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Honorable Edward J. King Distrib ionj
Governor of the Commonwealth of Availability Cod."
MassachusettsCoe

State House anda .a...o
Boston, Massachusetts S]Pecla . e i"

Dear Governor King:

Inclosed is a copy of the Westfield Reservoir Dam (MA-00734) Phase I
Inspection Report, prepared under the National Program for Inspection

of Non-Federal Dams. The report is based upon a visual inspection, a
review of past performance, and a preliminary hydrological analysis.

The preliminary hydrologic analysis has indicated that the spillway
capacity for the Westfield Reservoir Dam would likely be exceeded by
floods greater than 21 percent of the Probable Maximum Flood (PMF). P
Our screening criteria specifies that a dam classified as high hazard
with a spillway capacity insufficient to discharge fifty percent of

the PMF be judged as having a seriously inadequate spillway. As a
result this dam is assessed as unsafe, non-emergency until more
detailed studies prove otherwise or corrective measures are completed. P
The term "unsafe" applied to a dam because of an inadequate spillway
does not indicate the same degree of emergency as it would if
applied because of structural deficiency. It does indicate, however,
that a severe storm may cause overtopping and possible failure of the
dam, with significant damage and potential loss of life downstream. I
We recommend that within twelve months from the date of this report
the owner of the dam engage the services of a qualified registered
engineer to determine further the potential of overtopping the dam and
the need for and the means to increase project discharge capacity.
Based on this determination, appropriate remedial mitigating measures
should be designed and completed within 24 months of this date of P
notification. In the interim a detailed emergency operation plan and
warning system should be promptly developed and round-the-clock
surveillance should be provided during periods of heavy precipitation
or high project discharge.
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NEDED
Honorable Edward J. Kirg

I approve the report and support the findings and recommendations

described in Section 7, with qualifications as noted above. I request
that you keep me informed of the actions taken to implement these
recommendations since this follow-up is an important part of the
program.

Copies of this report have been forwardeO to the Department of Environ-

mental Quality Engineering and to the owner, City of Westfield,
Westfield, 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,

CE. 4EDG,.II
Colonel, Corps of Engineers
Commander and Division Engineer
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NATIONAL DAM INSPECTION PROGRAM

PHASE I INSPECTION REPORT

BRIEF ASSESSMENT

IDENTIFICATION NO: MA 00734

NAME OF DAM: Westfield Reservoir Dam

TOWN: Montgomery

COUNTY AND STATE: Hampden, Massachusetts

STREAM: Moose Meadow Brook

DATE OF INSPECTION: November 13, 1980

Westfield Reservoir Dam is an earthen embankment
structure about 350 feet long and 40 feet high. It has an
uncontrolled overflow spillway located on the left (east)
abutment and a 24-inch diameter cast-iron pipe outlet conduit
which passes beneath the dam and which is valve controlled at
the outlet end. The dam was constructed in 1874 and has
operated as part of the Westfield, Mass. municipal water
supply system since that time.

Based on the visual inspection, the dam is Judged to be
in fair condition. The following deficiencies were observed S
at the dam: minor but widespread slumping on the downstream
slope; an animal burrow on the downstream slope; large trees --

near both abutments; a soft, wet area along the right bank of
the downstream channel; a small sinkhole on the right side of
the spillway discharge channel; lack of vegetation on the
crest of the dam; inoperable valves on the downstream end of •
the outlet conduit; and no valve or other means of regulating
or shutting off flow at the intake end of the outlet conduit.

Based on the Recommended Guidelines for Safety Inspection
of Dams, prepared by the Corps of Engineers, the dam is %

classified as "intermediate" in size, with a "high" hazard
potential. A test flood equal to the Probable Maximum Flood
(PMF) was used for the analyses performed for this report. - -

With the stoplog in place, the spillway capacity of Westfield
Reservoir Dam is 707 cfs, which is about 15 percent of the
routed test flood outflow of 4670 cfs. With the stoplog
removed, the spillway capacity is about 994 cfs, which is
about 21 percent of the routed test flood outflow. The test
flood would cause the dam to be overtopped by about 3.5 feet.,

S. ..•... -
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It is recommended that the Owner engage a professional
engineer experienced in the design of dams to perform more 9
detailed hydrologic and hydraulic analyses to determine
spillway adequacy, investigate the cause of the slumping on
the downstream slope, specify procedures for filling the
animal burrow on the downstream slope, investigate the cause
of the soft, wet area on the right bank of the downstream
channel, investigate the cause of the sinkhole in the earth
berm on the right side of the spillway channel, design erosion
protection for the unprotected portion of the upstream slope,
investigate the cause of inoperability of the valves at the .
downstream end of the outlet conduit, design a means of
shutting off flow at the upstream end of the outlet conduit,
and oversee removal of trees growing at the ends of the dam. 0
In addition, the Owner should make necessary repairs for the
deficiencies listed above and should also implement the
-,emedial measures described in Paragraph 7.3.

The measures outlined above, and discussed in detail in
Section 7, should be implemented within one year after receipt
of this Phase I Inspection Report.

GANNETT FLEMING CORDDRY
AND CARPENTER, INC.

HoRtnR alcPE msKn g'",""

sitntV ice ,siedent '-

rbject Manager .
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This Phase I Inspection Report on Westfield Reservoir Dam
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.

CARNEY M. TERZIAN, MEMBER
Design Branch
Engineering Division

Wat ontrol Branch P
Engin ering Division

ARAMAST HAHTESIAN, CHAIRMAN
Geotechnical Engineering Branch
Engineering Division

p

APPROVAL. RECOMMENDED:

JOE B. FRYAR
Chief, Engineering Division - -

M
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PREFACE

This report is prepared under guidance contaihed in
Recommended 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 investigations, testing, and
detailed computational evaluations are beyond the scope of a
Phase I investigation; however, the investigation is intended
to identify any need for such 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 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 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 S

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 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, S
considering the size of the dam, its general condition 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.

I S
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category. In accordance with Corps of Engineers' guidelines,
a spillway design flood equal to the Probable Maximum Flood
(PMF) should be used to evaluate the spillway. In the
following analysis, the PMF was used as the test flood.
Conditions for the one-half PMF were also checked. The test
flood (?MF) inflow of 5,560 cfs is based on a watershed area
of 2.45 square miles in terrain varying in character from
mountainous to rolling. The test flood was routed through
Westfield Reservoir. The rating curves used for the dam were
combined curves that accounted for the effects of the stoplog
and the bridge at the spillway and for the effects of the
varying top elevations of the embankment. The routed test
flood outflow was determined in aroordance with Corps of
Engineer Guidance for Estimating Effect of Surcharge Storage
on Maximum Probable Discharges. The routing was started with
the pool level at the spillway crest level. With the stoplog
in place, the routed test flood outflow was determined to be
4,670 cfs. The maximum capacity of the spillway, with the
stoplog in place is about 707 cfs with the pool level at the
top of the dam. The maximum spillway capacity is about
15 percent of the routed test flood outflow. The test flood S
would cause the dam to be overtopped by ahout 3.6 feet. Th'
depth of overtopping was also chec:-'i for th or-ha_' it
was determined to be about, 2.3 feet of overrQ>.. If tie
stoplog were removed, the routed es 1 " --- w be
4,690 cfs. The maximum capacity of t"s- !- t•.e
stoplog removed is about 994 cfs wi'tht-
top of the dam. That spillway caoac7 rctent of
the routed test flood outflow. ,4I h t- , the
depth of overtopping during the te 'st .
During the one-half PMF, the deoth of ove. b ,

2.2 feet.

5.5 Dam Failure Analysis. The z) a ct o i"i - e da
was assessed using the "Rule of TrumK" 3 ,e .' 1:ti n
Downstream Dam Failure Hydrographs preparel by the Coros of
Engineers. The breach discharge was estimate, w t r - water
surface at the top of the dam and a breach w,,th eaual to
40 percent of the mid-height length of the darn. The maximum
breach discharge was determined to be 42,447 cfs.

The stream levels at downstream sections resulting
from darm failure were determined by routing the breach
discharge. Six stream sections were used in the analysis. At
the location of the primary damage center, which is along
Moose Meadow Brook about 3.6 miles downstream from the dam,
the flood stage resulting from dam failure would be about
10.5 feet. The stage just prior to failure, with the spillway
discharging its maximum capacity of 707 cfs, would be about
3.5 feet. Since the first floor level of one dwelling is
about 5 feet above the streambed, and the first floor levcls
of uhree other dwelling are about 10 feet above the streambed,
and since the results reflect only one possible failure mode,

13
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SECTION 5

EVALUATION OF HYDRAULIC/HYDROLOGIC FEATjRE2

5.1 General. Westfield Reservoir Dam has a drainage area of
2.45 square miles. The watershed terrain varies in character
from rolling to mountainous. It is mostly wooded and is
relatively undeveloped. There are no other impoundments
upstream from Westfield Reservoir Dam.

The dam is an earthen embankment 40 feet high and
about 350 feet long. The lowest point on the top of the dam
is at Elevation 923.1. A 60-foot long section of the
embankment is at that level. The remaining 290 feet of the
embankment varies in elevation somewhat, but has an average
top elevation of 924.8. The combined rating curve developed
for the spillway and embankment to assess overtopping
accounted for the variations in top elevation on the
embankment.

The spillway is located at the left abutment. It 0
consists of a short, nearly horizontal rectangular channel
followed by a long, steep, trapezoidal outlet channel. Both
channel segments are lined. Spillway control is at a 1.3-foot
high wooden stoplog that extends across the 19.8 foot wide
rectangular section. The analysis considered the effects of
removing the stoplog. A concrete bridge crosses the spillway S
channel. The bridge was constructed on a 10 percent slope, so
the bottom of the lowest beam is 3 feet above the top of the
stoplog on one end and 5 feet above the top of the stoplog on
the other end. The top of the bridge deck varies similarly,
with one end at Elevation 924.8 and the other end at
Elevation 926.7. The bridge would have an affect on spillway S
discharge when pool levels approach the level of the top of
the dam. The rating curve developed for the spillway takes
the effects of the bridge into account. The hydrologic and
hydraulic computations performed for this report are included
in Appendix D.

The outlet works was not functional at the time of
the inspection. The valves at the downstream end were open
slightly, but damage to one of them prevents opening them
further. Accordingly, no consideration of outlet works
discharge was included in the analysis.

5.2 Design Data. There are no hydrologic or hydraulic design
data available for the dam.

5.3 Experience Data. There are no records of the maximum1
discharge at the site.

5.4 Test Flood Analysis. Westfield Reservoir Dam is in the
"intermediate" size category and in the "high" hazard

12



SECTION 4

OPERATIONAL AND MAINTENANCE PROCEDURES

4.1 Operational Procedures.

a. General. A damtender, in the employ of the
Westfield Water Department, resides at the dam and makes daily
observations of the facility. Because the reservoir is not in
use by the City, it is not "operated". Aside from routine
maintenance of the grounds, no special procedures are
followed. There are no formally established procedures.

b. Description of any Warning System in Effect. No

formal warning system is in effect.

4.2 Maintenance Procedures.

a. General. The embankment's downstream slope and the
surrounding grounds are mowed in the summer months, and debris
is removed from the reservoir as it accumulates. Fill
material was added to the top of dam several years ago,
apparently to correct settlement and vertical misalignment.
Widespread minor slumping on the downstream slope, an animal
burrow, a small sinkhole near the spillway and trees near both
abutments have not been addressed in the maintenance program. 5

b. Operating Facilities. The only operating facility
on the dam is the 24-inch outlet conduit. As discussed above,
gate valves on the conduit are in poor condition. The
downstream valve is broken and inoperable. Both valves appear
to have been neglected for some time and are in need of D
attention.

4.3 Evaluation. Maintenance of the dam has been largely
superficial and inadequate. Several items noted above need
investigation and attention. There is no regular program of
technical inspection and no written warning system.
Considering the dam's size and hazard category, this is
unsatisfactory. Such programs should be implemented by the
Owner as recommended in Section 7.3.

11 ...-
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A sinkhole in the earth berm on the right side of
the spillway discharge channel might be an indication of
subsurface erosion which could endanger the spillway channel.
If the berm were to fail during a period of spillway flow, the
release of water from the spillway channel could lead to
erosion of the downstream toe of the dam.

The lack of vegetation on the crest of the dam makes
the crest highly susceptible to erosion in the event that the
dram were to be overtopped.

The inoperable condition of the valves on the down-
stream end of the outlet conduit makes release from the
reservoir impossible. If an emergency situation were to
develop, the pool level could not be drawn down. In addition, 5
there is no valve or other means of shutting off flow at the
intake end of the conduit. if the conduit were to develop a
leak, there would be no means to stop it and piping failure of
the da-m could ensue.

100
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d. Reservoir Area. The area immediately adjacent to
Westfield Reservoir has moderate slopes and is heavily wooded.
There are no impoundments located within the watershed 0
upstream from Westfield Reservoir Dam. No evidence of
significant sedimentation in the reservoir was observed.

e. Downstream Channel. The bottom of the downstream
channel consists of sand, gravel, and boulders. The channel
appears to be well-maintained, and trees and brush have been 0
cleared from both banks of the channel for a distance of about
150 feet downstream from the gatehouse. The channel
downstream from Westfield Reservoir is narrow, steep and
wooded for the first 2.7 miles. Tekoa Dam, a 32-foot high
stone masonry gravity dam, is located in this reach. Moose
Meadow Brook goes through a large bridge opening beneath the S
Massachusetts Turnpike at a distance of 2.7 miles from the
dam. The valley then becomes much wider and both channel
slopes and valley slopes are flatter. The land changes from
predominantly woodland to farmland. These conditions persist
until Moose Meadow Brook joins the Westfield River at a point
about 4.5 miles downstream from Westfield Reservoir Dam.

There are four low-lying dwellings and several farm
buildings along Moose Meadow Brook about 3.6 miles downstream
from the dam. At the same area, Moose Meadow Brook goes under
Pochassic Road. Just upstream from the confluence with - -

Westfield River, there is a railroad embankment with two sets
of tracks. The downstream area is shown on Exhibit D-1 in
Appendix D.

3.2 Evaluation. Minor but widespread slumping on the
downstream slope of the embankment indicates that the
stability of the slope may be marginal. Continued slumping
might lead to serious seepage and piping problems, and a large
slump could breach the crest of the dam.

A large animal burrow on the downstream slope of the
embankment could become a focus for seepage and piping, which
might in turn lead to breaching of the dam.

Large pine trees growing at both the right and left
abutments could cause seepage and erosion problems during
periods of high reservoir level if one or more of the trees
should fall over and pull out their roots.

A slightly soft, wet area on the right bank of the S
downstream channel may be due to seepage from the reservoir
through the foundation and abutment of the dam, or it may be
the result of a natural groundwater discharge from the side
of the valley. If it is the result of seepage from the
reservoir, it could develop into a more extensive seepage and
lead to a piping failure of the dam. S

9
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c. Appurtenant Structures. Excess inflow is discharged
through the rectangular spillway channel (Photo No. 7). The
control section is concrete and is 19.8 feet wide. A 1.3-foot
high wooden stoplog is in place atop the spillway crest. The
stoplog is held in place by concrete piers located in the s*.
center and on either side of the spillway. Concrete gravity
walls form the spillway sidewalls and also serve as supporting
abutments for a concrete access bridge, which spans the
spillway and provides for vehicular access to the left
abutment area. The spillway approach channel is exposed soil,
and is open and unobstructed. The discharge channel is
concrete and stone masonry lined (Photo No. 8). It traverses
the downstream left abutment at an average grade of about 10'
and enters the stream about 200 feet downstream from the toe
of the dam. Other than some minor spalling of concrete in the 0
stoplog piers, the spillway appears to be in good condition.
There is a small sinkhole in the earth berm which borders the
right side of the channel. The sinkhole may be the result of
downward erosion of soil fill at the surface of the berm into
a coarse, dumped rockfill underlying the area. The spillway
channel itself shows no sign of distress.

A high-level outlet pipe passes through the
embankment near the left abutment. This outlet consists of a
6-inch diameter pipe that has an uncontrolled intake with a
bar-screen and that outlets on the left abutment through a
small, stone masonry headwall. The pipe's intake is about ,
5 feet lower than the spillway crest, so it flows whenever the
pool level exceeds approximate Elevation 912. The specific
purpose of this high-level outlet is unknown. Its purpose
might have been to maintain the pool level at an elevation
lower than spillway crest level. However, the size of the
pipe is such that it would serve that purpose only during O
periods of low streamflow conditions. Throughout much of the
year, it is unlikely that the pipe significantly affects pool
levels.

The principal outlet is a 24-inch cast-iron pipe conduit
which passes beneath the dam. Its intake end was submerged S
and could not be inspected. The conduit's outlet is at a
concrete and brick masonry gatehouse structure at the
downstream toe of the dam (Photo No. 5). The gatehouse is in
good condition. Two gate valves, in-line at the outlet end of
the conduit, control release. Both valves appear to be in
poor condition resulting from lack of adequate maintenance.
The upstream valve was open at the time of inspection and is
reportedly operable. The downstream valve was partially open
("8 turns from closed" according to Water Department
personnel) and was reported to be broken and locked in that
position. Both valves were heavily encrusted with rust and
scale. There is no valve or other means of shutting off flow
at the intake end of the 24-inch conduit.

8. . -. • "
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SECTION 3

VISUAL INSPECTION

3.1 Findings.

a. General. The Phase I inspection of the dam was
performed on November 13, 1980. A copy of the inspection
checklist is included in Appendix A. Photographs taken during
the inspection are included in Appendix C. A summary of the
results of this visual inspection is shown on Exhibit B-2 in
Appendix B.

b. Dam. The crest of the dam is 14 feet wide and 6
consists of sand and gravel. Little or no vegetation is
growing on the crest (Photo No. 2). Most of the top of the
dam is at approximately Elevation 924.8, but there is a reach
about 60 feet long near the right abutment which is at
approximately Elevation 923.1.

The upstream slope of the dam is covered with riprap
(18-inch maximum size) from an elevation about 3 feet below
the crest of the dam to an unknown elevation below the
reservoir level (Photo No. 1). The riprap is in good
condition. Between the top of the riprap and the crest of the
dam, the upstream slope is covered with grass and coarse
weeds.

The downstream slope of the dam consists of soil and
is covered with grass which has been mowed. The downstream
slope is quite irregular and appears to have experienced minor
but widespread slumping (Photo Nos. 3 and 4). One large
animal burrow was observed on the downstream slope. There is
an area of minor erosion on the left side of the valley close -

to its contact with the downstream slope (Photo No. 6). There -

is a rock toe at the bottom of the downstream slope (Photo
No. 5).

Both the right and left abutments appear to be soil
and are in good condition. Two large pine trees are growing
on the downstream side of the crest near the right abutment
and several large pine trees are growing close to the end of
the embankment on the left abutment.

There is a slightly soft, wet area on the right bank
of the downstream channel close to the embankment. The wet
area was about 15 feet square. No standing or flowing water
was observed. It was not possible to determine whether this
area is the result of seepage from the reservoir or the result
of a natural discharge of groundwater from the side of the
valley.

7
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SECTION 2

ENGINEERING DATA

2.1 Design Data. No engineering data, design drawings or
records are known to exist for Westfield Reservoir Darn.

U2.2 Construction Data. No construction records are known to
exist.

2.3 Operation Data. No operating records are available.

2.~4 Evaluation of Data.

a. Availability. There are no engineering data
available for this dam.

b. Adequacy. Not applicable.

c. Validity. Not applicable.

" S
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g. Dam.

(1) Type - earthfill 0
(2) Length - 350 feet
(3) Height - 40 feet.
(4) Top width - 14 feet
(5) Side slopes - !V on 2H
(6) Zoning - unknown.
(7) Impervious core - unknown.
(8) Cutoff - unknown.
(9) Grout curtain - unknown.

h. Diversion and Regulating Tunnel. Not applicable.

i. Spillway.

(1) Type - concrete-lined channel.
(2) Length of control section - 19.8 feet.
(3) Spillway crest elevation - 916.7
(4) Stoplog crest elevation - 918.0
(5) Gates - none.
(6) Upstream channel - reservoir.
(7) Downstream channel - steep concrete - lined

channel.

j. Regulating Outlets.

(1) Invert - Elev. 883.6
(2) Size - 24-inch diameter
(3) Description - cast-iron pipe
(4) Control mechanism - two in-line gate valves at

downstream toe of dam in masonry gatehouse. No
controls at intake end.

(5) Other - 6-inch diameter pipe through embankment
at left abutment at Elevation 912. No control
mechanisms.

5
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b. Discharge at the Dam. There are outlet facilities
at the dam, but they are not functional in their present
condition. Normal discharge flows over the ungated, 19.8-foot
long spillway (Photo No. 7) A 1.3-foot high stoplog is
normally In place atop the spillway crest. Flows have not
been recorded at this site and, therefore, the maximum flood
discharge is unknown. Calculations performed for this report
indicate that with the pool at the top of the dam, the
spillway can discharge 707 cfs with the stoplog in place and
994 cfs with the stoplog removed. During the test flood (PMF)
with the stoplog in place, the peak discharge would be
4,670 cfs with the pool level 3.6 feet above the top the dam.
If the stoplog were removed, the peak discharge would be 4,690
cfs with the pool level 3.5 feet above the top of the dam.

c. Elevation (feet above NGVD).

(1) Streambed at toe of dam - 883.6
(2) Bottom of cutoff - unknown.
(3) Maximum tailwater - 886.0
(4) Normal pool - 918.0
(5) Full flood control pool - not applicable.
(6) Spillway crest - 916.7
(7) Top of stoplog in spillway - 918.0
(8) Design surcharge (original design) - unknown.
(9) Top of dam (low point) - 923.1

(10) Top of dam (average) - 924.8
(11) Test flood surcharge - 926.7

d. Reservoir (length in feet).

(1) Normal pool - 1900
(2) Flood control pool - not applicable.
(3) Spillway crest pool - 1900
(4) Top of dam - 2000
(5) Test flood pool - 2000

e. Storage (acre-feet).

(1) Normal pool - 390
(2) Flood control pool - not applicable.
(3) Spillway crest pool -3)46

(4) Top of dam (low point) - 591
(5) Test flood pool - 753

f. Reservoir Surface (acres).

(1) Normal Pool -3)4

(2) Flood control pool - not applicable.
(3) Spillway crest - 33
(4) Test flood pool - 45
(5) Top of dam - 45

'4
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between 5 and 10 feet above the streambed. It is estimated3that dam failure could produce stream depths in excess of 10.5
feet at the potential damage center. Failure of Westfield
Reservoir Dam would probably cause failure of Tekoa Dam, " -

washing out of Pochassic Road, damage to farm buildings and at
least 4 dwellings, and possible loss of more than a few lives.
Accordingly, the dam has been placed in the "high" hazard

u category.

e. Ownership. The dam is owned by the City of Westfield,
Massachusetts. Permission to enter the property was granted
by the Director of the Westfield Water Department
(413-357-8811), and a Department representative accompanied
the inspection team.

f. Operator. The dam is operated by personnel employed
by the Westfield Water Department. A damtender resides on the
property.

g. Purpose of Dam. The dam was constructed to supply
water to the City of Westfield. It served the purpose for
many years but is no longer being used. Problems with the
quality of water produced by this facility reportedly led the
city to develop alternative sources. The dam now serves only
as a reserve supply.

h. Design and Construction History. The Westfield-.
Reservoir Dam was constructed in 1874. No historical data for
the dam were available. Personnel from the Westfield Water
Department reported that the dam was raised approximately
3 feet about 7 or 8 years ago. Earthfill material was placed
on top of the embankment. The fill apparently served to
correct alignment problems which had developed along the crest
of the dam. No riprap slope protection was placed on the
upstream slope of this fill material. There are no known
construction data available for the dam.

i. Normal Operational Procedures. There are no formal
operating procedures. Pool level is controlled by flow over
the stoplog, release through the partially open outlet
conduit, and release through the uncontrolled high-level
outlet.

1.3 Pertinent Data.

a. Drainage Area. The drainage area for Westfield
Reservoir Dam is 2.45 square miles. The terrain varies from
rolling to mountainous and is mostly wooded. There is a minor
amount of residential development within the watershed. There
are no other impoundments upstream from Westfield Reservoir
Dam.
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The embankment has upstream and downstream slopes of
approximately 1 vertical to 2 horizontal (Photo Nos. 1-4). S
The downstream slope is grass covered and the upstream slope
is riprapped from an unknown elevation below the normal pool
level to about 3 feet below the top of the dam. The top 3 -"

feet of the upstream slope is grass covered.

The spillway is located at the left abutment (Photo S
No. 2). It is a concrete-lined channel about 20 feet wide. A
short reach of nearly horizontal, rectangular approach channel
(Photo No. 1) is followed by a steep, trapezoidal outlet
channel (Photo No. 8). The width at the control section is
19.8 feet and the crest is at Elevation 916.7. A 1.3-foot
high stoplog is normally in place atop the spillway crest. A
concrete access bridge crosses the spillway approach channel.
The outlet channel has sidewalls that slope at approximately 1
vertical on 1.5 horizontal in the upper portion, and become
vertical near the downstream end.

An outlet conduit, consisting of a 24-inch diameter
cast-iron pipe, passes beneath the embankment at approximately
its maximum section (Photo No. 5). Discharge is controlled by
two gate valves located in a concrete and brick masonry
gatehouse at the conduit's downstream end. In addition, there
is a 6-inch diameter pipe at a high level passing through the
dam near the left abutment about 100 feet from the spillway.
There are no valves or controls for the 6-inch pipe. The
invert of the pipe is about 5 feet lower than the spillway

ii.[ crest level.

c. Size Classification. Size classification is
determined in accordance with Corps of Engineers guidelines
and is based on either height or storage capacity, whichever
gives the larger size category. Westfield Reservoir Dam has a
maximum height of 40 feet and a maximum storage capacity of
591 acre-feet. By virtue of its height, Westfield Reservoir

{ Dam meets the minimum size requirement for an "intermediate"
size dam.

d. Hazard Classification. The valley downstream from
the dam is generally steep and wooded. The first structure
downstream from Westfield Reservoir Dam is Tekoa Dam, which is
about 2.2 miles downstream. Tekoa Dam is a stone masonry,
gravity dam having a maximum height of 32 feet and a maximum
storage capacity of about 17 acre-feet. About 2.7 miles 5
downstream from Westfield Reservoir Dam, Moose Meadow Brook
goes through a large bridge opening beneath the Massachusetts
Turnpike. At this point, the valley becomes much wider and
both the side slopes and channel slopes are flatter. The
primary potential damage center is located about 3.6 miles
from the dam, where Moose Meadow Brook flows under Pochassic .5
Road. At this location there is one dwelling situated about
5 feet above the streambed and three dwellings about 10 feet
above the streambed. There are also farm buildings situated

l 2 "



NATIONAL DAM INSPECTION PROGRAM
PHASE I INSPECTION REPORT
WESTFIELD RESERVOIR DAM

SECTION 1
PROJECT INFORMATION

*
1.1 General.

a. Authority. Public Law 92-367, dated August 8, 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 for
supervising the inspection of dams within the New England
Region. Gannett Fleming Corddry and Carpenter, Inc., has been
retained by the New England Division to inspect and report on
selected dams in the States of Vermont and Massachusetts.
Contract No. DACW33-81-C-0013 dated November 5, 1980, has been
assigned by the Corps of Engineers for this work.

b. Purpose. The purpose of the inspection and
evaluation of non-Federal dams is to accomplish the following:

(1) Identify conditions which threaten the public
safety and thus permit correction in a timely manner by non-
Federal 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 dam is located on Moose Meadow Brook,
which is a tributary to the Westfield River which, in turn,
drains to the Connecticut River. The dam is located within
the Town of .Montgomery, Massachusetts. The dam is shown on
USGS Quadrangle, Woronoco, MA, at latitude N 420 11' 25" and
longitude W 72' 48' 45". The location is shown on Figure 1 on
page v.

b. Description of Dam and Appurtenances. Westfield
Reservoir Dam is an earthen embankment structure approximately
350 feet long and 40 feet high. Details of the dam and
appurtenances are shown on Exhibit B-1 in Appendix B, on the
Overview Photograph on page iv and on the photographs in
Appendix C. The dam has an uncontrolled overflow spillway
located at the left (east) abutment, and a 24-Inch diameter
cast-iron pipe outlet conduit which passes beneath the dam and
which is valve controlled at the outlet end.

1
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it is judged that the result of dam failure would be property
damage and probable loss of more than a few lives. For this
reason, the dam has been placed in the "high" hazard category.
The probable flood impact area is shown on Exhibit D-1 in
Appendix D.
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SECTION 6

U EVALUATION OF STRUCTURAL STABILITY

6.1 Visual Observations. The following conditions observed
during the visual inspection are indicative of problems that
could result in long-term structural instability:

a. Minor but widespread slumping on the downstream
slope of the embankment indicates that the stability of the
slope may be marginal. Continued slumping might lead to
serious seepage and piping problems, and a large slump could
breach the crest of the dam. I

b. A large animal burrow on the downstream slope of the
embankment could become a focus for seepage and piping, which
might in turn lead to breaching on the dam.

c. Large pine trees growing at both the right and left
abutments could cause seepage and erosion problems during
periods of high reservoir level if one or more of the trees
falls over and pulls out their roots.

d. A slightly soft, wet area on the right bank of the
downstream channel may be due to seepage from the reservoir

i through the foundation and abutment of the dam, or it may be S
the result of a natural groundwater discharge from the side of
the valley. If it is the result of seepage from the
reservoir, it could develop into a more extensive seepage and
lead to a piping failure of the dam.

i e. A sinkhole in the earth berm on the right side of ,6
the spillway discharge channel might be an indication of
subsurface erosion which could endanger the spillway channel.
If the berm were to fail during a period of spillway flow, the
release of water from the spillway channel could lead to
erosion of the downstream toe of the dam.

f. The lack of vegetation on the crest of the dam makes
the crest highly susceptible to erosion in the event that the
dam were to be overtopped.

g. There is no valve or other means of regulating or
shutting off flow at the intake end of the 24-inch outlet
conduit. As a result, the pipe is under pressure at all
times. If the conduit were to develop a leak, there would be
no means to stop it and piping failure of the dam could
ensue.

S4
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6.2 Design and Construction Data. No design and construction
data are available for this dam.

6.3 Post-Construction Changes. The crest elevation of the
dam was raised 7 or 8 years ago, according to the caretaker.
No riprap was placed on the upstream slope of the fill that
was placed to raise the dam.

6.4 Seismic Stability. This dam is located in the boundary
region between Seismic Zones 1 and 2, and, in accordance with
the Phase I guidelines, does not warrant seismic analysis.

1
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SECTION 7

ASSESSMENT, RECOMMENDATIONS, AND REMEDIAL MEASURES

7.1 Dam Assessment

a. Condition. Based on the results of the visual
i inspection, Westfield Reservoir Dam is Judged to be in fair S

condition. The following conditions are indicative of
potential long-term problems:

(1) Hydraulic analyses indicate that the spillway
can discharge 707 cfs with the stoplog in place and with the
pool level at the top of the dam. The spillway capacity with
the stoplog removed is 994 cfs. The test flood (PMF) outflow
would cause the dam to be overtopped by about 3.5 feet. With
the stoplog in place, the spillway can discharge about
15 percent of the routed tested flood outflow before the dam
is overtopped. With the flashboard removed, the spillway can
discharge about 21 percent of the routed test flood outflow O
before the dam is overtopped.

(2) Minor but widespread slumping on the downstream
slope of the embankment indicates that the stability of the
slope may be marginal. Continued slumping might lead to

j serious seepage and piping problems, and a large slump could S
breach the crest of the dam.

(3) A large animal burrow on the downstream slope
of the embankment could become a focus for seepage and piping,
which might in turn lead to breaching on the dam.

i p
(4) Large pine trees growing at both the right and

left abutments could cause seepage and erosion problems during
periods of high reservoir level if one or more of the trees
should fall over and pull out their roots.

(5) A slightly soft, wet area on the right bank of
the downstream channel may be due to seepage from the
reservoir through the foundation and abutment of the dam, or
it may be the result of a natural groundwater discharge from
the side of the valley. If it is the result of seepage from
the reservoir, it could develop into a more extensive seepage
and lead to a piping failure of the dam.

(6) A sinkhole in the earth berm on the right side
of the spillway discharge channel may be an indicator of
subsurface erosion which could endanger the spillway channel.
If the berm were to fail during a period of spillway flow, the
release of water from the spillway channel could lead to
erosion of the downstream toe of the dam.
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(7) The lack of vegetation on the crest of the dam
makes the crest highly susceptible to erosion in the event
that the dam were to be overtopped. 0

(8) The outlet valves on the downstream end of the
24-inch conduit are judged to be in poor condition. The
downstream valve is reportedly inoperable. Emergency releases
and reservoir drawdown cannot be accomplished under these

* conditions. 0

(9) There is no valve or other means of regulating
or shutting off flow at the intake end of the outlet conduit.
As a result, the pipe is under pressure at all times. If the
conduit were to develop a leak, there would be no means to
stop it and piping failure of the dam could ensue. S

b. Adequacy of Information. The information available
is such that the assessment of this dam must be based
primarily on the results of the visual inspection, which is

V adequate for the purposes of this Phase I inspection.

c. Urgency. The owner should implement the recommenda-
tions in 7.2 and 7.3 within one year after receipt of this
Phase I report.

7.2 Recommendations. The following investigations should be
* carried out and needed corrections performed under the

direction of a registered engineer qualified in the design and
construction of dams:

(1) Perform more detailed hydrologic and hydraulic
analyses to determine spillway adequacy. -,-

U (2) Investigate the cause of the widespread slumping on
the downstream slope of the embankment and design and oversee
construction of any necessary remedial measures.

(3) Specify procedures for filling in the large animal
burrow on the downstream slope of the dam and oversee the
backfilling operation.

(4) Investigate the cause of the soft, wet area on the
right bank of the downstream channel close to the toe of the
embankment, and design and oversee construction of any
necessary remedial measures.

(5) Investigate the cause of the sinkhole in the earth
berm on the right side of the spillway discharge channel and
design and oversee construction of any necessary remedial
measures.

(6) Design and oversee construction of erosion protec- 0
tion for the unprotected portion of the upstream slope.

18 i
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(7) Investigate the cause of inoperability of the valves
at the downstream end of the outlet conduit, and design and
oversee construction of repairs or replacements as deemed 6
necessary.

(8) Design a means of shutting off flow at the upstream
end of the outlet conduit.

(9) Oversee removal of trees and supervise backfilling
on the abutments within 25 feet of the ends of the dam.

7.3 Remedial Measures

a. Operating and Maintenance Procedures. The owner
should: S

(1) Visually inspect the dam once each month.

(2) Engage a professional engineer qualified in the
design and construction of dams to make a comprehensivetechnical .inspection of the dam once every year. S

(3) Establish a surveillance program for use during
and immediately after heavy rainfall and also a downstream
warning program to follow in case of emergency.

(4) Implement seeding of the dam crest to develop
good grass cover to deter erosion.

7.4 Alternatives. There are no practical alternatives to the
above recommendations.

19
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VISUAL INSPECTION CHECK LIST
PARTY ORGAINIZATION

PROJECT Westfield Reservoir Dam DATE Nov. 13. 1980

TIME am

WEATHER cloudy, cold, windy

W.S. ELEV. 912 U.S.880_DN.S.

PARTY:

1.F. Tames Knight (GFCC) 6. _____________

2. Ronald Hirschfeld (GEl) 7.

3. Dennis Mehue (BAI) 8.

4. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 9. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

S. 10.

PROJECT FEATURE INSPECTED BY REM4ARKS

1. Hydrology/Physical Kniciht

2.Geotechnical Hirschfeld

I3. Dimen sional Mehue

4.

6.S

7.

8.

10.

A- 1



PERIODIC INSPECTION CHECKLIST

PROJECT Westfield Reservoir Dam DATE Nov. 13, 1980

PROJECT FEATURE Dam Embankment NAME Kniaht

DISCIPLINE NME Hirschfeld

AREA EVALUATED T CONDITIONS

DAM EMBANKMENT 1
Crest Elevation Varies from 924.8 to 923.1.

Current Pool Elevation Elev. ± 912.

Maximum Impoundment to Date Unknown.

Surface Cracks None observed.

Pavement Condition Not paved.

Movement or Settlement of Crest None observed.

Lateral Movement None observed.

Vertical Alignment Some low areas.

Horizontal Alignment Good.

Condition at Abutment and at

Concrete Structures Good.

Indications of Movement of
Structural Items cn Slopes Not applicable.

Trespassing on Slopes None observed.

Sloughing or Erosion of Slopes or Downstream slope has widespread
Abutments minor slumping.

Rock Slope Protection - Riprap Riprap in good condition but missing
Failures along top 3' of slope.

Unusual Movement or Cracking at or
Near Toe None observed.

Unusual Embankment or Downstream
Seepage None observed. .

Piping or Boils None observed.

Foundation Drainage Features None observed.

Toe Drains None observed. I

Instrumentation System None.

Vegetation Sparse cover of weeds and grass.
Has been mowed.

A-2 0
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PERIODIC INSPECTION CHECKLIST

PROJECT Westfield Reservoir Dam DATE Nov. 13, 1980

PROJECT FEATURE NAME_ _ _ _ _ _

DISCIPLINE NAME____________

AREA EVALUATED CONDITIONS

DIKE EMB.N1C.IENT 0

Crest Elevation No dike.

Current Pool Elevation

Maximum Impoundment to Date S

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

S

Trespassing on Slopes

Sloughing or Erosion of Slopes or

Abutment s

Rock Slone Protection - Riprap 0
Failures

Unusual Movement or Cracking at or
Near Toes

Unusual Embankment or Downstream 0
Seepage

Piping or Boils

Foundation Drainage Features

Toe Drains S

Instrumentation System

Vegetation

A-3
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PERIODIC INSPECTION CHECKLIST

PROJECT Westfield Reservoir Dam DATE Nov. 13, 1980

PROJECT FEATURE NAME__
O

DIS IPLINE__NAME

AREA EVALUATED CONDITIONS

OUTLET WORKS - CONTROL TOWER

a. Concrete and Structural No control tower.

General Condition -

Condition of Joints

Spalling

Visible Reinf3rcing

Rusting or Staining of
Concrete

Any Seepage or Efflorescence

Joint Alignment

Unusual Seepage or Leaks in
Gate Chamber

Cracks

Rusting or Corrosion of Steel

b. Mechanical and Electrical

Air Vents

Float Wells

Crane Hoist

Elevator

Hydraulic System

Service Gates 5

Emergency Gates

Lightning Protection System

Emergency Power System

Wiring and Lighting Svsz:-m
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PERIODIC INSPECTION CHECKLIST

PROJECT Westfield Reservoir Dam DATE Nov. 13, 1980

PROJECT FEATURE___________ NAME_________________ -

DISCIPLINE_____________ NAME________________

AREA EVALUATED CONDITIONS

OUTTLET WORKS - INTAKE CHA%'NNEL AND0
INTAKE STRUCTURE

a. Approach Channel Not visible beneath water surface.

Slope Conditions

Bottom Conditions

Rock Slides or Falls

Log Boom

Debris

Condition of Concrete Lining

Drains or Weep Holes

b. Intake Structure

Condition of Concrete

Stop Logs and Slots
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PERIODIC IN;SPECT I(-. CKME,'LTT

PROJECT Westfield Reservoir DamnF-T Nov. 13, 1980

PROJECT7 FEATURE___________ N. ~NE________________

Dlia.C 1P LINE______________ _______________

AREA EVALUATED C ND T ION S

CUTLET WORKS - TPANSITION AND
CONDUIT-

General onionof Concrete Not visible beneath re servoir surface.

Rust or Staining on Concrete

Spalling

Erosion or Cavitation

Cracking

Alignment of MIonoliths

Alignment of Joints

NUmbering of Monoliths

2
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PEPIODIC INSPECTION CHECKLIST

PROJECT Westfield Reservoir Dam DATE Nov. 13, 1980

PROJECT FEATURE Outlet Works Outlet NAmE Knight
Structure

DISCIPLINE NX%1E Hirschfeld

AREA EVALUATED CONDITIONS

OUTLET WORKS - OUTLET STRUCTURE AND S
OUTLET CHANNEL

General Condition of Concrete Fair.

Rust or Staining Some minor staining.

Spalling Some minor spalling.

Erosion or Cavitation None observed.

Visible Reinforcing None observed.

Any Seepage or Pfflorc:-ce Minor efflorescence. 5

Condition at Joints Good.

Drain Holes None.

Channel

Loose Rock or Trees Overhanging
Channel None observed.

Condition of Discharge Channel
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10.0
Risk '-o life and ,'ropcrty in vcnt rf cmcicte failure.

1,10.of rpopleThe remote location of this structure
~1o. of would cause little danrage if failure

~.of .oIrzs_______ sbiould occur.

Nc. of Businczsscs

No. of hIdustriis _____ Ty p e________

No . C f 'dti ii C-S. Tyne________

Ra i Imad ros_________

Oth-x-r d-:rns___ ____

Attachi fKc f dan to tViis f.?r-.i shot-in- s :cto- r," r an or F-1/,. A 11"
s'ieet.
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Niarnc cf Gar-. Westfield Reservoir
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Prv e~-11211 x 111" in c.I r ccov o fT ZoO ma 4in locatiOn of C'ar-

Y 2.r tuilt:- - Yca.r/:; of subsoqu- nt rc--&.irs___________

Purrlosa of Da-rn: Wa'Surply X Pccrzaticnal ____________

Dr-irai~l Arc: 1 r:. mi. :!__________crc-s

Ic.rinnt _________nals; _______________crT ft.

J o. a-id tvilpz of dwi-l i ngs Ilocat -J adjoc!cn to~ ro cr rcs:*rvoir_______

1.c. suri. !-o- ctc. !!one
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Dir'mnsions e f Opm L a: 3501 > ax. Hoight__________

Slop; s: UpstrQPn Facc earth -riprap
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12. Remarks r Pccor.nendations: [Fully Exrlain ,!

This is the initial istrict inspection of the dam.

The earth embanIment appears to be in good condition. It has a good turf cover and

there are no signs of sloughing or settlement. The %pncrete spillway is in good

S Oshape. The channel outlet has been newly grouted and is in excellent condition.

: proximately 251 east and 20' south of' the draw dor. structure there is a wet 5

area. I'o movement of water was detected. ccording to M.r. !!. Rusin, caretaker,

the condition has existed for rany years and has never increased in size. The

. surrounding ground is stable and dr y.

- Thds dam is well maintained and appears to be safe.

• ,. .f% ."

13..

1. Safe.

5. P-scrv~r irnpoundrnmnt no lonqer cxists :pan

..'..com-mn C. r't-v 31 r,,rni ~ns r c t i n. lis t________
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PERIODIC INSPECTION CHECKLIST

PROJECT Westfield Reservoir Dam DATE Nov. 13, 1980

PROJECT FEATURE Spillway NAIE Knight

DISCIPLINE NAME Hirschfeld

AREA EVALUATED I CONDITIONS

OUTLET WORKS - SPILLWAY WEIR,
APPROACH kND DISCHARGE CPANNELS

a. Approach Channel

General Condition Good.

Loose Rock Overhanging Channel None.

Trees Overhanging Channel None.

Floor of Approach Channel Sand and gravel.

b. Weir and Training Walls

General Condition of Concrete Fair.

Rust or Staining Some minor staining.

Spalling Spalling of stoplog supports.

Any Visible Reinforcing None observed.

Any Seepage or Efflorescence Minor efflorescence.

Drain Holes None.

c. Discharge Channel

General Condition Good.

Loose Rock Cerhanging Channel None.

Trees Overhanging Channel Some overhanging trees.

Floor of Channel Good, slush grouted rock.

Other Obstructions None.

Other Comments

A-8

• ...........-.............. .



II EL. 924 8

RIPRAI

SLOPE
~24"CAST- IRON PIPE

SECTION A-A
SCALE I IN. 20 FT.

vE L. 916.7

SECTION B-8
SCALE, I IN. 4 FT.

GANNETT FLEMING CORDDY u~ S. AR MY ENG NEER C'V!S.ON
AND CARPENTER, INC. NEW ENGLAND

CONSVUL7N ftA'O lNO/MiEN CORPS OF E11COVEFERS
BOSTON, MASS WALTHAM, MASS

NATIONAL PROGRAM OF INSPECTION OF NON-FED DAMS
WESTFIELD RESERVOIR DAM

EXHIBIT B-2

RESULTS OF VISUAL INSPECTION
DRAWN CHECKED JAPPROVED ISCALE AS SHOWN

______________L.L.R D B. W F J K [DATE 2/81 IPAGE B-?_
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LARGE TREES

ANMA 3

W3

STRCTUE 4" CAST- IRON PIPE

WESTFIELD
RESERVOI R

DENOTES PHOTO NUMBER
________ I AND DIRECTION IN WHICH

PHOTO WAS TAKEN.

6HIGH- LEVEL
PIPE OUTLET

____ ____ ____ __- 
SPILLWAY

GANTT FLEMING CR U.RRMY ENGINEER DIVSION

LARGE TREES . A ND CARPENTER, INC. NEW ENGLAND
ILJ f~CON StiLrNo eNa1NEeRS ICORPS OF f(NO/N(EjRS

\-, ONMAS. ALTAMMAS.

NATIONAL PROGRAM OF INSPECTION OF NON-FED DAMSPLAN OVERVIEW WESTFIELD RESERVOIR DAM
50400 0 50 EXHIBIT C-I

4002 10 GUIDE TO PHOTOGRAPHS
SCALE IN FEET D0RAWN ICHECKED IAPPROVEDT jSCALE; AS SHOWN

____ ___ ___ ___ ___ ____ ___ ___ ___ ___ ___ L..R. 1 .B. W. IF. J.K.- DATE 2/ P E CI
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* WESTFIELD RESERVOIR DAM

Photo No. 1

View of upstream slope from right abutment. Note
the absence of riprap at top of slope.

Photo No. 2

View of damn from left abutment. Spillway bridge
in center foreground.

C-2

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



WESTFIELD RESERVOIR DAM

Photo No. 3

View of downstream slope. Note widespread minor slumping,
erosion on far abutment and animal burrow in left center.

Photo No.

View of downstream slope. Note widespread minor slumping. 6

C-3 S
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WESTFIELD RESERVOIR DAM

Photo No. 5

View of downstream slope, outlet structure and discharge channel.

Photo No.6

View of downstream slope from left abutment.
Note slumping and erosion in lower left.

c--4
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WESTFIELD RESERVOIR DAM

Photo No. 7

View of spillway, bridge, stoplogs and channel looking downstream.

View of spillway discharge channel looking upstream.

C-5
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WESTFIELD RESERVOIR DAM]
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APPENDIX E

INFORMATION AS CONTAINED IN
THE NATIONAL INVENT.ORY OF DAMS
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