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DEPARTMENT OF THE ARMY
NEW ENGLAND DIVISION. CORPS OF ENGINEERS

424 TRAPELO ROAD
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Honorable Edward J. King
Governor of the Commonwealth of
Massachusetts

State House
Boston, Massachusetts 02133

a2-7
Dear Governor King:

Inclosed is a copy of the Nash Hill Reservoir (MA-00550) 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 the past performance and a brief hydrological study of the
dam. I approve the report and support the findings and recommendations
described in Section 7 and ask that you keep me informed of the actions
taken to implement them. This follow-up action is vitally important.

Copies of this report have been forwarded to the Department of Environ-
mental Quality Engineering, and to the owner, Commonwealth of
Missachusetts, Metropoftan District Commission, Boston, MA. Copies will
be available to the public in thirty days.

I wish to thank you and the Department of Environmental Quality

_ , Engineering for your cooperation in this program.

Sincerely,

"'""Incl C. E. EDGAR, III "''

As stated Colonel, Corps of Enginees-
Commander and Division En EbIT .'

ir,I-

e~:,o

4.



NASH HILL RESERVOIR

MA 00550

CONINECTICUT RIVER BASIN~
LUDLOW, MASSACHUSETTrS

PHASE I INSPECTION REPORT~
1. NATIONAL DAM INSPECTION

PROG RAM



- - - - '- ..-. . . ' U - - -' - - - - . -' . -J

"A"

NATIONAL DAM INSPECTION
PROGRAM

PHASE I INSPECTION REPORT

BRIEF ASSESSMENT

Identification No.: MA00550

Name of Dam: Nash Hill Reservoir

Town: Ludlow

County and State: Hampden County, Massachusetts

Stream: Chicopee Valley Aqueduct - outlet discharges into Harris
Brook, a tributary of the Chicopee River, in the
Connecticut River Basin 2

Date of Inspection: August 22, 1980

Nash Hill Reservoir is a 25 million gallon water supply

reservoir which provides storage for the City of Chicopee. Water
is transmitted into and out of reservoir by the Chicopee Valley "
Aqueduct. The reservoir was completed in 1950 and is entirely

surrounded by a 1900-foot long earthfill embankment. The maximum
height of the embankment is 26 feet and the top varies from
Elevation (El) 424.5 to 425.2 (National Geodetic Vertical Datum of

1929). A gatehouse on the top of the embankment contains the

spillway, which is an overflow weir, and operating mechanisms on _.
the aqueduct pipes and on the low-level outlet. The spillway is
18 feet long with the crest at El 419.60. Discharge over the
spillway flows into a dry well which is drained by a 20-inch
low-level outlet. An emergency spillway is located on the top of
the embankment at the south end of the reservoir. The emergency
spillway is 40 feet long, and the crest is at El 424.2.

There are deficiencies which must be corrected to assure
the continued performance of the embankment and reservoir. This
conclusion is based on the visual inspection of the site and a
review of the available data. Generally the project is in good
condition.

The following deficiencies were observed at the site:
animal burrows on the top and downstream slope of the embankment,
cracks in the mortared stone masonry on the crest of the emergency
spillway, and settlement of the retaining wall at the top of the
embankment adjacent to the gatehouse.

NASH HILL RESERVOIR
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* .,- Based on Corps of Engineers' guidelines, the dam has been
classified in the small size and high hazard categories. A test
flood equal to the full probable maximum flood (PMF) was used to
evaluate the capacity of the spillway. The test flood outflow is
44 cfs, resulting in a reservoir level in El 422.0. The test
flood would not overtop the embankment. Hydraulic analyses
indicate that the spillway and emergency spillway can discharge a
combined flow of 55 cfs, or 125 percent of the test flood outflow
with the reservoir pool at the top of the embankment.

It is recommended that the Owner repair the deficiencies
listed above, as described in Section 7.3. The Owner should also

* . implement a program of biennial technical inspections, a plan for
surveillance of the embankment during and after periods of heavy
rainfall, and a plan for notifying downstream residents in the
event of an emergency at the reservoir.

Repair of existing animal burrows should be conducted
immediately by the Owner. The remaining measures outlined above
and in Section 7 should be implemented by the Owner within a
period of 4.ars after receipt of this Phase I Inspectio eport.

.: Edward M. Greco, P.E.
.. Project Manager

L , "'n- / Metcalf & Eddy, Inc.

- -Massachusetts Registration
No. 29800

Approved b

Wt:ph fn L. Bishop,TP.E. C F

Vice President STEPHEN
Metcalf & Eddy, Inc. ".,H/BISHOP li

Massachusetts Registration No 19703 0
No. 19703 ~G 5 S '/

..
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This Phase I Inspection Report on Nash Hill Reservoir (MA-00550)

has been reviewed by the undersigned Review Board members. In our

opinion, the reported findings, conclusions, and recommendations are

consistent with the Recormended Guidelines for Safety Inspection of
Dams, and with good engineering judgement and practice, and is hereby

submitted for approval. -

ARAALST TMAHTESIAN, EMBER
Geotechnical Engineering Branch
Engineering Division

CARNEY 1. TERZIAN, MaMER-
Design Branch
Engineering Division

JosP W. FINEGAN JR. CHAIRMAN
Wat Control Branc'
Engineering Division

APPROVAL RECOMMENDED: S

JOE B. FRYAR S
4 Chief, Engineering Division
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PREFACE

U This report is prepared under guidance contained in Recom-
mended Guidelines for Safety Inspection of Dams, for a Phase I
Investigation. Copies of these guidelines may be obtained from
the Office of Chief of Engineers, Washington, D.C. 20314. The
purpose of a Phase I Investigation is to identify expeditiously
those dams which may pose hazards to human life or property. The

- assessment of the general condition of the dam is based upon
available data and visual inspections. Detailed investigations,
and analyses involving topographic mapping, subsurface investiga-
tions, testing, and detailed computational evaluations are beyond
the scope of a Phase I investigation; however, the investigation
is intended to identify any need for such studies.

In reviewing this report, it should be realized that 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 inspection, such action, while improving the
stability and safety of the dam, removes the normal load on the F
structure and may obscure certain conditions which might otherwise
be detectable if inspected under the normal operating environment
of the structure.

It is important to note that the condition of a dam depends
on numerous and constantly changing internal and external
conditions, and is evolutionary in nature. It would be incorrect
to assume that the present condition of the dam will continue to .
represent the condition of the dam at some point in the future.
Only through continued care and inspection can there be any chance
that unsafe conditions will be detected.

Phase I inspections are not intended to provide detailed
hydrologic and hydraulic analyses. In accordance with the
established Guidelines, the Spillway Test Flood is based on the
estimated "Probable Maximum Flood" for the region (greatest
reasonably possible storm runoff), or fractions th.ereof. 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 interpreted

• "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
conditions and the downstream damage potential.

* 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 needed
to minimize trespass and provide greater security for the facility
and safety to the public. An evaluation of the project for
compliance with OSHA rules and regulations is also excluded.

NASH HILL RESERVOIR
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NATIONAL DAM INSPECTION PROGRAM

PHASE I INSPECTION REPORT

NASH HILL RESERVOIR

SECTION 1

PROJECT INFORMATION

1.1 General

a. Authority. Public Law 92-367, August 8, 1972, authorized
the Secretary of the Army, through the Corps of Engi-
neers, to initiate a national program of dam inspection 1_

S- 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. Metcalf & Eddy, Inc. has
been retained by the New England Division to inspect and
report on selected dams in the State of Massachusetts.
Contract No. DACW 33-80-C-0054, dated April 18, 1980, has
been assigned by the Corps of Engineers for this work.

b. Purpose
(1) Perform technical inspection and evaluation of

non-Federal dams to identify conditions which

threaten the public safety and thus permit
correction in a timely manner by non-Federal 4.

t interests.

(2) Encourage and assist the States to quickly initiate
effective dam safety programs for non-Federal dams.

(3) Update verify and complete the National Inventory of
Dams.

* 1.2 Description of Project

a. Location. The reservoir is located on top of Nash Hill,
0.4 miles west of Harris Brook. The brook flows about 6 n
miles downstream to the confluence with the Chicopee
River, in the Connecticut River Basin. The reservoir
is in the Town of Ludlow, Hampden County, Massachusetts
(see Location Map). The coordinates of this location
are Latitude 42 deg. 11.7 min. north and Longitude
72 deg. 29.3 min. west.

NASH HILL RESERVOIR WI
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b. Description of Dam and Appurtenances. Nash Hill
Reservoir is generally built above grade and is
surrounded by a 1,900-foot long, earthfill embankment
with a maximum height of 26 feet (see Plan of Dam and
Sections in Appendix B and photographs in Appendix C).
The top of the embankment is 12 feet wide and varies from
El 424.5 to 425.2. Drawings show that the upstream slope

• varies from 2:1 (horizontal:vertical) near the top to"

2.5:1 in the middle to 3:1 near the bottom. The upper 4
half of the slope is covered with riprap, the upper S
portion of the lower half is covered with crushed stone
and the lowest portion is covered with a concrete slab
that also covers the bottom of the reservoir. The
downstream face is a 2:1 slope covered with grass. An
asphalt-paved access road is located on the downstream -

slope on the north side of the reservoir. Available I
drawings indicate that the embankment is zoned with a
central core of impervious fill (see Figure B-4). The
drawings also show that a cutoff trench extends to a
minimum of El 394.35 which is about 8.5 feet below the
base of the embankment. Information published on the

C design of the reservoir states that the embankment is
founded on glacial till.

An emergency spillway is located on the top of the
embankment at the south end of the reservoir. The crest
is 40 feet long and lined with mortared stone. The
central portion is at El 424.2 and the sides slope up to
El 425.0. A discharge channel 110 feet long and 20 feet
wide is constructed on the downstream slope and toe of
the embankment. The channel is lined with mortared
stone.

i Water flows into and out of the reservoir through the
Chicopee Valley Aqueduct. The aqueduct starts as a
48-inch steel cylinder pipe with an intake at Quabbin
Reservoir. The pipe reduces to 36-inch diameter at the
Swift River Crossing in Bondsville and continues to Nash
Hill Reservoir, discharging into a wet well in the
basement of the gatehouse (invert El 399.35). Operating P
mechanisms to control the gravity flow in the aqueduct
are located at the Quabbin Intake and at the Swift River
Crossing. A valve to shut off the inflow at Nash Hill
Reservoir is located in an underground chamber at the
downstream toe of the embankment near the gatehouse.

From the first wet well, water flows through two rectang-
ular openings into a second wet well at the head of the
outflow section of the aqueduct (see sections of

NASH HILL RESERVOIR
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. gatehouse on Figure B-6). Drawings show that the lower

opening is 4 feet high by 3 feet wide with an invert at
El 399.35 and the upper opening is 6 feet high by 3 feet
wide with an invert at El 409.35. The outflow section of
the aqueduct is a 36-inch diameter steel cylinder pipe. I
There is a sluice gate at the beginning of the outflow
aqueduct.

"wo of the concrete walls that form the first wet well
extend only part way to the ceiling and form an overflow
weir that serves as the main spillway for the reservoir.
7he weir is 18 feet long with a crest at El 419.60.
Water discharging over the walls flows into a dry well
which is drained by the low-level outlet for the

-reservoir.

The low-level outlet is a 20-inch diameter steel cylinder
pipe. The first section of the outlet pipe extends from
the bottom of the reservoir (invert El 397.35) to the dry
well in the gatehouse. Two valves are located on this
section to control flow. The second section extends from
the dry well (invert El 396.60) for a distance of
approximately 2,300 feet underground and discharges into
Harris Brook at the bottom of Nash Hill (approximate El
230). Flow in this section is uncontrolled, and the pipe
also discharges spillway flow.

Sc. Size Classification. Nash Hill Reservoir has a maximum
height of 26 feet and a maximum storage capacity of 102
acre-feet. The reservoir is therefore classified in the
"small" size category which corresponds to a height ...

ranging from 25 to 40 feet or a storage capacity of 50 to
1,000 acre-feet.

d. Hazard Classification. There are 20 residences located
on Nash Hill Road within 1,500 feet of the reservoir (see
Flood Impact Area shown on the Location Map). The
foundations of these structures are approximately at the
same elevation as the slopes of the hillside. An assumed
failure of the embanlknent on the north side of the
reservoir would result in a flood wave 5 feet high across
Nash Hill Road. It Is possible that more than a few
lives could be lost and an excessive amount of property
damage could occur. Accordingly, the reservoir has been
placed in the "high" hazard category.

NASH HILL RESERVOIR
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e. Ownership. The reservoir is owned by the Commonwealth of
Massachusetts, Metropolitan District Commission (MDC), 20
Somerset Street, Boston, Massachusetts 02108. Mr.
Francis Faucher, Acting Director of the Water Division

-. (telephone 617-727-5274) granted permission to enter the
property and inspect the reservoir.

f. Operator. The reservoir is operated by personnel from
the MDC Water Division - Quabbin Reservoir Section. Mr.
Henry Bedford is the foreman at the site.

g. Purpose of the Dam. The water in Nash Hill Reservoir is ...
currently used as a domestic water supply for the City of
Chicopee, which consumes an average of 13 million gallons
per day (mgd). The Towns of South Hadley and Wilbraham
..so draw an average of 3 mgd off the aqueduct between 2
the Ouabbin intake and Nash Hill Reservoir. However, in
the event of a shut-down at the Quabbin intake, water
would be :umped out of Nash Hill Reservoir to supply
South Hadley and Wilbraham.

h. Design and Construc'tion. Nash Hill Reservoir was
constructed in 1949-7 950 by G. Rotondi & Sons. Drawings
and specifications dated 1949 and prepared by the MDC
Construction Division are available. The drawings show
that the reservoir was constructed essentially as it
appears today, except that the energency spillway is

5 located on the south side instead of the southeast side
of the reservoir, and the outflow section of the aqueduct
is 36 inches in diameter, not 42 inches.

Previous inspection reports indicate that since con-
struction the reservoir has been in good condition.

* Repairs have been made such as backfilling animal burrows
on the slopes of the embankment and repairing mortar on
the crest of the emergency spillway.

i. Normal Operating Procedures. Personnel from the MDC
reportedly visit the reservoir once a day. At that time,
they check the reservoir level and adjust the inflow when
necessary by operating a valve on the Chicopee Valley
Aqueduct in Bondsville. The chart on the water level
recorder inside the gatehouse is changed once a week.
The low-level outlet was last operated on August 19, 1980
to discharge debris resulting from cleaning the screens

* in the gatehouse. All valves and sluice gates are 0
reportedly checked at least twice a year. The reservoir
has reportedly never been completely drained.

NASH HILL RESERVOIR
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1.3 Pertinent Data

a. Drainae Area. The drainage area is approximately 5.8
Sacres (0.01 square mile) and consists of the surface area

of the reservoir and the top of the embankment (see
Drainage Area shown on Map of Flood Impact Area).

b. Discharge. Discharge from Nash Hill Reservoir normally
flows by demand through a 36-inch diameter aqueduct and
into the water distribution system for the City of S
Chicopee. At high reservoir levels, water discharges
over a concrete weir inside the gatehouse and into the
20-inch diameter low-level outlet. An emergency spillway
is also constructed on the top of the embankment.

(1) Outlet: Size - 20-inch Invert El. - 397.35.
Discharge Capacity - 45 cfs with pool at El 424.5.

(2) Maximum known flood at damsite: not applicable
(N/A)

(3) Ungated spillway capacity at top of dam: 45 cfs at[ El 424.5
10 cfs at El 424.5 (emergency spillway)

(4) Ungated spillway capacity at test flood elevation:
44 cfs at El 422.0

(5) Gated spillway capacity at normal pool elevation:
(N/A)

(6) Gated spillway capacity at test flood elevation: N/A

(7) Total spillway capacity at test flood elevation: 44
cf's at El 422.0

(8) Total project discharge at top of dam elevation: 55 7
cfs at El 424.5

(9) Total project discharge at test flood elevation: 44
cfs at El 422.0 b._

c. Elevation (feet above National Geodetic Vertical Datum of
1929 (NGVD)). A benchmark was established at El 425.35
on the main floor of the gatehouse. This elevation is , -

shown on the Contract Drawings for the reservoir.

(1) Streambed at toe of dam: 398.6 (low point at toe of'
embankment)

(2) Bottom of cutoff: 394.35
NASH HILL RESERVOIR
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. (3) Maximum tailwater: none

(4) Normal pool: 419.60

(5) Full flood control pool: N/A

(6) Spillway crest: 419.60 (gatehouse)
424.20 (emergency)

-(7) Design surcharge (Original design): unknown P

* (8) Top of dam: 424.5 to 425.2

(9) Test flood surcharge: 422.0

d. Reservoir (Length in feet) L

(1) Normal pool: 750

(2) Flood control pool: N/A

(3) Spillway crest pool: 750

(4) Top of dam: 750

(5) Test flood pool: 750

e. Storage (acre-feet) P

(1) Normal Pool: 77

(2) Flood control pool: N/A

* (3) Spillway crest pool: 77 P
Emergency spillway crest pool: 100

(4) Top of dam: 102

(5) Test flood pool: 89

f. Reservoir surface (acres)

(1) Normal pool: 4.8

(2) Flood-control pool: N/A S

(3) Spillway crest: 4.8

(4) Test flood pool: 5.1

NASH HILL RESERVOIR
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(5) Top of dam: 5.3

g. Dam

(1) Type: earthfill

(2) Length: 1,900 feet

(3) Height: 26 feet (maximum)

(4) Top width: 12 feet

(5) Side slopes: upstream - 2:1 to 3:1
downstream - 2:1

- (6) Zoning: central impervious core, intermediate
semi-pervious shell, outer pervious shell

(7) Impervious core: compacted impervious fill

(8) Cutoff: trench of impervious fill extends to El
394.35

(9) Grout curtain: none

h. Diversion and Regulating Tunnel (Chicopee Valley
Aqueduct)

.. (1) Type: 36-inch diameter steel cylinder pipe

(2) Length: 13 miles for Quabbin Reservoir to Nash Hill
Reservoir
1.8 miles from Nash Hill Reservoir to

* Chicopee

(3) Closure: Water distribution system for City of
Chicopee

(4) Access: valve chamber at toe of reservoir
embankment and wet wells in gatehouse

(5) Regulating Facilities: valves at Quabbin Reservoir
(intake), Swift River Crossing (Bondsville), and
Nash Hill Reservoir.

i. Spillway

Gatehouse

(1) Type: concrete overflow weir 71
NASH HILL RESERVOIR
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.- (2) Length of weir: 18 feet

(3) Crest elevation: 419.60

(4) Gates: none

(5) Upstream channel: rectangular concrete wet well

(6) Downstream channel: concrete dry well drained by
20-inch diameter low-level outlet i

Emergency Spillway

(1) Type: broad-crested, mortared stone masonry - -

(2) Length of weir: 40 feet

(3) Crest elevation: 424.2

(4) Gates: none

12 (5) Upstream channel: upstream slope of embankment S

(6) Downstream channel: 110 feet long, 20 feet wide
channel on downstream slope and toe of embankment,
lined with mortared stone masonry

N H

! p~l
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SECTION 2

ENGINEERING DATA

2.1 General. The engineering data available for this Phase I
inspection includes contract drawings and specifications
dated February 24, 1949 and prepared by the Construction
Division of the Metropolitan District Commission (see Figures

- B-3 and B-4). The data were obtained from the MDC office at
20 Somerset Street, Boston. In addition, a description of

-the project is given in a publication entitled "Chicopee
Valley Aqueduct" by Stanley M. Dore (Deputy Chief Engineer,
Construction Division, MDC) and published in the New England
Water Works Association Journal, 1949-1950. There are no
as-built drawings or computations available from the Owner,
State, or County agencies. Copies of previous inspection
reports dated 1974 and 1976, prepared by the Massachusetts
Department of Public Works are included in Appendix B.

We acknowledge the assistance and cooperation of personnel
r. from the Massachusetts Department of Public Works; and

Messrs. Francis Faucher and Joseph Capone of the Water and
* .Construction Divisions of the Metropolitan District

Commission. In addition, we acknowledge the assistance of
Mr. Henry Bedford, foreman for the MDC who provided

* _information on the history and operation of the reservoir.

2.2 Construction Records. The available construction records
consist of grain size analyses and permeability tests on 22
samples of the embankment fill. These were obtained from the
MDC office at Quabbin Reservoir. There are also about 50
photographs available from the MDC Construction Division.

pAs-built drawings are not available.

2.3 Operating Records. A daily record is kept of the elevation
.of the reservoir pool, however, no measurements of rainfall
-L are made at the site.

2.4 Evaluation

a. Availability. The drawings, specifications, and field
tests are the only engineering data available on the
design and construction of the embankment.

b. Adequacy. The lack of complete hydraulic, structural and
construction data did not allow for a definitive review.
Therefore, the evaluation of the adequacy of this dam is
based on a limited review of the available data, the
visual inspection, past performance history, and engineer-
ing judgment.

NASH HILL RESERVOIR
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c. Validity. Comparison of the available drawings with the

field survey conducted during the Phase I inspection
indicates that the available information is generally O -

valid.

However, it was found that the location of the emergency
spillway and the size of the outflow portion of the aque-
duct are different from what is shown on the drawings.

n S

I.-

L
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V SECTION 3

VISUAL INSPECTrION

3.1 Findings

a. General. The Phase I Inspection of the embankment at
Ilash Hill Reservoir was performed on August 22, 1980. A
copy of the inspection checklist is included in Appendix
A. Previous inspections were conducted by the
Hassachusetts Department of Public Works in 1974 and
1976. Copies of those reports are given in Appendix B.
Selected photographs taken during our Visual Inspection
are included in Appendix C. L

b. Dam. The reservoir is surrounded by an earthfill
embankment with a gatehouse at the east end and an
emergency spillway at the south end. No seepage or
erosion was observed on the embankment. The top and
slopes are clear of brush and trees and the grass is
mowed. The visible portion of the riprap on the upstream

*. slope is in excellent condition.

The most notable deficiency at the site is the presence
of animal burrows on the top and downstream slope of the
embankment. The burrows are 5 inches in diareter and
generally about 1 foot deep, but at least two burrows are
greater than 3 feet deep (see Photo 11o. 3). A total of

. 10 burrows were located, mostly on the southeast, south,
and west sides of the reservoir (see Figure B-l). This
condition has been cited in previous inspection reports
and has reportedly been repaired in the past.

Settlement was observed in the retaining wall at the top
of the embankment adjacent to the south side of the

gatehouse (see Photo No. 8). A 2-inch wide, 5-foot long .i.I
diagonal crack has formed in the stone masonry, and
vertical displacement is visible in the capstones.
However, there is no visible settlement or cracking of
the earthfill at the base of the wall.

c. Appurtenant Structures. The spillway is a concrete
overflow weir inside the gatehouse. At the time of the
inspection, there was no water discharging over the weir.
The concrete on the crest was in good condition. There
was no debris on the weir, in the wet well, or in the dry
well. Access to the weir is through an opening in the
floor of the gatehouse.

NASH HILL RESERVOIR)E
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The only portions of the outlet that were visible during
the inspection were in the walls of the dry well and in

fl the valve chamber. The open ends of the outlet were
clear of debris, and no cracks or leaks were visible on
the pipe. There was no flow through the outlet at the
time of inspection. The valves on the outlet are
reportedly in good operating condition. Slight corrosion
was noted on the valves.

- The gatehouse is constructed of cut stone masonry which
is in good condition. The wood trim and gutters need to
be painted. The interior of the gatehouse is well
lighted and in good condition.

The crest of the emergency spillway is paved with
nortared stone. A mortared stone discharge channel from
the emergency spillway has been constructed on the
downstream slope and toe of the embankment. There are
several cracks in the mortar on the crest near the
upstream edge. The cracks are oriented lengthwize,
parallel to the centerline of the embankment. There is
no visible sloughing of the riprap or undermining of the
crest. The discharge channel is in good condition.

There is a minor growth of weeds and grass in the channel
below the downstream toe.

d. Reservoir Area. The reservoir area is undeveloped except L

along the north side where residences have been built
along Nash Hill Road. The caretaker reports that most of
these homes have been built aithin the last 20 years.
The nearest town is Ludlow located 0.8 mile south of the I
reservoir. Most of the land immediately surrounding the
reservoir is wooded with moderate slopes. Tuhere is a

good potential that future development will occur along
Nash Hill Road.

e. Downstream Channel. Both the spillway and outlet 71
discharge into an underground pipe that discharges into
Harris Brook at the bottom of Nash Hill. The brook flows
through a flat, swampy area where there is a dense growth
of brush and trees. ii

3.2 Evaluation. The visual inspection indicates that the project
is in good condition. The stated deficiencies which must
be corrected to assure the continued performance of this dam
and measures to improve these conditions are outlined in
Section 7.

-4
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SECTION 4

OPERATING AND MAINTENANCE
PROCEDURES 4.

4.1 Operating Procedures

a. General. Personnel from the MDC are located at a field
office about 0.25 mile west of the reservoir on Nash Hill
Road. According to the MDC foreman at the site, the
standard procedure for operating the reservoir is to
monitor the water level and adjust the inflow
accordingly. The water level is monitored with a
recorder inside the gatehouse. The inflow is regulated
by adjusting a valve on the Chicopee Valley Aqueduct in
Bondsville.

b. Warning System. There is no warning system in effect at
this dam.

4.2 Maintenance Procedures _

* a. General. The embankment is generally well maintained.
MDC personnel are at the site daily and are responsible
for maintenance of the facility. Periodic inspections by
the Massachusetts Department of Public Works have been
conducted in the past. Typical maintenance procedures
have included backfilling animal burrows on the slopes of
the embankment, repairing stone masonry on the crest of
the emergency spillway, and mowing the grass on the
embankment.

b. Operating Facilities. Under normal conditions, flow into .
the reservoir is regulated by operating a valve off-site,

and valves and gates at the reservoir are not used.
However, all the valves and gates at the reservoir are
reportedly checked at least twice a year by the MDC
personnel. No major repairs have been made to the gates
or gatehouse, and all the facilities are reportedly
operable.

4.3 Evaluation. There is a program for maintaining the
embankment and appurtenant structures in good operating

* . condition. However, there is no program of regular technical
inspections, a plan for surveillance of the embankment during 0
and after periods of heavy rainfall, or an emergency warning
system in effect. This is undesirable, considering
that the reservoir is in the high hazard category. These
program should be implemented, as recommended in Section 7.3.

NASH HILL RESERVOIR
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SECTION 5

EVALUATION OF HYDRAULIC/HYDROLOGIC
FEATURES p.-,

5.1 General. Nash Hill Reservoir has a drainage area of 0.01
square mile which consists of the maximum surface area of the
reservoir and the top of the embankment (see Drainage Area -
shown on Map of Flood Impact Area). The reservoir has a
maximum storage capacity of 102 acre-feet.

The low-level outlet can discharge a flow of 44 cfs when the
reservoir is at El 419.60 which is the crest of the spillway.
At this reservoir elevation and with no additional inflow,
the outlet can lower the reservoir by 1 foot in about 3
hours.

5.2 Design Data. There are no hydraulic or hydrologic
computations available for the design of the spillway at Nash
Hill Reservoir.

5.3 Experience Data. There are no records of discharge ever
occurring over the emergency spillway.

5.4 Test Flood Analysis. Nash Hill Reservoir has been classified
in the "small" size and "high" hazard categories. According
to the Corps of Engineers guidelines, a test flood ranging
from one-half the PrIF (Probable Maximum) to the full PMF
should be used to evaluate the capacity of the spillway. The
full PMF was selected because of the proximity of the
reservoir to houses along Nash Hill Road.

The test flood inflow consists of direct rainfall on the
reservoir and inflow from the aqueduct. The full PMF rate

consists of 19 inches of rainfall in 6 hours. Applying this
rate to the 0.01 square mile drainage area results in a peak
test flood inflow of 74.6 cfs. In addition, an inflow of 38
cfs was assumed to occur from the aqueduct with no outflow
into the aqueduct. The reservoir pool at the start of the
storm is at El 420.34 which would be due to inflow from the
aqueduct and no outflow into the aqueduct. By adjusting the
test flood inflow for surcharge storage, the peak test flood
outflow was calculated to be 44 cfs (4,400 cfs per square
mile). The reservoir pool would rise to El 422.0, which is
2.5 feet below the low point on the top of the embankment and
2.2 feet below the crest of the emergency spillway.

Hydraulic analyses indicate that the spillway and emergency
spillway can discharge a combined flow of 55 cfs or 125

NASH HILL RESERVOIR
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percent of the test flood outflow with the reservoir at
El 424.5, which is the low point on the top of the
embankment.

5.5 Dam Failure Analysis. The peak discharge rate due to failure
of the embankment was calculated to be 5,700 cfs with the
reservoir at El 422.0. This calculation is based on a
maximum head of 19 feet and an assumed 58-foot wide breach
occurring in the embankment on the north side of reservoir.
Failure of the embankment would produce a downstream flood
wave 15 feet deep flowing across Nash Hill Road.

Although failure could occur anywhere along the embankment,
for the purpose of discussing the maximum downstream hazard,
the primary impact areas are shown to be along Nash Hill Road
(see Map of Flood Impact Area, page ix). There are 20
residences located along Nash Hill Road within 1,500 feet of
the reservoir. The foundations of these structures are
approximately at the same elevation as the slopes of the
hillside. It is expected that the flood water would travel
across the road and down the steep sides of Nash Hill. Some

[, attenuation due to overland flow would occur, however; this 77-
would be after the water reaches some nearby residences. An
assumed failure of the dam could result in a flood wave that
would rise above the foundation level of these houses,
resulting in the possible loss of more than a few lives and
an excessive amount of property damage. Accordingly, the dam
has been placed in the "high" hazard category.

. . *'° -°.

- 7 NASH HILL RESERVOIR

15

- . . *-

r .



- - . %wL-.r v . r . - '7 . . .- - T J Z' • ~ -
' ,  

'. 
- 7  

- -' -' --- --* - " ' . .", o -; - - - .

SECTION 6

STRUCTURAL STABILITY5 9

6.1 Visual Observations. The evaluation of the structural
stability of Nash Hill Reservoir is based on a review of
and the visual inspection conducted on August 22, 1980. -

As discussed in Section 3, Visual Inspection, the project is
in good condition. No seepage was observed on the downstream
slope or toe of the embankment. Settlement of the retaining
wall adjacent to the south side of the gatehouse was
observed, however, there is no visible cracking or settlement -

of the earthfill at the base of the wall. A total of ten
animal burrows, two of which are greater than three feet
deep, are located on the top and downstream slope of the
embankment. These burrows could affect the stability of the
embankment, particularly if they become more numerous or
extend into the impervious core.

6.2 Design and Construction Data. Construction of Nash Hill
Reservoir was completed in 1950. Computations for design of
the dam, spillway and outlet are not available.

Drawings dated 1949 prepared by the Construction Division of
the MDC show the proposed construction of the embankment (see
Figure B-3). Photographs taken periodically during con-
struction are also available. The drawings show that the
embankment is a zoned earthfill section. The photographs L..
show that the embankment is founded on a sandy, gravely soil
(glacial till). An impervious core made of compacted
earthfill is located in the center of the embankment. The
remaining earthfill is shown as semipervious and random fill ...

on the drawings. A cutoff trench extends to a minimum of El
394.35 which is about 8 feet below the base of the embank-
ment. The side slopes of the embankment are 2:1 to 3:1
upstream and 2:1 downstream.

Specifications for construction of the embankment are
available. They include details on the types of earth
materials, riprap, and concrete used in construction.
Selected portions of the specifications are given in Appendix
B.

There is information on the grain size and permeability of
the earthfill in the embankment. A tabulation of this data
is given in Appendix B. There is no data on the shear
strength of the embankment or foundation soils.

NASH HILL RESERVOIR
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6.3 Post-Construction Changes. Since the original construction
of the embankment, there have been no major changes to the
facility. Repairs have been made periodically, such as the
filling of animal burrows and the patching of mortar on the
crest of the emergency spillway.

. 6.4 Seismic Stability. The dam is located in Seismic Zone No. 1,
and in accordance with Corps of Engineers' guidelines does
not warrant further seismic analysis at this time.

.!E,

-0
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SECTION 7

ASSESSMENT, RECOMMENDATIONS, AND
REMEDIAL M4EASURES .

7.1 Dam Assessment

a. Condition. As a result of the visual inspection, the
review of available data, and information on operation ,
and maintenance, the project is considered to be in good
condition. The following deficiencies must be corrected
to assure the continued performance of this dam: filling
of the animal burrows on the top and downstream slope of
the embankment; repair of the mortar on the crest of the
emergency spillway, and repair of the retaining wall
adjacent to the gatehouse.

The peak test flood (full PMF) outflow is estimated to be
44 cfs with the reservoir at El 422.0. The test flood
would not overtop the low point on the embankment.

17. Hydraulic analyses indicate that the spillway and
emergency spillway can discharge a combined flow of 55
cfs or 125 percent of the test flood outflow before the
embankment is overtopped.

b. Adequacy. The lack of detailed design and construction
data did not allow for a definitive review. Therefore,
the evaluation of this dam is based on a review of the
available data, the visual inspection, past performance :1and engineering judgment.

c. Urgency. The remedial measures outlined below should be
implemented by the Owner within 2 years after receipt of ,
this Phase I Inspection Report. However, filling of the
animal burrows should be undertaken immediately and
continued as a regular maintenance procedure.

7.2 Recommendations. Studies to further evaluate the condition
of the embankment and appurtenances are not recommended at P-
this time.

7.3 Remedial Measures

a. Operating and Maintenance Procedures. It is recommended
that the Owner accomplish the following:

(1) Backfill all animal burrows on the top and down-
stream slope of the embankment and continue this
procedure on a regular basis whenever new burrows

NASH HILL RESERVOIR
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appear. The Owner should consider special fencing,
traps, or other means to keep the animals away from
the project.

5 (2) Repair cracked mortar on the crest of the emergency

spillway.

(3) Repair the stone masonry retaining wall adjacent to
the south side of the gatehouse.

(4) Institute a definite plan for surveillance of the
embankment during and after periods of heavy
rainfall and a plan to warn people in downstream
areas in the event of an emergency at the reservoir.

(5) Continue the program of maintenance inspections. P

(6) Institute a program of technical inspections of this
embankment on a biennial basis.

7.a4 Alternatives. There are no practical alternatives to the

above recommendations.

N H R-
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APPENDIX A

PERIODIC INSPEC"ION CHECKLIST

I
2
a-

[7

j
p

S

* I
C. - *1

z A
S

A

NASH HILL RESERVOIR

S-~

S. . . . . . . ..



PERIODIC INSPECTION

PARTY ORGANIZATION

*PROJECT NASH HILL RESERVOIR DATE AUGUST 22. 1980

Abbreviations: TIE8 AM-i PM
u/s = upstream
d/s = downstream WEATHERunnfly & warm
N/A = Not Applicable

W.S. ELEV. 4 2 l.5*_U.S.None DN.S,
1P *based on assumed benchmark at

El. 425.35 on main floor of
gatehouse

PARTY:

1. Carol Sweet Metcalf & Eddy - Geotechnical S
2.Scott Nagel Metcalf & Eddy - Geotechnical

3. Ed Greco Metcalf & Eddy - Geotechnical

4. Lyle Branagan Metcalf & Eddy - Hydraulics

5. Bill Cheechi Metcalf & Eddy -Geotechnical

6. Frank Gordon Metcalf & Eddy -Geotechnical

I .Henry Bedford MDC -foreman

10.

PROJECT FEATURE INSPECTED BY REMARKS

1. Embankment Sweet/Nagel/Greco

2. Spillway Sweet/Nagel/Greco/Branagan

.3* Emergency Spillway Sweet/Nagel/Greco/Branagan

J~Low-Level Outlet Sweet/Nagel/Greco/Branagan

5.Gatehouse Sweet /Nagel /Greco

paget._ Of...L
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PERIODIC INSPECTION CHECK LIST

PROJECT NASH HILL RESERVOIR DATE August 22, 1980

PROJECT FEATURE Embankment NAME Sweet/Nagel ._

DISCIPLINE Geotechnical NAME Greco

AREA EVALUATED CONDITIONS

DAM EMBANKMENT

Cret leatonvaries from 424.5 to 425.2," Crest Elevation ",..

415.85 at 8 AM .
Current Pool Elevation 415.70 at noon AIL

Maximum Impoundment to Date Unknown

Surface Cracks qone

Pavement Condition inor cracking in asphalt pavement _4_1

)n access road6
° .~i-nor irregularities in top of .
Movement or Settlement of Crest enmegu a e tmankment
Lateral Movement n iil* A
Vertical Alignment Relatively flat

- Horizontal Alignment Five sides - each is straight

Settlement in stone masonry wall on south
* Condition at Abutment and at side of gatehouse - diagonal crack 2" wide-

Concrete Structures no cracking or settlement of adjacent earth-
fill. -

Indications of Movement of Vertical settlement in stone masonry wall 'described above "' -
Structural Items on Slopesesrbdao

lU animal burrows on dfs slope on southeast,
" Trespassing on Slopes south, and west sides of reservoir-burrows

" _ _ __ __ __5 in. diameter, generally. 5 to 1 ft. deep,
Sloughing or Erosion of Slopes 2 are more than 3 ft. deep
or Abutments qone

Rock Slope Protection - Riprap axcellent condition-no failures or
Failures iegetat ion

Unusual Movement or Cracking at qone visible

or near Toes

Unusual Embankment or Downstream one visible

Seepage -__ _..'

Piping or Boils None visible

Foundation Drainage Features one visible

T n southeast side of reservoir-ditch along
Toe Drains d/s toe leads to a drain away from reservoir . .

Instrumentation System None

page1- of _ -
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PERIODIC INSPECTION CHECK LIST

PR __ECT NASH HILL RESERVOIR DATE August 22, 1980

PRSJECT FEATURE Gatehouse NAME Sweet/Nagel

Geotechnica- GrecoD I S C IPLINE NAME ..

AREA EVALUATED CONDITION

* OUTLET WORKS - CONTROL TOWER Exterior-granite blocks with wood trim .
interior-brick walls with concrete floor

a. Concrete and Structural

General Condition Sood-trim needs paint

Condition of Joints Sood

Spalling ione

Visible Reinforcing gone

Rusting or Staining of gone -
Concrete

Any Seepage or Efflorescence inor local efflorescence

Joint Alignment Sood

Unusual Seepage or Leaks in qone visible on outlet valves -

Gate luice gates are open

Cracks Ainor local cracks

i Rusting or Corrosion of Steel linor corrosion on valve stems

b. Mechanical and Electrical

Air Vents gone

Float Wells 3tandpipe for water level recorder

Crane Hoist 000 lb. for hoisting screens

Elevator qone

Hydraulic System one

luice gate and valve on reservoir pipe
Service Gates luice gate on outflow aqueduct

Emergency Gates 2 valves on 20-inch drain

Lightning Protection System round cables on gate stems

Emergency Power System one
ceiling lights inside

Wiring and Lighting System 2 floodlights outside
in Gate Chamber

pageA-3 of 6



PERIODIC INSPECTION CHECK LIST

PROJECT NASH HILL RESERVOIR DATE August 22, 1980

PROJECT FEATURESpillway NAME Sweet/Nagel

Geotechnical Greco/Branagan
DISCIPLINE_______________ NAMEGeoBaaa

AREA EVALUATED CONDITION

- OUTLET WORKS - SPILLWAY WEIR,
APPROACH AND DISCHARGE CHANNELS Wet well in basement of gatehouse

a. Approach Channel
Good-minor local efflorescence

General Condition on walls

Loose Rock Overhanging N/A
Channel

N7A
Trees Overhanging Channel

Floor of Approach Channel Submerged

b. Weir and Training Walls Top of concrete walls

General Condition of Good

Concrete

Rust or Staining None

Spalling None

Any Visible Reinforcing None

Any Seepage or Efflorescence None S

Drain Holes None

Dry well drained by outlet pipeC. Discharge Channel . '-

General Condition Good

Loose Rock Overhanging NA
Channel

Trees Overhanging Channel /A
S

Floor of Channel ry well and pipe clear of debris
None

Other Obstructions

A-4 6page of -
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PERIODIC INSPECTION CHECK LIST

PROJECT NASH HILL RESERVOIR DATE August 22, 1980

PROJECT FEATURE Low-Level Outlet NAME Sweet/Nagel 0

DISCIPLINE Geotechnical NAME Greco

- AREA EVALUATED CONDITION 4

OUTLET WORKS - TRANSITION AND 20-inch steel lined concrete pipe
CONDUIT pp

- General Condition of Concrete Good - no leaks visible
AL

Rust or Staining on Concrete None

Spalling None

Erosion or Cavitation None
S

Cracking None visible

Alignment of Monoliths N/A

g Alignment of Joints N/A

Numbering of Monoliths N/A

Notes:
Intake structure is submerged on bottom of reservoir
2 valves to control flow are located in basement of gatehouse S

minor corrosion noted around valves
Outlet discharges into dry well in gatehouse

dry well is clear of debris and walls are in good condition
with minor cracks

Outlet pipe leaving dry well is also clear of debris and
other obstructions

Outlet eventually discharges into a brook at the bottom of
Nash Hill

p
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PERIODIC INSPECTION CHECK LIST
PROJECT NASH HILL RESERVOIR DATE August 22, 1980

PROJECT FEATURE Emergency Spillway NAME Sweet/Nagel

DISCIPLINE Geotechnical NAME Greco/Branagan

" AREA EVALUATED CONDITION

OUTLET WORKS -EMERGENCY SPILLWAY,
APPROACH AND DISCHAR3E CHANNELS

a. Approach Channel 2:1 slope

Genera ConditExcellent-no sloughing or vegetation
General Condition

Loose Rock Overhanging None •.

Channel

Trees Overhanging Channel 
None

Upstream slope of embankment covered
Floor of Approach Channel with dumped riprap ----

Broad crest paved with mortared
b. Weir and Training Walls stone

General Condition of Mortar is cracked near u/s edge-

Concrete repaired in past

Rust or Staining None

Spalling None

Any Visible Reinforcing None

Any Seepage or Efflorescence None

Drain Holes None

c, Discharge Channel Also paved with mortared stone

r Good
General Condition Goo

None
Loose Rock Overhanging
Channel

Trees Overhanging Channel 
None

Few open and cracked joints - minor
Floor of Channel growth of grass and moss

Other Obstructions None

S
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APPENDIX B

PLANS OF DAM AND PREVIOUS
'H INSPECTION REPORTS

Page

Figure B-1, Plan of Reservoir B-1 -

Figure B-2, Sections through Embankment B-2

Figure B-3, Dam of Reservoir dated 1949 B-3

•0W Figure B-4, Typical Embankment Section,
dated 1949 B-4

Figure B-5, Sections through Gatehouse,
Reservoir Pipe, and Low-level Outlet
dated 1949 B-5

Figure B-6, Gatehouse Sections, dated 1949 B-6 S

Excerpts from Specifications for Construction
of Section 4 of the Chicopee Valley
Aqueduct Including Nash Hill Reservoir,
Contract No. 168, Dated 1949 B-7

Tabulation of Grain Size and Permeability Tests
on Embankment Fill at Nash Hill Reservoir B-13

Previous Inspection Reports by Massachusetts
Department of Public Works

* Report dated June 10, 1976 B-14
Report dated April 1, 1974 B-18
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REFILL AND EMBANKMENT FOR RESERVOIR (Items 10, 11 and 12)

* - Section 10.1. Work Included. Under Items 10, 11 and 12 the
'&ntractor shall furnTshplace, -grade and consolidate materials
yquired in the refills and embankments for the construction of
sarth dams to form the Nash Hill Reservoir, for construction of the
concrete-encased, mortar-lined, steel-plate pipe conduits laid in
and adjacent to these dams, and for the construction of any other
,iscellaneous works which are a part of the Nash Hill Reservoir.
Item 10 includes compacted impervious embankments, Item 11 includes
compacted semi-pervious embankments and Item 12 includes compacted
pervious embankments; as specified in Section 10.2.

Section 10.2. Quality. Suitable materials fromthe excavations

ghall be used for reilling and embankments placed under Items 10,
* -. ~ i and 12 and additional materials, only if and as needed, may be

borrowed as specified in Section 15.

Impervious Materials. Materials placed under Iten i0 shall be f
satisfactorily impervious materials containing a sufficient proportion
of acceptably fine materials. They may be, if there is a surplus

S ~ of stripped materials not required for soil dressing, topsoils and
subsoils satisfactorily free from vegetation, masses of roots or
individual roots more than 24 inches long or one-half inch in
diameter, stones over 4 inches in diameter, porous materials, or S

*Other undesirable matter. Topsoil containing an excess of organic
r otter or peat, silt or muck will not be acceptable. They may be
rrterials of glacial till origin which are satisfactorily graded
i sizes of particles,ccontairdnga proper proportion of fine particles

to be acceptably watertight, and cohtxAdninngno stones larger than
O li inches in diameter. ,

Pervious Materials. Materials placed under Item 12 shall be
acceptably coarse and pervious, shall be well graded in sizes of
p~rticles and shall contain such a small proportion of fine particles
as to be satisfactorily pervious to the flow of water. They shall

. be composed of hard, durable stones and sands, practically free from
loam and clay.

Semi-pervious MaWaia terials placed under Item 11 shqll
be well-graded, durable materials of glacial origin, but they do
not need to be as water-tight as materials specified for Item 10
nor do they need to be as pervious as materials specified for Item 12.
They shall, however, contain no stone of sizes which would prevent
t-horough compaction, no objectionable foreign matter such as roots
1.,d muck, or no excessive proportions of the clay, silt, or very
fine sand sizes.

Boulders and Large Stones. Boulders, large stones and cobbles S
from the excavations, to the extent available if not required for
"' rP or other stonework, will be acceptable to be placed and shall

te rlaced in the toes of the dam embankments as indicated on the
i!ns or otherwise permitted, in lieu of the pervious or semi-

rervious materials of the qualities above specified.

B- 7 NASH HILL RESERVOIR



Section 10. . Placing. The embankments shall be started on a 0
Irm Vase which shall have been cleared and stripped and from which

.it, peat and perishable material shall have been removed to the
" ztent directed. The base or other surfaces of any fill which have
been allowed to weather, for periods long enough in the opinion of
$he Engineer to require it, shall be picked, roughened and rolled as -0

U~Airected to make a bond with the embankment material to be placed
,ibove.

Materials placed under Items 10, 11 and 12 shall, unless other-
wise permitted or required, be deposited in approximately horizontal
leyers not exceeding 6 inches in thickness when compacted, and unless
sufficiently moist as spread shall be wetted to the extent directed
in such manner as will secure the uniform moistening of all portions
of each layer. If required, the compacted surface shall be acceptnbily
sprinkled immediately before placing each new layer. Each layer sh.ll "-
be rolled as directed, with an approved roller, weighted as required.

- For Items 10 and 11, this roller shall be of the sheep's-foot type
and shall be provided with a rack for cleaning the teeth. The roller
shall pass over every part of each layer that can be traversed by it.
To obtain the desired compactness for the varying kinds of material
used, the Engineer will prescribe the number of trips of the approved
roller needed on each part of the work and the moisture content in
the material being placed; but generally in the case of impervious
material placed under Item 10, the moisture content of the material 0
t-ing placed shall not be less than 15 nor more than 22 per cent of
the dry weight of the material for topsoil and subsoil, and not less
tharalO nor more than 16 for glacial till materials and the number
of trips shall not be less than 6 nor more than 15; in the case of
nervious material placed under Item 12, the moisture content of the
,,aterial being placed shall not be less than 10 per cent of the dry ,
wight of the -material and the number of trips not less than 5 nor

. i ore than 9; and in the case of semi-pervious materials placed under
- Item i! the moisture content of the material being placed and the

n,&.iter cf trips of the roller will be specified by the Engineer from
time to time as the work progresses according to the character of the
material being placed but the general requirements of moisture content •
and number of trips of the roller will be between the above stipula-.
tions for impervious materials and for pervious materials. Portions
of embankments which the rollers cannot reach for any reason shall be
compacted by extra-heavy pneumatic tampers, or by other means which
will secure a degree of compacting equivalent to that obtained by
rolling as specified. Materials placed under Item 12 may be consol-
Idsted with water at approved locations in lieu of rolling, if and
as permitted, and the Engineer may require the consolidation with
water of materials too coarse to be santisfactorily rolled.

Materials to be placed under Items 10 and 11 shall not be
deposited when the weather conditions are such that It Is Impracticable ,
to construct the embankments within the specified moisture content

,'. lm t-I tt ons. -e-"

No material shall be deposited under Items 10, 11 and 12 or
s -1- in piles for future use when, in the opinion of the Engineer,

or freezing weather will interfere with proper construction. No
.. zcn materials shall be used in the construction, and materials

- shall not be deposited upon frozen surfaces or fills containing frost*

B-8 NASH HILL RESERVOIR

p• "

*' ' * ' .* %- - ,r, ' , .-. * , 
"

.** - - - -' - *" " " .-" .* . . ."-; - -' " - --* < ' -''.- '. ,"- ' . - '- .-- -



Boulders, large stones and cobbles used in lieu of pervious fill,
12, or semi-pervious fill, Item 11, shall be deposited In the

or directed or approved by the Engineer which will not, in his5 r.lon, interfere with the proper consolidation of adjacent portions
the embankmentsa

Section 10.4. Filling Unauthorized Excavations. If the
-tr-ctor excavates by permission or otherwise outside the ordered

ts, he shall refill such excavations at his own expense with
creptable materials placed as approved.

Section l0.. Measurement and Payment. Quantities to be paid
r un er Items 10, 11 and 12 shall be the number of cubic yards
aced in accordance with orders (whether or not excavated under any
cavating Items) measured in position after compacting. The prices
,spectively stipulated shall include payment for preparing the base, IL
rrowing, transporting and placing the materials, spreading in layers,
tting, rolling, tamping, trimming to line, and all labor and
terials incidental to satisfactorily completing the embankments

*ot specifically included for payment under other items. The measure-
$ent for payment shall not include spoil banks nor refilling of

iF Wauthorized excavations nor any material placed outside of the
prescribed lines even though such material may have been so placed
ith the permission or at the direction of the Engineer immediately
idjacent to or continuous with prescribed embankments. Refilling
and embanking for the cut-and-cover aqueduct construetion will be
included under Items 8 and 9 and not under Items 10, 11 and 12.

U culders, large stones and cobbles used in lieu of pervious fill
'Item 12) and semi-pervious fill (Item 11) will be included for
ayment under Items 12 and 11 respectively, and not under items for

~~riprap, paving or any other stonework item or any other embankment ..,

item. No direct payment shall be made under this or any other item
for refilling and embanking of whatever nature made solely for the
C. ontractor's plant, roads or pipe lines, or for his other requirements

*in carrying out the provisions of this contract, but the payment
therefor is included in the prices stipulated in Items 1 to 47,
inclusive.

BA.E
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CGRAVEL (Itcm 15)

Section 15.1. Work Included. Under Item 15 the Contractor shall
.. ,,tisfnctorily prepare the sub-basc and furnish and place gravel of

the sizes and quality specified or ordered for constructing the sur-
face course of permanent access roads, of roadways Pnd rights-of-way

I -across the aqueduct line, gravel roadways ordered to be built on top .0
5-of the embnnkmonts around the reservoir and over the pipe, gr-vel
rshoulders for roadways, and other ordered roadwpys ot the site nnd
shall furnish, place nnd consolidate gravel refill for constructing
foundations for the aqueduct as required for certain locations where
soft foundations are encountered and whichin the opinion of the
Engineer,warrant the use of gravel refill in lieu of or in addition .
to refill under Item 8 for proper stability. Gravel surfacing for

.,roadways will be in general about 12 inches thick and no surfacing
under this item will be ordered less than 6 inches thick. Gravel
in foundations shall be of the thickness directed.

Section 15.2. Material. The gravel shall be composed of hard, A_
* . .durable stone and coarse sand, prrctically fre(; from loam and clny,

4and, when spread on the rond or in the trench -nd compncted, shall
present a stable foundation. The gravel particles shnll be uniformly
a end satisfactorily graded in sizc. Suitable materials from the ex -
.cavations under Items 4 and 6 mny be used only if and as permitted.

Section 15.3. Construction Methods. Grovel shall be spread,
to a depth ncccssry to give the thickness rcquired after compacting,
upon the sub-base satisfactorily preparcd., by approvod methods, care
bcing tahen to rake forward and distribute the larger stones so that
they Will be at the bottom of the gravel course -7nd be evenly distri-E buted. The gravel so placed sh1ll be thoroughly w atcred and rolled
with an approved self-propelled, 3-wheeled roller or otherwise satis-
factorily compacted. Any depressions that appe,r during or after
rolling shall be filled with gravel and rerolled until the surface
is true and even.

Section,15.4. Maintenance. The Contractor will be permitted to
* use the rights-of-way and roadways surfaced under this item for the

purposes of the contract ,nd shall maintnin them until the contract is
completed. Final acceptance of the work under Item 15 will be with-
held until completion of the contr-ct nnd will be contingent upon the
sntisfactcry maintenance of the rights-of-way r.nd roadways.

Section 15.5. Mensurercnt and Payment. The quontity to be p.id
for under Item 15 shall be the number of cubic yards of gravel fur-
nished and sqtisfuctorily placed in accordance with pl-ns or orders,,
mc,,asured in final position within th( ordered limits regardless of the
quantity of material actually placed at any point. The measurement for
pnynent shall not include any material placed outside the specified
limits, either of necessity 'or by permission, on account of .a deficiency
of the subgradc or otherwise, payment for excavation and refill to the
required subgrade being included under thcappropriate items 4 to 12,
inclusive. The yardage required within the specified lines under Item
15 shall be included in the measuremcnt only once, regardlcss of the
frct that additional qunntitics m- be required for m.-intunnnce under
thc provisions of Section 15.4. Th price stipul-tod shall include _
pnrrent for Drc arntion of the Cub-boso, for placin- of the rravel
nfor all work directly or indirectly connoted w th furnishing and
.l-cing the matoral. Gavol used for concrc te or for oher purposes

oc r which panent.is provided under other items nnd all gravel ,nd
* ..ilnr riae nQ1Ti used for the Contractor's purposes shnl not be paid

tVr under Iterm l,.
B-10 NASH HILL RESERVOIR
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CRUSHED STONE AND SCREENED GRAVEL (Item 16) -

Section 16.1. Work Included. Under Item 16 the Contractor shall

furnish and place on the embankments forming Nash Hill Reservoir, in
She trench, under the pipe in swampy or wet locations, under paving,

1iprap and gutters, and elsewhere as shov. on the Dlans or ordered,
,rushed stone or screened gravel of approved size and ouality. Stone

,sed in surfacing the highway under Item 36 will not be included as
ipart of the work under Item 16.

Section 16.2. Material. Crushed stone shall consist of clean,
durable crushed rock'; and screened gravel shall consist of acceptably .

.clean and coarse gravel washed or screened as required. The sizes

of each shall be such that 100 per cent will pass a 4-inch ring, at
'least 50 per cent will be retained on a 1-inch ring and not more than
2 per cent will pass a *-inch ring, and each shall be satisfactorily
free from fine sand or rock flour. -.

Section 16.. Measurement and Payment. The quantity to be paid
for under Item 16 shall be the number of cubic yards furnished and
laced, measured within the limits shown on the plans or ordered,

and shall not include any material placed outside the ordered limits
either of necessity or by permission, on account of a deficiency of

,the subgrade or otherwise.'

B-11 NASH HILL RESERVOIR
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RIPRAP (Item 18) -

Section 18.1. Work Included. Under Item 18 the Contractor
shall furnish all materials, equipment and labor required to
construct riprap on the faces of embankments forming the Nash Hill
Reservoir, at river or brook crossings, at culvert head walls or
on the slopes of the aqueduct embankments needing snecial protection, -
within the limits shovn on the plans or ordered, and elsewhere if
gand as required.

Section 18.2. Specifications. Riprap shall be composed of
durable stone or acceptable sizes. Suitable boulders and large
cobbles from the required excavations may be used. The riprap
shall be constructed of the thickness and the extent shown on the
plans or directed. The average surface of the riprap shall satis-
factorily approximate the required theoretical. The Contractor
will not be required to place riprap by hand except to rearrange
surface stones as necessary to fill unsatisfactory depressions in
the surface below the required grades. Riprap shall have no broken
-tone or gravel small enough to pass a h-inch ring and at least 50
Per cent of the volume shall consist of stones exceeding one-half
cubic foot,andinthc case of riprep more than 12 inches in ordered
thickneis, at least 20 per cent exceeding one cubic foot: and the
boulders and large cobbles used shall contain a sufficient number of

:,ge angular stones to give stability to the entire mass,

Section 18.3. Measurement and Payment. The quantities to be
raid for under Item lb shall be the number of cubic yards of riprap
satisfactorily placed in the completed work, measured to the ordered
theoretical surfaces regardless of the quantities of riprap projecting
beyond such surfaces and with no deduction for the voids. The price
*stipulated shall include payment for all work directly or indirectly'connected with furnishing, placing and trimming the riprap.
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INSPECTION REPORT - DA1, .-dD RESERVOIRS

6jN! ~ LoCkTION:

q!/Town Ludlow County Hamoden . Dam No. ?-7-1i1-i"

Name of Dam Nash Hill Reservoir
Mass. Rest."

* Topo Sheet No. 15A . Coordinates: N 437,000 , E 331.300

Date
Inspected by: Harold T. Shumway , J une 10, 1976 . Last Inspection 4,1/7 

0 ". OV.R/S: As of 61/jiF 6

per: Assessors , Reg. of Deeds-, P:,ev. Insp.. , Per. Contact t

l.O.C., Winsor Dam Hdqtrs.

1. Attn: Mr. john 1J, Capithorne, Suet.. "Jinsor Dam, 'Uarp Rd, Ra1!hP-nn. I]Ack "-
Name St. & No. City/Town State Tel. No. 0

* 2. ___

Narie St. u No. City/ro.m State Tel. No.

,a3e St. : ,0 City/Town State Tel. No.

S . CaATI :ER: (if any) e.g. superinitendent, plant mnager, appointed by
absentee owner, appointed by multi owners.

Myr. Henry Befford,
nM.D.C., Winsor Dam Hdqtrs., Winsor Dam , Ware Rd., Belchertown, Mass.

tam St. , Cit own State Tel. No.

,)' "'~ -- TA: ...- ,

No. of Pictures Talken _ . tc1.s kt See dnceription of Dam. .1
Plans, Where -LL [fe;-hhi MRrUn rginr vii o , Contract 165

13th St

DEGREE OF HAZARD: (if dam c hould fail complctcly)*

1. Minor . 3. Severe

2. Moderate x 4. Disastrous__________

Conmento: ApprninmathI 9A mill inn Qalnnn r.-'a'-t, - nniarj f1nmri b'n-lc a

hillside below.
-- *This rating may change as land vse cnges (f-.xturn development). !
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V "
"'" OtfUTLETS: OUTLET CONTROLS AND DRANITLO1N

No. 1 Location and Type: In ratphie - 4 p" I inn tn Chicrongp and Stuth .aoley.

Controls ., TYPE: Screw nneratnd nAt unlve.

Automatic_. ianual . Operative Yes 4 , No

Comments: All controls and machinery in natahouse in coc ooeratinondition.

No. 2 Location and Type: in qatehouse - 20" overflow or waste pipe-empties into onr:o-,

Controls yes , Type: Double gate valves and hand stands. -------

Automatic Manual X Operative Yes X , No______

Comments: See comments above. -.

No. 3 Location and Type: Southwesterly corner of reservoir-emernency overflow spillw-
20' wie x 1-' high grouzed stone masonry crest and outlet channel.

Controls None , Type:

Automatic _ . Manual . Operative Yes , No . " -

Coments: Crest and upper end has hben rFr-znty rePnnited.

Drawdown present Yes x _, No . Operative Yesz_, No
Comments: See No.

DAM UPSTREAM4 FACE: Slope 2 :I , Depth Water at Dm 20'

iaterial: Turf . Brush o; Trees__ Rock fill x _ Hasonry ._.oof..

Other-18"1 riorap on 6" crushed stone base.-*

Condition: 1. Good X . 3. Major Repairs___

2. Minor Repairs . 4. Urgent Repairs_ _

Comments:

DAIM DOWNSTREAA4 FACE: Slope______________

Material: Turf _ . Brush & Trees . Rock Fill , Masonry . Wood

Other

Condition: 1. Good . 3. Major Repairs .

2. iinor Repairs X 4 . Urgent Repairs_________

Corments: Three open animal burrows found which r-argt-apr ,;irj hP n,,j,1i hd,,e..

reFilled and tamped in immediately.
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FA Ddij.NC. 2-7-161-11

09 EGOICY SPILLNAY: Available - Needed

Height Above Normal Wate -,I Ft.

Width 20 -Ft. He ight -iFt. Material rrutad stone masonrY.8

Condition: 1. Goo d.X 3. Major Repairs .-

- 2. MIinor Repairs 4 I. Urgent Repairs

Comzments:

00. W.ATZR LEVEL AT TIH-' OF ISPECTION. ~ .Aoe.B l w

Top Dam x F.L. Principal Spillway______________

Other

Norffal Freeboard 5 Ft. when reservoir is full.

SLIDAIIARY OF DEFICII7CIES NOTED: S.

Growth (Trees and Brush) on Emnbankmenat ~ ~ I

Animal Burrows and Washouts 'i anili huIrrrnujc

Damage to Slopes or Top of Dam cp- ahmi

Cracked or Damaged Masonr None found

Evidence of Seepage W~etness of' around noted in 309+ lonn area on qmuith nnnp fnF

Evidence of Piping Nonp f ound

Leaks None found

Erosion None f ound.

Trash and/or Debris Impeding Flow None found

Clogged or Blocked Spillway None found

Other. .-
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S OVERA4LL CONDITION:

1. Safe_____ __ __

2. Minor repairs needed x

3. Conditionally safe - major repairs needed__

4. Unsafe__ _ __ _ _

R5. eservoir impoundment no longer exists (explain)

Recommend removal from inspection list__

R PZI1 S AND REC0 ,I-\DATIONS: (Fully Explain)

This is an open reservoir formed by an earthen embankment located on Nash

Hill and is a part of the 51DC Quabbin system. The entire installation is

very well maintained. Top ano slopes are uell turfed and mowed oJer. The

three woodchuck holes located on counstream south slope were new burrcus and

Caretaker said he would have animals removed and holes refilled imnadiately.

A slight wetness of ground surface at toe of south slope in one area was

noted. Caretaker stated that this dries up completely in summer months.

Dam appears to be sound and safe at present time.

HTS/fc

B-17 NR
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I11SPECTION REPORT .DS %RD RESRVCIRS

LOCATICY:

fAe'Town Ludlow . County Hamden . Dan No. 2-7-161-11

Name of Dam Nash -;-ill Reservoir
m Mass. Rect. -.

Topo Sheet No. 15A . Coordinates: N 437,000 , E 331,800

Date
Inspected by: -1. C. Zalls, F.E. 2 Onpril 1, 1974.. Lact Inspection New Listing

-. (OtTER/S: AS of 1972

per: AssessorsX , Reg. of Deeds , Prev. Insp. , Per. Contact .X.

ietrooitan District Coa dission, 'Jinsor Da=, Ware Road, Belchertown - ]

Name St. c No. City/Town State Tel. No.

2.
Name St. & No. City/Town State Tel. No.£ 0

Name St. Cz No. City Town State Tel, No.

CARZT;-_: (if any) e.g. superintendent, plant manager, appointed by
absentee owner, appointed by multi owners,

• .i. John W. Capithorne, Supt.
:3uabbin -teservoir,! -. D.C. Uinsor Da., ',are ?.od ±d ichertown. !lass. 413-323-6c21

Name St. No, City/Towm State Tel. No.

DATA: _._________

No. of Pictures Taken None _ Sketches See description of Dam.
Plans, WIhere At tuab .in A.tservoi- Cffice of 1..D.C. - File 168

3.2 Contr-ct 128- 13th Street.

_-_ 5_"--_ --
_

DEGREE OF HAZAiD: (if dam should fail completely)* --

1. Minor 0 3, Severe________

2. Moderate X 4i. Disastrous .

Comments: Complete failure could I lood houses on hillside below. 0

.- *This rating may change as land use changes (future development).I]

B- 18 NASH HILL RESERVOIR
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D-I NO, 2-7-161-11

, OUTLETS: OUTLET CONTROLS j-D D1k0,rDOTN

No. 1 Location and Type: In gate house 36" ci7e line to Chico-ee r.nd ,Eoutn -.ad1,ey.

Controls Yes, TYPE: .crew operated --ete valves.

Automatic . Manual X . Operative Yes X , No

Corrnents: All ooeratinF i._acniner- in -ate house in -ood oner: tin- condition.

No. 2 Location and Type: In , ate house - 20" overflow or .:aste npipe ez'tie_ inrc
brook.

Controls Yes , Type: ."_

- Automatic _ ,nual X Orerat Yes_ , No .

Cornents" See above

No. 3 Location and Type: at southesterly corner of resevi - emer-n-7ov o
spillway. Chute 3-' above flow line - 18'H.-20W. narrowing Tc 1vt on

Controls iio , Type: __. slop ,

Automatic . KIanual . Operative Yes _, No

Comments: Grouted stone bottom and sides - .-rout broken away at uner end.

Drawdown present Yes X , No . Operative Yes X No-.
Comments: Zee ,o. 2 .kbove.

'! DAM UPSTREAM FACE: Slope 2-: , D(.---: Water at Da.m 20'

Material: Turf . Brush , Trees . Rock fill__. Masonry__. ood ,

Other 13" rip rap on 6" crushed stcne base

Condition: 1. Good X . 3. iajor Repa.ro ._ _

2. 1 inor Repairs_ _ 4. Urgent Repairs_____

Comments:

DAM DOWNSTREAM FACE: Slope 2:1

Material: Turf X . Bru.sh cc Trees . flck Fill_____ 'asonry_ . Wood .

Other 1
Condition: 1. Good_ _ 3. Major Repairs.

2. i1inor Repairs X . 4. Urgent Repairs .

Comments: Oxi south slope rass is so.ewhat s7arce.

B- 19 NASH HILL RESERVOIR
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D.,.i. NO. 2-'7-161-11 
-

S . . . . . . . . -- -

0 E,.RGN.!CY SPILLUAY: Available Yes . Needed

O Height Above Normal Water 3 - Ft.

Width 20 Ft. Height 1 jj .Ft. Material Crouted stone

Condition: 1. Good_ _ 3. Major Repairs_ _

* 2. Minor Repairs X * 4. Urgent Repairs .

Comments: Grout has cracked away on upstream end chute.

kL

' WAT:,R LEVEL AT TILEf OF INSPECTION: 6 Ft. Above . Below x

Top Dam X F.L. Principal Spillway

Other •

Normal Freeboard 5 Ft. when reservor is full

SUrIRY OF DEFICI&DCIES NOTED:

Growth (Trees and Brush) on Embankment Tone

Animal Burrows and Washouts Several wood chuck holes which had been filled by
1,aintenance Personnel noted.

* Damage to Slopes or Top of Dam 'Tone noted •

Cracked or Damaged Masonry Some open joints in Ercuted stone emer7ency spillway.

Evidence of Seepage None seen

Evidence of Piping None seen • S

Leaks None seen

Erosion 1ione

Trash and/or Debris Impeding Flow None .

Clogged or Blocked Spillway

Other

B- 20 NASH HILL RESERVOIR
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' DA:'i NO. 2-7-161-11

* ~ - OVERALL CONDITION:

1. Safe X

2. Minor repairs needed

3. Conditionally safe - major repairs needed

4. Unsafe

5. Reservoir impoundment no longer exists (explain)

Recommend removal from inspection list

I R0- RE S AND RECOIENDATIONS: (Fully Explain)

This is a distributing reservoir of the :-.D.C. built at the saLe time as the Chicopee
Aqueduct and serves South Hadley and Chicopee. It is a open reservoir fory:ed by
earth eibanient located on ]"ash ll.

" The entire installation is well maintained. The Laintenance ForeL.an responsible for
, the reservoir acconpanied us on the inspection and we were able to enter the gatehouse

and view the valve-operating mechanism which is Laintained in excellent condition.
Because of possible vandalism the gatehouse is equipped with secure shutters and illu-
ii.inated at night by flood lights.

The embanic.ents are ,enerally in good condition with well established turf, well mowed,
over .ost of the top and downstreai> slopes. Cn the southeasterly slope in many areas
the trass nas aL.-ost disappeared and so-.e extra care is probably needed to reestblish
the turf here. 4uite a few woodchuck holes were noted but all had been filled with
tamped earth by the rmaintenance force. The riprap surface of the upstream slopes is in

* excellent condition.

The Crouted stone paving of the eLergency overflow spillway has several open joints on
the upstreaL end where frost action or earth novei..ent has cracked the grouted stone

. .paving. This should be repaired before it proLresses further.

. RCO/is/rt
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DESCRIPTIOI OF DAM .

DISTRICT 2 "

Submitted by R. C. Salls, P.E. Dan No. 2-7-161-11

Date April 1. 1974 U/Town Ludlow

Name of Dam Nash Hill Reservoir

I. l~11ss. Rect. "•
Location: Topo Sheet No. 15A Coordinates N 437,000 E 331,800

Provide 8i" x 11" in clear copy of topo map with location of

Dam clearly indicated.

On Nash Hill south of Nash Street about 2500 feet easterly frorn West Street

or 1500 feet westerly from Fuller Street.

2.
Year built 1950+  Year/s of subsequent repairs UNK.

3. Purpose of Dam: Water Supply X Recreational

Flood Control Irrigation Other _

Distribution Reservoi 6

'4.
Drainage Area: N/A sq. mi. acres.

Type: City, Bus. & Ind. Dense Res. Suburban Rural,Farm

Wood & Scrub Land Slope: Steep Med. Slight -

All inflow through aqueduct from Quabbin

Normal Ponding Area: __Acres; Ave. Depth 20'

Impoundment: 26. ialllion gals.; 80 acre ft.

Silted in: Yes No X Approx. Amount Storage Area _-_-_.__.__

6.
No. and type of dwellings located adjacent to pond or reservoir __-"__

i.e. summer homes etc. No houses

7.
Dimensions of Dam: Length 1400 '-+  Max. Height 25.5

Freeboard 5.5 From flow link to top "
Slopes: Upstream Face 2 1/6 to 1

Downstream Face 2:to 1

Width across top 12' wide top sloping 1' in 12' Toward
' Sum of lengths of four side of Reservoir. downstream slooe,

B-22 NASH HILL RESERVOIR
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-. .- . - . .- -

-2-
Dan No. 2-7-161-11

Classification of Dam by Material: '4

Earth X Conc. Masonry Stone liasonry _O

Timber Rockfill _Other

*- 81k.
Dam Type: Gravity X Straight Curved, iArched Other Ebaii!k- -.

- . Overflow Non-overflow X me
Encloses 2,eservoir

9.
A. Description of present land usage downstream of dam:

100 , rural; j urban

B. Is there a storage area or flood plain downstream of dam which
could accommodate the impoundment in the event of a complete
dam failure? Yes X No __,._-

C. Character Downstream Valley: Narrow Wide X Developed .____

Rural X Urban _ _

10.

gRisk to life and property in event of complete failure.

No. of peodle 12±

No. of homes 12+

No. of businesses None

No. of industries None

No. of utilities 6 Type Jet Lines oil pipe line lus water.

Las, electric & telepnone distributicn --

Railroads None line ""

.. Other dams None

Other This is a holding reservoir on a hill top.

Attach Sketch of dan to this form shoving section and plan on 8" x 11" sheet.

RCS/vk/rt
.. Attachments

Locus Plan
Sketches2N H R R

• • B- 23 NASH HILL RESERVOIR _



APPENDIX C

PHOTOGRAPHS

Note: Location and direction of' photographs shown on Figure B-1.
in Appendix B.

IikI

NASH HILL RESERVOIR



1,wo.%'7.,- -,
7: .. u ,, 77 7

- Lo,

NO. 1 ACESO A AND DOWNSTREAM SLOPE OF BNMN
EMAETON NORTHAS SIDE OF RESERVOIR

U

1.-

'a-.

3 1 .NO. 

2 
TOPS A AND 
DOW 

NSTREAM 

SLOPE 
OF 

EM 
A KM 

N

""- 
i.'" 

EM 
ANK 

ENTON 

SOUT 
EAS 

SIDE 
OF 

RESERVOIR 

"

NASH HILL RESERVOIR

1 7

t
•

. . ..- 

- - - - *

• 

>t* 

.- 
.

-

--

',-



"Li

NO. 3 TYPICAL ANIMAL BURROW ON DOWNSTREAM
SLOPE OF EMBANKMENT

NO. 4 TOP OF EMBANKMENT AND CREST OF EMERGENCY
SPILLWAY ON SOUTHI SIDE OF RESERVOIR -

C-2
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NO. 5 REPAIRED AND CRACKED MORTAR ON CREST OF
EMERGENCY SPILL WAY

NO. 6 DISCHARGE CHANNEL BELOW EMERGENCY
SPILL WAY

C- 3
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APPENDIX D

HYDROLOGIC AND HYDRAULIC
COMPUATIONS

Page

Hydrologic and Hydraulic Computations D-1

. - .

I.

N H R R

. ... . . . . .



.1 -, . -. 7

Project M21, lki'v L,C#O) 69AonR a.lhrAtN Page / of 1AL
Subject 1 4 6M~peen- Couwm4y. Adas Comptd. By LL* a Date /6

Detail AI4 H11.L- /ir~e Ck'd By6 7V~J Date 44Z3

.SI Somi d- t~~ I RC 3acpeivcl C&rs

Use Tesi lo -~/ PAf F

TAie 1e.s4 ((o od 6& (I4e 0 4-o 44 lie

-~~ ~ ~ 'eservotv, L'ceti- Ate. ooi'&- o2d~

IisCVvf veVs of -~v

--OfeJs( (ooe , 1s'

Used p o4 C(N,) Ivi+tot re's. teve SO4 b& clAcjt

a Rep o%+v1it -o ev ~ w S al uJ 9

0 o tie+IPo,-, t"/ov~4 4 -
* 1ta e

((c.hocIN

1 Pse.,aseva. +es af4 cvve o e e"-e e LAc

ae tetoc r F~vs ic~4 i ~amA54 i AK

74. (a.L~~ ,3

oV ve(o~£7' D-1~ y
3 Lq~ ~A.II1



Project M,.,'yp (Ao, 1 d lnX Acct. No. 6 Page of V
Subject 14r,2e (ieio l, AIQ Lf Comptdl By IL 1 I Date ______L _

Detail 'A] 1 5s L i~ . i-414 Ckd cl B Date

-Ncts4l 1 wb' s1pp1/4 Coms~ill, oCS -or Z&00

Use C: 14 0 to I~ot~~ (-se, -

V2c =7. o V3 V3 r W~rurV*

* L40V

I- ,U 140(0OS934-11) (1 Ir1) 4,00V 4

G4V3V
zr Q3I.iR

if~~ r H O~~ 3.c

s" 4Lx T .S64v-v0

Z -.

>w NTAe 14ia fkee4 5pIv -t.42.-LAcD Irere't b- Q z hid'

U Cke- T~e4 Flic

7114a uv%-I f(Ot.w C, fIIe.4joed- s

As cr 14-, 6a .to

D- 2



Project AWk A V(ew A&4w Fe'd C62 Ick. Acc No.~ Page 3 Of 14A
Sujct C 44aC)4 A A UII -A u Cornptd By L" 5Date

Deal A'5/l 4 /41L L Ck d. By~aLa4 Date1QZL .

~~ Peak~ Houv Raii.i4a(

*i-ke o fvo^ US R Des, v( swL Dd..; YeceiJ.d , F, 18 .

AffLD~I 4  rae dI ,edj 0" Pa.M.r4 #04( ruoJ

13 %s' 0.S'9?3

7l u

0U

44

5-7 Jo

Z ,U_ _ _ a

Z1

44

U 1

,q~ o.1

0 0

2.13"m (Vod PII f0 C t... 4DV- 5 c;sLrej 41tc,i
74,(v /.03 ~A

424 4~4 5. s.2.K (.10' 5.3
Q( rm?~ 33.3

Max I"1o&..d ffgt Co*ireI r 74.4 c4r.

D- 3



Project j~AIAkejtje-- O( AJOtK E&ect 04'T Acct No. g2a8 Page O l--
FSubject HaWpRE 44- CAdJ~ Comptd By Dt

Detail /\/SH R-ILL' RE-s, Ck d By Date -L12

OKa(; rze-iA Areoa-

7*-'6+v Rmt. Are a- le,4-45.d(MC/O V)

A. 18124,. 5 4r + I [+1 7(7 7)0

~0
IL

.0
mo A/ Jov-l .

Pei iE- Ake4 ?tovaj-e
* 4-7 ,, C,

hi 420.5- 4.49
421.0 6.17 13. ~ ZOc

II. Res. 6-1. Ale i 4v4Je T-'F:Q ( , ,aO,

*~2, ZI Z.5 ~7,S V 6.0 -

4Z.O ~ 3 7ZZ 7,, 457(c

492.2 0z 37743

44.8 40.
42~.O4.~.4o,4

D- 4



Project A/a . R~evew 0(/ t) SCi Acct No.L. Page 0
Subject NeHrPdk'ga Creu r4 M a Comptd By Date 3___46_
Detail \ H ' Ck d. By Date

Ue So/

A-/re& a < be--w . Ree-vot'&-

00

6 43 Z44CIY 6-4e

100

W

-J-

A v,-~ , 3 39, 3 5(AM6'VO)

Hot..eve&- 314 fr'/e(-/ovi#e4 1,,,,VeO--4 .3?,
So c41 s4 'va e be(ow~ -tti&F Ieve( ' de, a f4co-o'e,

* D- 5

* -- . . ft ..-. ,.. -... ,,.-.. .- t - ~-. -f.. t - t f -Z



Project Ala R.'e iwo o d l~ Acct No.6 Page of 144
Subject 

. . . . .. . . . . .a s s . C om ptd By D ate /0 o , 4

Detail IAAH: qL- fs Ck d By Date J24~O/0 l/,°/, VoI-'.eCc t

'., 3ov-3<Vje m - CoM4."

let, 4d 3s
0 Ae4,,(eC/ 43,1 Sr. __

>0 /1o~tb~&i ,4 erOe,- tlopes
"'0

zArea e/,,409,?i 7,7f 3 ~ ~,t ce
0
z

re0-a e/, 4.3 - - -

A re ef. 4z4.3-
a

-A4 122 1- C 4. Tr r)

Z

oe A- o z a, D K, AE Vol -

- #J

to' 41,f,

41~3 75. 7S

.4- Vo(,,,v,,, below E. 3 ', "

13o -o.,. sl op .ese-. e(., 3 - ow e 3? 7,7-g 4  2 'O Ca, .

V 4 CO 59) (4-43&R~] r (5o 13G.41 2.

D-6

- - 7. " I -



-~~~~~~- --- - - -'.- .-- - -- - -.x -- -- -- - -

Project Awb.9i f ~ LjO(kP Jfivik d.LinM.I ACtNo 2&9.28 - page -7 0j14 L
Subject P-armpderl %Cl+ )MaIss, Comptd. By LE:Date O2 oleo
Detail (AHLL.S Ckd Byt .Ud- Date J/4&.. 7

K ® iS'4vag'e Voume - Cci,4.

0

_ _.0 _ .

V
L SL

Ok a

I-Z

knL

N IN

D- 7



Project vV~ 1~~v~~, le(A firP-l /d.D Acct. No-~q2 Page of14

Subject -hrm MAy1 XAa& Comptd By Date /0 IO p0

Detail _I6AH PI1LL R~s_ Ck'd ByIQ:~ Date

Dop 4eQcilec S5kcxge VO u v" e

IAveas qdgoe ef. 4Vq. 3,r

C419.6 A /19812 f 1- */O($~ 7 (r .$J:2yor) 4-6 31&C

- ~;III/ r 7 ) + 7r(r7) z 13, ;,~4i . I ot Ic.

E,2 3,34 A: jiV 4/Iol((o3) * r(,3)'z Z2S,sfro $l88

.0

CL(4237r A :1121 +1~~JL

S-- Vofvwe 4,vef e, 41?,3

IC/ev.' AreL_ Dep4 A L1Io(. f 6O(
a C1*. -7 5 7qc(

z 41S,6o 4, V463770

0 2x 4,9itot 001

IL ~ ~ ~ ~ ~ x '4.s S02- '4

42 4,s S3o0)3,63 '

D-8 5



Prjc I-#W Acct. No. Page ... I . ol

~ ~~pJ r~4)M~ Comptd By _ ____Date Wl 7

Subect -H A O 1 1 14 1 I
Detail

-0.

w

0L
IL

-J

-U7

ifD-t



Project jqN, e Uisa. d(C AVab K d DA 611 Acct. No. ~ Page fo ifmd d C A, A. 
nm 0 D,-49 7

F Subject a -Ce'J&u.J Mn Comptd By L.. 0 Date t-L8

Detail W aHL R -s Ck'd By a*4~aJ.- Date 102 &
9 " 13Ot's. ae-se. Reto fiosi::::'.....

I- Cvery low 3pif/woy (Id.,ha:e

L~ /~Coes4 e/. 419.(. (A/&VO'

,33= 5 -(,,S 4, , Y3

0

38, T 40 0o So t00 /ZO
H, 0,48 0,79 0 7( t,W 1..1 1.41 l,3-1

" lu, v~l 4"1o,0 42o,3' 44 03G, *2.,0,o 420,| 421.0.? 4l2i,tq

0

(j. L= 2.Soo*-wpe

*Icx ejI0" oeVW i 34o:'c1 Me-

1 . S 'lo o /50 (8o Ifo (9? fS4- /$ (9 ,"
hiI t1S, .10fZ14 95 56

1.4WhrFICO 2-6 -32e 3-78 406 416i 42.0 422 42 3 4ZA-.rQ'. 2. 32. 39 43 44 44 44. 4#,S 44,7

cre r4( l4Z4,2 \ 1" 30(0

WA+e r g(e, 4Z4,3 4.,4 42.4- 424,4 424,7 424.8"-: ~~~~H 3 O ,L o , o." o :::H3  c 0. ~,. 6 a"L "

10 s 21

4- Cver4 Fo .6 &
L,,,c4 4eu, 10o'O 4t4.,r ; i3o' 4 Z 4 20lo'* l44.1 Off r

:Y Ito e f..4.8
.o..tv fla , 414.4 47.4.? 4Z4, 8 4 , 5-.

6, 23 .2-(~0 s -- o f,4 .:::

-~Q (1...---I7..o.,

D-10



-. ,, 4 H 't ' UNs c, N ~ .. . 9. -. .' at D Z*l :-t.... Fed, 04 h Acct NoP of .-.
ljC l P: I f+i-Tf~ r .. Comptd By L Date

.:-,".oe. i S-or t Fc ,'; vs Res Eev..

0

ij'

U

*0 • . 0
w z0A-

hi

It

w

406

Ua

1 o i
7S1 l"'i'I

'~e co.-r ,.,L,4L9o16 0

,9.]

" 4(L0 11 , 'oO .:'::
- -o-

D- 11

. -. , . . - . . . . . . . . . . . . . . . . ."..%

.aJ( A 'at..<C .- 1-AAA .,' *. * *



Project i Jo*, (j:e vite. 0 Alo4 N PP' 4'Acct. No .... 2...... Page / f1

FSubject RCA,,.iOr CexrLAMdI Comptd. By Date IT )14
Detail C/A(. ByLL i~s Date 14B?0

1 8- A'es, Cosd. *'C 4-Malcx, !D',sk rve ~

QZ4. 8

-. 106 CoCd

424.7

U

:0

*0

424.6
-o05

T- ije

0-

U

I--

024.1

0 /0 0 30 40 $10 (00 70
, Ca ve .Cf.

D- 12



Project Ala - 0I 10 NISL 4~PCIDDJ Acct. No. Page o
Subject k2M$~2SO- ji 4( lhe7L, A~ Comptd. By LIN Date 0 OIl

Detail AI'-CH k4 amL Rs. Ck'd By Date Q. 4tL

6-A1 --eCOid C* W4-ax, Dilck Geve -

0

r, U

0
2 Z J

we 
A

z

4Z4.4

do 424.0

It-

cje

D- 12



Project No pope ) F-- &M W o Page0

Subject pe, &IQ Coy 6 4 CO!&, i 4 t z Comptd. By L~S Date /0ZI~
DetaA UM L4L. RmlS Ck'd By Date L L=C~

Do4y~ / VaL -50 UA 0 sI or/'es, ''C/ It~e

D&M*L~ P itdju'2Zv - 4g%,oo t 7-

0Y00

Aw Rai -,e -,,, 15 - t

2iDvrae .LhUebS Rejek~ cot~c.L = 'c1.
woos

oz To- 6r, c

3000 7#
1M,3 9400 _ __ __ _

z . - -

O 3b

Fasoo rt&FoL1600o$MOOD

Asrqq~u'i detcli: 4o ef
w iafI-,,-4 Oa v hro - te brmel et i, 7Z f'SL:wO& w taf fvo

* ~~ UeA e4*v~ C.i

£ -.-- jD -3



Project No f, Rovew gofA~av, Dd*A ACCt. 14. Cc092 Pagel of(
Subject NOM1del,"' *(:OU A rJ Comptd. By L F& Date /011q 8

Detail IVA S 941~ L L RES Ckd. By Date L2ZLs.

iC V o Mpri4* Side (be yOle accel, nooa

5Nlr Flow
SeAd6*U.~- (

- - -- - -I -Ivi

lo,-~__ &Ae- ~ ~ t

4v [3e&kv'

hOf

o %5p',~,~ ft-o c'
F Ra Iv F(o&: 700

3-fora-e VO/U.'e Re !tettzs -eel~ -

7v 3EIe ReAemtd 83.5 *

o 5;8 3o1

-- ITS -

0.8) ,AZ9 7033~4~

Flow~~... .. ,.0,-ee crs

U V' rA;t/O Y1

Slt App rp,eevo Il0 ee
de ofLIT 1S772 *I'fY

7 '710 l.~DIZ14



APPENDIX E

INFORMATION AS CONJTAINED IN THE
*NATIONAL INVENTORY OF DAMS
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