCO is therefore clearly not justified.

5. Should Spare Parts for Stanchion Bays be Stocked?

As above, assume that probability of at least one stanchion bay being
iropped is one in 1C0., The justified annual charge would thus be:

$32,930/100 = $329.30

Cost of replacement parts for one bay (3 stanchions plus
corplete stoplogs) is about - 31,500,

Annual Charges - L% x 1,5C0 =. 4€0,00

- It is probable that, even with the replacement parts on hand, installa-
don could not be made in time to save more than one-half of the storage loss,
2vertheless, pwrchase of replacemen® parts for at least one bay is arply
ustifiable,

B-15
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Hovaxrd 3Zomtauer - Comeriord Station

Stewart Lewis - Comerford Stzticn

G. D. Bacon - MNIPSCO, Westboroe

H. H. Bloonfield - NLPSCO, Weszbhoro

intact through the stuffing box; thernf
water the penstock in order to inspect

On December 1l0th, the intake broome gute was closed aad 7ic senstoch and
downstream stilling pool were drained. On inspection, it vas found that
the pin that connects the conmecting rod to the buticrily Zise had fallea
out. The two set screws that hold the pin in place had backe! out, thus
2llowing the pin to fall out. The pin was found in cou! condition in the
lower section of the stilling pool.

The pin was reinstalled and secured with two set screws which were locked
with two additional set screws. After the repair, tha valve operated

satisfactorily.

The connecting rod which connects the cross head of the wotor overating
shaft to the butterfly valve disc was found to be severely cavitated
through its midsection. The original 4-1/2" diameter of the connecting
rod has been reduced to 3-1/2" diameter or a 40% loss of sa2ction.

Future counsidecration should be given to veplacing tle counecting rod or,
as an alternate, wold a section of stainless stcel i, slosve arownd
the midgsection te arrest further cavitation aond crosion.  The dowsstooam
portion of the deflector, which is attached to the valv: body, was found
to be badly cavitated. This could be repaired by cutiins out the saction

and welding in a preformed section of 3/4" steel plate.

The No. 1 valve was inspected, and a locking set scrow was installed on
one end of the connecting rod pin to prevent its backing out. The mid~

section of the connecting rod has been reduced from 4-1/2" diameter o
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Oa Thursday, Decenbar L0
drained Zor repalirs to the Dou
the stilling pool and the steel

and G. Bacon. Botnh structures

top of the concrate walls of ¢
snow, so could not be Insgpecte t
iaspection during th " seaso T 1 te
was in good conditicn, no areas of 3palling wers fouad and oo wminor areas
of ravelling, mostly along constructicn joints, wer2 obiovy..l,
The 13 ft. diameter riveted steel panstock is in zood condizima,  There I
a thin coating of algae and numerous round (1-1/2"% dioetos) vust tuberales

over the entire ianterior surface.

The broome type head gate was not inspected because of the leakage at the
bottom of the gate with streams of water jetting out a distunce of 15 to
20 feet.

All future inspection parties should be cautioned concerning the 30" dia-

meter bypass opening located 1n the bottom of the penstock at the upstream
end of the venturi.
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poroTmed
No. 2 L2 weas o ocoened and the pin inspected. One of two sab scraws was roplacad
as the old ae was vomovoad.,  The ather sat scerew could ner be rosrieved anz s
nor rantasad
Ihe congecting rod o Gata #1 has a cress crigiaat
1/2" due to cavitation in 30 years. Th st o
AT Gate #2, the cross section was 4 or ab Tre e
connecting rods should be replaced wirhin : SN
in place of Gate #! whenever possible.
Both deflectors around the connecting rods snouly Sl v -
stream edges are badly cavitatad. This conld be dune .o g '
shelis around the deflectors. This is not a sericu- poooes oo o mss e
acceleration ol cavitation.
The small gate at the control house was not inspec:od
not subject to such high velocities - normally oaly 5 oo
The stiiling basin is in good condition and stop logs do o
(replaced a year ago). The by pass valve (20") operatcet ¢ po-
minimum flow {n t exceeding a few c¢.f.s.) the pool w~as ab v 17 : o
crete work under the control house is in very good cendit:
An inspection of tne penstock was made accompanying a Now Eovglandg Do p
enginea2r and mechanic. The steel lining is iIn good condicion wrirn motor turboto-
tion and scaling of algae. The head Broeome gate seared Gaicly well and ottar Jompd
1

ciaders in front of it, oanly some

..
leakae ot the bhotiom but little arcend the adees

The head gate by pass valve closed well althouzh it had to he warmed trom sub -

rreczing temperacures.,

Alter the inaspucuion of the peast
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: ton 27 penstogit and ol oa Lous D
proa pertabie Surnace from 5100 pon. o 10000 Do
the Hroowme gatse was closed at 2:UU w.oa. s owollo2s the 3y o0
zate towar. At the control :
. The flos still being

mpany frem First Connzcticu
the Broome gzate cucting the Zlos to an acoe
pection were made between 11:00 a.m. and 1
11 head gate by pass gate was open=2d to

15 opened ac 1:30 o.m. to above the noastosk.

-G

“he by pass gate to the stilling basin was closed and

Clesson Covill raised the Bruvome gaca to ibs -op pesizion.

ew England Power Coumpany person
aa <agineer from lLebanon and thr
On December 19, three angineers
a.m. and four mechanics. Slso.
and worked wirh the crew. CGeorz
tor a time. The engineers and mechanics
after eating lunch. L shoeuld be notuod
tust prior to aoon, pecember §, and drove up, arriving at Coledbroos House o

p.m. Three 2nginecrs stayed at Colebrook Motel over nigit.
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é\ /}"’, HEW ENGLAND POYER COMPANY 20 West Park Street, Lebanon, New Hampshire 03766
)'»

v 7
&7 Mew England
. Sectric System

January 6, 1971

Mr. George McGee, Sr., Chairman
Water Resources Board

State House Annex

Coacoréd, Nov Hampshire 03301

Dear Mr. McGee:

As you are aware the ingpection and determination of
the problem with No. 1 valve at Murphy Dam at Pittsburg was made
on December 9 and 10, 1970.

The repair of the valve to returm it to an operating
condition proved to be a simple one. It was found that setscraws
had become loosen allowing a pin to drop out. The pin was located

ter the stilling pool was drained and was reinstalled with a
minimum of efforst.

The above work required drairing of the various waterways,
and during this time an inspection of the concrete, steel penstocks
and valve operating mechanism was made. Our engineers have made
certain recommendations as a result of this inspection and their
report is attached to this letter for your consideration and files.

We are happy to have been able to work with you on this
problem, and are also pleased that it proved to be not a too serious
one.

Kind personal regards and best wishes for 1971.

Very truly yours,

. /o
eIl

’{,C'/{/C“ (Tl )
H. E. STOCKWELL, DIRECTOR
HYDRO PRODUCTION

HES:fb
cc: R. A. Holden

-
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RO Franzos C. Mooro, Jatoer Desorc .23 Docineas
3 N.ECT: liurpav Dam Joncrol Jares - 4

TO: Vernoa A, Knowlton, Chief

"Sran' Brauver oI .Z, Power calles a2 purnm.
szating that the 30" vencuri meter zate is operable.
Ys savs thiare are some stones in tihe outlag chanmel
that may have come from riprap in the inlet channel,

Also, ha thinks thac the sleeves should Z=
rabuilt ard will write a report to the Watar Rasources
poard on that and the fact that maybz the upstream
czrash rac< »elow 1,330' elzwvacion should L2 inspected
for woles.

.

Also, the new parts to the large gate are rusc-
ing. Clesson will f£ix the small parts and §.E.
Power Co. craw can cosmolene the large wris

’

rr

pin

when they repair the large venturi gates.
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- MEMORANCUM
7o H._E. Stockwell . . April 16, 1973
COMPANY 38 LOCATIOM - T s ———
FromM ___ C. S. Brewer __ e i FILE

COMPANY OF LOCATIOm

SUSJECT __ MIRPHY DAM - DOW VALVE INSPECTION AND REPAIR

Francis C. Moore, Water Resources Engineer for the State of New Hampshire
requested by telephone March 14, 1973 cthat we invescigate the reason the 30V
Dow valve at Murphy Dam could not be opened. H. S. Bomhower and S. R. Lewis
made a preliminary investigation March 15, 1973 and arranged to unwater the
valves March 19, 20 to make repairs. The repairs were authorized by lecter
of March 19 from the Water Resources Board and executed on our work order
#1145. The repair consisted of machining and installing a new pin for the
lower end of the connecting rod. The old pin was salvaged but could not be

re-used due to its poor ceondition from advanced corrosion,

During the two days of repair activity other conditions were noted which
were brought to the attention of Francis Moore by telephone on March 21
with a promise of confirmation in writing after we had had an opportunity
to consult with our engineering department., These conditions were:

1. There is about one third of the lead seal missing on the 30" valve,
The position of the missing seal is from 4 o'clock to 12 o'clock look-
ing upstream, The seal which is still intact is loose in many places.
There is no repair we know of which we can guarantee and would
recomrend that present operating practices be reviewed with possible
changes made to minimize cutting the body of the valve. Should a
complete shut-off of water become desirable, consideration could be
given to the installation of a second valve downstream of the
existing one. ////,

2. About 12" downstream of the seal of the 30" valve, two flat stones Vs

were found, 12" x 24" x 5" and 12" x 12" x 5" approximate dimensions.

This recalled an incident of several years ago when it was impossible

to close the valve and some damage to the floor stand was experienced.

It is quite possible that one of these stones was under the seal at

that time, The size of the stones would not permit their passage through

the racks as built; so, it appears that there may be a hole in the

racks or that these stones were inadvertently left in the tunnel at

construction time and have been unobserved until now. In any case 1

B-25
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Stockwell, Cout'd -2- April 16, 1973

it would seem chat an inspection of the racks by diver would be ia ordar.

3. The stainless steel sleeves which were applied to the connecting rods
on both 84" valves in 1971 on our work order #7411 have failed in
service. The sleeve rrom che #1 gate vas feound in two piz2ces oa the
floor of the stilling pool and the sleeve on the #2 gate, while still
in place, revealed cracking of the seam welds. It is concluded that
these failures were taused by a combination of the wvibrazion
encountered when passing water and the flexure taking place when the
valve is tightly closed. Sleeving of the connecting rods is still
considered the most economical method of extending the life of the
connecting rods and the actached sketch illustrates the method recommended
by the engineering department. The plug welds were not used in 1971
and it is expected that they will add enough extra strength to the
sleeves to preclude their failure.

Accompanying the sketch were the following imstructions: "The tubing

shall be split lengthwise and attachted to the connecting rod by 14-3/4"
diameter plug welds or stud welds as conditions warrant, The longitudiral
splits shall be fully welding. The area on the connecting rod where

stud or plug welds are located shall be ground to clean metal." Ia
addition, the engineer granted that, if it would facilitate repair, the
split welds could be made 90° to the location shown on the sketch and

that mild steel plugs could be used if completely covered by stainless
weld.

It is estimated that the new sleeves could be purchased and installed V”//
for $2,000.

4, The new connecting rod and pins purchased in 1971 were examined and

were found to have started rusting. These parts should be thoroughly.‘;;%;wm”

cleaned and coated with grease to preserve their new condition until
installed.
Should the Water Resources Board desire any assistance from us it would be
desirable to be advised as soon as possible so that we could get it out of

the way before our own heavy summer program of work commences.

CSB:tl.
Att,
¢/c - 1, J. Trombley
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New England .- -

 Electric System

April 20, 1973

Mr. George M. McGee, Sr., Chairman
Water Resources Board

State of New Hampshire

Concord, N.H., 03301

Dear George:

As you know, we have recently made some repairs to the 30"
Dow valve at Murphy Dam. This work was raquested of us by Francis
Moore and was necessitated by the fact that the valve could not be
operated,

After repair was made to the operating mechanism, further
investigation revealed that the lead seal of the valve is in very poor
condition with approximately one-third of the seal actually missing.
Due to inaccessibility and limited working space, there seems to be no
way that repairs can readily be made.

It was also noted that there are two large stones downstream
of the valve which could have come through the rack sectioans and passed
on through the valve, If they did come through the racks and on through
the valve it is quite possible that they could be responsible for some
of the damage. This raises the question of the possible need of a
general inspection of the racks by a diver.

While the head gates were lowered for the work on the 30" valve

an inspection was made of the repair work done on the 84" valve in 1971.
It was discovered that this repair work is beginning to fail, Our
engineers have commented on this and have come up with possible ways of
making new repairs to the operating mechanism which would be more satis-
factory.

A very complete report on these problems has been prepared by
our Mr. C. S. Brewer and a copy is attached for your use. If we can be
of any further assistance, please advise us. In case you do wish us to
do more work, it would be a help to us if =his determination could be
made soon as our summer maintenance work load will be heavy this year.

Kind personal regards.
Slncerely, -

o
%é S d il
Aa=n i

HES : t1 " H. E. STOCKWELL, DIRECTOR
Act. HYDRO PRODUCTION

¢/c - F. R. Joslin

- T Tenmh] av
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Mr, Peter Merkes
Water Resources Board
State of New Hampshire
37 Pleasant St,.
Concord, N,H, 03301

Dear Mr, Merkes:

June 1, 1973.

A /”":’ NEN ENGLAND POWER COMIPANY 20 West Park Street, Lebanon, New Hampshire 03764

January 8, 1974

Between the dates of November 9 and November 12, 1973
a three man crew from our Comerford Station made repairs to the
two 84" valves at Murphy Dam as requested in your letter of

A new split stainless steel sleeve 3' long was in-
stalled on the gate lever of the west valve and attached to the
lever by 10-plug welds. Both splits of the sleeve were welded
their entire length. Although a new stainless sleeve had been
prepared for the east gate it was not necessary to use it and

it was left at the gate house.

The sleeve which had been

installed on the lever of the east valve in 1971 was salvaged
by welding its two seams where they had cracked and by plug
welding the sleeve to the lever as in the case of the west

valve,

The wrist pins on both valves were again found loose

due to loosening of the set-screws.

The pins were secured by

welding a 2%" x 3/8'" flat bar to the disc over the end of each

pin to prevent its backing out.

Pitting continues on both deflectors and consideration
should be given to surfacing the pitted areas with stainless

weld at sometime in the future,

CSB:tl
c¢/c - I, J. Tvombley
H. H, Bloomfield

Very truly yours,

« S. BREWER
SUPT., OF MAINTENANCE
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9 Court Strzet, Lebenon, New Hampshire 03785

October 18, 1974

Mr. Vernon Xaowlion
New Hampshire Water Resources 3oard

31 Pleasant St.

Concord, N. H. 03301

Dear Mr. Knowlton:

On Qctober 9, 1974 an inspection party composed of
people from New Hampshire Water Resources Board and New mngland
Pcwer Company made an inspection of Murphy Dam in Pittsburg,
New Hampshire,

For your records we attach a copy of a report of

that inspection issued by Mr. Denton E. Nichols of Wesiboro.

Very truly yours,

’ - £yl - v
o & ATl

H. BE. STOCKWELL, DIRECTOR
HYDRO PRODTCTION

HES:fb
Enc.

~ Lot
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. a9 Ccotober 1974, 20 dnspection was made of Murphy D:v, spilluzy and contre!
nouse witn carsonnel Tros the ilew mamoshira Vater Eessurces 30acd.  The ressr-
' voir elgvation was 1272.3 and the discharge wias 500 c¢.¥.s. The inspection vas
nade by the following personne]‘
Francis “oora. New Hampsiiire Yatsr Rescurces feard
Donald 7230s5a. . . . . MNew Hampshire later Resources Soard
David Crapal . . . . . Murphy Dem Attendant
Charies Harringtion New Englapd Powar Coraany, Lebanon
Denton MNichols . . . . iHew Englzanc Powar S:zrvice Comnany, Westboro

DA AND INTAKE STRUCTURS

The ppa=ranca of the zmhankment, upstream facs and intake structure was good;
rcvever, the dam is b;vem1ng overgrown wWith brusih and trees up to 15 feet tall
cn e upsiroam and downstream slcopes. The structural cenaition of the cate-
nouese was vary good, with no spalling of concrete and thz brick pointing was
ssund.  The building extericr flashing and roof {s in gocd condition. There
vz5 some minor spalling of the gatshouse walkway concrete at the gatehouse end.

The dounstream toe of the dam was inspected and thers was no apparent seepade
along tha maximum saction. There is a low area on top of the panstock between
ti-2 toe end control hcuse which is trapping water. The shallow 'V' ditch to
wards the south is not draining the low area 2dequately into and through the

brush ani wooded section. The three inch riser pipe driven into the old stream

bzd is barely visible bacause of flooding from a nearby beaver dam. It couldn't

be determined if it was discharging any water as reported in 1964.

In general, the spillway area concreta was good with three exceptions: The t

P
corner cf tha access stairs nas deteriorated and undercut the handrail post;

tc
*
“
~

sacond and fourth bay ccncrete beams have spalled a]ong the edges with some roin-

f0rc1rg steel exposad; the toe of the first pier is spalled three and fiva feat

above ihe cgee. Shan1ng baetween the bridge beams and piers continues with spal-

gee
ling in this area cn the sccond and fourth piers and some re1nforc1ng stee) o\-

posed on ilo. 2 pier's north side. Ho. 4 pier has been replaced since the 1554

incpection and nc cracking was noted. The flashtoard ogee concrete was sound and,
the north and south abutment walls are in very good condition. The caulking used

between the bridge beam joints has deteriorated. The top two flashboards are
rctting.

in gond condition.

e stanchion beans are rusting along the webs above the stop logs and all arcund
he tripping mechanism. Of the 21 stanchions, there are 14 which are missing the
:\1n3 bar, rod and nut at the trip mechanism. The step logs appezred to be sound
A
~d
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Page Two
17 Cctgber 1974

Leakage from the bedrock b2icy th 2ow0n Ind thre
«211 drain noles was the seme as ravicys inspec
channel conditicns are ths s:vsg Er2 1< SCTe sC
in tne channel and 2 sulstincial 3 tne teoo of ¢
Tzdium cized roch cnurnks have fa) 2 channa2t abov
bridge.

COMNTROL HCUSE APEA

h corner,
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Tne control house brick exterior is cracki:ij on all four wai
with the northwest and scutheast corners more advanced

entering the centrol house east and west walls at the brick
granite sill, as evidanced cn the insida by water stains c¢n
are five asbesbos shingles missing from the north and west r
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The beam over the cutlet structure has developed a crack along its scuthern thicd

and the edges are spalling. Hairline cracks also appear at 23ch eni of the same

Cean nigher up.

The first vertical joint in the right hand retaining wall belzw the outlat has

developed moderate spalling along its edges. This is in the st1)11ng basin 2reéa
Inside the control house the venturi gate stand 7s still raised off {ts basz pla!

with the anchor bolt nuts still loose. The anchor bolts appear to be solid. Tn
same condition exists as in 1964,

GENERAL -

Tha spare operator arm and ceflacter stored in the gate housa2 are rusting and
should be prctected with a rust preventative. The spi\lway gata board cn th2
upstream retaining wall has rustad and is extremely difficult zo rsad.

2ECOMMENDATIONS

As a result of the inspection, it is suggccted that the following work be accom-
plishad to maintain and {mprove the various problems:

1. Cut the brush and trees cn the upstream and downstream slonas of the dan and
b
1

along the spillway cherrel walls. A nariodic progrem of trush contral by
sprajing and cutting shouid be established in the futura (o avoid the exten-
sive work needed nor.

B-32
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The stanchion beams in the spillway should
The spare set of beams should be scraped a
then be used in @ stanchiocn bay and the re
until 311 bays are done. Qoplac;“e“f of t
on the stanchions should be accorplishad.

Tha stairway concrete and bridge beanm
sgund concrate ex:osino thz reinforcing s
grade, Tha construction joints between tne beams shou
and filied with a mastic, such as Co1ha -joint sealer -

The f?ashboards are deteriorating and should be replz
walluay over the 7lasnboards shou]d be scraped and pai
sec're1j in several areas. The spillway gage board s
painted.

The ditch at the toe of the dam that drains south from the censtock low
area should be regraded into the wooded area to improve the drainage 7iow
from thn penstock. The beavar dam should be breached to drain tha floc

riser pipe and a measurement in g.p.m. obtained from the riser if avail

L
)

Consideration should be given to caulking the cornar wall cracks in ths con-
trol house and along the sills to prevent moisture and water from entering
and causing further deterioration. The five missing asbestos roef sningles
should be replaced.

The ventur{ gate stand should be shimmad and the anchor bo]t nuts tighta
to prevent the stand from movement during gate operaticn in the futura.

:E) Lgicé& V"T‘\ -

-

:CT1C

Copiea: DRCampbell

CtiHarrington
HES tockwell




. fugh Sullivan
Jaw England Power Campany
20 West Park Strest
Lztancn, H. H.

N

Dear r. Sullivan:

Encloced please find a copy of the recant inspecticn conducted
N

at [arphy Dam. Also enclosed find callégg:;;;;.o, tne compary
TN \\\

vwhich ccrducted the insgection - Ji’ lG\“’vers
< \\\Sipc/ relv,
\\>

N

gces J. Dixcs

/_\ ‘-4 "‘ee;.

\:\>

ZJD:L
Att.

Sy e
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From: Zoes Dimos October 14, 1976
To: Vernon Xnowlton, Chief Engineer

. LH3PZCTION OF MURPRY DAM DHTAKE SIRUCTIRE

On October 11, 1976, we arrived at Pittsburg for the inspection of the intalse
structure. Persomel present were: Zoes Dimps and Dave Chappel of N. H. W, R, B.;
Bill Nau, Dick Marshall and Dr. Bruce Gauf all of the Diablo Diving Ccmmany,

Portsmouth, N.H.

On Cctober 11th at approx. 10:00 P.JM. the first dive was made. During this dive
the gate guides and seats were inspected. Blll Nau reported that the guid es and
seat. are in very good cordition. The only deterioration noted was that on the
steel ladder rungs. It was during this dive that the diving team set up their

lines for their entrance into the tunnel.

On Octobsr 12th, 1976, at approx. 11:00 A.M. the secord dive was made. Bill Nau
and Dick Marshall inspected the tumnel and the trash racks. They reported that:
(1) The intake structure seems to be in good condition with no majar
visible cracks, no deterioration of the joints, ard no signs of

spalling. .

.

(2) There were no large boulders fomd in the intake.

(3) 'I'he trash rack is in good 'corxiition. The bar spacings on
the trash rack are 6.5" ¢ to ¢ with 1.5" thick steel bars as
Bill reported. Bill also reported that the bars show signs of
rust just on their southerly side, however, it 1s not excessive.

He also reported that there dses not exist any bulking head problems

' B-35
with the trash racks. The only obstructions in front of the racks
- — :“ "-d—'_ - : T T T e e g e e - -
...#-"‘"’ !
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were three eight-inch diameter by roughnly four feat lerg lcys.

L.

It should also be noted that during this inspection the head gate was left open,
the butterfly vaives were closed, and the fish flow was passed through the stoplog

section.

Zoes J. Dimos
Engineer

cc: Mr. Hugh Sullivan
N. E. Power Co.
Lebanon, N.H.
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MEMORANDUHM

DATE: October 24, 1974
FROM: Francis C. MMoora aund Dounald M. Rapuza, Engineers
SUBJECT: Murphy Dam Inspection - #194.12 - Pittsburg

TO: Vernon A. Knowlton, Chief Water Resources Engineer

On October 9 and 10, 1974, (Wednesday and Thursday), Francis C.
Moore and Donald M. Rapoza inspected Murphy Dam in Pittsburg in company
with New England Power Company Engineers Charles Harrington and Denton
Michols. This inspection covered the dam, spillway, intake and coantrol
houses, highway bridge, outlat channels, etc. New England Pover Company
report accompanies this memorandum and is concurred with, except that
under intake structure, the minor spalling of concrete was on the outside
concrete band at and just below the floor level of the intake house on the
front (or door) side, not on the gatehouse walkway concrete. During the
most of this inspection, Dam QOperator David Chappell accompanied us.

Detailed findings are:

GATE HOUSE:

1. The gasoline motor used to hoist the gate needs all hose connections
replaced as they look porous.

2. Change the grease in the small gate hous2 equipment as it required heat
to operate in the winter of 1972-73. N.E. Power Company can recommend the
grade needed.

3. BIF spare operator arm and deflector is rusting considerably. Rust
preventative and preservative should cover the parts to further rust.

4. Some panes of glass in windows are cracked.

5. There is a small corner crack in the brickwork left of door which needs
mortaring.

CONTROL HOUSE:

1. Water leaks inside from east and west walls on first floor. This could
be corrected by pointing up concrete cracks and Thorosealing joints.

2. Flashing at roof should be checked for leakage, including around chimney

and eaves.

3. Five asbestos shingles are missing on roof.

R R
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&, Cracts are developing ie outside brickwork near all fou- covners that
should be sealed to prevent entrance of mocisture.

5. Granite band just below first floor level has cracked in several places
and spalled off in one place.

6. Window beside cellar stairway has caulking Lelow wiclow missing and/or
eracked. This has caused some leakage inside,.

7. VWest side roof gutter has a broken joiant (copper gutter).
8. Examine asbestos shingles to see that they are in good condition.

9. Small venturi gate is lifted. This should be repaired to prevent
lcoseness.

10. 1In windows, 18 panes are cracked.

11. Check for leakage into and behind fire brick from roof near eaves.
This may cause the crackiry of exterior brick noted under #% above.

12. Beam over the outlet structure has a crack which is leaking water.
Source of this moisture, ground water or otherwise, should be determined.

STILLING BASIN:
1. Joints in side walls are spalling moderately.

2. South side of concrete retaining wall along stilling basia should
have settlement holes filled and the adjacent area regraded to top of
concrete retaining wall.

PENSTOCX FROM GATE TO CONTROL HOUSE

Should open up a ditch from the low wet spot over penstock south parallel

with toe of dam to drain the area - at least 17, grade This should carry

a ditch into woods which should be cleared, vegetated and kept mowed. The
new ditch should be inspected at least athrually. (See attached profile

and sketch.)

OBSERVATION WELL

Have beaver dam removed, then check well for flow and siltation periodically.

HIGHWAY BRIDGE

1. Reinforeced concrete is exposed in atlleast one spot on bridge roadway.
Suggest asphalt paving of roadway to seal concrete.

2. Minor spalling of concrete joints downstream with abutment as shown
in attached photo. (see next page.)

-
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Hignway Bridge to control house over spillway outlet chanrel. Shows . ‘
downstream north abutment spalling. Do
_ f
SPILLVAY CHANNEL -
1. Weep holes in abutment wall near stairway to spillway catwalk should ?;
be chacked periodically for varjations in flow and to see if water carrias ¢,
any sile. B
o
2. Some spalling at joints in abutment walls but not-as yet serious. J f'
(See photo.) ;’f
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Murphy Dam spillway channel - I'orth retaining wall showing degree of spalli:g
of concrete,
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3. Tres~s and brush fo back of abutroang walls ateng spilivay chavnel should
be cut and sprayszd periodically to prevent regvowth. This should be
cleared at least 10 feet from top of concrete wall,

4. Growth and spalled rocks, old stoplogs from: stanchioas in spillway outlet
charnel should be removed.

NORTH SPILLWAY CHANNEL DIKE & WEST SPILLWAY DIKES

1. Clear both slopes of dikes of all trees and brush.

2. Maiatain grass slopes to dikes.

TURNER DIKE (Along US Rt. #3)

This dike has side slopes maintained free of trees and brush by N,H, Dept. of
Public Works & Highways.

DAM EMBANKMENT

1. Brush should be sprayed every other year and initially large trees cut
and removed on both up and downstream slopes.

2. Large logs on upstream slope should be removed to prevent rotting and
furnishing nourishment to future growth. ’ .

3. A strip of open grass should extend along the toe of dam embankment at
least 20 and preferably 30 feet wide for inspection of seepage, etc. South
half of toe is now forested.

4. Depression at downstream toe of embankment appears to be settlement over
rocky fill or spoil area. Further investigation of holes (up to 8 feet deep)
should be made using a backhoe. There is apparently no seepage reaching surface
at time of inspection.

5. Observation well in old filled-in river channel is flooded by a beaver dam
pond. Suggest having beaver dam breached and beavers removed so that flow

and possible sediment from well can be determined. This should be done at
least annually.

ROADWAYS

Scouring and "pot" holes should be filled and compacted. Possibly considera-
tion to surface treat roads with asphalt should be given.

SPILLUAY

1. Steel bridge over flashboard spillway should have clips installed on
floor grating to hold in place. Vandals have thrown down and bent two
panels which have been retrieved and straightened.

2. Gate at north end of bridge has diagonal corners badly cracked causing
serious sagging of gate. New 2 new corner pieces installed.

P i
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3. Ali steei work on Lridge should be chiipped ov sandblusted, scaled

and painted.
4. Concrete catwalk over spillway needs considerable chipping aud sealing
of covncrete along downstream cdze and a little ou upstream edge. Stecl

reinforeing is exposed iu one place.

5. Joints over lst and 2nd piers have sealer pushed up and are cracked
so that water can be adaitted to joint. llead resealing.

6. Whole catwalk should be Thorosealed to retard deterioration.

7. Stairway to cacwalk needs to be chipped to sound concrete, tihen
patchad and Thorosealed. There is extensive spalling in this area
including under one railing post.

8. All railings should be chipped, sealed and repainted.

9. Bottom rail in one section n2ar top of stairwzy to catwaik is missing
and should be replaced.

10. Concrete on first pier from stairway, south side, has water leaakiag
from a crack about 5 feet up from bottom about two feet dowastream of
stoplog. This should be repaired by "dental" work mew concrete.

11. Flashboards should be 3ll renewad.

12. Fourteen locking bars on trip mechanism of 21 stanchions are not in

place. Some are missing, others are in dam operators garage. All these

shiould be replaced as soon 23 possible due to chance that vandals could
trip stanchions.

13. Stanchion steel needs sandblasting or chipping, sealing and painting.
As there is one extra set of shallow bay stanchions, they should be fixed
and used while that bay is being retreated.

14. Wood strips on stanchions should be replaced with new, treated wood
strips. Thesa strips act as guides to stopicgs and also are placed on
piers as guides.

15. Pié-sh&ped fillets above locking bars on trip mechanism are rotten
and all 21 need replacing.

fem/ is
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MEMDO

TO: Vernon A. Knowlton, Chief Engineer

FROM: Zoes Dimos, Water Resources Engineer

SUBJECT: Murphy Dam Repairs

DATE: March 7, 1978

1. Slope area upstream of sast spillway dike should be cleared. '
2. Area between the right spillway discharge channel should be cleared. i
3. Eroded concrete on the service bridge deck to be repaired.
4. Drain spillway discharge channel stilling basin pool just downstream
of service bridge to inspect foundation of retaining walls.
5. Clear all growth on dam and dikes.
6. Repair entrance gate at spillway section.
ZD:njk
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| GENERAL COMMENTS R:C:__g I
f When pond elevation is constant. inflow squals ouiflow. wan 25T

I gt .-

! When pezd clevation rises. inflow exceeds outflow. KCo? HRd

STE ROUNE

When pond elevaton falls, cutflow exceeds inflow,

During periods of rising inflow the outflow must not exceed inflow. In other words. the
pond elevation must not be allowed to drop during the periods of rising inilow.

‘When there is any discharge at the spillway. the gage at that location does not give
a true indication of pond level. Therefore, the gage at the outside of the gate ower
should be the mecsure of pond elevcion cnd record at ail times.

When the valve discharge exceeds the registration of the Venturi meter capacity of
2.000 c.is.. the discharge can be determined by differencss between the manometer
reading at the veaturi entrance: and first, the elsvation on the gate house txpe gcge:
i sscond, the elevation of the pond stail gage: third, the pond elevation as determined
; by the moanometer rexding. If the racks at the tunnel intake become partizily plugged
with debris. the drop in pressure between the pond and any poin( bulow the racks will be
increased abnormaily. and consequently the difference in elevction between the pond
and the venturi entrance will not be a reliable mecsure of the discharge through the
tunnel. Therefore, the difference in elevation batween the gate house tape gage and
the venturi entrance should be used lo determine discharges. if thers is any chance ihiat
the racks have coilected debris.

‘ The relations of upper gage readings to the venturi entrance regcings are given in
' the first sentencs.of the abcve paragraph in the order of their reliability and desirebii.
ity. ¥ time permits. it is desirable to check each staff gage reading on :he pand cage
outside of the gate tower by a mancmeter reading. :

Whenever pond elevation and pond mlow conditions are such that the menomete:
systern is liablo to be used {or measuring valve dischcrqe. the air should be nurged
from the system once a day or oftener if necessary, .d checik determinatiors of the dis-
charge az measured by the manometer. according to instructions in the second prece-iag

: paragraph. compared to discharge indicoted by the venturi meter should also ba mude

! whilo the venturi meter readings are below 2,000 cukic feet per second und still reiicble.

, (Sae dicgram and instructions in the use of the manometer tc determine vaive dis-
charges.)

Readings of pond elevation on the gage ocutside the gute tower and elevction of the
water ot the float gage intide the tower and also readings of elevation at the venturi
entrance should be made and recorded half hourly, if personnel is available. otherwise
beusly., during periods of high discharge.

The time of all gate changes. ilashboard pin failures and replccements should be
recorded accurately. Careful rnotes thould ulso be recorded describing the ncture and
extont of cny obstruciiens such as ice. driitwood., pulpwood end driki which may
hinder the passage .of water through the needle beam tays aad over the open spillway
flashboards or crest.

This procedure is subject to change without notice and is not to supplement oral or
wrilten orders from proper authorities when available.

! PROCEDURE DURING RISING INFLOW

With a pond elavation below 1385.0 ard « rising inflow,
opetational storage releases may be continued with no

. limitations on the amount of discharge except as governed by
downsirecm stage heights and being careiul never to exceed
the inflow during a rising stage. i.e. elevation of pond holds or

continues rising. )
B-44
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a. As tho water elevation approcches 1385.0 the operator
should be alert and secure iniormation as to weather predictions
and elevations at First and Second Lakes, as well as the possible
discharge. if any. fom First Lake.

b. @ water in ihe reserveir reqches elevction 1235.0, ciose
:he control vaives. thus ponding all inflow.

¢. As the water elevation reaches 1387.0 with indications
of continued rise, open control valve o discharge 100 cis. for
every 0.1 foot risa in the elevction of the pond to the elevation
of the first board {xilure on one half oi Bay No. 5. This f{ailure
should occur ot about water elevation 1337.6. at which time
the discharge before failure will be:

Spillway 2.000 cts.. plus valve 500 cfs. = 2.500 cis.
d. When board iailure occurs. close valve tight.

e. If pond continues !o show a tendercy to rise. open con-
trol valve ta discharge 100 cis. for every 0.1 {oot rise in the
alevation of ke pond ‘o the elevation of the second Scard faiiure
oa the remaining cna zclf of 3ay No. 5. This {ailure should cccur
at ail::ut water eievaticn 1338.1. at which time the discharge
will be:

Spillway 3.550 c.is. plus valve 500 cis. = 4,050 cds.
f. When board {cilure occurs close valve tight.

.g. After the second half of Bay No. 5 flashboards have
gone off, if the inilow exceeds the outflow and the pond eleva-
ton continues !o rise. make no move to control the slevation
until the pond has reached slevction 1388.5. Controi the pond at
this elevation by opering the conirol valves to a maximum dis-
charge of 2,000 c.ts.

h. I in spite of all discharge already made availeble the
pond reaches elevation 1389.0. control the poud at this elevation
by lripping first the short needle beams (Bays 2. 3 cnd 4) and
then the long needle beams (Bay 1) as negessary to kewp the
pond eievation from exceeding dlevction 1350.0. Alter each
beam has been tripped. @ short time should eicpse duriny which
time the pond level gage should be waiched ‘o determine the
trend.

PROCEDURE DURING FALLING INFLOW

After the peak inflow in any high water period there will
be a recession o¢ diminishing inflow period. The operator should
proceed as outlined Lelew under condition A or B. whichever
situation exists at the time the {silowing preverils:

1. The recession pericd has evidenced itself by a drop in
the lake level of 0.2 of a foot.

2. Waeather conditions indicate a ccntinuing decrease in
runoff,

3. Communication with advisers is Lapossible.

CONDITION A
Pond lsvel is below 1389.0 and no stanchions have been
released.

1. Hold pond level if possible by clesing vaives if the re-
cession period began with valves discharging.

\ continues rising:

LT O A AL WA WS i R 68 £ I e S T AR S I TR VRS AN e B[ 2 8 403 e

CLOSE
VALVES

PCND ELEVATICN

RISES. FIRST

KALF NO. § BAY
BCARDS GO QOFF

CLOSE VALVE

POND ELEVATIL

CN

PISES. SECOMD
HALF NQ. 5§ BAY
BOARDS GO CFF

CLOSE VALVE

POND ELEVATION
RISES TO 1388.5.
POND LEVEL CON-
TACL 3Y VALVES

POND LEVEL
CONTECL BY
TRIPPING

NEEDLE BEAMS

CONDITIONS
INDICATING
RECESSION
HAVE BEGUN

HOLD PCND LEVEL

WITH VALVE
CONTRCL
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2. Following closure of the vaives, the discharge will grad- PAGE
uclly diminish as the pond level falls, )

3. When the discharge through the spillway has reduced
to 2.000 cfs. and if down river steges and plant requirements cONTROL DIS-

permit it the discharge shouid he reld ot 2.000 c.Ls. with vrrives
and spillway limiting madmuwn veive discharge to 1,500 cis.
until pond elevation teaches 1383.0. 11 the discharge has peaked
below 2.000 cis. hold that particuler discharge or such dis-
chexge: as the down river stage will permit lirmiting valve dis-

‘charge to 1,500 cis. until the pond has been drawn to eievaton

1383.0.

- 4. Pins and boards cen now he replaced on Bay No. &nd
normal operciional storage relecses can proceed.

CONDITION B

Pend level is at or ahove elevation 1389.0 and stemchion
relexses have been made.

"1. Hold pond’ level if possible by closing vaives which,
under this condition, wiil be discharging 2.000 cis. at start of
recession. .

" 2. Following closure of valves, the discharge will gradu-
ally diminish as the pend level {alls.

3. When the discharge through the spillway has reduced
to 2,000 cis. and if downriver stages and plant requirements
permit it, the discharge should be held at 2.000 cis, with valves
and spillway limiting maxdmum valve dischazge to 1,500 cis.
until pond elevation reaches a point where replacement of
needle becmns and stop logs are possikle. This elevation will be
considerahbly below 1385, prosably.

- - 4, TFollowing replacement of all needla beams and stop
logs to origina{ elevation if the discharge is such that it con be
controlled by a maximum valve release of 1,500 cis.. replace-
ment of the pins and flashboards on Bay No. 5 can be made.

S. Fouoviin;; repiacement of the boards in Ne. 5 Bay. close
valves and allow pond to £il to 1385.0.

6. Nommal operction com now praceed.

CHARGE AT

2.3C0 Cr.s.

REPLACE
PIN 2OAHDS

HOLD POND
LEVEL WITH
VALVE CONTROL

CONTROL
DISCHARGE
AT 2000 CF.S.

BEPLACE
NEEDLE 3EANS
AND STCP LOGS

ALLOW POMND
TOFLL

SPECIAL NOTES REGARDING REPLACEMENTS

W

) Flashboards supported by pipe pins on the open spillway (Bay No. 5) should never
he partially removad. If any are removed, all should be removed dowm !o the concrete

spillway crest.

Careful watch and consideration should be given o weather, river end runoif ~on.
diions and discharge program at reservoirs above during the eatire periad during which
flashboard repiacemsant is proceeding. Aay:zing which causes the pond level o tisa
would of course return the activities to a riging ilow procedure.

. Rny development which tends to increase the inflow into the pond stould he care-
fuily considered and decision made ¢s to whether such daevelopment is resson {or a tem-

porary stoppage of repiacement of boards, needle beams and stop logs or even ¢ returmn
to the procedure for a rising pond.

NEW HAMPSHIRE WATER RESOURCES BOARD APRL
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PHOTOGRAPHS
No. Title Roll Frame Page

21. Cracks in panels at left

spillway discharge channel

wall 67 16 Cc-12
22. River channel and impact

area immediately downstream

of dam embankment . 34B 10 C-13
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3. Upstream slope
of dam embank-
ment and left
dam abutment
irom gate house

4. Upstream slope at location of gate house
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5.

6.

Overview of dam embankment showing downstream
side

ﬁeavy derrick stone on downstream slope
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7.

Control house and soft wet swale downstream
of dam

8. Sink hole at
downstream toe




9. Observation riser located within river bed
immediately downstream of dam embankment

10, Area of accum-
ulated silt
and sand, down-
stream of toe
of dam, at
river bed
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12. Downstream end of full stilling pool and
channel to river
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13. Stilling pool being drained

14. Seven foot diameter valves located beneath
control house
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17.

Alignment of west spillway dike
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18.

Side approach channel from spillway walkway
bridge

19. Spillway discharge channel and south splllway
dike from spillway walkway bridge
h ,,w;" e
r.ﬂ"”‘
-t

-—




it

SR e

4

. I“ & PN

Cracks in panels of left spillway discharge
channel wall

20.

Seepage condi-
tion at toe of
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wall
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River channel and impact area immediately
downstream of dam embankment
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APPENDIX D - HYDRAULIC AND HYDROLOGIC COMPUTATIONS

MAPS
Dam Failure Impact Area Map
Drainage Area Map

COMPUTATIONS

Project Features

Surface Area and Storage Elevation Curves
Size Classification and Dam Pailure Analysis
Project Discharges

Spillway Operating Procedures

Spillway Rating Curves

Test Flood Determination

PMF Hydrographs and Analysis

Outlet Works

Spillway and Discharge Chgnnel
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The total catchment commanded by Murphy Dam, 174 sq. mi., is drained
by two major tribu:aries,':he Connecticut River and Perry Strsam. The
Connecticut River flows from the Third Lake through the Second Laxe and Tirsc
Lake to its confluence with the other major tributary, Perry Stream, and
thence into Lake Francis.

This natural diversion of the catcchment into two major sub-basins man-
dated the derivation of unit hydrograohs and the development of Probable Maxizum
Floods for each.

The two USGS gages extant in the project locus at First Connecticut
Lake anear Pittsburg, Nd, and below Perry Stream, near Pittsburg, NH, are both
affected by upstream storage and con#equencly could not be used for the deriva-
tion of unit hydrographs. A search of the general area disclosed a USGS gage
on the Ammonoosuc River at Séthlehem Junction, NH, that was not impaczed Yy
major storage and drained an area geomorphologically similar to the subiact
catchment. This gage commanded an area of 87.6. sq. mi. and had a period of
record extending back to 1940.

In the search for a gaged basin from which to derive a characteriscic
unit hydrograph, the geomorphological aspects were taken ianto consideration.
The circularity, R. ratios (the ratio of the basin area to the areabof a circle
having the same circumference of the basin) were comouted as well as the
elongation ratio: Ry (the ratio of the “asin area to the area of a circle
wizh a diameter equal to the maximum basin length).

Both of these indicators are shown below:

Basin Re Re
Perry Stream 0.34% 0.7
Connecticut R. 0.350 .. 1.0
Ammonoosuc R. 0.43 .6

These indicartors are well within the accepted lizmits for norphological similitude.
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From the above data base, two aon-srnowmel: flcod avents: June, 1373
and Oczober 1959, were s;lec:ed for analyses. Thiessen colygons were
constructed, the rainfall distribution over the basin was detarmined Ior each
storm and the unit hydrograph for each storz developed. As the unit hydro-
graph derived ZIrom the October, 1959 flood aevent had the hizhest peak and
the shortest lag time, it was adapted to each sub-basin in zhe subject catch-
ment on a square mile of drainage area basis.

The Probable Maximum Precipitation values were taken from cthe joint
US Corps of Engineers-US Weather Bureau "Hydrometorology Report #33" for
the combined drainage area of 174 sq. mi. In order to obtadin a discribution
of these Probable Maximum Precipitation (PMP) values over the sub-basins
for application to the uniF hydrographs, a Ctypical isohyetal pattern was
assumed. The pattern was centered on the Lake Francis subarea (78 sq. mi.)
and the Hydromec. #33 values, after a trajectory adjustment, for 78 sq. mi.
were utilized. The PMP increments for the 96 sq. =mi. tribucary to First
Conmecticut Lake would be the interval diffarences between the values for
the 78 sq. mi. sub-basin and PMP values for the total cacchment 174 sq. ai.
Table 1 below shows the ordered hourly PMP and rainfall excess values for the

78 sq. mi. and 96 sq. mi. subareas.




-

LS [E or

78 sa. mi. 96 sq. ai.
Zour piuid £XC2SS ne Zxcess
1 0.4" -— 0.3" -—
d 0.6" 0.5" Q.7" 0.8"
3 1.1" 1.0" 1.1 1.0"
4 3.58" 3.3" 6.2" 6.1"
5 0.7" 0.6" 0.3" 9.7"
6 0.4" 0.3" 0.7" 0.8"
*7 0.3" 0.3" 0.4" 0.4"
8 0.3" 0.3" 0.4" 0.4"
9 0.3" 0.3" 0.3" 0.3"
10 0.2" 0.2" 0.3" n.3"
11 0.2" 0.2" 0.3" 0.3"
12 0.2" 0.2" 0.2" 0.2"
SUM. 13.3" 12.4" 11.7" 10.9"

* Losses assumed at 0.1"/Hr. to the 7th Hr. with no losses thereafczer.

These hourly rainfall excess increments for each §ubarea were then
applied to the appropriate unit hfdrogéaph ordinates to produce the inflow
hydrograpns.

In the case of the main stem Connecticut, am appropriate base Ilow
was added and the combined inflow routed through the First Comnecticut
Lake storage with a peak inflow of 53,690 cfs., a peak outflow of 34,200 cis.
and a maximum reservoir elevation of 1634.9 ft.

In the case of Lake Francis, an elevation-duration curve for the
3lst. of August was prepared and that elevation which was found to be aqualled
or exceeded only 10 percent of the tinme, 1382 ft., was selected. Combining
the Perry Stream Probable Maximum Flood (PMF) with an appropriate base
flow and with the routed PMF outflow from First Connecticut Lake gave a
PMF inflow hydrograph to Lake Francis. This flood hydrograph was then
rauted through the Lake Francis stovage. see Plate D-II. The ceak inflew
was 31,300 cfs., the peak outflow equalled 51,000 cfs., and the maximum lake

elevacion of 1397 fc. Since this flood transitcted the raservoir with a

o
]
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Irseboard of 3.0 ft., no furczher consideration of overtopping was

It is MAIN's customary procedurs to do a standard

records =hat are

for any USGS gages wirth appropriats2 pericds of

project basin or similar basians. In this case the USGS Regional

Frequency methodology was utilized and the extrapolatad 1000 vear
for First Connecticut Lake was found zo be 26,300

Perry Stream peak was ccmputed at 39,000 cfs. It nus:t be pointad

the particular upstream storage peculiar to this catchment is not
in this regionmal flood method.
As an additional order of zmagnitude check, the Creager C was
. for First Comnecticut Lake as 44.3 and for Perry Stream above the
was 51.7.
.
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APPENDIX E - INFORMATION AS CONTAINED IN

THE NATIONAL INVENTORY OF DANS













