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NEDED-E
Honorable Edward J. King

I have approved the report and support the findings and recommenda-
tions described in Section 7, with qualifications as noted above. 1
request that you keep me informed of the actions taken to implement
these recommendations since this follow-up is an important part of the
non-Federal Dam Inspection Program.

A copy of this report has been forwarded to the Department of Environ- :
mental Quality Engineering, the cooperating agency for the Common- -:l‘{.{a
wealth of Massachusetts. This report has also been furnished to the O
owner of the project, James River Massachusetts, Inc., Fitchburg,
Massachusetts.

Copies of this report will be made available to the public, upon
request to this office, under the Freedom of Information Act, thirty
days from the date of this letter.

I wish to take this opportunity to thank you and the Department of r“_..,‘
Environmental Quality Engineering for the cooperation extended in L
carrying out this progran. R
Sincerely, i
c. E. zﬁ, 111 RS
Colonel, Corps of Engineers ':-f:}:f
Division Engineer Y
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DEPARTMENT OF THE ARMY

NEW ENGLAND DIVISION, CORPS OF ENGINEERS
424 TRAPELO ROAD
WALTHAM. MASSACHUSETTS 02234

REPLY TO
ATTENTION OF:
NEDED-E

MAR 0 6 1381

Ronorable Edward J. King

Governor of the Commonwealth of
Massachusetts

State House

Boston, Massachusetts 02133

Dear Governor King:

Inclosed is a copy of the Westminster Reservoir Dam (MA-00639) Phase I
Inspection Report, which was 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. A brief assessment is included at the
beginning of the report.

The preliminary hydrologic analysis has indicated that the spillway
capacity for the Westminster Reservoir Dam would likely be exceeded by
floods greater than 16 percent of the Probable Maximum Flood (PMF),
the test flood for spillway adequacy. Our screening criteria
specifies that a dam of this class which does not have sufficient
spillway capacity to discharge fifty percent of the PMF, should be
adjudged as having a seriously inadequate spillway and the dam
assessed as unsafe, non-emergency, until more detailed studies prove
otherwise or corrective measures are completed.

The term "unsafe” applied to a dam because of an inadequate spillway

does not indicate the same degree of emergency as that term 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.

It 18 recommended that within twelve months from the date of this
report the owner of the dam engage the services of a professional or
consulting engineer to determine by more sophisticated methods and
procedures the magnitude of the spillway deficiency. Based on this
determination, appropriate remedial mitigating measures should be
designed and completed within 24 months of this date of notification.
In the interim a detailed emergency operation plan and warning system
should be promptly developed. During periods of unusually heavy
precipitation, round-the-clock surveillance should be provided.
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NATIONAL DAM INSPECTION
PROGRAM

PHASE I INSPECTION REPORT
BRIEF ASSESSMENT

Identification No.: MA0O0639

Name of Dam: Westminster Reservolr Dam

Town: Westminster

County and State: Worcester County, Massachusetts
Stream: Whitman River, tributary of the Nashua River
Date of Inspection: May 6, 1980

Westminster Reservoir Dam 1s a 400-foot long earth dam
built in 1909 and repaired in 1939. The dam has a maximum height
of 31 feet and consists of a splllway, a low level outlet, a dike,
and an auxiliary dike. The top of the dam 1s at Elevation (El)
826. The spillway has a rounded crest welr, 49.5 feet long, and
is at E1 818, The outlet consists of two 30-inch diameter cast
iron pipes which are controlled by gate valves. The downstream
invert of the outlet is at E1 795.5. The outlet works are located
in a gatehouse on the upstream slope of the dam. The dam adjoins
at 1ts eastern end a 525 foot long, 3 foot high earth dike. The
crest 1s 10 feet wide and 1s at El1 826, East of the dike an
auxiliary dike was constructed through the Salo Farm property.
This auxiliary dike which is generally at elevation 825 has been
modified in recent years so that it now acts as an access road.

There are deficiencles which must be corrected to assure
the continued performance of this dam. This conclusion is based
on the visual inspectlon of the site and a review of the available
data. Generally the dam 1s in falr condition,

The following deficlencies were observed at the site:
extensive seepage at three locatlons along the downstream toe of
the dam and dlke; localized slumping of the upstream slope east of
the gatehouse bridge; erosion of the upstream slope adjacent to
the gatehouse bridge; riprap dislodged from the upstream face of
the dam; cracked and spalled concrete at the downstream end of the
low level outlet; mortar missing from the stone masonry sidewalls
of the spillway; an accumulation of debris 1n the downstream
channel; and a heavy growth of trees and brush on the upstream
slope of the auxlliary dike.

WESTMINSTER RESERVOIR DAM
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Based on Corps of Engineers' guidelines, the dam has been

classified in the intermediate size and high hazard categories. A :;ﬁ
test flood equal to the full probable maximum flood (PMF) was used \

to evaluate the capacity of the splllway. The test flood outflow ?5}
is 11,900 cfs, without flashboards resulting in a pond level at El =
827.7. With the flashboards removed, the test flood would overtop OO
the dam by 1.9 feet. Hydraullc analyses indicate that the N
spillway (without flashboards) can discharge 4,200 cfs, or 35 ]
percent of the test flood outflow before the dam 1s overtopped. s

With flashboards the spillway can discharge 1,900 cfs or 16
percent of the test flood outflow before the dam is overtopped.

It 1s recommended that the Owner employ a qualifled
reglistered professional engineer to conduct a more detalled
hydraullic and hydrologic study of the spillway, and to evaluate ;
the extensive seepage at the downstream toe of the dam, The owner Fd
should immediately remove the flashboards from the spillway until Ll
the detailed hydraulic/hydrologic study 1s completed. In
addition, the Owner should repair the deficiencles listed above, Ll
as described in Section 7.3. The Owner should also implement a s
program of yearly technical inspections, and complete a reportedly
upgraded written plan for (1) surveillance of the dam during and
after periods of heavy rainfall, and (2) for notifying downstream
reslidents in the event of an emergency at the dam.

The measures outlined above and in Section 7 should be
implemented by the Owner within a period of 1 year after receipt
of this Phase I Inspection Report.

Edward M. Greco, P.E.
Project Manager
Metcalf & Eddy, Inc.

Massachusetts Reglstration
No. 29800

Approved by:

StepHen L. Bishop, P.E.
Vice President
Metcalf & Eddy, Inc.

{ Massachusetts Registration

3 ti No. 19703
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P’ This Phase I Inspection Report on Westminster Reservoir Dam
- ) } has been revieved by the undersigned Reviev Board members. In ouwr

opinion, the reported findings, conclusions, and recomnendati{ons are
.. consistent with the Recompended Guidelines for Safety Inspection of
" pDams, and with good engineering judgment and practice, and is hereby

T
s

i submitted for approval. i
f{ A . :._Q
: [ BB i
. R
S L.
i ARAMAST MAHTESIAN, MEMBER T
N Geotechnical Engineering Branch ' S
S Engineering Division e
;L.. 5 A . “- MR
. ) [y : '. p—
i - v | A e - e
' - — o
: CARNEY M. TERZIAN, MEMBER :
Design Branch .
Engineering Division

RICHARD DIBUONO, CHAIRMAN
Water Control Branch
Engineering Division ’

APPROVAL RECOMMENDED:

E B. FRYAR -
Chief, Engineering Division ”
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PREFACE B

S

This report 1s prepared under guidance contained in I
Recommended Guidelines for Safety Inspection of Dams, for a Phase SNCA
T Investization. Copiles of these guidelines may be obtained from S
the Office of Chief of Engineers, Washington, D.C. 20314, The o
purpose of a Phase I Investigation 1s to ldentify expeditiously o

those dams which may pose hazards to human life or property. The
assessment of the general condition of the dam 1s based upon
available data and visual inspections. Detalled lnvestigations,
and analyses involving topographic mapping, subsurface investiga-
tlons, testing, and detalled computational evaluations are beyond
the scope of a Phase I investigation; however, the investigation
1s intended to identify any need for such studiles.

In reviewing this report, 1t should be realized that the AT
reported condition of the dam 1s based on observations of fleld A
conditions at the time of inspection along with data avallable to
the Inspection team. In cases where the reservolr was lowered or
drained prior to inspection, such action, whlle improving the
stabllity and safety of the dam, removes the normal load on the
structure and may obscure certain condlitions which might otherwise
be detectable if inspected under the normal operating environment
of the structure.

It 1s important to note that the condition of a dam depends
on numerous and constantly changing internal and external
condltions, and 1s evolutionary in nature. It would be incorrect
to assume that the present condition of the dam will contlnue to
represent the condition of the dam at some point in the future.
Only through continued care and lnspection can there be any chance
that unsafe conditions will be detected.

Phase I 1inspections are not intended to provide detailed
hydrologlc and hydraullc analyses. In accordance with the
establlshed Guidellnes, the Spillway Test Flood 1s based on the
estimated "Probable Maximum Flood" for the region (greatest
reasonably poisible storm runoff), or fractions thereof., Because
of the magnitude and rarity of such a storm event, a finding that
a splllway will not pass the test flood should not be Ilnterpreted
as necessarilily posing a highly inadequate
condition. The test flood provides a measure of relative spillway
capacity and serves as an ald 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
exlisting fences and railings and other ltems 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 1is also excluded.

iv WESTMINSTER RESERVOIR DAM
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NATIONAL DAM INSPECTION
PROGRAM

PHASE I INSPECTION REPORT
WESTMINSTER RESERVOIR DAM
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
Engineers, to initiate a national program of dam
Inspection throughout the United States. The New England
Division of the Corps of Engineers has been assligned the
responsiblility of supervising the inspection of dams
within the New England Region. Metcalf & Eddy, Inc. has
been retalned by the New England Divlision to inspect and
report on selected dams 1n the State of Massachusetts,
Contract No. DACW 33-80-C-0054, dated April 18, 1980, has
been assigned by the Corps of Engineers for thils 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
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 1s located on the Whitman River in the
Town of Westminster, Worcester County, Massachusetts and
in the Connecticut River Basin (see Location Map and
Drainage Area Map Figure D-1). The coordinates of this
location are Latitude 42 deg. 35.5 min. north and
Longitude 71 deg. 54.6 min. west,

b. Description of Dam and Appurtenances. Westminster
Reservolr Dam Is a 800-foot long, earth dam with a
maximum height of 31 feet (see Plan of Dam and Sections
in Appendix B and photographs in Appendix C). The top

WESTMINSTER RESERVOIR DAM
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of the dam is 10 feet wide and varies from E1 825.8 to
826.0. The upstream face i1s a 2:1 (horizontal to
vertical) slope covered with grass and riprap. The
downstream face 1s a 2:1 slope covered with grass.
Avallable drawlngs indlcate that the dam 1s an unzoned
embankment with a concrete central core wall (see Figure
B-2 and B-5). The drawings also show that beneath a
section of the core wall is a cutoff wall constructed of
interlocking steel sheeting that extends to an unknown
depth.

The spillway, located at the west end of the dam, 1s a
49.5-foot long, rounded crest concrete welr. The plans
indicate the approach channel consists of concrete
sidewalls and a concrete floor. At the time of the
inspection the floor was submerged and not visible.
Wooden flashboards 2.5 feet high are mounted with steel
pins on the crest of the splllway.

The crest of the spillway 1is at E1 818, and the top of
the flashboards is at E1 820.5. The flashboards extend
the width of the spillway.

The discharge channel below the splllway i1s 50 feet wide.
The sides are 6-foot high concrete walls for a distance
of 50 feet downstream. For another 25 feet the walls are
stone masonry and for the remainder, the walls are dry
stone masonry. The floor of the channel 1s stone masonry
covered with concrete and slopes at a 20 percent grade,

The low-level outlet for the dam consists of two 30-inch
diameter cast lron plpes, located 100 feet from the west
end of the dam. The invert of the outlet is at El1 795.5
at the downstream end. Flow into the outlet is
controlled by gate valves located in the gatehouse
upstream of the dam. The outlet pipes discharge in the
vicinity of the downstream toe and the water flows
downstream to joln the splllway channel 150 feet
downstream of the dam.

Connected to the dam at i1ts eastern end is a 525 foot
long, 3 foot high, earth dlke. The final 120 feet
extends northerly and parallels South Ashburnham road,
The top of the dike varies from 9 to 10 feet in width and
in elevation from E1 B25,7 to 826.0. The downstream face
is 2:1 (horizontal to vertical) slope covered with grass.
The upstream slope varies but generally is 2:1
(horizontal to vertical) and is also covered with grass.
Avallable drawings indicate that the dike 1s an unzoned
embankment with no core or cutoff wall,

WESTMINSTER RESERVOIR DAM
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Across the road from the dike, an auxlliary dike has been
constructed through the Salo property (see Figure B-1).
ﬂ The auxiliary dike 1s Intended to protect the Salo land
during periods of high runoff. The dike 1s a 440 foot
long 2 to 3 foot high earth berm that culminates in a 130
foot long 1l foot high zoned earth embankment located on

e the Salo farm (see Figure B-2). For the most part the

ta elevation of the dike is E1 825 but the crest of the
zoned embankment 1s at E1 826. The slopes are 2:1

= (horizontal to vertical) and the crest 1s 10 feet wide.

b Subsequent to the construction of this embankment it has

been modified by the addition of a new embankment
upstream that acts as an access road to a house on the
b, eastern side of the Salo property.

. ¢. Size Classification. Westminster Reservoir Dam 1is

SN classified in the "intermediate" category since it has a

0 maximum height of 31 feet and a maxlmum storage capaclty
of 1,775 acre-feet.

’ r d. Hazard Classification. There are 9 houses located along
) the stream channel starting 1,000 feet downstream of the
- dam (see Flood Impact Area shown on the Location Map).
The foundations of these structures are approximately 15
feet above the floor of the stream channel. An assumed el
failure of the dam would produce a downstream flood wave R
. t 19 feet deep as compared to channel flow % 7 feet deep e
o . prior to failure resulting in a possible loss of more than [::;
a few lives and a moderate amount of property damage.
f' Accordingly, the dam has been placed in the "high" hazard
xS category.
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e. Ownership. The dam is owned by the James River -
!! assachusetts, Inc., P.O, Box 310, Fitchburg,
L Massachusetts 01420. Mr. Norman Burt (telephone
617-343-3051) granted permission to enter the property
<. and inspect the dam.
f. Operator. The dam 1s operated by personnel from James
. Rgver - Massachusetts, Inc.
3
' g. Purpose of the Dam. The water in Westminster Reservoir
1s used as process water in the manufacture of paper by
- the James River - Massachusetts mill located 4,5 miles
o downstream.

h. Deslgn and Construction. Construction of Westminster

Reservoir Dam was completed in approximately 1909,
Drawings dated 1909 and revised in 1939 are avallable,

. The drawings show that the dam was constructed

r‘ essentially as it appears today, except that in 1939 the

g splllway was reconstructed and the crest was lowered 2
feet, the dam crest was raised one foot, and the dikes
and roadway were raised,

3
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Previous inspection reports indicate that since 1939 the
dam has been in good condition. No repairs have been
made other than replacing the stoplogs and clearing the
slopes of brush.

Normal Operating Procedures. Personnel from James River
- Massachusetts reportedly visit the dam once a month.

At that time, they inspect the dam for any unusual
conditions or vandalism. The flashboards are operated as
necessary to maintain the flow to Crocker Pond. The
low-level outlet 1s reportedly opened and closed every
year but was last used to supply water to Crocker Pond 1n
1978 when the pond level was below the spillway crest.

Pertinent Data

a.

(5) Gated spillway capacity at normal pool elevation:
1,900 cfs at E1 825.8. T
(6) Gated spillway capacity at test flood elevation: rlﬁﬁ
3,300 cfs at E1 828.2. el
(7) Total spilllway capacity at test flood elevation: ?;¢4
5,850 cfs at E1 827.7. =]
. WESTMINSTER RESERVOIR DAM B
.‘:_.:;;-‘
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Drainage Area. The approximately 7,360-acre (1l1.5 square
mlile) drainage area consists of wooded gently rolling
land (see Figure D-1 in Appendix). The drainage area
includes drainage from Lake Wampanoag. About 9.3 percent
of the drainage area ls ponds and swamps. In general,
the undeveloped portlons of the drainage area consist of
90 percent woodland, and 10 percent open flelds. Light
reslidential development occurs downstream of the dam and
along the eastern side of the reservolir.

Discharge. Discharge from Westminster Reservoir Dam
flows over the flashboards on the spillway and into a
concrete dlscharge channel. Water also discharges from
the low level outlet into a channel which joins the
spilllway discharge channel 150 dowrstream.

(1) Outlet: Size - 2-30 inch diameter pipes.
Downstream Invert E1 795.5. Comblned capacity - 200
cfs.

(2) Maximum known flood at damsite: Unknown.

(3) Upggtedaspillway capacity at top of dam 4,200 cfs at
E1l 825.8.

(4) Upgated spillway capacity at test flood elevation:
5,850 c¢fs at E1 827.7.
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(8) Total project discharge at test flood elevation:
6,050 cfs at E1 827.7.

Elevation (feet above National Geodetic Vertical Datum of
1929 (NGVD)). A benchmark was established at El Bl1B8.0 at
the spillway crest. This elevation was taken from a plan
of changes to Westminster Dam, approved June 21, 1969 by

the Worcester County Engineering Department.

(1) Streambed at toe of dam: 795.0
(2) Bottom of cutoff: unknown

(3) Maximum tailwater: unknown

(4) Normal pool: 818.0

(5) Full flood control pool: N/A
(6) Spillway crest (gated): 818.0
(7) Design surcharge (Original Design): 824.0
(8) Top of dam: 825.8

(9) Test flood surcharge: (without flashboards) 827.7
Reservoir (Length in feet)

(1) Normal pool: 6,000

(2) Flood control pool: N/A

(3) Spillway crest pool: 6,000

(4) Top of dam: 6,000

(5) Test flood pool: 6,000

Storage (acre-feet)

(1) Normal pool: 870

(2) Flood control pool: N/A

(3) Spillway crest pool: 870

(4) Top of dam: 1,775

(5) Test flood pool: 2,015

WESTMINSTER RESERVOIR DAM
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f. Reservoir Surface (acres)

#(1) Normal pool: 116

#(2) Flood control pool: N/A ;ji.
e
(3) Spillway crest: 116 Y

%(4) Test flood pool: 116
#(5) Top of dam: 116
g. Dam
(1) Type: earth embankment
(2) Length: 400 feet

(3) Height: 31 feet

(4) Top width: 10 feet

(5) Side slopes: 2:1 (horizontal to vertical)
(6) Zoning: None

(7) Impervious core: concrete

(8) Cutoff: partial steel sheeting

(9) Grout curtain: unknown
(10) Other: none

Dike

(1) Type: earth embankment
(2) Length: 525 feet
(3) Height: 3 feet

(4) Top Width: 9 to 10 feet

(5) Side Slopes: 2:1 (horizontal to vertical)

DRSS AR AR

" ¥Based on the assumption that the surface area will not
r’ siggifigantly increase with changes in pool elevation from 818.0
to 825.
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E , (6) Zoning: none o
' __' (7) Impervious Core: none !——-3
E (8) Cutoff: none L
; E; (9) Grout Curtain: none R
J - (10) Other: none =
R S
. Auxiliary Dike: S
) = (1) Type: earth embankment

“ T
l (2) Length: 400 feet T
- : {3) Height: maximum of 11 feet

, (4) Top Width: 10 feet
i r (5) Side Slopes: 2:1 (horizontal to vertical) ;

o (6) Zoning: 270 feet unzoned, 130 feet zoned (swale)
! (7) Impervious Core: none i
» S

i ' (8) Cutoff: clay blanket and cutoff on upstream face in E—‘
. 130 foot swale section 1

- (9) Grout Curtain: none &

(10) Other: none

h. Diversion and Regulating Tunnel N/A N

N e
- 1. Spillwa T
' ) (i) Type: rounded crest :;
E (2) Length of weir: 49.5 feet —
: (3) Crest elevation: 818.0 without flashboards, 820.5 %
T with flashboards .
| © , (4) Gates: none o
= e
G (5) Upstream channel: concrete sidewalls and floor -Z-‘_-I:f
R N
y (6) Downstream chanrel: concrete sidewalls for 50 feet, )
. stone masonry for remainder, concrete covered stone R
i [: masonry floor L]
s WESTMINSTER RESERVOIR DAM S
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o (7) General: none

. J. Regulating Outlets
’..P
(1) Invert El: 795.5 (downstream)

t‘ (2) Size: two 30-inch cast-iron pipes

(3) Description: gate valves located in gatehouse
r upstream of dam, hand operated

CEEETT TV YT T T R LT T a8

. (4) Control mechanism: gate valves

Lo

oo (5) Other: none
- .
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SECTION 2
._ ENGINEERING DATA Lo
2.1 General. The engineering data avallable for thils Phase I §§¥
e inspection includes drawings dated 1909 and revised by Howard NENES
-~ M. Turner in 1939 (see Figures B-2 through B-7). The NN
drawings were obtained from the Worcester County Englneers oy
- Office. Computations for the redesign of the spillway are yo

included in Appendix B. There are no other drawings,

specifications, or computations available from the Owner,

State, or County agenclies. Coples of previous inspection

) reports dated 1924 to 1967, prepared by the Worcester Gouncty

- Engineering Department are included in Appendix B. The most
recent inspection was conducted in 1976 by the Massachusetts b

“ Division of Waterways. A copy of that report 1is also glven

in Appendix B.

- We acknowledge the assistance and cooperation of personnel
t from the Massachusetts Department of Environmental Quality

Engineering, Division of Waterways; the Massachusetts ;Ah
Department of Publlic Works; and the Worcester County N
Engineers 0Office. In addition, we acknowledge the assistance AR

of Mr. Leo Collette and Mr. Norman Burt of James River - -
Massachusetts, Inc., who provided information on the history A
' and operation of the dam.

2.2 Construction Records. There are no constructlon records or
as-bullt drawings avallable for the dam or appurtenances.
Previous inspection reports by the Worcester County englneers
office provided some ccnstruction information, and a summary S
of repalrs and post-construction changes at the site. ;;;q

2.3 Operating Records. No operating records are available, and
there 1is no dally record kept of the elevation of the pool or
rainfall at the dam site,

2.4 Evaluation

a. Avallability. There 1s limited engineering data
avallable for this dam.

b. Adequacy. The lack of detalled hydraullec, structural and
constructlion data did not allow for a definitive review, RS
Therefore, the evaluation of the adequacy of thls dam is —
based on the visual inspection, past performance history, SR
and engineerlng judgment. T

c. Validity. Comparison of the avallable drawlngs with the _&?ﬁ

rf fTleld survey conducted during the Phase I inspection S
- indicates that the avallable information 1s valid, -

WESTMINSTER RESERVOIR DAM S
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SECTION 3

I ) VISUAL INSPECTION

3.1 Findings -

a. General. The Phase I Inspection of the dam at s
Westminster Rservoir was performed on May 6, 1980, A v
copy of the 1lnspection checkllst is included in Appendix LT
A, Previous 1nspectlons were conducted by the Worcester R

County Englineers Office from 1924 to 1967, and by the Nl

ol Massachusetts Department of Publlc Works in 1972 and T

- 1976. Copies of those reports are given in Appendix B, .

I Selected photographs taken during our visual inspection ]

Lo are included in Appendix C. "]

L ST T B

i b. Dam. The dam is an earthfill structure with a splllway,
. outlet, dike, and auxlliary dlke. Evidence of extensive
. seepage was noted in 3 locatlons at the downstream toe of
i t' the dam. The seepage 1s indicated by marshy areas 2 to 3 )
. feet 1n size and by clear streams of water flowing at -
- approximately 1/2 gpm (see Photo No. 6),

A slump approximately 5 by 8 feet wide was observed on ~ﬁ§ﬁ
the upstream slope of the dam Just east of the gatehouse L]
footbridge. L

-_-w + . ' v+ v,
. ' 1,0,
m

The concrete on the splillway sidewalls has some minor ‘ig}
cracks but is generally in good condition. Slight e
spalling has occurred on the edge of the left sidewall, ;Ij:
as can be seen 1in Photo No. 10. There 1s minor e
| = efflorescence of the concrete along some of the cracks. -

- The stone masonry portion of the sidewalls 1s in good
S condition. However, where there 1s mortar, it is cracked
D in a few places. (See Photo No. 9).

) Moderate eroslon was noted on the upstream slope of the ;
) dam adjacent to the gatehouse footbridge. (See Photo No. =y
5).

A few pleces of riprap have been dislodged from the

. upstream face of the embankment but it 1s generally in
| v good condition. Several planks are missing from the
gatehouse access bridge (see Photo No. 3 and No. 5).

P

A small animal hole was noted on the downstream face, 100
feet west of the outlet,

WESTMINSTER RESERVOIR DAM
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weir with flashboards. At the time of the inspection, s
. water was discharging over the spillway, however, the L]
N weir, flashboards, and downstream toe were examlned and R

found to be in good condition. The concrete on the crest ‘tﬁﬁ
NS of the spilllway was 1In good condition with no evidence of T
cracking or spalling. The flashboards appeared to be
sound and the retaining pins were straight. The R
- flashboards were reportedly replaced last year and are -

o 2.5 feet high. There 1s no access walkway to the T
- flashboards which would permlit removal of the boards e
during periods of high flow. The crest of the spillway ]

E _ c. Appurtenant Structures. The splllway 1s a round crested
4
W
:
. was clear of debris.

|

s

The upstream portions of the outlet were submerged and )
were not visible during inspection. As shown 1n Photo RERt
No. 3, the gatehouse 1s 1n good condition, with minor e
surficial cracking on the inslde walls and some stalning c

and efflorescence on the exterior walls.

t. The gate valves on the outlet are reportedly 1n operating { )
condition. The valves were submerged and were not R
visible during the inspection. ;%}ﬂ
The concrete outlet structure consists of a headwall and S
two wingwalls that show minor cracking and associated s
efflorescence. The wall surfaces have suffered heavy L—~$

spalling particularly adjacent to the outlet pipes (see -
Photo No. 7 and No. 8). The outlet was partially It
submerged and 1t was not possible to determine what, if T
any, was the rate of seepage. There are two draln pipes

that discharge from the right sidewall. The upper one

= was not flowing but the lower one was discharging fﬂ
{j ggproximately 5 gpm of rust stained water (see Photo No. Tffﬂ

RORER
The dike section west of the highway is in good R
condition. The crest and slopes are clear of trees and R
brush and are grass covered. There 1s no evidence of )
T erosion or movement of this section. The eastern section '
o of the auxiliary dike 1s covered with brush and small
trees along the upstream face for the first 200 feet.
The top of the dlke along this section 1s heavily rutted S
from vehicular traffic. The roadway dips toward the R
middle of the stream channel but otherwise the alignment v
is relatively straight. (see Photo Nos,., 13 and 14), The o
e two culvert plpes located at the low polnt in the roadway
- were submerged but appear to be open. Water passing
through these plpes 1s ponding in a marshy area between DAL
S the roadway berm and the original dike located ﬂ%f@
5 f approximately 220 feet further downstream. The original )
_ dike 1s in good condition and is grass covered (see s
s overview photo). s
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d. Reservolr Area

The reservolr area 1s sparsely developed. Oakmont P

Regional High School 1s located at the northwest corner Eq;
of the reservoir. Residential development 1is located on S
the north and east sides of the reservolr. Most of the e

land is wooded with moderately steep slopes. There 1s
some potential that future development will occur 1n the
reservolr area.

e. Downstream Channel. The spillway dlscharges into the
downstream channel. The concrete and stony masonry walls
that form the sides of the channel are slightly cracked
and eroded, etc.) (see Photo No. 10 and No. 11). The T
stone masonry floor of the channel 1s covered with =c
concrete. There 1s a slight accumulaticn of debris on :
th§ downstream floor of the channel (see Photograph No.
10).

Approximately 10 saplings are overhanging the right hand S
side of the channel. w

The low level outlet discharges into a channel which
Joins the splllway dlscharge channel 150 feet downstream
of the dam. The outlet channel is shallow, unlined and
approximately 20 feet wlde. It 1s clear of debris but a T
thick growth of brush and saplings along the banks it
overhang the channel.

A Rd

A road embankment crosses the channel about 4,500 feet
downstream of the dam. Water flows through the

embankment in a l12-foot diameter corrugated metal AN
culvert. o aia

The village of Whitmanville 1is located 4,300 feet south
of the reservoir,

Evaluation. The visual inspectlon indicates that the dam 1s

in falr condition. The stated deficiencles which must be

corrected to assure the continued performance of this dam and -
measures to improve this condition are outllined in Section 7.

WESTMINSTER RESERVOIR DAM
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SECTION 4

OPERATING AND MAINTENANCE
PROCEDURES

Operating Procedures

a. General. According to Mr. Collette (company
representative) the standard procedure for operating the
dam is to visit the dam monthly to 1inspect the dam or
more frequently as necessary to regulate the flashboards
on the spillway.

b. Warning System., The Owner of the dam, in cooperation
with the Office of Civil Defense, Fitchburg has devised a
plan for surveilllance of the embankment during and after
periods of heavy rainfall, and for warning local
residents in case of an emergency at the structure. This
written plan i1s presently reportedly belng upgraded,

Maintenance Procedures

a. General. The dam is generally adequately maintalned.
James River - Massachusetts, Inc. 1s responsible for
maintenance of the facllity. Periodic Inspectlons by
thelr personnel have been conducted in the past., Typilcal
maintenance pro~cedures have reportedly included repair of
cracked or missing concrete or mortar, clearing bush and
trees from the slope and discharge channels, clearing
debris from the spillway and outlet intakes, and keeping
the low level outlet valves in operating condition.

b. Operating Facllitlies. Maintenance of the operating
facllities at the dam consists of a monthly lnspectilon of
the dam during which any vandalism or other damage is
repalred and debris 1s removed from the dam and spillway.
The dam is mowed and cleared of brush annually. The
operating condition of the outlet works is reportedly
checked periodically by the Owner. Because the auxiliary
dike 1s on land not owned by James River - Massachusetts,
the auxlliary dlke 1s not maintalned by them.

Evaluation. There 1s reportedly a program for maintaining
the embankment and appurtenant structures in good operating
condition. There 1s also a program of regular technical
inspections, a plan reportedly for survelllance of the
embankment during and after heavy ralnfall, and repcrtedly an
emergency warning system in effect. The latter two 1iternis are
reportedly included in a written emergency preparedness plan,
which 1s presently belng upgraded. Thils written progrem
should be implemented, as recommended in Section 7.3.

13 WESTMINSTER RESERVOIR DANM
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SECTION 5

EVALUATION OF HYDRAULIC/HYDROLOGIC
FEATURES

General. Westminster Reservolr Dam has a 1l.5-square mile
dralnage area, about 9.3 percent of which is ponds and swamps
(see Figure D-1, Drainage Area Map). The land is gently
rolling, and lightly developed.

There 1s one dam upstream of Westminster Reservolr that
provides additional storage within the watershed.

Westminster Reservoir has a surface area of approximately 116
acres and a maximum storage capacity of 1,775 acre-feet at El
825.8. The dam and dike section west of the roadway 1is of
earthfill construction about 930 feet long with the top at El
825.8. The spillway consists of concrete covered
stone-masonry with a rounded crest weir and discharge
ghgnnel. The crest of the weir is 49.5 feet long, and at El
1 L]

The maln outlet consists of two 30 in. diameter cast iron
plpes located 1n the mliddle of the highest sectlon of the
dam. Flow through the outlet 1s controlled by gate valves.,
The outlet can discharge a flow of 200 cfs when the reservoir
is at E1 818.0, which 1s the crest of the spillway.

Starting at elevation 818.0, and assuming no inflow, the
combined discharge of the outlet plipes can lower the
reservoir by 1 foot 1n about 7 hours.

Design Data. Hydraullc computatlons for design of the
spillway at Westminster Reservoir Dam are included in
Appendix B, The splllway is designed for a maximum water
surface elevation of 824 with a discharge of 2,450 c¢fs. The
flashboards are assumed to fall at a water surface elevation
of 822.5. The outlets were designed to discharge a combined
maximum flow of 250 cfs.

Experience Data. There 1s no record of overtopping of the
present dam, which was repaired in 1939. The inspection
reports state that during the 1938 hurricane, water
overflowed the highway onto the Salo Farm and then flowed
back into Whitman Brook downstream of the dam,

Test Flood Analysis. Westminster Reservoir Dam has been
classifled in the "intermediate" size and "high" hazard
categories. According to the Corps of Engineers guidelilnes,
a test flood equal to the full PMF (Probable Maximum Flood)
should be used to evaluate the capacity of the spillway.

WESTMINSTER RESERVOIR DAM
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The PMF rate for the Westminster Reservoir Watershed was

calculated to be 1,150 cfs per square mile of dralnage area. AR
This calculation 1s based on the average slope of 2.4 percent ——
in the dralnage area, the pond-plus-swamp area to dralnage -
area ratio of 9.3 percent, and the U.S. Army Corps of

Englneers' gulde curves for Maximum Probable Flood Peak Flow e
Rates (dated December 1977). For this analysis the peak flow e
rate was estimated for topographic conditlons varying between PN
"rolling" and "flat and coastal". =

Applying the full PMF rate to the 11.5 square mile dralnage
area results in a peak test flood inflow of 13,200 c¢fs. By
adJusting the test flood inflow for surcharge storage, the

peak test flood outflow was calculated to be 11,900 cfs s
(1,035 cfs per square mile, without flashboards. With flash- -
boards to elevatlon 420.5 the peak test flood outflow is B
12,200 e¢fs (1,06lcfs per sq. mi.). o

During the test flood, the pond level would rise to E1 827.7
without flashboards. With flashboards to E1 820.5, the pond A
would rise to E1 828.2. .o

Hydraulic analysis indicate that the spillway without
flashboards can discharge 4,200 cfs or 35 percent of the test
flood outflow with the pond at E1 825.8, which is the low
point on top of the dam., With flashboards to E1 820.5, the L
spillway could discharge 1,900 cfs, or 16 percent of the —
outflow before the dam is overtopped. Rk

Table 5-1 below summarizes the discharge from the pond during
the test flood.

TABLE 5-1. i

Flashboards Flashboards RN

in place removed o

Maximum height of water above dam: 2.4 rt. 1.9 ft. S
Discharge over spillway: 3,300 cfs 5,850 cfs ~ —
Discharge over dam: 8,900 cfs 6,050 cfs R
Depth at critical flow: 1.4 £, 1.1 ft, O,
Velocity at critical flow: 6.7 fps 6.0 fps R

5.5 Dam Fallure Analysis. The total peak discharge rate due to v
failure of the dam was calculated to be 35,600 cfs with the =
pond at El1 825,8. This calculation 1s based on a maximum AR
head of 30.3 feet and an assumed ll2-foot wide breach
occurring 1n the embankment. Fallure of the dam would
produce a downstream flood wave +19 feet deep as compared to RN
channel flow +7 feet deep prior to fallure. It would take 5
about 1-1/2 hours to drain the reservoir, v

WESTMINSTER RESERVOIR DAM L
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There are 9 houses located along the stream channel starting
1,000 feet downstream of the dam. The foundations of these
structures are approximately 15 feet above the floor of the
stream channel. Due to the configuration of the channel,
little attenuation of the flood flow 1s expected. An assumed
failure of the dam could produce a flood wave that would rise
above the foundation level of these houses resulting in a
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.
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16

_______________

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

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

<

e
)
LA




SECTION 6 R
] STRUCTURAL STABILITY '

6.1 Visual Observations. The evaluation of the structural R
stabIlity of Westminster Reservoir Dam is based on a review ~e.
of previous inspection reports, a review of availlable -
drawings, and the visual inspection conducted on May 6, 1980.

As discussed in Section 3, Visual Inspection, the dam 1s in
fair condition. Extensive seepage was observed along the
downstream toe of the embankment. There is a 5 x 8 foot area
on the upstream slope that has slumped. An area of erosion
was observed on the upstream slope of the dam. A thick
growth of trees and vegetation exlsts on the upstream slope
of the auxliliary dike.

6.2 Design and Construction Data. Construction of Westminster
= ' Reservolr Dam was completed in 1909 and was repaired in 1939.
C Computations for redesign of the splllway are avallable and
are included in Appendix B.

Drawlings dated 1909 show the proposed construction of the dam
(see Figures B-4 through B-7). The drawings show that the
dam 1s an unzoned earthfill embankment founded on soll, The
. side slopes of the embankment are 2:1 upstream and 2:1
g downstream. An 1impervious core wall made of concrete 1is PO
located in the middle of the embankment. The earthfill is
. shown as selected fl1ll on the drawings. A partlal cutoff
s wall extends an unknown depth below the base of the dam and
consists of interlocking steel sheet piling.
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Specificatlions for construction of the dam are not avallable.

There 1is no information on the shear strength or permeability
o of the soil and/or rock materials of the embankment,

6.3 Post-Construction Changes. Since the original construction
of the dam, several changes have been made. In 1939 the dam =T
was reconstructed to increase the splllway capacity and stop
floodlng of South Ashburnham road in periods of heavy S
rainfall. The splllway crest was lowered 2 feet and the dam
crest was ralsed 1 foot. The dam slopes were regraded to 2:1
(horizontal to vertical) both upstream and downstream (see
Figures B-2 and B-3). The highway was raised and resurfaced K
between stations 46+75 and 51450 and a connecting low earth
dike crossing the Salo Farm was raised to elevation 826.

N Subsequent to the reconstruction, an earth dlke has been e

T constructed roughly 220 feet north of the exlsting Salo Dike R

C_ to provide access to a house (see Photo No, B-=13).

[ =
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6.4 Seismic Stability. The dam 1s located in Seismic Zone No. 2, ’.'{:'.::3
and 1n accordance with Corps of Englneers' guidelines does j.'-j:_*i
not warrant further seismic analysls at this time,
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SECTION 7

ASSESSMENT, RECOMMENDATIONS,
AND REMEDIAL MEASURES

7.1 Dam Assessment

a. Condition. As a result of the visual inspection, the
review of available data, and limited information on
operation and maintenance, the dam is considered to be in
failr condition. The followlng deficiencies must be cor-
rected to assure the continued performance of this dam:
extenslve seepage along the downstream toe of the
embankment; slumping on the upstream slope of the dam;
erosion on the upstream slope of the dam; missing riprap
from the upstream slope, planks missing from the deck of
the gatehouse access bridge; spalled concrete on the
spilllway side walls and accumulation of debris In the
discharge channel,

The peak test flood (full PMF) outflow is estimated to be
11,900 cfs with the pond at E1 827.7 (assuming the
flashboards are removed). The test flood would overtop
the low point on the dam by 1.9 feet. Hydraulic analyses
indicate that the spillway (without flashboards) can
discharge 4,200 cfs or 35 percent of the test flood
outflow before the dam 1s overtopped. (With the
flashboards in place, the spillway can discharge 1,900
cfs or 16 percent of the test flood outflow before the
dam 1s overtopped).

b. Adequacy. The lack of detalled design and construction
data did not allow for a deflnitive review. Therefore,
the evaluatlon of this dam 1s based on a review of the
avallable date, the visual Inspectlon, past performance
and englineering judgment,

c. Urgency. The recommendations and remedial measures
outlined below should be implemented by the Owner within
1l year after recelpt of this Phase I Inspection Report.

7.2 Recommendations. It 1s recommended that the Owner employ a
qualified reglistered engineer to:

a. Develop procedures for for clearing trees, brush and
roots from the dam and dike for a minimum distance of 25
feet from the toe of the dam and dike embankments. All
stumps and roots removed should be backflilled with select
material.

b. Evaluate the significant seepage noted at the toe of the
dam and dike embankment. The evaluatlion should be
conducted after the trees and brush are cleared for a

E
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minimum distance of 25 feet from the toe of the Iﬁia
dam. S
—_—
8 Perform a detalled hydrologic/hydraulic analysis to S:c
2 evaluate the discharge capability of the spillway and the e
Y overtopping potential of the dam. (Until the DO
<. _ recommendations resulting from this investigation are o)
Y implemented, the Owner should immediately remove the jﬁi]
‘ e flashboards from the splllway.) ,
ﬁ - d. The dam and spillway should be evaluated under a no flow :
2 condition after the flashboards are removed.
x Consideration should be given to lowering the reservoir
b and examining the spillway and riprap on the upstream T
’ slope of the dam. . )
" !
: The Owner should implement the recommendations of the ]
. Engineer. :
§ Remedial Measures _-*
a. Operating and Malntenance Procedures. It 1s recommended L
that the Owner accomplish the following: :
(1) To prevent continued erosion, fill in and re-seed ;fﬁ?
eroded areas on the upstream face of the earth Y
embankment portions of the dam. :‘*
-
(2) Repailr all spalled and deteriorated concrete on the B
splllway sidewalls., -
(3) Replace missing/dislodged riprap on the upstream ]

face of the embankment.

(4) Place earthfill and re-seed eroded areas on the
upstream slope.

(5) Remove all debris and loose stone in the floor of
the spillway discharge channel.

(6) F111 the animal burrow at downstream toe of dam. o

(7) Complete the written definite plan for surveillance
of the dam and spillway durlng and after periods of -
heavy rainfall and a plan to warn people in ,
downstream areas in the event of an emergency at the
dam.
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(8) Continue a systematic program of maintenance T

20

inspections. As a minimum, the inspection program e
should consist of a monthly inspection of the dam L
and appurtenances and be supplemented by additional TS
WESTMINSTER RESERVOIR DAM o
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7.4 Alternatives.

inspections during and after severe storms. All
repalrs and maintenance should be undertaken in
compliance wilth all applicable State Regulations.
The maintenance program should include removal of
any debris caught on the splllway welr to prevent
clogging of the spillway.

Institute a program of technical inspections to be
conducted on an annual basis.

There are no recommended alternatives.
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APPENDIX A

' PERIODIC INSPECTION CHECKLIST
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PERIODIC INSPECTION _'_;1
PARTY ORGANIZATION
1]
. - ]
T PROJECT _ WESTMINSTER RESERVOIR DAM DATE_ May 6, 1980 '
. TIME 8:30 A.M. ]
" WEATHER_Clear oo
L
N W.S. ELEV.820.7 y.s.797.0pN.S. 1
: PARTY:
‘ 1. W. Checci (Metcalf & Eddy - Geotechnical) .
S 2. W. Diesl (Metcalf & Eddy - Geotechnical) -
NN -, ]
o 3. S. Nagel (Metcalf & Eddy - Geotechnical) NS
i (W' L, L. Taverna (Metcalf & Eddy - Geotechnical) fii
'. 5. L. Branagan (Metcalf & Eddy - Hydraulics) o
- PROJECT FEATURE INSPECTED BY REMARKS S
; - 1. Dam S. Nagel/L. Taverna b- 1
| B }
S 2. Spillway S. Nagel/L. Taverna S 1
Do 3. Gate House S. Nagel/L. Taverna :;t::‘:;:
i . 4, Access Bridge S. Nagel/L. Taverna ..{t{:'
.o 5. Dike S. Nagel/L. Taverna - 1
60 "_‘:;
7. R
)
T 8. e
9. =
e 10. i
)~ )
» 3 )
, B
) :
; S
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PERIODIC INSPECTION CHECK LIST

PROJECT WESTMINSTER RESERVOIR

DATE May 6, 1980

PROJECT FEATURE DAM

NAME S. Nagel

NAME L. Taverna

DISCIPLINE Geotechnical
L/S = Left Side u/s = upstream
R/S = Right Side d/s = downstream

AREA EVALUATED

CONDITIONS

DAM EMBANKMENT

-l

.

Crest Elevation 825.8
Current Pool Elevation 820.7
Maximum Impoundment to Date Unknown

Surface Cracks None visible

npaved sodded crest-no rutting

Pavement Condition isible

Movement or Settlement of Crest INone visible

Lateral Movement None visible

Vertical Alignment Relatively flat

- . Horizontal Alignment Good-straight

i T B
e et
‘o o amala’ .
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R e ¥ S L N DM NP AR S P I S A I . Sy I

Condition at Abutment and at
Concrete Structures

ES hillside, R/H spillway wall

ef't abutment ties into road, right abutment
against hill

/H wall against embankment

Indications of Movement of
Structural Items on Slopes

Pone visible

Trespassing on Slopes

ocalized rutting adjacent to gate house
ridge~trees, brush and trash on d/s toe

Sloughing or Erosion of Slopes
or Abutments

Sloughing of 5'x8" area next to gate house
bridge

Rock Slope Protection - Riprap
Fallures

ra few p

u/s slope riprapped from bend to spillway
! gecespmigging below water lgne—riprap

extends to water line - good condition

Unusual Movement or Cracking at
or near Toes

one visible-some brush and trees ens
croaching at d/s toe to the left of low

level outlet

Unusual Embankment or Downstream
Seepage

Adjacent to outlet and Z other large areas
along d/s toe - all seepage less than lgpm
- orange staining

Piping or Boills

None visible //Animal hole € 475 ©oe -

100' west of outlet

Foundation Drainage Features

None visible

Toe Drains

Toe drains exit at wall of outlet
structure

Instrumentation System

None

P S R T
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PERIODIC INSPECTION CHECK LIST

PROJECT WESTMINSTER RESERVOIR

PROJECT FEATURE Spillway

DISCIPLINE Geotechnical

DATE May 6, 1980
NAME S. Nagel
NAME L. Taverna

AREA EVALUATED

CONDITION

OUTLET WORKS -~ SPILLWAY WEIR,
APPROACH AND DISCHARGE CHANNELS

a. Approach Channel

Concrete sidewalls - dry stone
masonry bottom

General Condition

Good

Loose Rock Overhanging
Channel

None

Trees Overhanging Channel

1 or 2 small trees less than
6-inch diameter

Floor of Approach Channel

Loose rock-cobbles & boulders

b. Weilr and Training Walls

Concrete floor & sidewalls flashboards
in place

General Condition of
Concrete

Good~little or no cracking-walls are
straight & vertical

Rust or Staining

None visible

Spalling

ery little-most surfaces are smooth
some along edge of L/H sidewall

Any Visible Reinforcing

None visible

Any Seepage or Efflorescence

No seepage-some minor efflorescence
long 2 cracks

Drain Holes

U-inch drain hole in R/H d/s wall

c. Discharge Channel

idewalls ate concrete[éh?gge to mortared

nd of 3rd apron

General Condition

Etone at end of 2nd apron/dry stone at

ood-walls straight & vertical

Loose Rock Overhanging
Channel

None

Trees Overhanging Channel

ﬁpproximately 10 saplings on R/H
ide

Floor of Channel

Eoncrete to toe of dam-change to unlined
tream channel

Other Obstructions

t log & a few boulders in channel not
uch of an obstruction

<

R

4

.

1
.‘:.._1
LT
c e
4“

o0 -
. ..L.*
L
o

Lot
PRSP
NN S )

PRI N
e
P BT N BN

et
sttt
YR

PP R




----------

PERIODIC INSPECTION CHECK LIST

PROJECT WESTMINSTER RESERVOIR

PROJECT FEATURE__ Service Bridge

Geotechnical

DISCIPLINE

DATE May 6, 1980
NAME S. Nagel
NAME L. Taverna

AREA EVALUATED

CONDITION

OUTLET WORKS - SERVICE BRIDGE

Wood plank deck spanning
2 steel I-beams - no railing

a. Super Structure
Cast into concrete gate house
Bearings Buried in dam embankment
Anchor Bolts N/A
Bridge Seat N/A
Steel I-beams - painted - littl
Longitudinal Members ru:i S-P ke
Under Side of Deck Exposed
Secondary Bracing None
Zx6 boards placed across beams-several
Deck R
boards missing at each end
Drainage System Uncontrolled drainage
Railings None
Expansion Joints None
Some pailnt chipped on I-beams -
Paint fair condition
Abutment is u/s dam slope
b. Abutment and Plers

One concrete pier

General Condition of Con~rete

Concrete good-u/s toe beginning to be
ndermined

Alignment of Abutment

ight angles

Approach to Bridge

From dam crest - localized erosion due
to foot traffic

Condition of Seat and Good
Backwall
o '
» |
N pageA-4 of. 7
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PERIODIC INSPECTION CHECK LIST
PROJECT  WESTMINSTER RESERVOIR DATE May 6, 1980 quﬁ
M <.
PROJECT FEATURE_ Control Tower NAME S. Nagel .
DISCIPLINE Geotechnical NAME L- Taverna :;;ﬁ
AREA EVALUATED CONDITION o
OUTLET WORKS - CONTROL TOWER Step-tapered concrete cylinder -:.1
Steel plate roof b
a. Concrete and Structural Expanded metal floor 5
.~' "ﬂ
General Condition Good L4
Condition of Joints No joints visible -
o
Spalling None visible __»:
]
Visible Reinforcing None <
Rusting or Staining of None visible :f
Concrete N
Efflorescence heavy along alligator -
Any Seepage or Efflorescence [cracking inside .
——emaed
Joint Alignment N/A L
Unusual Seepage or Leaks in |None fif
pate i
Cracks Localized alligator cracking on walls ;Egi

inside gate house

Rusting or Corrosion of Steel

Expanded steel deck and roof 1s coated =
with surface rust. -

b. Mechanical and Electrical

Air Vents

Float Wells

Crane Hoist

Elevator

Hydraulic System

Service Gates

Submerged

Emergency Gates

Lightning Protection System

Emergency Power System

Wiring and Lighting System
in Gate Chamber

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

PROJECT WESTMINSTER RESERVOIR DATE May 6, 1980

PROJECT FEATURE Dike NAME S. Nagel ..

DISCIPLINE Geotechnical NAME .. Taverna :-
AREA EVALUATED CONDITION ‘

DIKE EMBANKMENT

Crest Elevatlon 825.7
Current Pool Elevation 820.7
Maximum Impoundment to Date Unknown
Surface Cracks None visible

Pavement Condition Unpaved grass covered crest i,

Movement or Settlement of Crest None visible

G :,7_7,',"7'ﬁ1 Bt a4 e
'.. V-\ S N
e E S P

1

Lateral Movement None detectable

Vertical Alignment Good - relatively flat -

Horizontal Alignment Good-straight along each el

section 5 :.:

Condition at Abutment and at Ties int? dam on R/H side and road :
Concrete Structures on L/H side

Indications of Movement of N/A o

Structural Items on Slopes

ne small path eroded on d/s slope
Trespassing on Slopes near junction with dam

Sloughing or Erosion of Slopes [Minor erosion on footpath
or Abutments )

Rock Slope Protection - Riprap [N/A
Fallures .

Unucsual Movement or Cracking at pNone -
or near Toes ORON

Unusual Embankment or DownstreampNone

Seepage

Piping or Boils None .
Foundation Drainage Features None s
Toe Drains None

Instrumentation System None &;;
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PERIODIC INSPECTION CHECK LIST

PROJECT WESTMINSTER RESERVOIR DATE May 6, 1980

PROJECT FEATURE Auxiliary Dike NAME S. Nagel

DISCIFLINE Geotechnical NAME L. Taverna
AREA EVALUATED CONDITION

DIKE EMBANKMENT«AUXILIARY

Crest Elevation 825.0
Current Pool Elevation 820.7
Maximum Impoundment to Date Unknown
Surface Cracks None visible
npaved dirt road on crest-rutted from
Pavement Condition vehicular traffic

Crest di toward st ch 1
Movement or Settlement of Crest ps towar ream channe

Lateral Movement None visible

Vertical Alignment See above

Crest along roadway relatively straight-
remainder const. on a curve

Ties into road on R/H side

Pillside on L/H side

Horizontal Alignment

Condition at AL.tment and at
Concrete Structures

Indications of Movement of N/Aa
Structural Items on Slopes

vidence of minor localized foot traffic
Trespassing on Slopes bn slopes

None visible-u/s slope covered with brush’
i trees-d/s slope sodded

Sloughing or Erosion of Slopes
S or Abutments

Rock Slope Protection - Riprap P/A no riprap evident
Failures

—
! Unusual Movement or Cracking at lNone visible
: or near Toes

Unusual Embankment or Downstream[None visible

. . Seepage

? fi Piping or Boils None visible
: Foundation Drainage Features None visible
E Toe Drains None visible
? :L Instrumentation System None

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




APPENDIX B

PLANS OF DAM AND PREVIOUS
INSPECTION REPORTS

Figure B-1, Plan of Dam

Figure B-2, Drawing of Dam dated June
21, 1939

Figure B-3, Sections through Dam
Figure B-4, Original Topo at Dam Site

Figure B-5, Section through dam and splllway
dated March 12, 1909

Figure B-6, Plan of Valve Tower Detalls dated
March 12, 1909

Hydraulic calculations for redesign of the
spillway dated July 6, 1939

File card for Westminster Reservolr Dam from
Worcester County Engineers Office

Previous Inspection Reports Dated 1924 through
1967 by the Worcester County Engineer's Office

Previous Inspection Reports Dated 1972 and
1976 by the Massachusetts Department of
Public Works

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

B2
B-3
B-4

B-7

B-10

B-11
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July 6, 1939

j WESTMINSTER DAM
! . -
! . Discharge of New Rounded Crest Spillway ' p
o Data e
Length of Crest 50 ft. ;
-~ Top of Crest Elev. 818
- Bottom of Approach Channel " 817
- Spillway Crest Shape .
I -~ Underside of nappe fits the spillway profile at H = 4.3 f¢t. f- 3
} Determination of Crest Coefficient and Spillway Discharge ]
. Equation of Discharge -
I Q = CBH % -
C = Coefficient of Discharge o
L = Length of Crest T
H =

Total Head on Crest Rt
Basis for Determining Coefficient -

1. The coefficient of discharge for a spillway whose shape
is that of the underside of nappe of a sharp crested weir,
ot with negligble velocity of approach, is from 3.95 to 4.05
" for the given head.

i a 2. With such a shape of crest, with negligble velocity of
: approach, the coefficient of discharge will vary with RIS
different ratios of actual head to design head, the range e
being from about 3.0 to as high as 4.2 or above. e

- 3. When velocity of approach is great, as with a low dam with ff;;
) high head, the coefficient of discharge for a crest fitting '
| the underside of nappe is smaller due to the flattened -

trajectory of the stream.

4. The crest shape must extend downstream far enough so that
: changes in pressure on the face due to different heads are
) t small. It must also extend beyond the point of critical
depth, taking into account the effect of curvature, beyond - :i
which point any disturbance can have no effect on the flow el
over the control section of the crest.

. ) 5. The slope of the downstream apron must be sufficient to PR
) f maintain flow at or below critical depth. 50

6. Any submergence under these circumtances (4 and 5 above)

will have little effect on the discharge. ?5fj

) B-7 WESTMINSTER RESERVOIR DAM
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Lo NASHUA RIVER RESERVOIR COMPANY . ‘4
;'-'_ ‘ Westminster Reservoir 1
X =
.o Drainage Area
. .
. Gross drainage area 11.1 sq. mi. -_:-..'__;:
SR Nashua River drainage area (non productive of ]
. large flood flows) 3.6 " .
wo- Net Drainage Area 8.1 sq. mi. :
S Present Levels ;A :
Koo e
;~ Spillway crest Elev. 820.0 ]
n - Main dam and dike " 825.0- .
- Highway opposite end of main dam 823.6+
oo Dike back of Salo's farm house 825.0- ]
L 5
‘l' Proposed New Levels 3
F r.- Spillway crest Elev. 818.0 ;
- Crest of flashboards " 820.0 =
v Main dam and dike " 826.0 o]
> Highway opposite end of main dam " 824.6 e
Ej Dike back of Sale's farm house " 826.0 N
. Lol
i l ; FLOOD HEIGHTS AND DISCHARGES R
ey
» Dam Crest With Flashboards Out (Crest Elev. 818.0) ~ A
Zf:: Discharge over Discharge Thru Total -
o W.S. Elev. Dam c.f.p.s. Gates c.f.p.s. Discharge Remarks A
‘i 818 0 220 220 W.S. at crest ..
. & of spillway 'Mj
819 170 225 395 o
> 820 470 230 700 e
“- 821 865 235 1100 e
- 822 1330 240 1570
. 822.7 1700 245 1945
ot 823 1860 245 2105
- 824 2450 250 2700 - W
Dam Crest With Flashboards (Elev. 820.0) :f-;ft:
T
=g Discharge over Discharge Thru Total 1
b W.S. Elev. Dam c.f.p.s. Gates c.f.p.s. Discharge Remarks . )
820 0 230 230 W.S. Top of v
. Boards K
o 822.5 660 245 905 5' o.c. pins ]
o ready to fail [0
." ¢ 822.5 1125 245 1370 $' o.c. pins ou -.
= b 823.3 1515 245 1760 1/2 crest clear -
- 4' o.c. pins .- “
T ready to fail A
O 823.3 2030 245 2275 Crest clear T
- 824.0 2450 250 2700 Crest clear ;
r B
’. b B-8 WESTMINSTER RESERVOIR DAM _ 1
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Note: Tabulated discharges based on Francis Formula coefficient 3.33. A co-
efficient 10% higher is expected with a properly shaped crest.

The following computations are based on data compiled by Borland
after a study of experiments on 78 dam crests.

H = Total Design Head = 4.3 ft.
Hg = Total Head on Rounded Crest
C_ = Theoretic Coefficient at Design Head = 4.05
cP= cCoefficient Expected
P = Height of Crest above Approach Channel = 1.0 ft.
H
P = 0.811 Corresponding reduction factor from Borland
Hp + P correcting for velocity of Approach = 0.904

Coefficient at Design Head corrected for velocity of Approach = 4.05 x 0.904 = 3.66

Ho Ho Correction Expected Approximate
—_ for Head Ratio C=m3.66 Discharge Pond Flev.

—— Hp m —_—

1 0.23 0.83 3.06 154

2 0.46 0.90 3.28 464

3 0.70 0.95 3.47 903

4 0.93 0.99 3.63 1452

4.3 1.00 1.00 3.66 1632 822.5

5 1.16 1.03 3.76 2100

6 1.39 1.06 3.88 2850

6.7 1.56 1.08 3.95 3420 825.0

Check from Weir Test by Schoder & Turner

Measured Head on Sharp Crest 2.0001 ft.
Discharge per foot of crest 14.434 c.f.s.
Height of Sharp Crested Weir 0.50 ft.
Calculated rise of underside of nappe 0.09 ft.
Velocity head 0.51 f¢t.
Total head on high point at nappe 2.42 fe.
Coefficient of Discharge of Crest just fitting

underside of nappe 3.8

This shows estimated value 3.66 ft. actual crest probably on
. safe side.

S References

L, - Schoder & Turner - Trans. A.S.C.E. 1929

3 Kirschmer - Hydraulic Laboratory Practice

SR Randolph - Discussion, Trans. A.S.C.E. 1938

. Rouse - Civil Engineering Jan. 1935

N Justin & Greager - Hydro-Electric Handbook

Borland - Flew over Rounded Crest Weirs, Univ. of Colorado
A Bakhmeteff - Flew in Open Channels

» { Model Tests at W.P.I. (not published)

[
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COUNTY OF WORCESTER MASSACHUSETTS o

COUNTY ENGINEER ]

Inspection of Dams, Reservoir Dams, and Reservoirs. ]

" Aug,.4,1927 ]

........... LoOMardan ................... Dsate. 830Dpt.29,1924 Dam No.. 89=14. .. . . |
Whitman River,

e WORARADAEOY . m.uonl’-munorthmmanvnle- ...................... L
Owner........ Nashua Resarvolr. Goe. ... 3T Y- LY S - )
Material and Type.............. Earth. dam-paved. apillnx- riprap upstroma ]

f Dam Designed by.. Construeted by.........ooooereerrn > (PO
| SPILLWAY -LENGTE 50!~ . _
; EL top Abutment.... 20047 EL Crest........95.3..7EL Aproa........oo........ EL Streambed....... . TQ+* ... :
[,  Width top Abutment... 1328 TWidth top Crest............ Width bottom Spillway..... 1154 .OF. MOre. )
Width Flashboards earried................. nane.......... Kind FIRBRDORPAD..........oeeeceeeeeeeeeee e veseseesssessaseasamemsesssesenee :
EL Flowline Cleanout Pipe... PXOD.T0.... 7. Sise and Kind Clunout T —— c
Kind of Foundation Under BPIIWAY -.....ooee.oooeeeooseresseeessmeomeesersessrssesseeessrses oo et es e - ]
Condition.. BADA ...ttt sa bR bR b e bR - o
EMBANKMENT 'LENGTH 400! .~ ~ o
+ ElLTop.. 1004 El. Natural Ground..........cccooonrooerrunr. Width Top................ b B 7N - S ' .i}-
- Width of Bottomns'Upctmm Slope......... J+=1 .............. Downstream Slope ........ 33 S — '''' :
© KKind of CoMeWAll ...ttt e et b se s nan Riprap........... rip.rap.. ... 1
Material in EmMBADKINERL. ...........cocovereemmseesemmamssmsansssessssssssessssressesessssssesssses FOURAALION. ........oceecevereuesemssessssomnsersssassassensennecss :‘Ii
Condition.............ccconruvernrirncrnnns BOOQ ... oot ceaeess e ese e s b es e R R bRt s ;flj
ol
.......................................................................................................................................................... ‘
GATES.......... et euser R R s s R s Location....175!. from south end dam
Siu...a!so#..‘.;’_..‘ptpc .Kind eeveesassaseestoanntansnes EL Flowline. ...........oooooeiieiieerreereeeesereeesreresrnans 1
Condition teurmtsssessaesesstememstetesetetatetesatatasastetatetatntnsasntateessasesastessect s arsesbeReROROReLsheEe b ba bRt s LA SR eR R RSP RS R SRR E R e s eR et R L bees e teeae e ene Z:
WHEEL.... Kind Bise.. Rated HL P
LOCRLION. .........ocooeeeeecrecrenicseneesseeneseneenssessesesasasesssssnstessesssssssnsasssessnnons Ave. Head ....................
Evidence of Leaks in Structure....834ght. leak arounf waate.pipe=toa. af.slope,........
Recent Repairs and Date.................. TUAMUBL....c.coorrerrereranernrassessserressesssssaseresassessssrtosenerssessosonsbesabmresosessrenssorasessnssnstssnssn.
Topography of Country below Dam... Waoded-medium slopes
reeererecivnnensnaran R LIRS I PPN AIST SR no' m,d.loes ......
Nature of Buildings and Roads below Dan......... none.except. Mill at Whitmansville
k|
etreatsaatasesesnesususseseseneetsetBOneeesnerEeesEneseesressasrsnentebseseshernonenesonrNeessetrentonstesnssoieetnentestnstosnseatenetatertstenasietenteneenanaetsettrastennrestnanscetaes . 1
Numnber Acres in Pond...........cc.coveveoeerccrrsoereessomeenn Drainage Area in Bquare Miles.............coocooccrrscoerossomrr.. 1
Discharge in Second Foeet per Square Mile.................oooovvoccroorooorroo ettt '
Estimated Storage MiIlion Cubic Feet ... ..o e e
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COUNTY OF WORCESTER MASSACHUSETTS
COUNTY ENGINEER
Inspection of Dams, Reservoir Dams, and Reservoirs.

Inspected by...L.O.Marden -Ralph Marble pg Sept.6,1934 Dam No..59-14.. .

v eonsoee

wsessescesrne

D L T T T T T L T L L L L LTS TR P P P T PP ST PPT A

Dam Designed by..........ccvovvnmnremecrereenrsesnarenereese CODSEIUCEO DY ...ooee e Year.....

SPILLWAY—Length.............Feet. Depth......... Feet

El top Abutment........................ El Crest.............co...... El Apron...........n... El. Streambed

Width top Abutment.................... Width top Crest.................... Width bottom Spillway.......c.cvioicenieerceereernee e

Width Flashboards earried...........ccconveerimennene. Kind Flashboards..................coumimenmmeninimeesssecrsmssens

...........

El Flowline Cleanout Pipe..................cc.cou...........5i8¢ and Kind Cleanout Pipe...............c.........

Kind of Foundation under SpilWay..........oceiceriicreeineesrmireserssesenstesssstrssassersssoserssssssessssnsssosms eesssssosas siosnorsen
Condition... relald some of apron and made other repairs to abutments.

..........

Uy S A P S

Width of Botton!...............cccceuenen.... Upatream Blope........coouerieverevcccennne Downstream Slope..............ccooceeennne
Kind of Corewall ..o e e renanie e e ssssasersssnnneecessseove FAPTBPr e ecrarscanenssenesrenns

---------

Material in Embankment.................

T T T LT T T T g T T LLT 1YY

N T T T T L L LT T LT I T I O PP P P T PP P Py SO PP P P P

J T T LT LYY T T T T Y T TRT PP TP POPPOY POTPRTPYRN

DT R TP R PTTY X A N P PP ST Y PP T YT TP YN

seecectasse

..........

Recent Repairs &Dd Date..........rcciiiinicinicerneicessssssssssnesssssesermesssmsssessssssssotonms sessmssessas sesessaress

Topography of Country below Dam...................... cssnaeiannain cemetsaitmnen s et sanasersa s srsens

T T T T T T L P T PR S prrarr T S

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

Number of Acres in Pond «enen. DTIDAgE Ares in S8quare Miles....._.............._ .....................
Discharge in Becond Feet per BQuare Mile............cocviiirninninine s sesssssmessrmssmemesssssssrsssssesss ermaes et sene

Estimated Storage Million Cubic Feet.....

esssranves

..........

...........

St ita 2
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. COUNTY OF WORCESTER MASSACHUSETTS )
. COUNTY ENGINEER
Inspection of Dams, Reservoir Dams, and Reservoirs, _
Inspected by...........0e0.Marden = Dae..12-15.1984. Dam No. B4 LU
Town....Nestmingter . LOOMIOD. ... ceereeere s e s esreeere s et esesmere s esess :
L0 0 O SO UB..oooconeeererreeeassressssssaessenossae e : -
MALEFIAL ADA TYPE. oo st
DAm Detighed bY........covrsrerrrssesrimee o COnBrueted bY..........cocomurrvrieris Year o
SPILLWAY—Length.............. Feet. Depth Feet
El top Abutment El Crest............uu.uu. El Apron..........ccueennes El Streambed..................
Width top Abutment................... Width top Crest................... Width bottom BpIlIWAY.......cccocoererrcveericererececrrcvereanens - )
Width Flashboards carried.................eeeommeeoes KinQ FIRBDDORIAS.........oo oo eserers s sesmseseseneessesssorsemssresons
El Flowline Cleanout Pipe...............cccovricererenrennas Sise and Kind Cleanout Pipe...............ccoovrinnncnneennesiorenenes cunsense
Kind of Foundation UDAer BPillWAY.............ccccoireemriieieiercimeeciecrssessssmensssessessasssssastossessamsesesssesissmssessrecssssasasssestssss sevnss snassass
Condition.............covvvniverennns O et et ess e et oo et o e ;
EMBANKMENT—Length overall............... Foet =
o O T El Natural Ground.......oomeooceree T N s
Width of Bottom.............ocovvvereveccrrnnnee Upstream Blope Downstream Blope.............ccc.ocveervmmsnines i
f JGDA OF COTEWALL ..o e eees e s e e RIDIAD....oree oo ;
1 Material in Embankment............ Foundation
Condition..................... ‘.OK ............................................................
B ———————— i oot P et - el
GATES .. ......oootevertetree s s e sstsresussasrs sesen st satsenarsassss e ssssasas Looation. '.~.
BEBE....ooor e sserrssissesssss s Kind XL Flowline :
CODAION ..o eee e DKoo s sesees e e oo e £ esres e 4 s e e s et st .
o WHEEL........covoerorree Kind........ Sise L TOOT B : 5
8 Location.. retuust et s s et et s s SR e s sensasa s e s s R RSSO s mash e e sem AVS, HEld.........co.ccomunnnrcmesiosncnniressssssesnssresssssesssnsnenss
b ‘ Evidenoce of Leaks in Structure.......... [2) S
E:’- - Recent Repairs and Date................ nepair. wasteway..and.below.outlet. ptpes ................................ )
" Topography of Country below DRI ................cerwesrmerismesessmsssssmmessrmssesmesosen spviemesseemeesssassssesaessnssse s snasaasesens
? ! Nature of Buildings And ROBdS DEIOW DA .....ccooom oo s seess s esssoses st
e e—a— oSS 111 tR 1R AR 154444128 e s8R0 e R
F Number of Acres in Pond s oo resa e ae s nes Drainage Area in Bquare Miles.................c.ooeicvereimnenonnens
; Discharge in 5600nd Foet Por BUAT® Mile.........cooe.oesevoesoersoesssoes s ssmssmsesemses s oemsoeemsreesee
f!_ : Estimated Btorage Million Cubic Feet...........cccimivinmieememmmesmeiminn s messtnsstsassanssssmmatesessssssnssssans emvtrrsannsinnas s sone
o B-13 WESTMINSTER RESERVOIR DAW .
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WORCESTER CUUNTY ENGIHEER -
Inspectior of lams, Reservcir Dams, and Reservolirs

Inspécted by L. H. Spofford Duts_JO-8-@8 .Bun No._ 5P-14

....'."""’"'l"ﬁ‘flvo"o-’“‘-.w‘/&ovoo-¢...o.
[ Tovm'}’*'estlinstor L Looation_ : Miltmerville- Wnit ; ) -

Owner iashug River Reservoir Co. - lUse_: Jepounding Reservolr . _
hrth Embankment - Flood kieight eppears to have M ot ft.

SPILLVAY - enr of 8 llln :.-'."i":
El.top abutment El.Cres t ﬁ pr& Tes .ut.BeQ____
-
- width top Abut. width top Crest width bottom Ep.way
“ath flashboards Kind Flashboards
El.Flowline Cleanout Pipe Size and Kind Pipe
) Kind of Foundation under Spillway
Concition Concrete and greuted stone spillway 45' long with 5' concrete wing:
f. 1 -
{ 411 in good condition, Al
% r 13" Sheawm 5o(
g EBAN.CENT %W’
E.. Top El.Natural Ground tidth Top
Width of Borrom Upstream Slope Downstream Siope
[ Kind of Corewgll Piprap i
B Material in Embankment Foundation :
= -3¢ .
Condition 21’ e, Riprep
‘- ‘ L \ o
=< .:‘-..‘.
a 7 PO
| f river go t .
GATES Ipn gate house.open entire floWoretion . 50ing thru gate this date
Size Kind Ei.Flowline
Condition

New concrete work on aprop and wings was put in in 1926

Evidence of .eaks in ftructure see other side

Recent Repairs and Tate

; ‘,v‘ el T
Nanber Acres in Pond e Drainage Area in Sq. Miles
Cischarge in Second Feet per Square Mile

Lstirated Storage Million Cubic Feet

B-14 WESTMINSTER RESERVOIR DAM
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[ L. Conversagion with ir. Balm _l_m.ﬁ_._f"l!"llﬂxkﬂ'gl. vejls that £lood. £rom -
S reservoir came 18" aver Rear his »ary eod ¢ut down daek of his Ty oean
:nildms ms r&;oun: pressure g t:; dan. Rough ostiu:;‘ :d the N
lop~qver Apdipa : ‘ sQ ft. @f wvatefway area was Al .
:ho spiliway capac ;!;.'n s way. '1&'&?51!"'0&1!'; pmm“m O

1 iidings s smbsnipient would pavs d: In the Gvent sl 57

. :g%% -!bamn;; £hs dnm ﬁ.%tgﬂ a3 the .
RO © r .

T S e igment. DD M. °r protection. Amder R

— -
- -
[ I
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COUNTY OF WORCESTER MASSACHUSETTS
COUNTY ENGINEER
. Ingpection of Dams, Reservoir Dams, and Reservoirs.

fv//
Inspected by /.~ Ahessd

mu..%/&...z.iaf Dam No._ 5904 -

5. !
Town A bsilominanlii:

Owner

Imtion...%.z?‘ﬂ o ”/—;M_
Use

Material and Type

Dam Designed by

Constructed by

SPILLWAY

El top Abutment... ... El Crest.....
Width top Abutment .. ........... Width topCrest................ Width bottom Spillway

Width Flashboards carried.

Kind Flashboards

El Flowline Cleanout Pipe

Size and Kind Cleanout Pipe

Kind of Foundyion under Spijlway
N oy 7 ' Zﬁ .
Condition... /A LAs. o2 At .
-‘ ” <, .
EMBANEKMENT
ElL Top

Width of Bottom
Kind of Corewall

Losast coaae. il

El Natural Ground.......................... Width Top
Upstream Slope....

- ‘&
e e 2 oo 2

it 22D ke

e S

7 et~ kB Ao 5.
4

rerereneremeneeeneeeen DOWNStream Slope

Riprap

Material in Embankment

JFoundation

Condition...

GATES

Location

. ‘.J !,'.,, ‘,/’ e .

Kind.

El Flowline

Size
Condition

WHEEL —Kind.

Location

Evidence of Leaks in Structure

Recent Repairs and Date

Topography of Country below Dam

Nature of Buildings and Roads below Dam

Number Acres in Pond

Discharge in Second Feet per Square Mile

Estimated Storage Million Cubic Feet

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

Size Rated H. P )
Ave. Head ;
:
S
<
-
L
Drainage Area in Square Miles _;: ]
L
B-16 WESTMINSTER RESERVOIR DAM C
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WORCESTER CUUNTY ENGINEER ) ,
Inspection of Pams, Reservolr Dams, and Reservoirs O
CeTeCresker= R X,Turner T
Inspectea 8:,' Mn ® _Date —S=fl=193¢ Dam No. Eo=14 e
e ® o 8 © o & ® 8 ® 6 8 e 6 e ® ® S 8 @ & O & @ ¢ 8 s O 6 o e 6 0 o {
Tovn_ Westwinater Location pshburnham Ressrwole M
Owner___Nashau River Res, 0o, Use S
SPILLUAY ' o
E.l.top abutment i} El.Crest El .Apron El,Et.Bed RS
width top Abut.___ Width top Crest_____ Width bottom Ep.way_______
. width flashboards Kind Flashboards_
- El.Flowline Cleanout Pipe _Size and Kind Pipe
E Kind of Foundation under Spillway . Y |
Condition__ dfacusa recanatruction af apillway te handle mere _watesr — o
__by lewering orests "
B
ELDANiGIENT - :f::’
E.. Top El.Natural Ground width Top ’
Width of Borrom Upstream Slope Downstream Slope
Kind of Corewall Riprap ]
Material in Embankment Foundation f:;,_:;:‘
Condition__te praise entire embankment, and main hgihway whare embankment ;:ilj\ji-'?
__erosses roady i
P s
GATES Location R
Size Kind El.Flowline o
Condition____ gx
Evidence of ueaks in Structure T
Recent Repairs and late ;
l ( E .Nunber Acres in Pond Drainage Area in S5q. Miles 1
| Discharge in Second Feet per Square Mile R
Estimated Storagz Million Cubic Feet -
y ! B-17 WESTMINSTER RESERVOIR DAM *
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WORCESTER COUNTY ENGUIEER
Inspection of Dams, Reservoir Dems, and Reservoirs

Inspected by Ll Q. Mardan Date_gmseigse _Dam No._ Re=1f, _

N
® @ &6 8 o & & ® & 8 © ¢ * & * S & ¢ 9 & T 9 © % * " 8 5 s s o "¢ & o o

Town_______ Wesgminates _ lLocation gghmrham Res,.
Owner___Yanima River Besarvoir Cae Use

EPILLFAY
.top abutment El.Crest El.Apron El.St.Bed
Width top Abut. Width top Crest Width bottom Sp.way 3
Width flashboards__ Kind Flashboards -
El.Flowline Cleanout Pipe Size and Kind Pipe B
Kind of Foundatinn under Spillway -
Concition___wark aommensed despening present-spillway.rserified—sread e
where grade is to be raised. o
ool
FLBAN.C.ENT 1
E.. Top El.Natural Ground vidth Top
Wiatn or Borrom Upstream Slope Downstream Siope R
Kind of Corewall Piprap h
Materiai in Embankment Foundation ;ff
Condition _ :i:f
l' -
T
GATES Locetion R
Size Kind El.Flowline
Condition L

Evidence of ueaks in Structure

Recent Repairs and Cate * :
. Nunber Acres in Pond Drainage Area in Sq. Miles___ i .
s [ischarge in Second Feet per Square Mile
; “;  Letimated Storage Million Cubic Feet
; ' B-18 WESTMINSTER RESERVOIR DAM
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. ' ’ WORCESTER CUUNTY FNGINEER
: Inspection of Dams, Reservoir Dsms, and Reservoirs
; Ralph Marble= 0,T,Crecker=B.P,8t,Jolmn
- Inspected by_LaQ.Mamien=H.K.Durnaéte_g=14=193p Dam No. Eg=14
i I * L] L) ® L 2 . E ) [ ] L] [ ] L] [ ] [ ] L4 L ] L ] L ] L ] * L ®* -9 [ ] L ] L] L ] [ ] L L] [ ] L J * [ ] L ] L
Lo Towm_____Westwminster Location____Ashtmrnhkm Reasarwadw,
. Owner___ MNashma River Ressrvoir Asswy Use
s SPILLWAY
. - El.top abutment El.Crest El.Apron El.St.Bed
o width top Abut. width top Crest Width bottom Ep.way__
- _Width flashboards Kind Flashboards
. El.Flowline Cleanout Pipe Size and Kind Pipe
- Kind of Foundation under Spillway
Condition___ papt goncrete gutsff excavakadwresdy ta pour @Ke
i C
" NiC
: E.. Top El.Natural Ground width Top
oL Width of Borrom Upstream Slope______ Downstream Slope
! i Kind of Coretall ' Riprap
. Material in Embankment Foundation
Tk Condition__ready to rafse emhankment, highway suhgrade aomplatad=task
- eoat in plaoce.
X
oo GATES _ ~ Location
- Size Kind Ei.Flowline
)
= Condition
) = Evidence of uneaks in Structure
L Recent Repairs and Date
-
I ; Number Acres in Pond Drainage Area in Sq. Mlles
o Discharge in Second Feet per Square Mile
d Estimated Storage Million Cubic Feet
| ( B-19 WESTMINSTER RESERVOIR DAM
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WORCESTER COUNTY ENGINEERING DEPARTMENT

-

WORCESTER, MASSACHUSETTS

DAM INSPECTION REPORT

wsrecreo sy LOM ‘%4/: KOL .. DATE W/MJ‘C/ ,9 3/

TYPE OF DAM

CONDITIO M

SPILLWAY

owne evdbdin 2] Ruvee_Rerl. v _uct.f_abz‘&? ......................... u -t_‘fﬁzzy'_

FLASHBOARDS IN PLACE......YCf MECENT REPAIRS..... ... Nave.ooooo
CONDITION Eore, A
REPAIRS NEEDED ..o -Aome L
EMBANKMENT o
L
RECENT REPAIRS Yer ; L e e
CONDITION Orxd *f
. S
REPAIRS NEEDED .o et Vosla......... Coud.. . .m_7.,4b P S braltb.......... RS

W

GATES . "

RECENT REPAIRS

CONDITION

REPAIRS NEEDED

LEAKS

HOW SERIOUSB

Br//i/v J;f“f‘
DATE. 3. W-S7

o(.OU.M

SOUNTY ENBINEEN

B-20 WESTMINSTER RESERVOIR DAM
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........................

‘EETW - .. . .
L JESE

<. GRS e Te e s
1 _JEENS
LAPRLIPILN

"

TOWN N aslooasssre DAM NO, SO0

LOCATION o Larl - STREAM YA Epne 2o Biicar

S Al Ah bormdan L. 'k/‘,/“/).v.t/cf /l—/.

WORCESTER COUNTY ENGINEERING DEPARTMENT
WORCESTER, MASSACHUSETTS

DAM INSPECIION REPORT

Owned by %“:"‘ PO PLD VIS - Place éZ& b, Use Jf‘/—a—zd Lo

Inspected by Lol — siol Ty hodec Date Qo D L28Y

Type of Dam LA grog moe cacescerg Condition Ezed

SPILLWAY
Flashboards 4n Place oL "o gy, Recent Repairas

Condition Zhi Cawerers VTR Y Goc /Ao s [242
Repairs Needed ____ 7is rceian” acacar local it aimuc lo dalint Lok

/4
L/ A - o~ ey P Py =) ), /s

EVBANKMENT °

Re:ent Repairs <, /) = o 22 &
Condition _. THhe sraa = (2.l scras.

Repairs Needed _ 7(/r cadsrhorgar Lor o alex Cork . ~

GATES
Rc:ent Repairs

Condition Ccrd ime oo

Repairs Needed -

e~

LEAKS

How Serious

DATE: County Engineer

B-21 WESTMINSTER RESERVOIR DAM
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TOWN Wos At arar DAM NO. R D24
LOCATION Lo Fh Aol buw s Koo 2L STREAM AL Favrees Are

.héﬂﬁnéu%b’lzﬂl/mw?.
WORCESTER COUNTY ENGINEERING DEPARTMENT
WORCESTER, MASSACHUSETTS

DAM INSPECTION REPORT

Owned by 41‘)““4““,/ & e FPlace 5,44 é(‘c,g Use »é/?a P/

Inspected by &l Date VI AT IS TV

TypeofDam__ /5, ik -shue - Cunceal Condition Grred icnd e

SPILLWAY
Flashboards in Place_z¢ ‘o < 3" 4. ... Recent Repairs

Conditionr Gl eud oo
Repairs Needed __ Cam o Hael crhice coac? ame cuf 7

/Zﬂ-_j_arv' 1/404/L A’l,x/ /;’uaxf /J/‘z_"//i 1‘/,4, P
P4 /

;/.,,'/b

EMBANKMENT

Recent Repairs

Condition Lcrest ot Zie e

Repairs Needed fj_ é‘Lé‘“ ‘J‘z/ Lx/(mé /‘fL, P /g%u £ i s /w '-7J

GATES

Recent Repairs

Conditions éﬂd o .“: :""« __/i.‘}lz J'L7‘71‘ L ///hli_-f--g P

Repair‘s Needed 4._;; LS Z’L’- )%J/4/‘. A‘la’..//t.ra/‘ e 4k

LEAKS

How Serious PR ROy A

S DATE:

County Engineer

B=-22 WESTMINSTER RESERVOIR DAM
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INSPECTION REPORT & DATA FOR DAMS Dam No._ 3?;,?__—./,4___ S
Tovmn: y/» g AV IR ot T
Owner:_ zVC”CI-})O c.sz2r C?/ 7’)9(7 R Stream. LT @) /.,,/f - —
His Address: Friclibui ré . ~ Fond: ,’,’:,; wrisior /0 SR
Function of Dam: Storaad _Date:_z-.5-72. .. _ T
_By.u/ & Comer ]
Tocation’ & Accessi S, W of Ashbury hant &2, T 7 TONDITION RATING ~ ]
0 Mile [' Of Bstbuwrvibawt 71 ~ Structural:_ oo __
TGS Quad._ ard wertiebateyz -a5-10 Tong, 2/- w/-2~ _ Hydraulle:ys x AT -
Drain,Ar,:7..,98q.Ml,; Ponds:__ _ac.;Res, @dam"'f" Beneral: (To,.f
Character of D_.-A.- _ PRIORITY:_ =~ " "7 T
Estimated_ : .]
Discharge it _ .
Capacity. e _ ‘ S
General Description of Dam and Discharge Control?_ - B
_ﬁ?fll.-s/)l)l VY54 st "O-’d’ C.(-?‘u-«’—hc/’ Jf///waa PAY 0/ Eosrs  sn /0/(-748_ — '
q‘.‘;..é"/’ "j ek thsr JE oysié /e , (-.)-,(.(‘/‘C.-/{/c" s/ Sowre Cloched) hovses
0 G 3 d ¢ 2 < ‘.
-/.::5.22271./ oa V¢ CSF Lros /J//o¢5 One 70/‘ - 7y //7 ooy :..,vzo— '  ‘
Sketch (Not to Scale): 4 . — T -
We s Fendos st A% ~.:
2.8 'Boords
¥ 'i N
i . — e = e
! 4
* . e _{J 4
. “ | 7% -
. - So’ —p : ﬁ NC /I,‘b— _:‘_‘_ — ) . L - ::
Remarks and Recommendations. z- K =
k
.
k
Date 2 -/5-72  By&oy £ Ceny Comment _
A_.V1
B-23 WESTMINSTER RESERVOIR DAM' T
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EXECUTIVE OFFICE OF ENVIRO!MENTAL AFFAIRS | =
DEPARTMENT OF ENVIRONMENTAL QUALITY E!NGR. '
DIVISION OF WATERJAYS

/4 ’ . |
/ZW;/%QU%LWJ?Z@&Zé%ZﬂAaafdZﬂ%

October 25, 1876

Weyernauser Co., Inc.

545 Westminster Road RC: Inspection Dam $#3-14-332-14
Fitchburg, :assachusetts Westminster
ATT: Mr. Bill Baker Westminster Reservoir
Gentlemen:

Oon Mpril 6, 1576 . an Engineer from the Massachusetts

Department of Public Works made a visuval inspection of the above danm.
Our records indicate the owner to be weyeriauser Co., Inc., Fitchburg.
If tnis information is incorrect will you please notify this office,

e
L

The inspection was made in accordance with the provisions of
Chapter 253 of the Iassacihusetts General Laws as amended (Dams-Safety .
Act). Chapter 706 of the Acts of 1975 transferred the jurisdiction -
of the so-called "Dams Safety Program" to the Commissioner of the
Departiient of Environmental Quality Engineering.

he results of the inspection indicate that this dam is safe;
nhowever the following conditions were noted that require attention:

Pools 20' to 30' beyond thz toe of the dosnstream embankment
would indicate seepage. A periodic visual inspection for any
increase in seepage or evidence of boil development should
be rade.

Any pronounced changes in this area would warrant an in-depth
consultant inspection.

We call these conditions to your attention before thev becone
serious and more expensive to correct. With any correspondence please
include tne number of the Dam as indicateud above,

. HANKOM, P.E,
, CHIEF LEGINEER

B=2U  WEIOTMILOTER RESERVOIR DAM
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DESCRIPTION OF DAl
DISTRICT _3
Submitted by W. REGA N Dam No., 3- 14 - 332- | 4
Date 4—/‘ ZF/ 16 <i4y/Tovn _WESTMINST ER

Name of Dam Westminster Reservoir

1. Locaticn: Topo Sheet No, 19C - GARDN E R QuAD

Provide 83" x 11" in clear copy of topo map with location of
Dam clearly indicated,

Circa B
2. Year built: 1209 Year/s of subsequent repairs o,... 12940 ...
3
3. Purpose of Dam: ‘later Supply Recreational
Irrigation Other th.ll 5+ora%e. >1
4, Drainage Area: _I.1 ¥ sqs mi, ! acres ,
5. Normal Ponding Area: < 55 acres; Ave, depth f:)/A - ‘
Impoundment: N/A gals.; N/n acre ft,
o
6. Nos. and type of dwellings located adjacent to ponc or reservoir ]
+ Perm. S
10t "Res. 1.es summer homes, etc. ;
7. Dimensions of Dam: Length TetalL looo'? Max, Height 45'*
Mnain DI ke doo't
Slopest Upstream Face APPRox 2731 T
-l

Dovwnstream Face APPRox 21

oL

‘+
Uidth across top 1o -~

6o Classification of Dam by Material:

Earth v Conc. Masonry v Stone liasonry

Timber Rockfill Other R1P.-RAP UL.S, Face

.Mo. QA U.$.12"x3S* Inter locikking Steel Sheet P.'Inég
e he Lescription of present land usage downstream of dams

©0 % ruralj; 4 0 % urban,

Be Is there a storage area or flood plain dounstream of dam which
could accomodate the impoundment in the event of a complete
dam failure? yes no .

B=25 WEOSTMINOTER RESERVOIR DAM
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.................................

DAM NO. 3-14 -332-14

10, Risk to life and property in event of complete failure.

(No. of people .
Noe of homes .
Noe of Businesses o
See Note Ho. of industries . Type
- Bc\ou) .
: NHoe of utilities e Type
Railroads .

_ Other dams .
' \Other V .

11, Attach Sketch of dam to this form showing section and plan
on & x 11" sheet.,

U 12, How to lLocate: /,(/g on @fe' 2/7, ToRon BF a,u;é 4.§'éé(/fNA4/‘7
- Ko o.¢ 2 Frc. éeya.u‘/ Forres, éur_g//{/ar//r///r.rfer Sorre .

TrRAVe { % t i, F bam L7 oF Rd.

K-

a %A(/ﬂ) 2 Lor e Uﬂﬁ"e/y (l/e;u/‘ of Cemplef f’ Sv do/ew
ﬁv‘/urc_/ 7(;}/0/—5 d:oénkjg Cou /S ﬂé’f/é/y rese/F
T g o Coscknr fond e fag )

_. SA7e of /A5 Very /4'5c /75’01‘ S -0¢re —D/?ap) ) 4

5// //&uﬁy €4pﬁC//7 v 'Z-/ 7(6:'1 /ur‘L Of éa)‘/; D r77

occuored 4 72, o
2% ‘s ﬁfﬁ?wver/ e Ale D24 g’/c{je R
é"’du /(,/ &Jﬂf/) Clé./,a

7 . /4’?744/, d/ﬁfk fc Su//\r) 5"mad-f . j

/" Cor . O
'. : /VC; Jection of Lt burg . /JS:‘ of Jrie Could s
@as, 6 cC S

7 Cvr Ggad P opr 7o s, Sershow /),0,,,/7

Q/QMQ?_ &Jﬂu/,/ Qc -'_.-:-.',:';'

: Cor v D5 Arecs of e -

/f/ﬁ’slyua . B-26 WESTMINSTER RECERVOIR DAM e
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1.

3.

Se

6.

7

Caretaker (if any) e.g. superintendent, plant manager, appointed
by absantee owner, appointed by multi owners.

Name: Ste & iloet

City/Towns State: Tel.lo,:

No. of Pictures taken

Degree of Hazard: (if dam should fail completely)¥

l. Linorx 2. lioderate

3. Severe d 4, Disastrous

* This rating may change as land use changes (future deveIOpment)

Outlet Control: Automatic Manual V~

Operative ___ ¥ yes; No.

Comments:

Upstrean Face of Dams Condition:
1, Good v 2, Miner Repairs
3, Major Repairs 4, l'rgent lLepairs

omComments:
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INSPECTION REPCRT « DAl /1D ESIRVCOIRS .
Location:~6++y/Toun WESTMINSTER Dan No, 3-19-332-14 ‘
Name of Dam Westminster Eeser\’olr Inspected by ?C_ﬂaHLR'ZKﬂl-“ s

Date of Inspection 4;/‘/16

£l

Owner/s: per: hssessors Preve Inspection__ &~ e

Regs. of Deeds Pers, Contact f_ﬁ

oA

1. Weuwer haeuser G. e, 5495 Weskmuwsher (&, Fitch burg - J
Nane St. & No, City/Towh State Tel? No, -

ATT. 1201 BAKer - W0+€r‘ Cou*roL IDiveisiton -

R

Name St, & ilo, City/Town State Tel, WNo. _7#

3. - j
Nane St., & No, City/Town State Tel. No, '

P
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e -2a Daii 0.3 14-332. 14

8. Dovwinstrear Face of Dams

Condition: 1. Good __-_ 2, kinor Repairs Y

3. Major Repairs 4, Urgent Repairs

Comments: a few smeal] animal burrows noted on B.S5.
bece o lime With The Gate hevre

9, Emergency Spillway:

Condition: l. Good 2., Minor Repairs

3. Major Repairs 4, Urgent Nepairs

Comments:
10, Water Level at time of inspection: 6/2Y¥ st, above_ below ¥
top of dam _Em™ b. principal spillway,
other 27 % Above 59'““"‘1 Invert

11, Summary of Deficiencies Noted:

Growth (Trees and Brush) on Embankment

Animal Burrows anRd—waoheuts see (®)

-—\
Damage to slopes or top of dam
Cracked or Damaged Masonry
Evidence of Seepage _¥_ (AS;E?Gi LAY ), ;{ﬁ

a—— LR

Evidence of Piping

Erosion - _

Leaks __—— 1
Trash and/or debis impeding flow

Clogged or blocked spillway - @
Othexy —— ;;:i
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e e -3~ Diii HC, 3-14 - 332~ 14

12. Remarks & Recommendations: (Fully Explain)
This genmeranlly (well
wuainrtained be Lo foiv T, SUCJ
ye . Shallow
Qouxn4'\op; L“JU)QVf,r Pocls
S ‘huwdred Fe_e_“‘ (N Garea R - 3o be‘jONJ R
AR marn  Emban & m et e
i -ﬂ\QA Cl-s. Toe . !hes: Fao's are Sha lle o euougl«.

Yo Show P"Pl'ld7 bo: |5 4 Shoev 1 d

ék“"i @ P PCaur § T be

and cppears T,

There are Sevevrs |

Savevre

Tb‘°‘1 occuv .

Metericl 18 beeng ‘h—mspor/ec/ from ﬂzeméaﬂk/’m«/}-

The oS Pt beHorss are Coveved Wit tust Glind

S/ THis

(’o/ora/ /o.t-; /S5 77_p/f.;9L for o/am.r S
r Tore esdrmnwste, Area

J Lo 4. le/rrt'a/ AA)S A 2 g

é/jl /ron C"N/e/v/,

CJere /.‘ /Va/ £r /715 /Qc/‘

7Bt 2= have hSorvecs TS

RoslF Cofoved S /f ar

G by vF

-

Y ofper darns Jv Fre A rea, L Coou/dS

“Zave

SuspecteS

742+ 7Ae

O.5. Sheet Pliny vas
oot A Cowsi/len? INsPectrin of [Hes Ourrr -

(/Cakaje /5 lhyht Z’m“/euf-e/,.‘af foazarcd -

AP 8IS feSmre
/S /a(rra(/,é Vesvml o

fustia
/S C/e_n realo/e

/‘a/’/,u'y Of c/a.m ¢S /”’l’)/ artd 718
A2 T Fhe SWHer  Shu/d mgic

INSpeCtrin of e leakage Lop IN Crease n Flow or |

Frém £ L .
k - 13, Z)verga‘l'{ C%/:é/ie%/i.cﬁlgﬂceﬂ ) For } ;, Fhesr OCCuUry an /u deptiy ‘
' on Syl tor wSpecltom o5 /’df://ye/.7 &lﬂmd/e‘(
- l. Safe
o 2. Minor repairs needed
Lo
b‘ 3. Conditionally safe ~wajor-~Iapaizrs.ne.ded v
L : Ar Per Hbwve Remperr
[ . 4, Unsafe

5., Reservoir impoundment no loncer exists (explain)

Recommend removal from inspection list
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APPENDIX C
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Note: Locatlon and direction of photographs shown on -
Flgure B-1 in Appendix B. ::.j::
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NO. 1 VIEW ALONG DAM CREST

NO. 2 VIEW OF DOWNSTREAM FACE OF DAM
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NO. 3 VIEW OF GATEHOUSE & ACCESS BRIDGE

NO. 4 RIPRAP BELOW WATERLINE S
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NO. 9 VIEW OF RIGHT SPILLWAY SIDEWALL SHOWING CHANGE
FROM CONCRETE TO DRY STONE MASONRY

TS

NO. 10 VIEW OF DOWNSTREAM CHANNEL
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NO. I VIEW UPSTREAM OF SPILLWAY CREST

NO.12 VIEW OF FLASHBOARDS A
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NO. 13 UPSTREAM VIEW OF AUXILIARY DIKE

NO. 14 VIEW OF ROADWAY ALONG CREST OF
AUXILIARY DIKE
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APPENDIX D

HYDROLOGIC AND EYDRAULIC
COMPUATIOUS

Figure D-1, Drainage Area Map

Hydrologic and Hydraullc Computations D-2
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Project NQi R@Vlﬁw ot M" Fe(l DamS Acct No 6926 Page / of - : o
Subject Wovces ('ev COUV"‘" yMass, Comptd By Lé = Date é/z /& C .
Detail WESTMInsTER RES Ckd By NN Date - ) E

@ Test Flood |, Sforage é{f?‘o/ajeﬁlmcéo‘u Z; B

/- 7—0+d{ Draw«a.q'f Avea — //'5‘ mi ’___

2- Pond(s) Area: c.s
Swa w £0) Frea : c. 48
Tetal Area Pand‘(:)FJwawP(f) . ©

. [.¢7
%owfﬁ-wapf::‘TTs_—— s ?.37,

1305- 422 _ 1343-£:2
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b
RN

NONREPRODUCIBLE GRID FORM 143
RSP,

4- USM:) C.o [6 Coyve: {n Peak Flow Rale, # abowrc gyt
Vafues the Peal Flow Rate was erlimated 4o 2 behoeen Ee((m
awnd Flat ¢Coasdal” ard Yala~ at Hs‘o C{S. /mn’ -
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e P
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