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_ DEPARTMENT OF THE ARMY
£ NEW ENGLAND DIVISION. CORPS Of ENGINEERS

424 TRAPELO ROAD
WALTHAM. MASSACHUSETTS 02254

RPLY TO

NEDED MT 2 118

Honorable Edward J. King

Governor of the Commonwealth of

Boston, Massachusetts 02133

Dear Governor King:

Inclosed is a copy of the Bickford Pond &Reservoir Dam Phase I
Inspection Report, which was prepared under the National Program for

b Inspection of Non-Federal Dams. This report is presented for your use
and is based upon a visual inspection, a review of the past performance
and a brief hydrological study of the dam. A brief assessment is
Included at the beginning of the report. I have approved the report and

support the findings and recommendations described in Section 7 and ask
that you keep me Informed of the actions taken to implement them. This
follow-up action is a vitally important part of this program.

A copy of this report has been forwarded to the Department of Environ-I mental Quality Engineering, the cooperating agency for the Commonwealth
of Massachusetts. In addition, a copy of the report has also been
furnished the owner, city of Fitchburg, Mass..

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

I wish to take this opportunity to thank you and the Department ofI, Environmental Quality Engineering for your cooperation In carrying out

f Sincerely,

Incl 1 5.iz -
As stated Colonel, Corps of Engineers

Division Engineer
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NATIONAL DAM INSPECTIONI PRO GRAM

PHASE I INSPECTION REPORT

I BRIEF ASSESSMENT

Identification No. MA0102l - Bickford PondIand name of Dam: MA01022 - Bickford Reservoir

Town: Hubbardston & Princeton

County and State: Worcester County, Massachusetts

J Stream: East Branch, Ware River, tributary of the Ware River

Date of Inspection: May 13, 1980

Bickford Pond Dam which was built in 1970 is a 933-foot
long earth dam with concrete core wall. The dam has a maximum
height of 51.2 feet and includes a drop inlet spillway and box
conduit outlet structure. The low point on the top of the dam is
at Elevation (El) 1051.2. The spillway is a 20 foot by 30 foot
drop inlet with a concrete wall dividing it into two separateI chambers. The crest of the spillway is at El 1045.0. The outlet
from the spillway is a 12 foot square concrete box conduit with
the invert at El 1002.0. The low level outlet is controlled by a
sluice gate with a floor stand located on the upstream end of the
service bridge on the spillway.

Bickford Reservoir Dam, also known as the Bickford Dike,
was built in 1970 and is a 507-foot long earth dam with a concrete
core wall. The dam has a maximum height of 18.3 feet. The low
point on the top of the dam is at elevation (El) 1051.3. -ThereI are no spillways or outlet structures at this dam. Pond levels
are controlled at Bickford Pond Dam approximately 1,500 feet to
the southeast of Bickford Reservoir Dam.

I There are deficiencies which must be corrected to assure
the continued performance of the dams. This conclusion is based

* on the visual inspection of the site and a review of the available
I data. Generally the dams are in good condition.

* The following deficiencies were observed at Bickford Pond
I Dam: seepage through cracks and joints in the box conduit outlet
U structure; unmonitored seepage through core wall toe drains and

I BICKFORD POND DAM
U BICKFORD RESERVOIR DAM



downstream slope toe drains; siltation and partial blockage of
discharge ditches from toe drains; riprap dislodged from the
upstream race of the dam; cracked, spalled and eroded concrete inI the box conduit and spillway; growth of brush and saplings through
riprap on upstream race of dam; and tire ruts along the top or the
dam.

The rollowing dericiencies were observed at the Bickrord
Reservoir Dam: unmonitored seepage through downstream slope toe
drains; siltation and partial blockage of discharge ditches from
toe drains; growth of brush and saplings through riprap on
upstream race or dam; and growth of brush and saplings on
downstream race or dam.

Based on Corps of Engineers' guidelines, the dams have been
classified in the intermediate size and high hazard categories. A
test flood equal to the rull probable maximum flood (PMF) was used
to evaluate the capacity or the spillway. The test flood outflow
is 5,480 cfs, resulting in a pond level at El 1051.4. The test
rlood would overtop the Bickford Pond Dam by 0.2 roo"t and Bickford
Reservoir Dam by 0.1 foot. Hydraulic analyses indicate that the
spillway can discharge 5,100 cfs, or 93 percent of the test flood
outflow before the dam is overtopped.,.

It is recommended that the Owner employ a qualified
registered professional engineer to evaluate and monitor the
quantity of flow discharging from the core wall toe drains and
downstream slope toe drains for Bickford Pond Dam and the toe
drains at Bickford Reservoir Dam and to evaluate the condition of

* the low level outlets, the condition of the spillway and box
conduit outlet structure. In addition, the Owner should repair
the deficiencies listed above, as described in Section 7. The
Owner should also implement a program of biennial technical
inspections, a plan for surveillance of the dams during and after
periods of heavy rainfall, and a plan for notifying downstream
residents in the event of an emergency at the dams.

BICKFORD PONlD DAM
BICKFORD RESERVOIR DAM



The measures outlined above and in Section 7 should be
implemented by the Owner within a period of 2 years after receipt
of this Phase I Inspection Report.

. EDWARD Edward M. Greco, P.E.
G MICHAEL Project Manager

I._D GRECO Metcalf & Eddy, Inc.0, N. 29800o~

X'<;OIST, .Massachusetts Registration
AL 'No. 29800

Approved by:

Stephen L. BishopSP.E. STPE

Vice President L.
Metcalf & Eddy, Inc. BISHOP

No. 19703.0

Massachusetts Registration e t G r
No. 19703 N, L

J

i
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This Phase I Inspection Report on Bickford Reservoir & Pond 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

4 Dams, and with good engineering Judgment and practice, and Is hereby
submitted for approval.

I.I

RICHARD DIBUOO, MEMBER
Water Control Branch
Engineering Division

ARAMAST MAHTESIAN, MEMBER
Geotechnical Enqineerina Branch
Engineering Division

CARNEY M. TERZIAN, CHAIRMAN
* ,Design Branch

Engineering Division

1 "
AFTOVAL RECMMIED t

At z. Huil
Chief, nngineerimg Division



PREFA CE

This report is prepared under guidance contained in Recom-
mended Guidelines for Safety Inspection of Dams, for a Phase I

* Investigation. Copies of these guidelines may be obtained from
the Office of Chief of Engineers, Washington, D.C. 20314. The
purpose of a Phase I Investigation is to identify expeditiously
those dams which may pose hazards to human life or property. The
assessment of the general condition of the dam is based upon
available data and visual inspections. Detailed investigat-lons,
and analyses involving topographic mapping, subsurface investi-
gations, 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 aud 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 -,he condition of the dam at some point in the future.
Only through continued care and inspection can there be any chance
that unsafe conditions will be detected.

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

BICKFORD POND DAM
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The Phase I Investigation does not include an assessment of
the need for fences, gates, no trespassing signs, repairs to exist-
ing 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.

BICKFORD POND DAM

I BICKFORD RESERVOIR DAM

I vi



TABLE OF CONTENTS

Page

BRIEF ASSESSMENTI

P REFACE V

OVERVIEW PHOTOS :1x

LOCATION MAP

BICKFORD POND DAM xi
BICKFORD RESERVOIR DAM xi

REPORT

SECTION4 1 - PROJECT INFORMATION 1

1.1 General 1
1.2 Description of Project 1
1.3 Pertinent Data 5

SECTION 2 - ENGINEERING DATA 10

2.1 General i
2.2 Construction Records 10
2.3 Operating Records 10
2.4 Evaluation 11

SECTION 3 - VISUAL INSPECTION 12

3.1 Findings 12
3.2 Evaluation 15

SECTION 4 - OPERATING AND MAINTENANCE
PROCEDURES 1

4.1 Operating Procedures 16
4.2 Maintenance Procedures 16
4.3 Evaluation 16

BICKFORD POND DAMI BICKFORD RESERVOIR DAM

vii



TABLE OF CONTENTS (Continued)

Page

SECTION 5 - EVALUATION OF HYDRAULIC/IHYDROLOGIC FEATURES 17

5.1 General 17
5.2 Design Data 17
53Experience Data 17
54Test Flood Analysis 1
55Darn Failure Analysis 1

SECTION 6 - STRUCTURAL STABILITY 20

6.1 Visual Observations 20
6.2 Design and Construction Data 20
6.3 Post Construction Changes 21
6.L4 Seismic Stability 21

SECTION 7 - ASSESSMENT, RECOMMENDATIONS,
AND REMEDIAL MEASURES 22

7.1 Dam Assessment 22
7.2 Recommendations 23
7.3 Remedial Measures 23
7.4 Alternatives 25

APPENDIXES

APPENDIX A - PERIODIC INSPECTION CHECKLIST

APPENDIX B - PLANS OF DAM AND PREVIOUS
INSPECTION REPORTS

APPENDIX C - PHOTOGRAPHS

APPENDIX D - HYDROLOGIC AND HYDRAULIC
COMPUTATIONS

APPENDIX E - INFORMATION AS CONTAINED IN THE
NATIONAL INVENTORY OF DAMS

BICKFORD POND DAM
BICKFORD RESERVOIR DAM

Viii



3L
Ic
I Cod

99 u

I>

w o

Iz



I
I

OVERVIEW

j BICKFORD POND DAM

HUBBARDSTON & PRINCETON, MASSACFIUSETT7S

!

I

I

I
!,

I
I
!
!

I

Io
. -Il l I N I un n nn iIinII



I
I
I

OVERVIEW
BICKFORD RESERVOIR DAM

HUBBARDSTON, MASSACHUSETTS

I
I
I
I
I
I
I
I
I
I
I
1
I
I
I



I ~Ma'mMeadoi W4ACHUSET"T trN., MASS.

LOBCATFORD RESEVOI DAMFR PN A



.0

'00 :0

PrANL !o 6

LOCATION~~ MA? - ICFRREEVOR A



NATIONAL DAM INSPECTION
PROGRAM

PHASE I INSPECTION REPORT

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

b. Purpose

(1) Perform technical inspection and evaluation of
non-Federal dams to identify conditions which
threaten the public safety and thus permit
correction in a timely manner by non-Federal
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 dams are located on the East Branch of the
Wa-re River in the Towns of Hubbardston and Princeton,
Worcester County, Massachusetts and in the Connecticut
River Basin (see Location Maps). The coordinates of
Bickford Pond Dam are Latitude 42 deg. 29 min. north and
Longitude 71 deg. 55.9 min. west.

BICKFORD POND DAM
BICKFORD RESERVOIR DAM
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I The coordinates of Bickford Reservoir Dam are Latitude 42
deg. 29.4 min. north and Longitude 71 deg. 56.1 min.

I west.

b. Description of Dams and Appurtenances. Bickford Pond Dam
is a 933-foot long, earth embankment dam with a 15-inch
thick concrete core wall and a height of 51.2 feet (see
Plan of Dam and Sections in Appendix B and photographs in
Appendix C). The top of the dam is grass covered, 20
feet wide and varies from El 1051.2 to 1051.5. An earth
roadway is located on the top of the dam. The upstream
face is a 2:1 (horizontal:vertical) slope covered with
riprap. Except for a 6-foot wide bench at El 1019.2 the
downstream face is a 2:1 slope and is covered with grass.
Available drawings indicate that the dam is an unzoned
embankment with a concrete core wall (see Figure B-3).
The drawings also show that the dam is founded on bedrock
with a cutoff trench 15.5 feet below the base of the dam.
The bottom of the core wall extends to a maximum depth of
63.2 feet below the top of the dam.

The spillway, located near the center of the Bickford
Pond Dam, is a 20-foot long, by 30-foot wide rectangular
drop inlet concrete structure.

The crest of the spillway is at El 1045.0, and the invert
is at El 1002.0. The spillway outlet is a 12-foot square
concrete box conduit extending through the dam.

The discharge channel below the spillway is 12-feet wide.
The side slopes are 2:1 for a distance of 290 feet
downstream. The floor of the channel is gravel covered

and slopes at arproximately 1 percent.

The low-level outlet for the dam is a 20-inch diameter
ductile-iron pipe with invert at El 1003.0. that is
controlled by a 30-inch sluice gate. Flow from the
outlet is controlled by a floor stand with an 18-inch
diameter hand wheel located at the end of the service
bridge on the upstream side of the spillway.

There is also a 4-inch diameter ductile-iron pipe which
parallels the 20-inch pipe. Flow from this outlet is

Icontrolled by a 4-inch butterfly valve. The butterfly
valve is operated to maintain minimum water flows in the
East Branch of the Ware River when the drop inlet
spillway is not discharging. It is reported that this
outlet has been operated once. The pipes are both

BICKFORD POND DAMI BICKFORD RESERVOIR DAM
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approximately 75 feet long and originate from a concrete
headwall, located 20 feet from the upstream toe of the
dam (see Figure B-4).

Two 6-inch diameter porous concrete core wall drain pipes
discharge at the downstream end of both sides of the
spillway box conduit. Also there are three 6-inch
diameter porous concrete drains along the toe of the
downstream slope. One is located to the left of the
downstream end of the spillway box conduit; two drains
discharge from a headwall located approximately 125 feet
to the right of the spillway box conduit. The discharge
from these pipes were clear at the time of the field
inspection.

Bickford Reservoir Dam is a 507-foot long earth embank-
ment dam with a 15-inch thick concrete core wall with a
maximum height of 22.5 feet. (see Plan of Dam and
Sections in Figure B-2). The top of the dam is 20-feet
wide and varies from El 1051.3 to 1051.5. The upstream
face is a 2:1 (horizontal:vertical) slope covered with
riprap. The downstream face is a 2:1 slope covered with
grass and brush. Available drawings indicate that the
dam is an unzoned embankment with a concrete central core
wall (see Figure B-2). The footings for the core wall
are reportedly founded on bedrock with a cutoff trench
6.5 feet below the base of the dam. The core wall was
apparently placed in two lifts with a construction Joint
--t El 1034.0 with a steel water stop. A 6-inch diameter
drain pipe was installed along the toe of the dam. An
inspection of the two drains indicated that the outlet
ends were 6-inch diameter vitrified clay pipe with a flow
of approximately 3 gpm. The flow from the pipes was
clear. Water from the toe drains discharge to a swamp
located approximately 42 feet downstream of the toe of
the dam.

There are no outlets or spillway in this dam. The
reservoir level is controlled by the spillway/low
level outlets at Bickford Pond Dam.

c. Size Classification. Bickford Pond Dam is classified in
the "intermediate" category since it has a maximum height
of 51.2 feet and a maximum storage capacity of 4021
acre-feet.

Bickford Reservoir Dam is also classified in the inter-
mediate category since it has a maximum height of 18.3
feet and the Bickford Pond has a maximum storage capacity
of 4021 acre-feet.

BICKFORD POND DAM
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1d. Hazard Classification. There are two residential
structures located along the stream approximately 1,5_'00
feet downstream of the Bickford Pond Dam (see FloodI Impact Area shown on the Location Map). The foundations
of these structures are approximately 15 feet above the
floor of the stream. Due to the fact that a house wasI recently constructed adjacent to the stream downstream
from the dam, it is assumed that there are no restric-
tions to additional residential construction within the
flood impact area. An assumed failure of the dam would
result in a flood wave 39 feet high 1,500 feet downstream
of the dam. More than a few lives could possibly be lost
and a significant amount of property damage could occur.
Accordingly, the Bickford Pond dam has been placed in the
"high" hazard category.

There are four residential structures located approx-
imately 900 feet downstream of Bickford Reservoir Dam
(see FIlood Impact Area shown on the Location Map). The
foundations of these structures are in a low lying area
downstream of the dam. An assumed failure of the dam
would result in a flood wave 9 feet high 900 feet
downstream of the dam. More than a few lives could
possibly be lost and a significant amount of damage could
occur. Accordingly, the Bickford Reservoir dam has been
placed in the "high" hazard category.

ie. Ownership. The dams are owned by The City of Fitchburg,
71F Main Street, Fitchburg, Massachusetts 011420. Mr.
Andre Provencial (617-342-5722) granted permission to

enter the property and inspect the dam.

f. Operator. The dam is operated by personnel from
Fitchburg Water Department.

g. Purpose of the Dam. The water in Bickford Pond is used
for water supply by the City of Fitchburg. Water is
pumped into Mare Meadow Reservofr through a 24 inch pipe
line. A pump house is located along the northern shore
of the pond adjacent to the Mare Meadow Reservoir

Spillway.

h. Design and Construction. Bickford Pond Dam and BickfordI Reservoir Dam were constructed by Welch & Corr Construc-
tion Corporation, West Springfield, Massachusetts and
were completed in 1970. Drawings and specifications
dated July, 1969 and prepared by Whitman & Howard,I Engineers, Wellesley, Massachusetts are available. The
drawings show that the dam was constructed essentially as
it appears today.I BICKFORD POND DAM
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Previous inspection reports indicate that since construc-
tion the dam has been in good condition. Repairs have
been made such as replacing the 4-inch butterfly valve
wheel damaged by vandals in 197; patching leaks in
spillway and tunnel (1971 and 1972) by Welch and Corr,the contractors who originally constructed the dam.

i. Normal Operating Procedures. Personnel from City of
Fitchburg Water Department reportedly visit the dam once

ga week. At that time, they measure the depth of water
either above or below the spillway crest. The 20-inch
low-level outlet is reportedly opened at least once a
year. The 4-inch butterfly valve was last opened in
1977.

1.3 Pertinent Data

a. Drainage Area. The drainage area is approximately
3,968-acre (b.2 square miles) and consists of gently
rolling, land (see Figure D-1 in Appendix). Bickford
Pond has a direct drainage area of 3.2 square miles. The
additional 3 square miles of drainage area is contrib-
utory from Mare Meadow Reservoir. The spillway at Mare
Meadow Reservoir discharges directly to Bickford Pond.
About 18 percent of the drainage area is ponds and
swamps. In general, the undeveloped portions of the
drainage area are mostly woodland.

b. Discharge. Discharge from Bickford Pond Dam flows over
the crest of the drop inlet spillway and into a 12-foot
square concrete box conduit and then into a gravel-lined
discharge channel. Water also discharges from the low
level outlets into the box conduit.

(1) Outlet: 20-inch diameter pipe - 79 cfs -
Invert-El. 1002.

(2) Maximum known flood at damsite: unknown.

(3) Ungated spillway capacity at top of dam 5100 cfs at
El 1051.2.

(4) Ungated spillway capacity at test flood elevation:
5320 cfs at El 1051.4.

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

BICKFORD POND DAM
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(6)" Gated spillway capacity at test flood elevation:
N/A.

!(7) Total spillway capacity at test flood elevation:
: 5320 cfs at El 1051.4.

(8) Total project discharge at test flood elevation:
5480 cfs at El 1051.4.

c. Elevation (feet above National Geodetic Vertical Datum of
1929 (NGVD)). A benchmark was established at El. 1045.0
at the spillway crest. This elevation was obtained from
as-built drawings by Whitman & Howard, Inc. and vertified
from a United States Geological Survey (U.S.G.S.)
topographic map.

Bickford Pond Dam

(1) Streambed at toe of dam: 1000.0

(2) Bottom of cutoff: 988.0

(3) Maximum tailwater: unknown

(4) Normal pool: 1045.0

(5) Full flood control pool: N/A

(6) Spillway crest: 1045.0

(7) Design surcharge (Original Design): 1049.0

(8) Top of dam: 1051.2

(9) Test flood surcharge: 1051.4

Bickford Reservoir Dam

(1) Streambed at toe of dam: N/A (toe of dam 1033.0)

(2) Bottom of cutoff: unknown

(3) Maximum tailwater: unknown

(4) Normal pool: 1045.0

(5) Full flood control pool: N/A

BICKFORD POND DAM
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(6) Spillway crest: N/A (Bickford Pond Damn 1045.0.)

(7) Design surcharge (Original Design): 1049.0
(8) Top of darnr: 1051.3.

(9) Test flood surcharge: 1051.4.

d. Reservoir (Length in feet)

(1) Normal Pool: 3600.

(2) Flood control pool: N/A.

(3) Spillway crest Pool: 3200.

(4) Top of dam: 3600.

(5) Test flood pool: 3600.

e. Storage (acre-feet)

(1) Normal Pool: 3029

(2) Flood control pool: N/A.

(3) Spillway crest Pool: 3029

(4) Top of darn: 4021

(5) Test flood pool: 4053

f. Reservoir Surface (acres)

*(1) Normal pool: 160.

*(2) Flood-control pool: N/A.

(3) Spillway crest: 160.

*(4) Test flood pool: 160.

*(5) Top of dam: 160.

*Based on the assumpion that the surface area will not signi-
ficantly increase with changes in pool elevation from 1051.2 to
1051.4.

BICKFORD POND DAM
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g. Dam

Bickford Pond Dam

(1) Type: earthfill.

(2) Length: 930 feet.

(3) Height: 51.2 feet.

(4) Top width: 20 feet.

(5) Side slopes: 2H:lV.

(6) Zoning: none.

(7) Impervious core: 15-inch concrete core wall.

(8) Cutoff: concrete corewall-extends to bedrock.

(9) Grout curtain: none.

(10) Other: on downstream slope 6-foot wide bench in
embankment at El. 1019.2.

Bickford Reservoir Dam

(1) Type: earthfill.

(2) Length: 507 feet.

(3) Height: 18.3 feet.

(4) Top width: 20 feet.

(5) Side slopes: 2H:lV.

(6) Zoning: none.

(7) Impervious core: 15-inch concrete corewall.

(8) Cutoff: concrete corewall extends to bedrock.

(9) Grout curtain: none.

(10) Other: none.

BICKFORD POND DAM
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h. Diversion and Regulating Tunnel. N/A.

i. Spillway

Bickford Pond Dam

(1) Type: Drop inlet discharging to 12 foot by 12 foot
concrete conduit.

1 (2) Length of weir: 100* feet.

(3) Crest elevation: 1045.0.

I (4) Gates: N/A.

(5) Upstream channel: N/A.

(6) Downstream channel: 12-foot wide channel with 2:1
side slopes 3 to 4 feet high.

(7) General: none.

Bickford Reservoir Dam. N/A.

J. Regulating Outlets

Bickford Pond Dam

(1) Invert El: 1003.0.

1 (2) Size: 20 inches.

(3) Description: Ductile-iron pipe.

(4) Control mechanism: 20-inch flat frame sluice gate,
controlled by rising stem floor stand located on
service bridge on the upstream end of spillway.

(5) Other: 4-inch diameter ductile-iron pipe with
4-inch butterfly valve - control wheel at the
upstream face of spillway. Invert El.: 4-inch pipe
1003.7 feet.

Bickford Reservoir Dam: N/A.

I*Total length.
BICKFORD POND DAMIBICKFORD RESERVOIR DAM
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SECTION 2

ENGINEERING DATA

2.1 General. The engineering data available for this Phase I
inEspection includes drawings and specifications dated July
1969 prepared by Whitman & Howard, Inc. (see Figures B-1
through B-13). Design calculations by Whitman & Howard were
not available for review except for information relating toI spillway capacity as shown on Figures B-1.4 and B-15. Shop
drawings for the sluice gate and floor stand were available
for review. The drawings/specifications were obtained from
Whitman & Howard, Inc. There are no other drawings,
specifications, or computations available from the Owner,
State, or County agencies. Copies of previous inspection
reports dated 1972 to 1975, prepared by Massachusetts
Department of Public Works, District No. 3, Highway
Department, Worcester and Massachusetts Department of Public
Works, Division of Waterways are included in Appendix B.

We acknowledge the assistance and cooperation of personnel
from the Massachusetts Department of Environmental Quality
Engineering, Division of Waterways; the Massachusetts
Department of Public Works; and the Worcester County
Engineers Office. In addition, we acknowledge the assistance
of Mr. Joseph A. Murphy of Whitman & Howard, Inc. and Mr.
Norman Cormier of the City of Fitchburg, Water Department,
who provided information on the history and operation of the
dam.

2.2 Construction Records. Construction records were not
available for review. As-built drawings were available for
the dam and appurtenances and several of these drawings are
included in Appendix B. (Bickford Pond Dam is referred to as
Bickford Dam on the drawings while Bickford Reservoir Dam is
referred to as Bickford Dike.) Daily field reports and
correspondence by Whitman & Howard, Inc. provided some con-
struction information concerning repairs and post-
construction changes at the site.

2.3 Opeang Recods. No operating records are available, and
there is no daily record kept of the elevation of the pool or
rainfall at the dam site. The only records available are
weekly readings of depth of water above or below spillway
crest.

BICKFORD POND DAM
BICKFORD RESERVOIR DAM
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1 2.4 Evaluation

a. Availability. There is some engineering data availableI for this dam.

b. Adequacy. The lack of detailed hydraulic, structural and
geotechnical design data did not allow for a definitive
review. Therefore, the evaluation of the adequacy of
this dam is based on the as-built drawings, construction
data, visual inspection, past performance history, and

engineering judgment.

c. Validity. Comparison of the available drawings with theI field survey conducted during the Phase I inspection
indicates that the available information is valid.

I BICKFORD POND DAM1 BICKFORD RESERVOIR DAM



SECTION 3

VISUAL INSPECTION

3.1 Findings

a. General. The Phase I Inspections of the two dams at
Bickford Pond were performed on May 13, 1980. A copy of
the inspection checklist is included in Appendix A.I Previous inspections were conducted by the Massachusetts
Department of Public Works in 1972 and 1975. Copies of
these reports are given in Appendix B. SelectedI photographs taken during our Visual Inspection are
included in Appendix C.

b. Dam

(1) Bickford Pond Damn - The Bickford Pond damn is a
930-root long earthfill structure with a drop inlet
spillway, box conduit outlet.

Along the top of the dam there is evidence of tire ruts
due to vehicular traffic (see Photo No. 1).

There is a 6-foot wide berm (see drawing B-14) in the
embankment at El. 1019.2 which extends to the toe of the
dam (see Photo No. 2).

Slight erosion was noted on the downstream slope of the
dam. (see Photo No. 1.)

The upstream face of the embankment appears to be intact.
There are several areas adjacent to the spillway where
there has been minor movement of the riprap (see Photo
No. 5).

Brush and small saplings are growing on the upstream face
through the riprap (see Photo No. 4).

Two 6-inch porous concrete drains are located along the
core wall as shown on Figure B-1 and then run adjacent to
each side of the box conduit. Invert elevation of the
core wall drains is -. 1003 (see Photos No. 7, 9 and
10). Flow from each of these drains was clear and
estimated to be 10 to 15 gallons per minute. There are
three 6-inch porous concrete toe drains, the locations of
which are also shown on Figure B-1 (see Photos No. 8 and
10). The left toe drain outlet is located approximately

BICKFORD POND DAMj BICKFORD RESERVOIR DAM

12



4 feet from the left core wall drain outlet. The flow
from this drain was also clear and estimated to be 5 to8
gpm. The remaining two toe drain outlets are approxi-
mately 125 feet to the right of the box conduit. These
two toe drains pass through a field stone head wall into
a small ditch which discharges into the overflow channel.
(see Photo No. 3 and 8). Flow from these toe drains wasI clear and estimated to be approximately 1 to 3 gallons
per minute. The area immediately around the toe drains
is rusty colored while downstream of the toe drainI outlets there is an occasional oily sheen at the water
surface. The discharge from these toe drains are
restricted due to an accumulation of silt in the
ditch which leads to the discharge channel. The
ditch is covered with marsh type vegetation and the
bottom is soft and spongy.

f (2) Bickford Reservoir Dam - The Bickford Reservoir Dam
is a 507-foot long earthfill structure with a concrete
core wall. The riprap on the upstream face of the
embankment appears to be intact. Brush and saplings
are growing through the riprap on the upstream face
of the darn. and also on the downstream face (see Photos
No. 11 and 12). There are two 6-inch diameter toe
drains along the centerline of the dam which discharges
at the toe of the dam. The visible portions of the toe
drains at the outlet ends are vitrified clay pipe (see
Photo No. 14). The drains were flowing clear at
approximately 3 gpm. There is a swamp immediately
downstream of the dam. Flow from the toe drains
discharges into a short channel approximately 42 feet
long covered with marsh type vegetation (see Photo
No. 13).

c. Appurtenant Structures. The Bickford Pond Dam spillway
Is a 20-foot by 730-oot rectangular drop inlet type
divided into two chambers by a 1-foot thick concreteI wall. The top of the wall is at El. 1040. The crest of
the spillway is at El. 1045. At the time of the
Inspection, water was discharging over the spillway into
the drop inlet, so that the low level outlets, the floor
and walls of the drop inlet spillway and the floor of the
box conduit could not be examined. The concrete on the
crest of the spillway, visible from the service bridge
appeared to be in good condition (see Photo No. 5 and 6).

BICKFORD POND DAM
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The walkway over the spillway is a 3-1/2-foot wide
18-inch thick precast prestressed concrete channel
section approximately 38-feet long. The beam rests on a
concrete footing on the embankment side of the walkway
and on a pier on the upstream face of the drop inlet
spillway. The walkway is in good condition. A
chain-link fence protects the entrance to the walkway.
At the time of the inspection, the chain at the gate had
to be cut by Fitchburg Water Department personnel to
allow access to the spillway and gate operation for the
low level outlet (see Photo No. 5). Since our inspection
a lock has been added.

The 20-inch flat frame sluice gate located on theI upstream side of the right chamber of the spillway is
reportedly in good operating condition. A 4-inch
butterfly valve adjacent to the sluice gate also isI reportedly in good operating condition. The sluice gate
is opened yearly while the butterfly valve was reported
last to be opened three years ago. Due to the water
discharging over the spillway no inspection of these
outlets could be made. The rising stems and stem guides,
viewed from the service bridge appear to be in good
condition with no breaks visible (see Photo No. 6).

The 12-foot by 12-foot concrete box conduit outlet is in
fair condition. An inspection of the interior of the
conduit was made from the downstream opening to the
vertical shaft of the spillway. The inspection revealed
that the first two construction joints from the spillway
looking downstream are stained on the roof and walls with
orange-brown deposits of seepage. Approximately 9.5 feet
from the spillway there are vertical cracks, in both the
left and right walls of the culvert which also are stainedI orange-brown. There are numerous hairline cracks on the
roof and walls of the conduit. Approximately 12 feet
upstream of the angle point on the left wall there is also
some seepage discharging approximately 2 feet above the
invert where a small piece of concrete is missing. The
discharge end of the outlet is clear of debris, and a
moderate amount of water was discharging at the time of

the inspection (see Photo No. 3 and 7).
Bickford Reservoir Dam has no structures or regulating
outlets. All controls for Bickford Pond are located at
the Bickford Pond Dam.

BICKFORD POND DAM
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Id. Reservoir Area. The reservoir area is not developed.
Most of the land is wooded with gentle slopes. All of
the surrounding land around the dam is owned by the CityI of Fitchburg and there Is no potential that future
development will occur in the reservoir area.

e. Downstream Channel. Both the spillway and outletI discharge into the downstream channel (see Photo No. 3).
The earth slopes that form the sides of the channel are
slightly eroded. The floor of the channel is covered

with gravel (see Photo No. 7).

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

BICKFORD POND DAMI BICKFORD RESERVOIR DAM
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I SECTION 4

OPERATING AND MAINTENANCE

I PROCEDURES

4.1 Operating Procedures.

Ia. General. There are operating facilities, however, there
are no regular operating procedures for this dam.
Personnel from Fitchburg Water Department reportedlyI visit the dam once a week to check the embankment and
read the lake level above or below the crest of the
spillway. The flow from the toe drains is not noted or
recorded during these visits.

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

4.2 Maintenance Procedures

a. General. The dam is generally adequately maintained.
The City of Fitchburg Water Department is responsible for
maintenance of the facility.

b. Operating Facilities. Maintenance of the operating
facilities at the dam consists of opening the 20-inch
sluice gate which controls the low level outlet at least
once a year. The 4-inch low level outlet butterfly valve
was last opened in 1977.

4.3 Evaluation. There are no regular programs of maintenance or
technical inspections for the dams. There are also no plans
for surveillance of the dam during periods of heavy rainfall,
or for warning people in downstream areas in the event of an
emergency at the dams. The lack of standard operating and
maintenance procedures is undesirable, considering that the
dams are in the "high" hazard category. These programs

should be implemented as recommended in Section 7.3.

I BICKFORD POND DAM
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I 16



SECTION 5

EVALUATION OF HYDRAULIC/
I' HYDROLOGIC FEATURES

5.1 General. Bickford Pond Dam and Bickford Reservoir Dam have a
7-T2-hqare mile drainage area, about 18 percent of which is
ponds and swamps (see Figure D-1, Drainage Area Map). The
land is gently rolling and generally undeveloped. Of the
total drainage area, approximately 3.2 square miles flows
directly into Bickford Pond. The remaining 3 square miles of
drainage area flows into Mare Meadow Reservoir. The Mare
Meadow Reservoir spillway discharges excess water directly
into Bickford Pond.

Bickford Pond has a surface area of approximately 160 acres,I and a maximum storage capacity of 4,021 acre-feet at El
1051.2.

The low-level outlet can discharge a flow of 79 cfs when the
pond is at El 1045 which is the crest of the spillway. At
this pond elevation and with no additional inflow, the outlet
can lower the pond by 1 foot in about 24 hours.

5.2 DesignData. Hydraulic and hydrologic information is
preseted n Appendix B (pages B-14 and 15). The design high
water level for the reservoir was El 1049. The spillway was
designed to discharge a maximum 2,400 cfs.

5.3 Experience Data. The original dam located within the
existing Bickford Pond was overtopped and washed out during
heavy rains in 1936. There is no record of overtopping of
the present dam, which was constructed in 1970. The highest
recorded reservoir elevation occurred on May 2, 1977 with I
foot of water flowing over the spillway (Pond El. 1046).

5.4 Test Flood Analysis. Bickford Pond Dam and Bickford
Reservoir Dam have been classified in the "intermediate" size
and "high" hazard categories. According to the Corps of
Engineers guidelines, a test flood equal to full PMF
(Probable Maximum Flood) should be used to evaluate the
capacity of the spillway.

The PMF rate for the Mare Meadow Reservoir watershed which
flows through a spillway directly into Bickford Pond was
calculated to be 2,000 cfs per square mile of drainage area.

BICKFORD POND DAM
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This calculation is based on the average slope of 5 percent
in the drainage area, the general shape of the drainge area
surrounding the reservoir, the pond-plus-swamp area to
drainage area ratio of 5.4 percent, and the U.S. Army Corps
of Engineers' guide curves for Yaximum Probable Flood Peak
Flow Rates (dated December 1977). For this analysis, the
peak flow rate was determined to be at the guide curve for
rolling topography.

The PMF rate for the Bickford Pond watershed was calculated
to be 1,700 cfs per square mile of drainage area. This
calculation is based on the average slope of 4 percent in the
drainage area, the longer drawn out shape of the drainage
area, the pond-plus-swamp area to drainage area ratio of 9.3
percent, and the U.S. Army Corps of Engineers guide curves
for Maximum Probable Flood Peak Flow Rates (dated 1977). For
this analysis, the peak flow rate was determined to be
slightly below the guide curve for rolling topography.

Applying the full PMF rate to the direct 3.2 square mile
drainage area of Bickford Pond results in a peak test flood
inflow of 5,490 cfs. An additional inflow of 1,700 cfs of
routed outflow from the Mare Meadow Reservoir drainage area
(3 square miles) results in a peak test flood inflow of 7,190
cfs for the total 6.2 square mile drainage area (direct and
indirect). By adjusting the test flood inflow for surcharge
storage, the peak test flood outflow was calculated to be
5,480 cfs (884 cfs per square mile).

During the test flood (full PMF) the pond level would rise to
El 1051.4.

Hydraulic analyses, utilizing the full length of the spillway
crest, indicate that the Bickford Pond Dam spillway can
discharge 5,100 cfs or 93 percent of the test flood outflow
with the pond at El 1051.2, which is the low point on top of
the dam. Water access to the spillway crest is partially
limited by the closeness of the dam. However, the resulting
discharge would be reduced by less than 5 percent of the
outflow. This value is within the accuracy of the PMF storm
and no modifications were made due to this restriction,

During the test flood, the low point on the dam would be
overtopped by 0.2 feet. About 5,100 cfs would discharge over
the spillway, and about 380 cfs would discharge over the dam.

Bickford Reservoir Dam has no spillway. The low point of the
dam is at El. 1051.3 resulting in overtopping of the dam by
0.1 feet.

BICKFORD POND DAM
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5.5 Dam Failure Analysis - Bickford Pond Dam. The peak discharge
rate due to failure of the dam was calculated to be 147,700
cfs with the pond at El 1051.2. This calculation is based onI a maximum head of 51.2 feet and an assumed 240-foot wide
breach occurring in the center of the embankment. Failure of
the dam would produce a flood wave 39 feet deep 1500 feetI downstram as compared to channel flow 9 feet deep prior to
failure. It would take about 1 hour to drain the pond.

There are two residential structures located along the
stream/channel approximately 1,500 feet downstream of the
dam. The foundations of these structures are approximately
15 feet above the floor of the stream. Discharge due to
failure of the dam could result in overflowing of the channel
farther downstream. Due to the configuration of the channel,
little attenuation of the flood flow is expected. It is
likely that failure of the dam would result in significant
property damage and possible loss of more than a few lives in
developed areas downstream of the dam. Accordingly, the dam
has been placed in the "high" hazard category.

Bickford Reservoir Dam. The peak discharge rate due to
failure of the dam was calculated to be 14,600 cfs with the
pond at El 1051.2. This calculation is based on a maximum
head of 18.2 feet and an assumed 112-foot wide breach
occurring in the center of the embankment. Failure of the
dam would produce a flood wave 8 feet deep approximately 900
feet downstream where there was no flow in the channel prior
to failure. It would take about 5 hours to drain the pond to
El. 1033.

There are four residential structures located approximately
900 feet downstream of the dam. Discharge due to failure of
the dam could result in overflowing of the channel farther
downstream. Due to the configuration of the channel, little
attenuation of the flood flow is expected. It is likely that
failure of the dam would result in significant property
damage and possibel loss of more than a few lives in
developed areas downstream of the dam. Accordingly, the dam
has been placed in the "high" hazard category.

BICKFORD POND DAM
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SECTION 6

STRUCTURAL STABILITY

6.1 Visual Observations. The evaluation of the structuralI stability of Bickford Pond Dam and Bickford Reservoir Dar, is
based on a review of previous inspection reports, a review of
available drawings, and the visual inspection conducted on
May 13, 1980.

As discussed in Section 3, Visual Inspection, the dams are in
good condition. Seepage was not observed along the toe or
slopes of either embankment indicating that core wall and toe
drains were adequately drawing down the phreatic surface
within the embankment. Areas of minor erosion were observed
on the downstream slope of the dam. A growth of saplings and
vegetation exists on the upstream face of both of the dams
through the riprap and on Bickford Reservoir Dam on the
downstream slope.

6.2 Design and Construction Data. Construction of Bickford Pond
Dar. and Bickford Reservoir Dam was completed in 1970.
Computations for design of the dam, spillway and outlet are
not available.

Drawings dated September 1972 prepared by Whitman & Howard,
Inc. show the as-built construction of the dams (see Figures
B-1 through B-14). The drawings show that the dam is a
unzoned earthf ill embankment founded on bedrock. An imper-
vious reinforced concrete core wall with steel water stops
installed (according to specifications) at all construction
joints is located along the centerline of the embankment.
The remaining earthfill is shown as compacted glacial till
and pervious fill on the drawings. At Bickford Pond Dam the
core wall extends 15.5 feet below the base of the dam at its
deepest point (see Figure B-3). At Bickford Reservoir Dam
the cutoff wall extends 6.5 feet below the base of the dam
(see Figure B-2). The side slopes of embankments are 2H:lV
upstream and 2H:lV downstream.

Specifications for construction of the dam are available.
They include details on the types of earth materials, riprap,
and concrete used in construction. Selected portions of the
specifications are given in Appendix B.
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There is no information on the shear strength or permeability
of the soil and/or rock materials of the embankment. The
specifications required compaction of the embankment to beI achieved by running a heavy catepiller type tractor over the
fill until compacted to 90 percent of the maximum density
obtained at optimum moisture content. The dam core wall isI reinforced concrete. The specifications required that the
concrete be tested for compressive strengta "core wall 3,000
psi spillway conduit 3,500 psi". Record5 of test results for
soil compaction and concrete were not available for review.

6.3 Post-Construction Changes. Since the original construction
of the dam, several changes/repairs have been made. 1971 -I Repairs made to riprap. 1971 and 1972 - Repairs made to box
culvert and spillway to prevent leakage. 1972 - New
butterfly valve handwheel installed.

6.4 Seismic Stability. The dam is located in Seismic Zone No. 2,
and in accordance with Corps of Engineers' guidelines does
not warrant further seismic analysis at this time.

BICKFORD POND DAM
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SECTION 7

ASSESSMENT, RECO :,ENDATIONIS,I AND REMEDIAL M EASURES

7.1 Dam Assessment

a. Condition. As a result of the visual inspection, thef review of available data, and limited information on
operation and maintenance, the darn is considered to be in
good condition.

The following deficiencies observed at Bickford Pond Darn
must be corrected to assure the continued performance of
the dam: seepage through cracks and joints in the box
conduit outlet structure; unmonitored seepage through
core wall toe drains and downstream slope toe drains;
siltation and partial blockage of discharge ditches from
toe drains; riprap dislodged from the upstream face of
the dam; cracked, spalled and eroded concrete in the box
conduit and spillway; growth of brush and saplings
through riprap on upstream face of dam; and tire ruts
along the top of the dam.

The following deficiencies observed at the Bickford
Reservoir Dam must be corrected to assure the continued
performance of the dam: unmonitored seepage through
downstream slope toe drains; siltation and partial
blockage of discharge ditches from toe drains; growth of
brush and saplings through riprap on upstream face of
dam; and growth of brush and saplings on downstream face
of dam.

The peak test flood (full PM~F) outflow is estimated to be
5,480 cfs with the pond at El 1051.4. The test flood
would overtop the low point on the Bickford Pond Dam by
0.2 feet and Bickford Reservoir Dam by 0.1 feet.
Hydraulic analyses indicate that the spillway can
discharge 5,100 cfs or 93 percent of the test flood
outflow before the dam is overtopped.

b. Adequacy. The lack of detailed design data did not allow
for a definitive review. Therefore, the evaluation of
this dam is based on a review of the as-built drawings,
construction information, the visual inspection, past per-
formance and engineering judgment.

BICKFORD POND DAM
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U c. Urgency. The recommendations and remedial measures
outlined below should be implemented by the Owner within
two years after receipt of this Phase I Inspection*1 Report.

7.2 Recommendations. It is recommended that the Owner employ a
qualified registered engineer to:

a. Evaluate the condition of the spillway and box conduit
outlet at Bickford Pond Dam. This should include anI inspection of the spillway under a no flow condition to
assess the condition of the low level outlets, the drop
-inlet spillway floor and walls and the box conduit floor$ and an investigation of the seepage nored along thz-?Trst
two construction joints of the box culvert and vertical
cracks on both walls 9.5 feet from the spillway.

b. Monitor and evaluate the flow through the core wall
drains and drains at the downstream toe for Bickford Pond
Dam and the drains at the downstream toe for Bickford
Reservoir Dam. Recommend measures for monitoring the
volume of flow out of the toe drains and core wall drains
in relation to reservoir level and rainfall. A
substantial increase or decrease in flow in a short
period of time, unrelated to reservoir level could
indicate a potential problem. Monitoring should be done
at least monthly for a period of two years and then the
monitoring program should be adjusted based on the
results of observations made.

c. Develop recommendations for clearing saplings, brush and
roots from the upstream face of the embankment,
particularly in the areas of riprap slope protection, and
recommendations for backfilling with select material.

The Owner should implement the recommendations of the
Engineer.

7.3 Remedial Measures

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

Bickford Pond Dam

(1) Mow grass on downstream slopes at least once a year
to control growth of brush and trees on embankment.
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(2) To prevent continued erosion, the minor eroded areas
on the downstream face of the earth embankment
should be filled in and repair ruts caused byI vehicular traffic on top of the dam.

(3) Replace dislodged riprap on the upstream face of the
embankment.

(4) Clean area around discharge end of toe drains
located 125 feet to the right of the box conduit.
Regrade drainage ditch to allow for free flow of
water from the toe drains to the discharge channel.

j(5) Repair all spalled and deteriorated concrete on the
spillway and box conduit outlet structure in
accordance with recommendations of the Engineer.

(6) Repair concrete at first two construction joints and
crack 9.5 feet from spillway where seepage occurs.
Repair all other areas where seepage is entering
through the walls of the box conduit.

(7) Monitor the volume of flow out of the core wall and
toe drains in accordance with the program
established under Section 7.2.

(8) Inspect outlet works monthly to ensure it is free of
debris.

Bickford Reservoir Dam

(1) Remove brush on downstream face of the embankment.
Mow grass on downstream slope at least once a year
to control growth of brush and trees and the
embankment.

(2) Clean area around discharge end of toe drains to
allow free flow of water from the toe drains to the
swamp downstream of the dam.

(3) An area at least 25 feet from the downstream toe and
along the dam should be cleared and maintained free
of trees, brush. Also, the grass should be cut.

(4) Monitor volume of flow out of toe drains in
accordance with the program established under
Section 7.2.

BICKFORD POND DAM
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5 Bickford Pond Dam and Bickford Reservoir Dam

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

(2) Implement a systematic program of maintenance
inspections. As a minimum, the inspection program
should consist of a monthly inspection of the dams

I and appurtenances and be supplemented by additional
I inspections during and after severe storms. All

repairs and maintenance should be undertaken in
compliance with all applicable State regulations.

(3) Institute a program of technical inspections on an
biennial basis.

7.14 Alternatives. There are no recommended alternatives.
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PERIODIC INSPECTION

PARTY ORGANIZATION

PROJECT BICKFORD POND DAM DATE May 13. 1980

BICKFORD RESERVOIR DAM TIME 8 A.M.-4 P.M.

WEATHER Cloudy-Rain

W.S. ELEV. 1045.0 U.SI 0 3-%N.S.

PARTY:

i. N. D'Agostino (Metcalf & Eddy - Geotechnical)

2. S. Nagel (Metcalf & Eddy - Geotechnical)

3- W. Checchi (Metcalf & Eddy - Geotechnical)

4. W. Diesl (Metcalf & Eddy - Geotechnical)

5. L. Branagan (Metcalf & Eddy - Hydraulics)

6. Norman Cormier (City of Fitchburg- Wa 9D BY REMARKSPROJECT FEATURE PETDBRMAK

Dam Embankment-Bickford Pond N. D'Agostino/S. Nagel

2. Dam Embankment-Bickford Reservoir N. D'Agost no/S. Nagel

3. Outlet Works - Spillway N. D'Agostino

4. Outlet Works - Box Culvert N. D'Agostino

Outlet Works - Service Bridge N. D'Agostino/S. Nagel

6. Outlet Works - Low Level Outlets N. D'Agostino

7.
8.

9.

10.

page -lo_.L_, 1
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I
PERIODIC INSPECTION CHECK LIST

PROJECT BICKFORD POND DAM DATE May 13, 1980

PROJECT FEATURE Dam NAME N. D'Agostino

DISCIPLINE Geotechnical NAME S. Nagel

d/s = downstream u/s = upstream

AREA EVALUATED CONDITIONS

DAM EMBANKMENT

Crest Elevation L051.5

Current Pool Elevation 1045.3

Maximum Impoundment to Date L046.0

Surface Cracks ione visible

Pavement Condition rest of dam is unpaved-dirt road some
cutting on left side

Movement or Settlement of Crest qone visible

Lateral Movement one visible

Vertical Alignment Level

Horizontal Alignment Straight

ies into natural ground-low spot at right
Condition at Abutment and at ibutment with some rutting from tires
Concrete Structures

Indications of Movement of qone

Structural Items on Slopes

Trespassing on Slopes Some minor rutting & erosion

Sloughing or Erosion of Slopes gone visible
or Abutments

)ne localized riprap failure right side of
Rock Slope Protection - Riprap spillway - water line-brush & sapplings

Failures ;rowing in riprap - d/s clear

Unusual Movement or Cracking at qone visible
or near Toes

Unusual Embanknent or Downstream None visible
Seepage

j Piping or Boils one

wo porous concrete b' core wall orains exit
Foundation Dranae Features o .of culvert-flow is approx.10-15

Iree toe drains-to right or outlet two-"
Toe Drains porous concrets drains trfsep ing approx.

jag _une toe _ X to e o ouile
now proxnSstmo ar.I n s t r u m e n t a t i o n S y s t e m ] o n e .D 45 R M f m g e E - o
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I PERIODIC INSPECTION CHECK LIST

PROJECT BICKFORD RESERVOIR DAM DATE May 13, 1980

PROJECT FEATURE Dam NAME N. D'Agostino

DISCIPLINE Geotechnical NAME S. Nagel!
AREA EVALUATED CONDITIONS

DAM EMBANKMENT

Crest Elevation 1051.5

Current Pool Elevation 1045.3

Maximum Impoundment to Date Unknown

Surface Cracks None visible

Pavement Condition None-crest is grass covered

Movement or Settlement of Crest None visible

Lateral Movement None visible

Vertical Alignment Level

Horizontal Alignment Straight
Good-embankment ties into naturalCondition at Abutment and at ground

Concrete Structures

Indications of Movement of None

Structural Items on Slopes

Trespassing on Slopes gone //Brush & sapplings on d/s slope

Sloughing or Erosion of Slopes None visible
or Abutments

i/s - brush & sapplings growing through
Rock Slope Protection - Riprap iprap
Failures

Unusual Movement or Cracking at gone visible
or near Toes

Swamp vegetation 10' rt.
Unusual Embankment or Downstream gone visible// of toe drain @ d/s toe
Seepage

Piping or Boils None visible-Swamp 42' d/s of dam toe

Foundation Drainage Features None

'wo v1ErJ.Iea clay -" 'tameLyL plpJ- 1uwlng
Toe Drains approx. 2 to 3 gpm. Located @ approx. t of

I Instrumentation System None p
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PERIODIC INSPECTION CHECK LIST

PROJECT BICKFORD POND DAM DATE May 13, 1980

PROJECT FEATURE Spillway NAME N. D'Agostino

DISCIPLINE Geotechnical NAME S. Nagel

AREA EVALUATED CONDITION

OUTLET WORKS - SPILLWAY WEIR.

APPROACH AND DISCHARGE CHANNELS

a. Approach Channel Drop inlet - Morning Glory

General Condition Good

Loose Rock Overhanging N/A
Channel

Trees Overhanging Channel N/A

Floor of Approach Channel N/A

b. Weir and Training Walls Partly obscured by flow into inlet

General Condition of Good
Concrete

Rust or Staining None visible

Spalling None visible

Any Visible Reinforcing None visible

Any Seepage or Efflorescence None visible

Drain Holes None visible

c. Discharge Channel Stream channel

General Condition Good

Loose Rock Overhanging None
Channel

Trees Overhanging Channel None within 200' of d/s toe of dam

Floor of Channel Stream bed-gravel

Other Obstructions None

I
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PERIODIC INSPECTION CHECK LIST

PROJECT BICKFORD POND DAM DATE May 13, 1980

PROJECT FEATURE Box Culvert NAME N. D'Agostino

DISCIPLINE Geotechnical NAME W. Checchi

AREA EVALUATED CONDITION

OUTLET WORKS - TRANSITION AND
CONDUIT

General Condition of Concrete Fair

Some oran e-brown seepage at first I

Rust or Staining on Concrete** constructiofn joints from vertical shaft.
rinor aiing near diui ,I " iJ.

Spalling 6"deep ished out void left transition
Sal__n_ _ wall ceiling.

Approx. 12' us of angle point-orange
Erosion or Cavitation brown seepge2' above invert-chunk of

concrete Ufsing.
Hairline cracking-walls & ceiling near

Cracking* drop inlet & at d/s end of culvert.

Alignment of Monoliths Straight

Tight-some evidence of seepage T first
Alignment of Joints 3 constructior joints.

Numbering of Monoliths 9

*Vertical cracks on left and right walls approximately 9.5' from drop inlet

spillway.
Vertical crack to roof approximately 45' from spillway - left wall

**ist construction joint heavy leak all across joint (walls, floor & roof)
21' from spillway.
2nd construction joint heavy leak at base left wall (spurting) seepage
ob erved walls, ceiling.
Left wall approximately 56' from spillway heavy efflorescence & leaking
along base of wall approximately 1.5' long.
Left wall some seepage @ construction joint 60' from spillway.
Left wall some seepage along lower portion of wall @ construction joint
90' from spillway.

I
!ae p..
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PERIODIC INSPECTION CHECK LIST

PROJECT BICKFORD POND DAM DATE May 13, 1980

PROJECT FEATURE Service Bridge NAME N. D'Agostino

DISCIPLINE Geotechnical NAME S. Nagel

AREA EVALUATED CONDITION

OUTLET WORKS - SERVICE BRIDGE

a. Super Structure Precast concrete beam

Bearings None visible

Anchor Bolts None visible

Bears on footing pier on dam slope and
Bridge Seat on drop inlet on other end

Longitudinal Members Precast concrete deck

Under Side of Deck Good

Secondary Bracing None

Deck Concrete - good condition

Drainage System None
Pai e4 2" wrou ht iron .ipe-good

Railings c n itlor ome ust $tai s on concrete
where ralin meets it,

Expansion Joints None

Paint Railing is painted-good condition

b. Abutment and Piers

General Condition of Concrete Good

Alignment of Abutment Straight
From dam-protected by chain link fence

Approach to Bridge - no erosion visible

Condition of Seat and Good
Backwall

pageA.t~o 7'



PERIODIC INSPECTION CHECK LIST

PROJECT BICKFORD POND DAM DATE May 13, 1980

PROJECT FEATURE Low Level Outlets NAME N. D'Agostino

DISCIPLINE Geotechnical NAME W. Checchi

AREA EVALUATED CONDITION

OUTLET WORKS - OUTLET STRUCTURE
AND OUTLET CHANNEL

General Condition of Concrete

Rust or Staining

Spalling

Erosion or Cavitation

Visible Reinforcing

Any Seepage or Efflorescence

Condition at Joints

Drain Holes

Channel

Loose Rock or Trees Over-
hanging Channel

Condition of Discharge
Channel

There are two low level outlets-one according to as-built drawings, a 20" diameter
ductile iron pipe with a flat frame sluice gate with a rising stem. Control is
by means of floorstand located on u/s end of service bridge. Hand wheel for
floorstand is stored at pump station near Mare Meadow Spillway at east end of
Reservoir.
-The other outlet is a 4" ductile iron pipe controlled by a 4" butterfly valve
also located on the u/s face of the drop inlet. Both outlets are located in the
right chamber of the spillway. Due to the water flowing into the drop inlet
spillway, neither of these outlets were inspected or opened.

It is reported that the sluice gate is opened at least once a year. The butterfly
valve has been opened only once since installed. There is no maintenance perform-
ed on either of these outlets.

There is some rusting/corrosion of floorstand where hand wheel control for sluice
gate is inserted.

Rising stem from sluice gate to floorstand is straight with no apparent breaks.
Stem guides on u/s face of drop inlet appear to be in good condition. (Viewed
from service bridge looking down drop inlet spillway.)

pageA of .
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APPENDIX B

PLANS OF DAM AND PREVIOUS
INSPECTION REPORTS

Page

Figure B-i, Plan (Bickford Dam) B-i

Figure B-2, Plan and Profile (Bickford Dike) B- 2

Figure B-3, Profile & Details (Bickford Darn) B-3

Figure B-4, Sections & Details (Bickford Darn) B-~4

Selected Sections of Specifications B-5

Hydraulics Information B-14~

Inspection of Dams by City of Fitchburg
Upon Completion of Construction B-16

Application for Authorization to Construct or
Alter a Reservoir, Reservoir Damn or Mill Dam,
Massachusetts Department of Public Works,
Division of Waterways, November 3, 1971 B-18

Inspection of Dam by Massachusetts Department
of Public Works dated April 4~, 1972 B-23

Letter from Whitman & Howard, Inc. dated
January 29, 1973 B-24

Inspection of Dam by Massachusetts Department
of Public Works dated May 9, 1975 B-25

Inspection Information by Massachusetts
Department of Public Works Dated May 30, 1975 B-28

Inspection Report by Massachusetts
Department of Public Works dated June 24, 1975 B-33

A complete set of As-Built Drawings,
Specifications and Boring Logs are
available from Owner.

BICKFORD POND DAM
BICKFORD RESERVOIR DAM
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N Section 15. EXCAVATION

(a) Scope of Work

The work covered by this section of the specifications includes
performing all operations in excavating for the concrete core walls
and spillway conduit.

(b) Earth Excavation at Dam Site and Dike Site

Earth excavatic.. at the dam and dike sites shall be unclassified
excavation and shall include all material below a depth of 12"
including boulders, regardless of whether the depth removed
under stripping is more than or less than 12-inches.

All earth excavation shall be sufficient to allow room for
forms and sub-drains.

Excavation for any section of the core wall that will rest
on ledge shall consist of removing all earth and loose
ledge that can be removed with bars or picks. Before
commencing form work, the ledge shall be thoroughly
cleaned by means of compressed air and water.

All earth excavation that is suitable for earth fill, as
specified under Section 16, shall be incorporated in the
earth embankment of the dam. In general,'all'core wall excava-
tion 'ihall be backfilled in the same area backfilling shall'be
dose in-the manner prescribed in Section 16, Embankment.

Excavated material that the Engineers shall decide, is
unsuitable for use in the dam embankment shall be disposed
of in a manner satisfactory to the Engineers.

(c) Method of Measurement

The total yardage of earth excavation to be paid for shall
be the net number of cubic yards excavated, as determined by
the depth of the excavation and the payment lines of the
excavation as shown on the drawings, regardless of whether
or not the contractor considers it necessary to excavate
less than or more than is indicated by such payment lines
and computed by the average and area method.

B-5 BICKFORD POND AND
RESERVOIR DAMS
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I
Section 16. EX1ANMENTS

(a) Scope or werl,

I he work covered by this section of the specifications
includes performing all operations in connection with
the furnishln. and placing of pervious earth fill in the dam
and dike.
(b) Earth Fill in Dam & Dik.

The material used in constructing the earth fill
snali Doe glaciai till or a sand and gravel mixture
free of all organic matter, brush, roots, and other debris
and shall not contain any clay. The maximum dimension offany stone shall be 8-inches.
The fill shall be placed in layers not exceeding one foot

* in depth and shall be well consolidated by successive passes
with a heavey caterpillar type tractor or by other mc .r.ods
approved by the Engineers until compacted to 90% of the
maximum density obtained at optimum moisture content.

Special care shall be taken to consolidate fills made
with the material excavated for the core wall which is
constructed on glacial till. This material shall be re-
deposited next to the core wall base and core wall in the
same general area in a-inch layers, as specified above.

All fill shall be deposited so that at all times the
difference in the level of the fill on either side of the
co.e wall shall not exceed one foot.

No fill will be placed next to the concrete core wall
without approval of the Engineers.

No f.ll will be deposited when any ground within the
reservoir area is frozen or when freezing temperatures have
occurred within 24 hours or shall be expected within 24 hours.

(c) Borrow Area

Embankment fill shall be furnished by the Contractor and the
source of the embankment fill shall be the solo responsibility
of the Contractor. If suitable fill is available in the' -
reservoir site the borrow area must be below elevation 1045.0,
Borrow pits or excavations shall be left in such conditions
that they will be self-draining. No area located within 200
feet of the toe of the damv.ll be excavated below the hatual
ground level of the general area. '

B-6 " ICKFORD POND AND-RESERVOIR DAMS j
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SSection 17. SUB-DRAINAGE

3 I(a) Scope of Work

The work covered by this section of the specifications Includes3 furnishing and installing sub-drainage pipe and drainage atone.

(b) Sub-Drainage Pipe

Sub-drainage pipe shall be placed in the down-stream section
of the dam as shown on the drawings or as directed by the
Engineers.

I The sub-dralnage pipe shall be extra strength porous
concrete pipe.

I The minimum wall thickness shall be as follows;

6-inch diameter pipe 1.25 inches
8-inch diameter pipe 1.50 inches
T -Inch diameter pipe 1.625 inches

The drainage stone shall be screened uniformly graded
1/4-inch-3/4-inch wash gravel. This stone to be carefully

placed around the drainage pipe as shown on the drawings,

(c) Method of Measurement

The unit of measuremenot for drainage pipe shall be the linear
foot and shall be based on the linear footage of pipe Installed
in place and shall include all excayation and backfill.

The unit of measurement for drainage stone shall be the
cubic yard. The cubic yardage shall be determined by the product
of the gross area, as shown on the drawings without any deduction
for the drainage pipe, and the total linear footage as measured
In the preceding paragraph.Inth

(d) Payment

Payment for 8-inch porous concrete pipe, Including all fittings,
excavation and backfill shall be at the unit price per linear
foot of pipe.

Paymcnt for b-inch porouw concroto pipo, Inoluding all
fittings, excavation and bagkfill shall be at tho unit price
per linear foot of pipe..

Payment for drainage stone shall be at the u .lt price
per cubic yar4.

I
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I
Section 19. RIP-RAP

(a) Scope

The work under this section shall consist of placing rip-rap
I on the upstream face of the dam, the end of the spillway and

such other locations as the Engineers may direct. Rip-rap
shall be placed on a 6-inch layer of gravel. Rip-rap may be
either hand placed in a 12-inch thickness or dumped rip-rap
in a 24-inch thickness as the Contractor may elect, in either
case conforming to the following:

(b) Hard Placed Rip-rap

Hand placed rip-rap shall be built of sound, durable stone
and laid to the thickness afid extent shown on the drawings
or otherwise required. The Contractor will be allowed to use
for this purpose stone walls within the reservoir site below
elevation 40.00 and the boulders from the excavation, providing
such stone is of satisfactory size and quality.

(c) Dumped Rip-rap

Dumped rip-rap shall consist of stone 50 per cent of which
shall be over 12 inches in diameter and not less than 18 inches
in diameter. Up to 50 per cent may be 4 to 12 inches in
diameter. The maximum diameter shall be 18 inches.

(d) Gravel

Gravel shall consist of inert material that is hard, durable
stone and coarse sand, free from loam and clay, surface coatings,
and deleterious materials. Gradation requirements shall be as
follows:

Sieve Per Cent Passing

1/2-inch 50 - 85
# 4 40 - 75
# 40 10- 35
# 200 0 - 10

Maximum stone size shall be 2 inches. Gravel shall be rolled
and compacted such that it will not be displaced by the rip-rap.

1
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(b) have an Average Weighted Loss of not more than 12% whent
subjected to fLive alternations of the sodium sulfate
Soundness test A.S.T,M. CBS.

(O) Concrete

1. Quality and Working Stresses. Concrete shall have the
followzrg'minimum compressive ptrengths at 28 days,

Spillway Conduit 3500 pounds per sq. inch

* Core Wall 30.00 pounds per sq. inch

2f Proportions of concrete ingredients shall

(a) be such as to produce a concrete fulfilling
• every requirement of this specification.

(b) be submitted for approval as proposed by the
Contractor at least thirty (30) days before commencng
any concreting operations, unless otherwise permitted
by the Engineer.

3. Consistency of concrete shall be such that it can-

be woriieu readily ino zne coners and angles of the
forms and around the reinforcement without segregation
of materials or the accumulation of laitance, sand, streaks,

• air pockets, bridging of material or honeycomb,

(d) Mixing Concrete

1. Mixing and conveying equipment shall be thoroughly
clean and free from narcenea concrete and foreing
Smaterials before commencing concreting operations.

2. Each batch of concrete shall

(a) be thoroughly mixed, Po that there is a uniform
distribution of materials.

(b) be entirely discharged from the mixer before
recharging.

3, Stationary Plant Mixing shall

(a) be in a drum ;otating with a peripheral speed of

about 200 feet per minute.

-(b) be continued after all materials (Inoluding water)

are in the drpm for at least

I"
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I
1-1/2 minutes for a mixer of capacity of 1 yard.

4. Transportation to the site from central mixing plant of

concrete ali-eaoy mxed shall

(a) be in a vehiole which will provide proper and conti-
nuous agitation of the concrete until discharged,

(b) consume not more than one hour from charging to

disnarging of the vehicle.

Mixing Concrete

5. Truck Mixing shall be

(a) in an approved revolving drum mixer.

(b)" continued for not less than five minutes after all.
materials (including water) are In the drum, at a rate or
10-20 revolutions per minute. All the materials, Including
water, shall be entirely charged into the truck at the
batching plant,.

(c) continued until the concrete is discharged, but no batch

mixed longer than one hour shall be used,

(e) Testing Concrete

1. General. The Contractor shall furnish he concrete for
test samples. ot more than six (6) cylnders .. generally be

made for each class of concrete used in any one day's operation,
unless in the Judgment of the Engineer additional samples are
needed. The specimen containers will be furnished by he Contractor.

2. Testing for compressive strength will be made In
accordance with A.TM. stanrard method C39,

* 3. Results of Twenty-eight day test.

(a) If the average strength of any set of twenty-eight day

test specimens is less than the requirements of (c) 1, the Town
may take core samples from the portion of the structure determined
by the Engineer as represented by the deficient twenty-eight day
test. spogimcns.

(b) If the average strength of suoh core samples Is less
than the requlremernrts of (Q) ,.the..Town; •I•
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Section 21. WATER PIPE

g (a) Scope of work

The work covered by this section of the specifications includes
furnishing and installing cast iron water pipe, fittings,
concrete cylinder pipe and appurtenances and flexible couplings
as required.

(b) Cast Iron Water Pipe

The water pipe to be installed within the damn shall be 20-inch
diaxnter ductile iron, cement lined with asphaltic seal coat,
tar coated, mechanical joint pipe and shall have an average
metal thickness of 0.72" and-shall comply in every respect to
the latest ASA Specifications.

The tee head bolts and nuts shall be conrten T-head bolts and
hexnuts, having a minimum tensile strength of 50,000 psi.

The following glands shall be ductile iron.

No blocking shall be used under pipe in the dam and the final
6-inches of the trench shall be excavated by hand to the same
shape as the pipe.

All water pipe shall be tested by the Contractor in the presence
of the Engineers to a water pressure of at least 125 pounds per
square inch for two continuous periods of at least 15 minutes.
Between each 15 minute period, the waterpressure to drop to
about 0 to 30 pounds. The Contractor will furnish all material,
labor, pumps, water, etc., for the test

Cast iron water pipe special fittings shall be tar coated.
These fittings shall comply in every respect with the latest
standard A.S.A. Specifications for such fittings.

(c) Flexible Couplings

The flexible couplings shall be Dresser, or equal, and shall
be coated with asphalt after installation.

(d) Embankment

Material used for embankment at all pipe locations, shall be as

specified for the dam.

The Contractor shall fill around, under and twelve inches above
the pipe and compact this by means of hand tamping. The next
twelve inches above the pipe shall be filled by hand and thoroughlyI compacted by means of mechanical tamps. Extreme care shall be
taken with the remainder of the fill over the pipe so that
excessive stresses are not set up in the pipe.

B-11 BICKFORD POND AND
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g Section 22. MISCELLANEOUS METALS

(a) Scope

This section of the Specifications shall cover the furnishing
of all labor, tools, equipment and materials necessary to
fabricate and install and/or erect when applicable all the
ferrous and non-ferrous metal items specified herein and/or

shown on the planp.

(b) Materials

1. Structural Steel shall conform to ASTM Designation
A36-67 for -structural grade.

2. Cast Iron shall conform to ASTM Designation A48-64.

3. Aluminum Items shall be fabricated from bars, plates,
pipes, rolled and extruded shapes conforming to the following
alloy designations unless otherwise indicated or specified:

4. a. Standard Structural Shapes - rolled or extruded
6061-T6 conforming to ASTM Designation B308-67.

b. Rolled Rod and Bar - 6061-T6 conforming to ASTM
Designation B7211-67.

C. Sheets, Plates, Checkered Plates -6061-T6

conforming to ASTM Designation B209-67.

d. Bolts shall be 2024-T4;

Nuts 6061-T6; and

Washers Alclad 2024-T4.

4. Bolts, Nuts and Washers for structural steel connections
shall be high strength conforming to the requirements of ASTM
Designation A325-666, Quenched and Tempered Steel Bolts and Studs
with suitable nuts and plain washers.

5. Red Lead shall conform to the provisions of ASTM B209-67

6. Welding shall be in accordance with the Standard Code
for Arc and Gas Welding Building Construction of the American
Welding Society.

7. Galvanizing shall conform to ASTM Designation A123-66.

(cJ Sluice Gates

Sluice gate shall be cast iron, bronze mounted and shall be

equal to Rodney Hunt Model 180 H.

B-12 BICKF'ORD POND AND

RESERVOIR DAMS



U

'I
Wall thimbles for the 20-inch diameter pipe shall be cast iron
bell and flange wall thimbles, 20-inch diamter and 28 inch
deep with attaching studs for sluice gates and bell to take 0.72
inch thick, 20-inch ductile iron pipe. Thimbles shall be as

manufactured by Rodney Hunt Machine Co. or approved equal.

Operating floor stand shall be for use with rising stems with
two sets of tapered Timken bearings and 18-inch cast iron hand-
wheel, and shall be Rodney Hunt S-2600, or equal.

The operating stem shall be cold rooled steel with the exception
of the threaded section which shall be bronze. Adjustable stem
guides shall be provided according to the requirements of the
gate manufacturer.

The floor stand shall be painted with one coat of first quality

red lead paint and two finish coats of dark green lead paint.

(d) Fence Railing

The pipe rail fence shall be 2-inch standard pipe, genuine wr
wrought iron, with anchors, pipe supports, etc. all as shown
on the drawings.

The pipe fence shall be painted two coats of first quality
heavy read lead paint and one finish coat of dark green lead pa
paint.

(e) Racks

Intake racks shall be of aluminum and frames shall be fabricated
as shown on the drawings.

(f) Channel Runners and Screen Well Frame and Cover

The channel ru-ners, frame and cover shall be of aluminum and
fabricated as shown on the plans.

(g) Payment

Payment for all work done under this section shall be enclosed
in the applicable lump sum bid.

B-13 BICKFORD POND AND
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July 30, 1969

Mr. John C. O'Toola
County Engineer
Worcester County 7n:in: ring Dept.
Room 101 Court House
Worcester, Massachusetts 01608

Dear Mr. O'Toole:

The following dat& may L of aszistance in evaluating the
Spillway Capacity of the proposed Bickford Dam in Hubbardston
for the City of Fitchburg,

Seflo forula was used to corpute

the lesi~r flenC flow of 240n e.r.s. Ule unzerstand
this formula results in sorewhat hich flows.

The Mare Meadow Reservoir has a capacity of 11,700,000
Cu. ft. per foot at Spillway grade.

Bickford Pond Reservoir will laie a ceracity of .
wu. ft. per ft. or at total capacity of 25,C^'0,00n
cu. ft. for the design Spillway depth of 4 feet.

Flood routing would permit a lower design flow.

2. The required wior lenqth for a flow of 2400 c.f.s.
is 91 ft. The dcsign vicr length is 100 feet.

B-14 BICKFORD POND AN'
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1 July 30, 1969

3. At the design flow there will be no pressure on the
Ioutlet end of the conduit (i.e. the hAg. will be

at the roof - 1014.0).

The depth of water over the too of the conduit at the
entrance will be 8.7 feet. this will result in a
water depth of 20.7 at the upper end of the conduit.
or a h.q. of 1022.7. The Snillway grade will be
1045.0 so there will be additional head available of
22 feet for a factor of sp#!ty.

4. The Valley is 200 feet wide at the 1005 contour at the
conduit outlet And 3n0 feet wtce 200 feet bplow the
outlet widening to over 1000 feet wide at Lombard
Road so it is evident the stream deoth will be
instinificant below the Dam.

5. -ye realize that the Soillway and conduit are over-
designed and that probably a 10' x 10' conduit would
be ample but we believe the additional cost of a
12' x 120 corduit is wortb while.

1 6. Pock Cores have been taken at the conduit outlet and
ion f..t bti-0%h t- 2outlet. Thrra is 11 feet of
Overburden at this Point. A thick cat of f wall will
extend to ledge. This cut off wall will only be about
6 feet in depth.

The writer will be on vacation starting August 11, IQA9.
Mr. Joseph Murphy of this "fice is failiar with the design
flows.

Very truly yours,

WHITMAN & JIOW.NRD, INC.

Roger P. Disken

1 RPD/nph
B-15 
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cIrY OF FITCHBURG
DEPARTMENT of PUBLIC WORKS "."

City Hall. 718 Nlain !krlo WAT&. SUPPI.?

44 FITCHBURG. MASSACHUSETIS 01420 '

GEORGE J. LANIDES
SoMu lONomn Awe CITY aNGIA19911m

May 14, 1971

Inspection of Bickford Reservoir:
Joe Murphy and E. A. Cooney (Whitman and Howard EnS.), George Lanides
and Andy Provencial

Following Itema to be corrected, partly by previous contracts and others
by new contracts:

1. Grade area rear Hare Headow Pumping Station, used as borrow pit. (Welch
and Corr) Lui- 4C 2/1 ('7

2. GradinZ and videning road leading to Bickford Reservoir and paving
same. (New contract)

/ 3. Grading various fill areas. (C and M)

4. Cutting of trees along steep slopes on road leading to Bickford
Reservoir for widening purposes and Co prevent power outages. (.New
contract)

5. Estimate of removal of floating stumps and debris. (New contract)

6. Grade and riprap slopes rear and sides of Bickford Pumping Station.
(Rew contract)

7. Repair roof and flashing of Bickford Pumping Station nd check for
leaks. (Greenview)

8. Clean bn're Mcadow and Bickford stations. (Creenview)

,."9 Grade rear Prouty property and provide outlet for trapped water.
(C and H)

10. Repair leaks at dam and tunnel. (Welch and Corr)

It. Crade slopes westerly side of Bickford d~am. (C and H)

12. Eackbl;;dc perir,-ter of reservo!r beyond hich ter w.a'h.(C and l)

13. Scedin6 of all -atc (fill) area. (: cz:--.:ct)

1.. :, ' , ...":'' . . .. t t.. ... " ''t. ' "I" not ,-e(; (1"

" ".? ," 'o, !' 1 -, . (r nild If)
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CITY OF FITCHBURG col.,l.
I H166WAY11

DEPARTMENT of PUBLIC WORKS ".-e*
I~LlST IGHMU

City Hall 718 Main Srrea WATt 9,P,I *EpE U~l u yiOu

FITCHBURG. MASSACHUSETIS 01420

GEORGE J. LANIOES
CO! MIONEn AND CITY 9NGINIE(1

May 14, 1971

Page 2.

Inspection of Bickford Reservoir

'15. Level riprap at dam and clean area in iusnediate vicinity. (Welch and
Corr)

N.16. Replace 4" butterfly wheel at spillway. (Welch and Corr)

-17. Repair and substantiate amount of leakage of drains at ends of
tunnel; also reasons for rusty water at these locations. (Welch
and Corr) Z'ir 0. 0 - . u ..- AI

18. Inspection and approval of dam by proper state agency; also
approval of dam leakage.

19. Table of water content at contour intervals.

20. Effect of leakage on concrete at form ties during freezing season.

-21. Fill in large voids on riprap with small stones. (Welch and Corr)

22. Cut and remove dead trees in vicinity of dam and dike. (Welch and
-Corr)

23. Widening area at toe of slope (Dike).

24. Cut and clean area adjacent to pond between pumping station and
dike. (New contract)

_"25. Re-seed area (Allard's) stripped by Welch and Corr. (Welch and Corr)

I
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November 3, 1971

#_n

Mr. George J. Lanides
Commissioner of Public Works
City Hall
718 Main Street
Fitchburg, IMassacbusetts 01420

RE: Inspection - Bickford Reservoir Dam
Hubbardston and Princeton

Dear Commissioner Lanides:

Your letter dated October 21, 1971, requesting inspection
of the completed Bickford Reservoir dam and dike in Hubbardston
and Princeton has been received.

It is suggested that you contact Mro George E. Lybrand,
District #3 Highway Engineer, Worcester Office, telephone 754-7204,
to arrange a meeting to discuss the matter* At the present time
District Highway Engineering personnel have been given the respon-
sibility to make inspections of dams and reservoirs. The avail-
ability of construction elans and specifications would be very
helpful*

Enclosed please find an "Application for Authorization to
Construct or Alter a Reservoir, Reservoir Dam or 14ill ram",
For our records, please complete the application and attach a
copy of the Worcester County Commissioners approval.

If thi., offive can be of further assistance to you, please
do not hesitate to contact us.

Very truly yours,

r buPUty Giiior' ZjJ.ZjineertRA :"'b

cc : G.igLybrand
EncI osuire B-18 BICKFORD POND AND
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TEE COI2:0:.:ZALTH OF IMSSACHrUSETTSD '.,11T: -, OF PUMLIC 11:O1.KSDIVISON OF IUATUAYS

100 Nashua St., Boston, 'Lass. 02114I.
APPLICATIOI FOR AUTHORIZATION TO CONSTRUCT

OR ALTER A PS-VOIR, RESERVOIR DAM OR,. HILL DAD!

JURISDICTION - Chapter 253 of the General Laws as amended by
Chapter 595 of the Acts of 1970.

CON.MD.TT0:.S OP D.PW.I. JURDTCTON

Shall not apply to e~all dams, constructed for irrigation or
for other purposes, the breaking of which would involve no risk to
life or property, nor to standpipes or tanks, nor to a dam where
the area draining into the pond formed thereby does not exceed
one square nile; ur3.ess the dm is more than ten feet in heirnt .
above the natural bed of the stream at any point, or unless the
quantity of water which the dam impounds excoeds one million gallons.

IF DAN IN QUESTION LMS WITHIN TI JURISDICTION OF TI C012 ISSIO1BR
OF THE DEPARTZZN:T OF PUBLIC 1O.KS TIE1 THE FOLLOWING I13OATIO, IS
REQUESTED:

(N.A. - Indicates Not Applicable)

I Location of Dam (City or Tom) Princeton & Hubbardston

2. U. S. Geological Survey
Topographic Iap Quadrangle Wachusett Mtn.

3. Name of Waterway East Branch Ware River

I* Navigable: Yes ( ) No (x)

5. Detailod Description of Dam Location

Dam- 420 29' - 710 56'

Dike- 420 29' 20" - 710 56'

6. Present or Prospective (hner(s) of Dam City of Fitchburg

7. Naturo of orcrk: Proposed Dam (x) Altrration ( ) (Complete)

8, Furpozo of Don Wter Slla ;r_.
9. Specific Lgizlativo AuthcX., to Ccn.::tz'ucW D'm: Yo ( ) No (x)

B-19 BICKFORD POND ANDIdentify RESERVOIR DAMs
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I "10. Contributory Drainage Area 6.3 Sq.N i. _1Q Acres

11. }Heicht of Dam 49.5 (a) Top Elevation of Dam ins -
" (b) Top Elevation of

Spillway 1045.0

12. Voluzrs of Water Impounded2460 Acre-Ft. =800 mi Gallons

13. Datum Used (Preferably Mean Sea Level of 1929)

I .Mean Se- Level of 1929

14. Previous Known% Flood of Record (11.onth) March (Year) 1936

15. Present PLiver Bad or Channel Grade at Dam 1002

16. Normal Pond Area 55 Acres

17. Normal Water Level: Elevation 1045.0

18e N4aximum Flood Level: Elevation 1049.0

19. Type (Earthen, Concrete, etc.) Earth With Concrete Core

20. Length of Principal Spillway 100 Feet

21. Description of Principal Spill-may Morning Glory 20' x 30'

22. Emergency Spillway: Yes ( ) No (X)
If Yes, Dascribe

23. Gated: Yes a. ) W(C

2. No. of Gates

25. Size of Gates

26. Nature of Slop3 Protecticn
(Rip-rap, Sodding, etc.) Rip-Rap Upstream, loam-seed downstream

27. Stop Lo- Structure(s): Yes C ) No (x)
Describe

28, Control for Icmoval of Stop Lo-3: Mechanical ( ) Manual ( )

29a Freeboard 4.0 Feet

B-20 BICKFORD POND AND
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I 3.
30. Peak Discharge (Outflow) (Kinnison-Colby) 2420 c.f.s.

31. Design Storm ruration Hours

32. Design Storm Runoff Inches

33. Degree of hazard to life and property downstream.

(Field Investigation)

(A) The estimated number of people affected by possible overtopping
or failure of the structure, and to what degree they would be
affected. One family could be severly affected by

severe failure of the structure. Wet basements

could occur in a few other locations.

(B) The estirated num.ber of propcrties (homes, buildings etc.)

and extent of possible damage by overtopping or failute

Failure could cause wet basements and land

erosion to approximately 6 properties.

(C) Roads (tWpe) or other structures possibly affected by over-
topping or failure Lombard Road could be flooded

and damaged. Major failure could damage Westminster

Road, Bemis Road, and Thompson Road.

I
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Applicant: Name:___

Address:

Signature: Date:

Date:

I 4*Consultant Engineering Firm:

Whitman & Howard, Inc.

89 Broad St., Boston

Mass. 02110

By: Joseph A. Murphy Date: 7/10/72

* Submit outline on topographic map.

** Final Construction Drawing- and Specifications must be submitted
with this application. Approval will not be considered unless all
submissions bear the stanp and signature of a Registered Pro-
fessional (Civil) Engineer.

Additional Notes:
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111.flSPZCT1IO7 T?RT & DATA FOR DAMS Dan Nf-. _f, -

Ow er Town :j/,. 410.1 
__3 Hi s A d~ra Wdr et Pond: ii~'-dic

Function of Vam: kv 4oit_$ 6p~ Date:v.4,!. --
to6cation& Access' 1!& ONDITIN -RATING

-? Structura:g
,SGS-/,a.'d tat, -Long. Hdrali:,~isk3 Qura'A, -q.XiJ Poids* ac .Res.Iam:_* General:

3 Character 6fA. PRIORITY7 ___

Rstinated--

Oapaity:_
!General. Descriptiono -CD~adDshreControliT -

(/9etch (Notto Seale):

Remirks -and I;(eoozmendations: ff5 C w (O ~ u.A~I~

/o~rp

Date '-'7z. Jy ..Cuiment

Dam No ._ /Yno _3Z
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EST. 1869 - INC. 1924

I Robert T Iont,. Pre'.di, : ASSOIATES

W HITMAN & HOWARD, INC. Gerald 1
r, k P, tJ') ChJ' a 

Gerald I Cae,

P F H-wnad, Ch- ns-d Anlrn, Ct,,a ,e-

Engineers and Architects E A C.o..

AC bno IRobell E CrAwrord
, 89 BROAD STREET. BOSTON. MASS. 02110 * TEL. (617) 426-6400 Charles C Els

NW,, I Hoad Ernest H Fgewlror

rd''k [D A king Jr George A Ho- nrid Ill

I F. O.~n.r ge Edward R rNsae,

III- A S 4,,ke .rh 011- ,

lA, A.. I L .-h- 4 - 10.., January 29, 1973

Mr. George J. Lanides
Commissioner of Public Works
City Hall
718 Main Street
Fitchburg, MA 01420

Dear Mr. Lanides:

In response to your questions on the seepage at the
Bickford Dam we have the following comments.

The toe drains downstream of the concrete core wall
are designed to relieve water pressure an the downstream
side of the dam. The amount of water flowing out of these
drains is a normal amount for this size dam. There is no
indication of any movement of fines through these drains.
The dam is structurally stable and the drains are working
as designed.

Very truly yours,

WHITMAN & HOWARD, INC.

*i . .. (L L, ,.--'-
Jseph A. Murphy

JAM/djm
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INSPECTICN FEPCOT - D;J '.I .

I. Location:- Git/Tovn //bd'Dam No. 3-14-4-_

Name of Dam n/k.4. s~d np e ct ed b y #- 4'J, of {A'.r ZZ. A

Date of Inspection ZZ7 -

2. Owner/s- per: Assessors Prey. Inspection

Reg. of Deeds Pers. Contact 0

. , // /,o/,y ,,, /14/, /o , 7/, Ay,/,e 1 ,. ,, 6,., ,ZSJ.
Nar eC'dy 7i S't. & N6. City/Towrf State TeO. No.

Name St. A No. City/Town State Tel, No.

3.
Name St. & No. City/Town State Tel. No.

3. Caretaker (if any) e.g. superintendents plant manager, appointed
by absentee owners appointed by multi owners.

Name: St. & !o.:

City/Town: State: Tel. Fo."

4. No. of Pictures taken

5. Degree of Hazard: (if dam should fail completely) "k

le L.inor _ ___ 2. Nioderate

3, Severe 4. Disastrous

* This rating may change as land use chanoes (future development)

6e Outlet Control: Automatic M, Ianual "

Operative _ _ _ yes; No.

Comments, 641/4 / / Jy(ra 4t J /c-4

7. Upstream Face of Dams Conditions

1. Good &1" 2. Mincr Repairs

3. Major Ftepairs 4. Urgent i:epairs

nmCommentss

I
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8. Downstream Face of Dam:

Conditions 1. Good _ 2. f.Minor Repairs V

3. ?.iajor Repairs 4. Urgent Repairs

Comments: ORJC /o' Z'i F-o',44/4 "/,4( /Sd'_.tfks/ af ?'
Al/es le,,A. F ',,/ or 7ro J' "Ice.

9. Emergency Spillway:

Conditions 1. Good _ _ _ 2. Mvinor Repairs

3. 1.ajor Repairs 4. Urgent :'eprirs

Comments:

10. Water Level at time of inspection: 7'4t ft. above below .

top of dam jF-w6 principal spillway _

other (,;) ~ ~ z-

11. Summary of Deficiencies Noted;

Growth (Trees and Brush) on Embankment ------

Animal Burrows and ';ashouts -

Damage to slopes or top of dam ' ftjol/v 0/J .'. P-c.

Cracked or Damaged 'iasonry

Evidence of Seepage

Evidence of Piping -

Erosion f/N ,V ... , , Z- ,p ._ - /SZ't 4-.,. /.,,J o/Z r b

Leaks V J -rz

Trash and/or debis impeding flow -

Clogged or blocked spillway

Other
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I "" 12. Remarks & Reccnmendationst (Fully Explain)

| ~ ~~ ,,1, a /If ,,v a,- .,r -ro 6. ,,,, 91 /,.,.,*,-°, J w, <:c"

Al-,;-7o

I

%e/ ~dd,9 ~ Fp'- d~Ve- /~

.5% q~e are4J'4

I

13. Overall Conditions

1. Sa~e % _____________________

2. L1.i or repairs needed

3. Conditionally safe - major repairs ne.dec _

4. Unsafe _

5., Reservoir impoundment no longer exists (explain)

necommend removal from inspection list ,
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I '" DESCIPTION OF DAM

DISTRICT
Submitted by \AJ j Dam No. - 4-14-. 3Z
Date DaS/ N-W/To.n 3-61I4o- 3

Name of Dam Bt, c rI,,. ,,,

1. Locations Topo Sheet No. .0A

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

2. Year built: /970 Year/s of subsequent repairs Nl/q
3. Purpose of Dams Water Supply w' Recreational

Irrigation Other

4. Drainage Areas d.3t sq. miro acres

5. Normal Ponding Areas /50 t acres; Ave. depth

Impoundments 800 fi//O1i gals.; acre ft.

6, No. and type of dwellings located adjacent to pond or reservoir

44 CJ ie. summer homes, etc.

7. Dimensions of Dams Length fOo': Max. Height -

Slopess Upstream Face 2:/

Downstream Face a"/

Width across top 20'r

8. Classification of Dam by Materials

Earth _ _ Conc. Masonry Stone .asonry
Timber Rockfill Other A"Af' a JPI.-

9. A. Description of present land usage dov;nstream of dams

/( % rural; % urban*

B. Is there a storage area or flood plain do-wnstream of dam which
could accomodate the impoundment in the event of a completedam failure? yes no___-T " o
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DAM NO. 3-/4-/4o-3z

10. Risk to life and property In event of complete failure*

No* of people

No* of homes _ ¥__neveto___opltefaiure

No* of Businesses

No* of industries _____________*Type

No. of utilities _ Type

Railroads___________________

Other dams _________________

Other da _s._ _ . _ _

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

12. How to Locates

121 31_)~e 0

'.1~ ~ ~ ~ ~W 0,I ,,-r ~ /~ JwFI~5

/ cd ,,ccp,,e' ..'.4 a'd h.RC,
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Fitc'aburg, Rulbard-ton and 1:estinstcr -- June 2L,, 197'

1. Seepa&-e deltas, saturatei toe a.c.s and ri,;uflets, ind-icate
the poszibility of a 52jor rrob!am at this dam. An imediate
investigation fo2loved b p.npt action is necessary.

2. There is differential seettlaent of the cobble floor of the
principal spllMway. Seepage a.d tree and brash grovih shuld
be-corrected or removed as necessa:.7

3. Slope protection (riprap) is recoz.ended on the upstream
azn~n-ent at the resterly end of the dam.

4&. ?:emove the heavy growt, of brush and trees from the doi=strezm
av, bb n .c~nt.

I.[arshulJ! FRservoir - Da'n "3-lk-97-;2

The results of the inspection indicate that this dam appears safe; however,
the following conditions were noted that require attention:

1. There are animal burrows, one at the top or twhe da-zi and another
on the dounztream e nbann en. which shouaJ be filled.

2. PFemove the growth of brus'h from the e.banlcnent of the dam.

3. There is some surface erosion on the dQwstrea-, easterly
enbaraent %i-ch should be corrected.

For ms Located in Hubbardston

Yarc Meadow - Dhn #3,14-114025

The results of the inspection indicate that the seepage and underdrain system
should be investigated and corrected as necessary.

ickford Pond Vain (East) Dike - Dam f-14-140-32

The results of the inspection indicate that this dam is safe; however, the
following conditions were noted that require attention:

1. There is some erosion about 150 ft. esterly of the vest end
of the dowstresa emban17,ent vhich should be f6lled with suitable
mate.-ial, properlr compacted and graded.

2. There is some leakage throujh the roof of the first 3 construction
joints near the drop -c 4piylw, wich should be sealed.
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Inispection of Dans in
Piteaburg, 11abbardston and W,1estinstcr -- June 211, 1975

Bickford ?ese--vo-!r Second~r- Dike - Dan .73-2.L-alo-32 .1
(.orthuwest of INain Dik~e

The resul1ts o. the inspecticn Indicate that a seepage investigation is
rcomendd follo-red by? the necessazy correctiv-e action. Aside from the seepagec

condition, the light growth of bn,.sh on the eyebanc1-.oant o: tba dam should be rem~oved.I ~ ~~For Dars Loc. ated i tse

WN .an Pon'd - Dam~-~-t-32l

The results of the in-pection indicate that this c!=- is sa:6; however, the
follovinm conditions 'uere noted that require attention:

1. !=lv the eroirthi of brash from the einbanlazent of the damn
and in the epillwayr floor.

*2. There is erosion behind the eas'vcr!Z s~pillray sidewall on
the unstro= side uihich thauld be I2J'Led i ~~h suitable
raterial, properly corpactecd ani rraded.

13. Pepair the sctions -4ierc t'he riasonrj is missing from the
upatrean id~l o-' the p:- cipal spillav.

I .Snith Pond - D=-3!-32"1

The result-s of tile insction indictc thai.t mi.:nor-rc-airs are needed.
The fofloie-ng conditions were noted that rccuire attention:

U1. 2al-o,,e thce rowth of b.-azh and trees from~' the em~baniosent of
the dam and !n the co-r~Cnc, pll.ar

2. her iscon nior ce-a ~ V.ch should be investigated and
corrocted as nceded.

I3. Fill tho &nlrzl bur:row on t.he dowalstream embanlenent.

4s. Tbo crorLncor hould be rebuilt and the
-- sjdc.all Joinat: rc-aointcd.

lYootinfeu~c -Icni -- n 3-1h-332-19
I 'Tile recA.tsz osC thc *,~~n-4e~ t.at a seepaso investigation should be

conducted - ncl:. b.- 11io ~ ~ c~v~~ T*e follo-zAn- conditionsI iw~vre alzo noted 'U.a. rer&iroan:±s
1. iSouovc (Ihgzo of hxul =nd trcc: fran thu emban~rcnt

0 : Ulu darn.

2. 1.,o Iranit* repairs at-i tai!Lng :~c~~.by doenioration
=4~ sepalo ast noticoa",o t~o'z lenozzll~ l~. lorIThc coepago Investleaticu wmid probably idicate thc btbst mto
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I APPENDIX C

I PHOTOGRAPHS

Note: Location and direction of photographs shown onI Figure C-1.

1 BICKFORD POND DAM
BICKFORD RESERVOIR DAM
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NOI ONTEMSOP OKN RMLF
ABTMN

NO. 1 DOWNSTREAM SLOPE LOOKING FROM LEFHTI ABUTMENT
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NO. 3 BOX CONDUIT OUTLET AND DISCHARGE CHANNEL

INO. 4 UPSTREAM FACE LOOKING FROM LEFT ABUTMENT
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NO. 5 DROP INLET SPILLWAY (20' X 30')

NO. 6 RISING STEMS FROM SLUICE GATE
TO FLOORSTAND.
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NO. 7 OUTLET END OF 12' X 12 BOX CONDUIT LOOKING
UPSTREAM

NO1 W -NHPOOSCNRT O
DRISLCTDIPRXMTL
12 TRGTOFBXCNUT
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NO. 9 RIGHT CORE WALL DRAIN

NO. 10 LEFT CORE WALL DRAIN AND LEFT TOE DRAIN.
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I

NO. 11 UPSTREAM FACE FROM RIGHT ABUTMENT

NO. 12 DOWNSTREAM VIEW OF DAM FROM RIGHT ABUTMENT

!
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J APPENDIX D

HYDROLOGIC AND HYDRAULICJ COMPUTATIONS

J Page
Figure D-1, Drainage Area Map D-1IHydrologic and Hydraulic Computations D-2
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APPENDIX E

INFORMATION CONTAINED IN
THE NATIONAL INVENTORY OFI DAMS
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