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DEPARTMENT OF THE ARMY

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

REPLY TO
ATTENTION OF:

NEDED 0CT 21 154,

Honorable Edward J. King

Governor of the Commonwealth of
Massachusetts

State House

Boston, Massachusetts 02133

Dear Governor King:

Inclosed is a copy of the Bickford Pond & Reservoir Dam Phase 1
Inspection Report, which was prepared under the National Program for
Inspection of Non-Federal Dame. 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-
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 date
of this letter.

I wish to take this opportunity to thank you and the Department of
Environmental Quality Engineering for your cooperation in carrying out
this progran.

Sincerely,
Incl n(ﬁ' SCHEIDER /
As stated Colonel, Corps of Engineers

Division Engineer
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NATIONAL DAM INSPECTION
PROGRAM

PHASE I INSPECTION REPORT
BRIEF ASSESSMENT

Jdentification No. MAOl1021 - Bickford Pond
and name of Dam: MAQl022 - Bickford Reservoir

Town: Hubbardston & Princeton
County and State: Worcester County, Massachusetts
Stream: East Branch, Ware River, tributary of the Ware River

Date of Inspection: May 13, 1980

Bickford Pond Dam which was bullt 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
condult outlet structure, The low point on the top of the dam 1s
at Elevation (El) 1051.2. The spillway is a 20 foot by 30 foot
drop inlet with a concrete wall dividing 1t into two separate
chambers, The crest of the spillway is at E1 1045.0. The outlet
from the spillway is a 12 foot square concrete box conduit with
the invert at E1 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 spilllway.

s

Bilckford Reservolr Dam, also known as the Bickford Dike,
was bullt 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. -There
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.

There are deficlencles which must be corrected to assure
the continued performance of the dams. This conclusion 1s based
on the visual inspection of the site and a review of the available
data. Generally the dams are in good condition.

The following deficiencles were observed at Bickford Pond
Dam: seepage through cracks and joints in the box conduit outlet
structure; unmonitored seepage through core wall toe drains and
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downstream slope toe dralns; siltation and partial blockage of
discharge ditches from toe dralns; riprap dislodged from the
upstream face of the dam; cracked, spalled and eroded concrete in
the box conduilt 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 deflclencles were observed at the Bickford
Reservolir 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.

Based on Corps of Englneers' guidelines, the dams have been
classified in the intermediate size and high hazard categorlies. A
test flood equal to the full probable maximum flood (PMF) was used
to evaluate the capacity of the spillway. The test flood outflow
is 5,480 cfs, resulting in a pond level at E1 1051.4. .The test
flood would overtop the Bickford Pond Dam by 0.2 foot and Bickford
Reservoir Dam by 0.1 foot. Hydraullc analyses indicate that the
splllway 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 conditlon of the spillway and box
condult outlet structure. In addition, the Owner should repalr
the deflciencies listed above, as described in Sectlon 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.
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. Massachusetts Registration

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

T %’
Jggﬁwgiyzggg -
Eowars N2k Edward M. Greco, P.E.
MICHAEL \7'Z Project Manager
GRECO a5 Metcalf & Eddy, Inc.

Massachusetts Registration
No, 29800

Approved by:

Steph®n L. Bishop, P.E.
Vice Presildent
Metcalf & Eddy, Inc.

No. 19703
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Thie Phase I Inspection Report on Bickford Reservoir & Pond Dam

has been revieved by the undersigned Review Board members. In our
opinion, the reported findings, conclusions, and recommendations are
consistent with the Recommended Guidelines for Safety Inspection of

Dams, and with good engineering judgment snd practice, and is hereby '
submnitted for approval.

RICHARD DIBUONO, MEMBER
Water Control Branch
Engineering Division

Lot mss,

ARAMAST MAHTESIAN, MEMBER

Geotechnical Engineerina Branch
Engineering Division

P LAZEN

CARNEY M. TERZIAN, CHAIRMAN
Design Branch
Engineering Division

APPROVAL RECOMMENDED:

E%é! 3. FRIAR ;

Chief, Engineering Division
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PREFACE

This report 1s prepared under guidance contalned in Recom-
mended Guidellnes for Safety Inspection of Dams, for a Phase I

Investigation. Copies of these guidelines may be obtalned from
the Office of Chief of Engineers, Washington, D.C. 20314. The
purpose of a Phase I Investigation is to 1ldentify expeditiously
those dams which may pose hazards to human l1life or property. The
assessment of the general condition of the dam is based upon
available data and visual inspections. Detalled investigations,
and analyses involving topographic mapping, subsurface investi-
gations, testlng, and detailed computational evaluations are
beyond the scope of a Phase I investigation; however, the
investigation is intended to 1identify any need for such studies,

In reviewing this report, it should be reazlized that the
reported condition of the dam 1s based on observations of fileld
conditions at the time of inspection along with data avallable to
the inspection team. In cases where the reservoir was lowered or
drained prior to inspection, such actlion, while improving the
stabllity aud safety of the dam, removes the normal load on the
structure and may obscure certain conditions which mlght otherwise
be detectable 1f 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 ccntinue tc
represent the condition of the dam at some point in the future.
Only through continued care and inspection can there be any chance
that unsafe conditions will be detected.

Phase I inspectlions are not intended to provide detailed
hydrologic and hydraullic analyses. In accordance with the
established Guidelines, the Spillway Test Flood 1is 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 spl .way wlll not pass the test flood should not be interpreted
as ne:essarily posing a highly inadequate condition. The test
flood provides a measure of relative spilllway capaclty and serves
as an ald in determining the need for more detalled hydrologic and
hydraulic studies, considering the size of the dam, 1lts general
conditions and the downstream damage potential.

BICKFORD POND DAM
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The Phase I Investlgation does not 1lnclude an assessment of
the need for fences, gates, no trespassing signs, repairs to exist-
ing fences and rallings and other items which may be needed to
minimize trespass and provide greater security for the facllity
and safety to the public. An evaluation of the project for
compliance with OSHA rules and regulations 1s also excluded.
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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
Divislion 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 Englneers 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 permilt
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
Ware 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
Longltude 71 deg. 55.9 min. west,

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

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 Sectlions 1n Appendlx B and photographs in
Appendix C). The top of the dam is grass covered, 20
feet wide and varies from E1 1051.2 to 1051.5. An earth
roadway 1s located on the top of the dam. The upstream
face 1s a 2:1 (horizontal:vertical) slope covered with
riprap. Except for a 6-foot wide bench at E1 1019.2 the
downstream face 1s a 2:1 slope and ics covered with grass.
Avallable drawings indicate that the dam 1s an unzoned
embankment with a concrete core wall (see Figure B-3).
The drawings alsoc 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 splllway, 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 1s at E1 1045.,0, and the invert
i1s at E1 1002.0. The spillway outlet is a 12-foot square
concrete box condult extending through the dam.

The dlischarge channel below the spillway 1s 1l2-feet wilde.
The slde slopes are 2:1 for a distance of 290 feet
downstream. The floor of the channel 1s gravel covered
and slopes at arproximately 1 percent.

The low=level outlet for the dam 1s a 20-inch diameter
ductlle-iron pipe with invert at E1 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 1is alsc a 4=inch diameter ductile-iron pipe which
parallels the 20-inch pipe. Flow from this outlet 1s
controlled by a 4-inch butterfly valve. The butterfly
valve 1is operated to maintain minimum water flows in the
East Branch of the Ware River when the drop inlet
splllway 1s not discharging. It 1s reported that thils
outlet has been operated once. The plpes are both

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

Two €-inch diameter poroivs 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 1is located to the left of the
downstream end of the spillway box condult; two drailns
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 fleld
inspection.

Bickford Reservolr Dam 1s 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 E1 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. Avallable drawlings 1indicate that the
dam 1s 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 1lifts with a construction Jjoint
~t E1 1034.0 with a steel water stop. A 6-inch dilameter
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 pilpe with a flow
of approximately 3 gpm. The flow from the pipes was
clear. Water from the toe dralns dlscharge 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,

Size Classification. Bickford Pond Dam is classified in
the "intermedlate" 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
BICKFORD RESERVOIR DAM
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Hazard Classification. There are two residential
structures located along the stream approximately 1,500
feet downstream of the Bickford Pond Dam (see Flood
Impact Area shown on the Location Map). The foundations
of these structures are approximately 15 feet above the
floor of the stream. Due to the fact that a house was
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 fallure 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 Plood Impact Area shown on the Location Map). The
foundatilions of these structures are in a low lylng area
downstream of the dam. An assumed fallure 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 Reservolr dam has been
placed in the "high" hazard category.

Ownershlip. The dams are owned by The City of Fitchburg,
718 Maln Street, Fitchburg, Massachusetts 01420. Mr.
Andre Provencial (617-342-5722) granted permission to
enter the property and inspect the dam,

QOperator. The dam 1s operated by personnel from
Fltchburg Water Department.

Purpose of the Dam. The water in Bilckford Pond is used
for water supply by the City of Fitchburg. Water is
pumped into Mare Meadow Reservolr through a 24 inch pipe
line. A pump house 1s located along the northern shore
of the pond adJacent to the Mare Meadow Reservoir
Spillway.

Deslgn and Construction. Bickford Pond Dam and Bickford
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,
Engineers, Wellesley, Massachusetts are available. The
drawings show that the dam was constructed essentially as
it appears today.

BICKFORD POND DAM
BICKFORD RESERVOIR DAM




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 1971; patching leaks in
spillway and tunnel (1971 and 1972) by Welch and Corr,
the contractors who originally constructed the dam.

Normal Operating Procedures. Personnel from City of
Fitchburg Water Department reportedly visit the dam once
a week. At that time, they measure the depth of water
either above or below the splllway crest. The 20-inch
low=level outlet 1s reportedly opened at least once a
year. The 4-inch butterfly valve was last opened in
1977.

1.3 Pertinent Data

.

a.

u

Dralnage Area. The drainage area 1s approximately
3,968-acre (6.2 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 dralnage area is contrib-
utory from Mare Meadow Reservolr. The spillway at Mare
Meadow Reservoir discharges directly to Bickford Pond.
About 18 percent of the dralnage area i1s ponds and
swamps. In general, the undeveloped portions of the
drailnage area are mostly woodlangd.

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 ocutlets into the box condult.

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

(2) Maximum known flood at damsite: unknown.

(3) Ungated spillway capaclty at top of dam 5100 cfs at
El1 1051.2.

(4) Ungated spillway capaclity at test flood elevation:
5320 cfs at E1 1051.4.

(5) G?ted splllway capacity at normal pool elevation:
N/A.

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

i
(7)) Total spillway capacity at test flood elevation:
i 5320 e¢fs at E1 1051.4.

(8) Total project discharge at test flood elevation:
5480 c¢fs at E1 1051.4.
Elevatlon (feet above National Geodetic Vertical Datum of
1629 (NGVD)). A benchmark was established at EI1. 104%5.,0
at the spillway crest. This elevatlion was obtalned from
as~bullt 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: wunknown

(3) Maximum tailwater: wunknown

(4) Normal pool: 1045.0

(5) Full flood control pool: N/A

BICKFORD POND DAM
BICKFORD RESERVOIR DAM
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(6)
(7)
(8)
(9)

Spillway crest:

N/A (Bickford Pond Dam 1045.0.)

Design surcharge (Original Design): 1043.C

Top of dam:

Test flood surcharge:

1051.23.

Reservolr (Length in feet)
(1) DMNormal pool: 3600.
(2) Flood control pool: N/A.
(3) Spillway crest pool: 3200,
(4) Top of dam: 3600.
(5) Test flood pool: 3600,
Storage (acre-feet)
(1) Normal pool: 3029
(2) Flood control pool: N/A.
(3) Spililway crest pool: 3029
(4) Top of dam: L4021
(5) Test flood pool: 4053
Reservoir Surface (acres)
*¥(1) Normal pool: 160.
#(2) Flood-control pool: N/A.
(3) Spillway crest: 160.
#(L4) Test flood pool: 160.
%¥(5) Top of dam: 160.

1051.4,

%*Based on the assumption that the surface area will not signi-
flcantly increase with changes in pool elevation from 1051.2 to

1051.4,

L9
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' g. Dam

I Bickford Pond Dam

(1) Type: earthfill.
(2) Length: 930 feet.
(3) Height: 51.2 feet.
(4) Top width: 20 feet.
(5) Side slopes: 2H:1V.

(6) Zoning: none.

(7) Impervious core: 1l5-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 El1. 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:1V.

(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
l BICKFORD RESERVOIR 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.

(2) Length of weir: 100% feet.
(3) Crest elevation: 1045.0.
(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) 1Invert E1: 1003.0.

(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 splllway.

(5) Other: MU4-inch diameter ductile-iron pipe with
b-inch butterfly valve - control wheel at the
upstream face of spillway. Invert El.: U-inch pipe
1003.7 feet.

Bickford Reservolr Dam: N/A.

¥Total iength,
BICKFORD POND DAM
BICKFORD RESERVOIR DAM
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2.3

SECTION 2
ENGINEERING DATA

General. The engineering data avallable for this Phase I
Tnspection 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 to
spillway capacity as shown on Figures B-1l4 and B-15. Shop
drawings for the sluice gate and floor stand were available
for review. The drawings/specifications were obtained fron
Whitman & Howard, Inc. There are no other drawings,
specifications, or computations avallable from the Owner,
State, or County agencles. Copiles of previous 1inspection
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 asslistance and cooperation of personnel
from the Massachusetts Department of Environmental Quality
Engineering, Division of Waterways; the Massachusetts
Department of Publlic Works; and the Worcester County
Engineers Office. 1In 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.

Construction Records. Constructlon records were not
avallable for review. As=-bullt drawings were avallable 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 Reservolir Dam 1s
referred to as Bickford Dike.) Dally field reports and
correspondence by Whitman & Howard, Inc. provided some con-
struction information concerning repairs and post-
construction changes at the site.

Operating Records. No operating records are avallable, and
there 1s 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 spilllwav
crest.

BICKFORD POND DAM
BICKFORD RESERVOIR DAM
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Evaluation

a.

b.

u

Availability. There is some engineering data avallable

for this dam.

Adegquacy. The lack of detailled hydraulic, structural and
geotechnical design data did not allow for a definitive
revlew. Therefore, the evaluation of the adequacy of
this dam 1s based on the as-built drawings, construction
data, visual inspection, past performance history, and
engineering judgment.

Vallidity. Comparison of the avallable drawings with the
field survey conducted during the Phase I inspection
indicates that the avallable information 1s wvalld,

BICKFORD POND DAM
BICKFORD RESERVOIR DAM
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SECTION 3
VISUAL INSPECTION

Findings

General. The Phase I Inspections of the two dams at
Bickford Pond were performed on May 13, 1980. A copy of
the inspection checklist 1s included in Appendix A.
Previous inspections were conducted by the Massachusetts
Department of Public Works in 1972 and 1975. Coples of
these reports are given in Appendix B. Selected
photographs taken during our Visual Inspection are
included in Appendix C.

Dam

(1) Bickford Pond Dam - The Bickford Pond dam 1s a
g30~-foot long earthfill structure with a drop inlet
spillway, box conduit outlet.

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

There is a 6-foot wide berm (see drawing B-4) 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 spilllway 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-1l and then run adjacent to
each side of the box conduit. Invert elevation of the
core wall drains is 1. 1003 (see Photos No. 7, 9 and
10). Flow from each of these dralns was clear and
estimated to be 10 to 15 gallons per minute. There are
three 6-1inch 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 i1s located approximately
BICKFORD POND DAM
BICKFORD RESERVOIR DAM
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4 feet from the left core wall drain outlet. The flow
from this drain was also clear and estimated to be 5 to 8
gpr. The remalning two toe drain outlets are approxi-
mately 125 feet to the right of the box conduit., These
two toe drains pass through a fleld stone head wall into
a small ditch which discharges into the overflow channel.
(see Photo No., 3 and 8). Flow from these toe drains was
clear and estimated to be approximately 1 to 3 gallons
per minute. The area immediately around the toe drains
1s rusty colored while downstream of the toe drain
outlets there 1is an occasional oilly 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 1s soft and spongy.

(2) Bickford Reservoir Dam - The Bickford Reservoir Dam
i1s 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 growlng through the riprap on the upstream face

of the dam and also on the downstream face (see Photos
No. 11 and 12). There are two 6-inch dlameter 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 cgvered with marsh type vegetation (see Photo

No. 13).

Appurtenant Structures. The Bickford Pond Dam spillway
s a 20-foot by 30-foot rectangular drop inlet type
divided into two chambers by a 1l-foot thick concrete
wall. The top of the wall is at El. 1040. The crest of
the spillway is at E1l. 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 spiilway and the floor of the
box condult 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
BICKFORD RESERVOIR DAM
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The walkway over the splllway 1s 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 splllway 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 slulce gate located on the
upstream side of the right chamber of the spilllway 1s
reportedly in good operating condition. A 4-inch
butterfly valve adjacent to the sluice gate also is
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 l1l2-foot concrete box condult 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 Jjoints 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 stained
orange-brown., There are numerous halirline cracks on the
roof and walls of the condult. 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 plece of concrete 1s 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 Reservoilr Dam has no structures or regulating

outlets., All controls for Blckford Pond are located at
the Bickford Pond Dam.

BICKFORD POND DAM
BICKFORD RESERVOIR DAM
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Reservolir Area. The reservoir area i1s not developed.
Most of the land 1s wooded with gentle slopes. All of
the surrounding land around the dam 1s owned by the City
of Fitchburg and there 1is no potential that future
development wlll occur in the reservolr area.

Downstream Channel. Both the spillway and outlet
discharge into the downstream channel (see Photo No. 3).
The earth slopes that form the sldes of the channel are
slightly eroded. The floor of the channel 1s covered
with gravel (see Photo No. 7).

Evaluation. The visual inspection indicates that the dams
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.

Kt
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SECTION 4

OPERATING AND MAINTENANCE
PROCEDURES

Operating Procedures

a. General. There are operating facilitles, however, there
are no regular operating procedures for thls dam.
Personnel from Fitchburg Water Department reportedly
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 1s not noted or
recorded during these visits,

b. Warning System. There i1s no warning system in effect at
thls dam.

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.

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 ralnfall,
or for warning people in downstream areas in the event of an
emergency at the dams. The lack of standard operating and
maintenance procedures 1s undeslrable, considering that the
dams are in the "high" hazard category. These programs
should be implemented as recommended in Section 7.3.

BICKFORD POND DAM
BICKFORD RESERVOIR DAM
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5.1

5.2

5.3

5.4

SECTION 5

EVALUATION OF HYDRAULIC/
HYDROLOGIC FEATURES

General. Bickford Pond Dam and Bickford Reservoir Dam have a

6.2-square mile drainage area, about 18 percent of which is

ponds and swamps (see Figure D-1, Drainage Area Map). The
land 1s 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
dralnage area flows into Mare Meadow Reservoir, The Mare
Meadow Reservolr spillway discharges excess water directly
into Bickford Pond.

Bickford Pond has a surface area of approximately 160 acres,
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 1s at E1 1045 which is the crest of the splllway. At
this pond elevation and with no additional inflow, the outlet
can lower the pond by 1 foot in about 24 hours,

Design Data. Hydraulic and hydrologic information is
presented in Appendix B (pages B-14 and 15). The design high
water level for the reservoir was E1 1049, The spillway was
designed to discharge a maximum 2,400 cfs.

Experlence Data. The original dam located within the
exlsting 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, 1877 with 1
foot of water flowing over the spillway (Pond El., 1046),

Test Flood Analysls. Bickford Pond Dam and Bickford
Reservoir Dam have been classified in the "intermediate" size
and "high" hazard categories. According to the Corps of
Engineers guldelines, 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 splllway directly into Bickford Pond was
calculated to be 2,000 cfs per square mile of drainage area.

BICKFORD POND DAM
BICKFORD RESERVOIR DAM
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This calculation 1s 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 Maximum Probable Flood Peak
Flow Rates (dated December 1877). For this analysis, the
peak flow rate was determined to be at the gulde 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
dralnage area, the longer drawn out shape of the dralnage
area, the pond-plus-swamp area to drainage area ratio of 9.3
percent, and the U.S. Army Corps of Engineers gulde curves
for Maximum Probable Flood Peak Flow Rates (dated 1977). For
thls analysis, the peak flow rate was determined to be
slightly below the gulde 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 1,70C cfs of
routed outflow from the Mare Meadow Reservolr drainage area
(3 square miles) results in a peak test flood inflow of 7,190
¢fs for the total 6.2 square mile dralnage 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
El1 1051.4,

Hydraullc analyses, utilizing the full length of the spilllway
crest, indlcate that the Bickford Pond Dam spillway can
discharge 5,100 cfs or 93 percent of the test flood outflow
with the pond at E1 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 1s 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 c¢fs would discharge over
the spillway, and about 380 c¢fs would discharge over the dam.

Bickford Reservoir Dam has no splllway. 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 fallure of the dam was calculated to be 147,700
c¢fs with the pond at E1 1051.2. This calculation is based on
a maximum head of 51,2 feet and an assumed 240~foot wide
breach occurring in the center of the embankment. Fallure of
the dam would produce a flood wave 35 feet deep 1500 feet
downstram as compared to channel flow 9 feet deep prior to
failure. It would take about 1 hour to draln the pond.

There are two residential structures located along the
stream/channel approximately 1,500 feet downstream of the
dam. The foundatlons 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 cf the flood flow 1s expected., It 1is
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 E1 1051.2. Thils calculation is based on a maximun
head of 18.2 feet and an assumed ll2-foot wide breach
occurring in the center of the embankment. Fallure of the
dam would produce a flood wave 8 feet deep approximately 900
feet downstream where there was no flow 1n the channel prior
to fallure. It would take about 5 hours to drain the pond to
E1l. 1033,

There are four resldential structures located approximately
900 feet downstream of the dam. Discharge due to fallure of
the dam could result 1in overflowing of the channel farther
downstream. Due to the configuration of the channel, little
attenuation of the flood flow 1s expected. It is likely that
fallure of the dam would result 1n 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
BICKFORD RESERVOIR DAM
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SECTION 6
STRUCTURAL STABILITY

Visual Observations. The evaluation of the structural
stability of Blckford Pond Dam and Bickford Reservoir Dam 1s
based on a review of previous inspection reports, a review of
avallable 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
vegetatlion exists on the upstream face of both of the dams
through the riprap and on Bickford Reserveir Dam on the
downstream slope.

Deslgn and Construction Data. Construction of Bickford Pond
Dam and Bickford Reservoir Dam was completed in 1970.
Computations for deslgn 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-4). The drawings show that the dam 1s a
unzoned earthfill embankment founded on bedrock. An inmper-
vious reinforced concrete core wall with steel water stops
installed (according to specifications) at all construction
Joints 1s located along the centerline of the embankment.
The remalning earthfill 1s shown as compacted glaclal 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 1its
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:1V
upstream and 2H:1V downstream.

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

BICKFORD POND DAM
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6.4

There 1s no information on the shear strength or permeability
of the soll and/or rock materlals of the embankment. The
specifications required compaction of the embankment to be
achleved by runnling a heavy cateplller type tractor over the
£111 until compacted to 90 percent of the maximum density
obtained at optimum moisture content. The dam core wall 1is
reinforced concrete. The specificatlions required that the
concrete be tested for compressive strengtl: "core wall 3,000
psil spillway conduit 3,500 psi". Records of test results for
soll compaction and concrete were not available for review.

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

Seismic Stability. The dam 1s 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
BICKFORD RESERVOIR DAM
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SECTION 7

ASSESSMENT, RECOMMENDATIONS,
AND REMEDIAL MEASURES

7.1 Dam Assessment

=

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

The following deficiencies observed at Bickford Pond Dam
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 deficilencles observed at the Bickford
Reservoir Dam must be corrected to assure the continued
performance of the dam: unmonitored seepage through
downistream 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 PMF) outflow 1is estimated to be
5,480 cfs with the pond at E1 1051.4., The test flood
would overtop the low point on the Bickford Pond Dam by
0.2 feet and Bickford Reservolr Dam by 0.1 feet.
Hydraullc analyses indicate that the spillway can
discharge 5,100 c¢fs or 93 percent of the test flood
outflow before the dam 1s overtopped.

Adequacy. The lack of detalled design data did not allow
for a definitive review. Therefore, the evaluation of
this dam 1s 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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¢. Urgency. The recommendations and remedial measures
outlined below should be implemented by the Owner within
two years after recelipt of this Phase I Inspection
Report.

.2 Recommendations. It 1s recommended that the Owner employ a
qualified registered engilneer to:

a. Evaluate the condition of the spillway and box conduit
outlet at Bickford Pond Dam. This should include an
inspection of the spillway under a no flow condition to
assess the condition of the low level ocutlets, the drop
“inlet spillway floor and 'walls and the box conduilt floor
and an investigatlon of the seepage noted along the“fI'rst
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 dralns and core wall drains
in relation to reservoir level and rainfall. A
substantial increase or decrease 1n 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 1s recommended
that the Owner accomplish the followilng:

Blckford Pond Dam

(1) Mow grass on downstrezm slopes at least once a year
to control growth of brush and trees on embankment.

BICKFORD POND DAM
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(2)

(3)

()

(5)

(6)

(7

(8)

To prevent continued erosion, the minor eroded areas
on the downstream face of the earth embankment
should be filled in and repair ruts caused by
vehicular traffic on top of the dam.

Replace dislodged riprap on the upstream face of the
embankment.

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.

Repair all spalled and deteriorated concrete on the
spillway and box condult outlet structure 1n
accordance with recommendations of the Engineer,

Repair concrete at first two construction Jjolnts and
crack 9.5 feet from spillway where seepage occurs.
Repair all other areas where seepage 1s entering
through the walls of the box conduit.

Monitor the volume of flow out of the core wall and
toe dralins 1n accordance with the program
established under Section 7.2.

Inspect outlet works monthly to ensure it is free of
debris.,

Bickford Reservolr Dam

(1)

(2)

(3)

(%)

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.

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

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.

Monitor volume of flow out of toe drains in

accordance with the program established under
Section T7.2.

BICKFORD POND DAM
BICKFORD RESERVOIR DAM

24




.

Bickford Pond Dam and Blckford Reservoir Dam

(1)

(2)

(3)

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.

Implement a systematic program of maintenance
inspections. As a minimum, the inspection program
should consist of a monthly inspectlon of the dams
and appurtenances and be supplemented by additional
inspections during and after severe storms. All
repalirs and maintenance should be undertaken in
compliance wilth all applicable State regulations.

Institute a program of technical inspections on an
biennial basis.

7.4 Alternatives. There are no recommended alternatives.

3
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APPENDIX A

PERIODIC INSPECTION CHECKLIST
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PERIODIC INSPECTION
PARTY ORGANIZATION

PROJECT BICKFORD POND DAM DATE_Mav 13, 1980
BICKFORD RESERVOIR DAM

TIME 8 A.M.-4 P.M,

WEATHER Cloudy-Rain

W.S. ELEV. 1045.6 yy g1003.4yy g

PARTY:

1. 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)

o oA TR e FRATUHE THechbure - "atsPERTED BY REMARKS

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

5, Dam Embankment-Bickford Reservoir N. D'Agost ao/S. Nagel

3. Outlet Works - Spillway N. D'Agostino

y, Outlet Works - Box Culvert N. D'Agostino

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

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

7.

8.

9.

10.

pageA-lof 7
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PROJECT__BICKFORD POND DAM

PERIODIC INSPECTION CHECK LIST

DATE May 13, 1980

PROJECT FEATURE__ Danm NAME_N. P'Agostino
DISCIPLINE Geotechnical NAME S- Nagel
d/s = downstream u/s = upstream

AREA EVALUATED CONDITIONS

DAM EMBANKMENT

Crest Elevation 051.5
Current Pool Elevation 1045.3
Maximum Impoundment to Date 1046.0
Surface Cracks None visible

Pavement Condition utting on left side

Crest of dam is unpaved-dirt road some

Movement or Settlement of Crest Fone visible

Lateral Movement konevisuﬂe
Vertical Alignment L.evel
Horizontal Alignment Straight

Condition at Abutment and at
Concrete Structures

ies into natural ground-low spot at right
pbutment with some rutting from tires

Indications of Movement of

) None
Structural Items on Slopes

Trespassing on Slopes Some minor rutting & erosion

Sloughing or Erosion of Slopes one visible
or Abutments

ne localized riprap fajlure right side of
Rock Slope Protection - Riprap Epﬂlway - water line-brush & sapplings

Fallures

rowing in riprap - d/s clear

Unusual Movement or Cracking at Lone visible
or near Toes

Unusual Embankment or Downstreampone visible
Seepage

Piping or Bolls pone

WO porous CONCre

Foundation Drainage Features

ree toe drains-

Toe Drains orous _concret

Te wa rains exit

fogugssﬁ of culvert—flow is approx.10-15

SRt of outlet two b

1s re seeping_approx.

Instrumentation System None

t
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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

Pone visible

Pavement Condition

]None-crest is grass covered

Movement or Settlement of Crest

Fone visible

Lateral Movement

INone visible

Vertical Alignment Level
Horizontal Alignment Straight
Good-embankment ties into natural
Condition at Abutment and at roun:m en ¢
Concrete Structures F

Indications of Movement of
Structural Items on Slopes

‘Iplone

Trespassing on Slopes

Pone //Brush & sapplings on d/s slope

Sloughing or Erosion of Slopes
or Abutments .

bone visible

Rock Slope Protection - Riprap
Failures

i/s - brush & sapplings growing through
riprap

Unusual Movement or Cracking at
or near Toes

rone visible

Seepage

Unusual Embankment or Downstreamj*one visible//

Swamp vegetation 10" rt.
of toe drain @ d/s toe

Piping or Boils

hone visible-Swamp 42' d/s of dam toe

Foundation Drainage Features

None

Toe Drains

Instrumentation System

None

Pagea=3 of 7 __
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PERIODIC INSPECTION CHECK LIST

PROJECT BICKFORD POND DAM

PROJECT FEATURE_ Spillway

DISCIPLINE Geotechnical

DATE May 13, 1980

NAME N. D'Agostino

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. Welir and Training Walls

Partly obscured by flow into inlet

General Condition of
Concrete

Good

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 Overhanglng
Channel

None

Trees Overhanging Channel

None within 200' of d/s toe of dam

Floor of Channel

Stream bed-gravel

Other Obstructions

None

u
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PERIODIC INSPECTION CHECK LIST

PROJECT BICKFORD POND DAM

PROJECT FEATURE Box Culvert

DISCIPLINE Geotechnical

DATE May 13, 1980

NAME N. D'Agostino

NAME W. Checchi

AREA EVALUATED

CONDITION

OUTLET WORKS - TRANSITION AND
CONDUIT

General Condition of Concrete

Fair

Rust or Staining on Concrete**

Some oranﬁe—brown seepage at first Z
construction joints from vertical shaft.

Spalling

6''deep dished out void @ left transition
wall ceiling.

Erosion or Cavitation

Approx. 127 u/s of angle point-orange
brown seegaée_z' above invert-chunk of
concrete Mmissing.

Cracking*

Hairline cracking-walls & ceiling near
drop inlet & at d/s end of culvert.

Alignment of Monoliths

Straight

Alignment of Joints

Tight-some evidence of seepage € Iirst
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

**]1st 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.

w
~
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PERIODIC INSPECTION CHECX LIST

PROJECT BICKFORD POND DAM

PROJECT FEATURE  Service Bridge

DISCIPLINE Geotechnical

DATE May 13, 1980

NAME N. D'Agostino

NAME S. Nagel

AREA EVALUATED

CONDITION

OUTLET WORKS -~ SERVICE BRIDGE

a. Super Structure

Precast concrete beam

Bearings

None visible

Anchor Bolts

None visible

Bridge Seat

Bears on footing pier on dam slope and
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

Rallings

Paigted 2" wrought iron_gipe—good
con 1t10n-iome ust gtaifs on~concrete
where railing meets jt,

Expansion Joints

None

Paint

Railing is painted-good condition

b. Abutment and Plers

General Condition of Concrete

Good

Alignment of Abutment

Straight

Approach to Bridge

From dam-protected by chain link fence
- no erosion visible

Condition of Seat and
Backwall

Good

ok
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PERIODIC INSPECTION CHECK LIST

PROJECT BICKFORD POND DAM DATE May 13, 1980

PROJECT FEATURE Low Level Qutlets 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-7of_7_
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APPENDIX B

PLANS OF DAM AND PREVIOUS
INSPECTION REPORTS

— e ek S O @

Page
Figure B-1l, Plan (Bickford Dam) B-1
Figure B-2, Plan and Profile (Bickford Dike) B-2
Figure B-3, Profile & Details (Bickford Dam) B-3
Figure B-4, Sections & Detalls (Bickford Dam) B=~4
} Selected Sections of Specifications B~5
Hydraulics Information B-14
| Inspection of Dams by City of Filtchburg
Upon Completion of Constructilon B~16
Application for Authorization to Construct or
Alter a Reservoir, Reservoir Dam or Mill Dam,
Massachusetts Department of Public Works,
Division of Waterways, November 3, 1971 B-18
Inspection cf 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-238
Inspection Report by Massachusetts
Department of Public Works dated June 24, 1975 B-33

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

BICKFORD POND DAM i
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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 l2-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. 1In general, all .core wall excava-
tion . shall be backfilled ih .the .same .area backfilling shall .be
done in .the mamner prescribed in Section 16, Embankment.

Excavated material that the Engineers shall decidea. 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.
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Section 16. LENUANKMIINTS

- (a) Scope af Unrk

The work covered by this sectlon of the spccifications
incluces pexrforming all operations in connection withn :
the furnisahing and placing of pervious earth fill in the dam
and dike. . o . .
(b) Earth Fill in Dam & Dik

The mdterial used in constructing the earth fill
snali pe 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 of
any stone shall be 8-inches. ‘

The fill shall be placed 1n layers not exceeding one foot

- in cepth and shall be well consoiicdated by successive asses

with a heavey caterpillar type tractor or by other mctinocds
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 t1ll. This material shall be re-
Ceposited next to the core wall base and core wall in the
same general area in 4-inch layers, as specified above.

~All £111 shall be cdeposited so that at all times the

difference in the level of thne fill on either side of the
cos'e wall snall not exceed one foot.

~ No £111 will be placed next to the concrete core wall

without approval of the Engineers. -

No fill will be deposited when any ground within the
Teservoir area 1s frozen or when freezing temperatures have

“occurred within 24 hours or shall be expected within 24 hours.

(¢) Borrow Area

Embankment £ill shall be furnished by the Contractor and the
source of the embankment fill shall be the sole responsibility
of the Contractor, If suitable £fill ig 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 damwill be excavated below the hatural
ground levael of the gencral areca, o )
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Section 17. SUB-DRAINAGE
¥

(a) Scope of Work

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

(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.

The sub-drainage pipe shall be extra strength pbrous
concrete pipe,

The minimum wéll thickness shal; be a8 followsi

6-inch diameter pipe . 1,25 inches -
8-inch diameter pipe 1.50 inches
Y-inch diameter pipe 1.625 inches

The drainage stone shall be screened uniformly graded
1/b-inch-3/4-inch wash gravel, This stone to be carefully
piaced around the drainage pipe as shown on the drawings,

(c) Method of Measurement

The unit of measuremenpvt Tor drainage pipe shall be the linear
foot and shall be based on the lineer footage of pipe installed
in place and shall include all excayation and backfill,

The unit of measurement for drainage stone shall be the

' cﬁbic Yard. The cuble 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.

(d) Payment

Payment for 8-inch porous concrete pipe, 1ncluding all fittings,
excavation and backfill shall be 8t the unit price per linear
foot of pipe. .

' Payment for b- inch porous ooncroto pipo, inoluding all .
fittings, excavation and bagkfill shall be at the unit price

per linear foot of pipe.

.~ ' Payment fop drainage atone ahall ba at the unit prioe
per cublc yard, :
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Section 19. RIP-RAP

(a) Scoee

The work under this section shall consist of placing rip-rap
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: and 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 consis%t 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.

B-8 ; BICKFORD POND AND
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(b) havc an Average Weighted loss of not more than 12% when
subjected to five alternations of the sodium sulfate
soundness test A.S.T,M, C88. '

(¢) Concrete

1. Quality and Working Stresses, Concrete shall have the
£0110Wing minitum compressive strengths at 28 days,

© Spillway cConduit 3500 pounds per sqg. inch

Core Wall 39000 pounds per sq..inch

C 2, Proportions of concrete ingredients shall

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

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

3. Consistency of concrete shall be such that 1t can-

be woTnea reaciiy ihea wne coyners and angles of the

forms and around the reinforcement without segregation
* of materials or the acoumulation of laitance, sand, streaxs,
- alr pockets, bridging of material or honeycomb, ' :

() Mixing Concrete

1, Mixing and conveying equipment shall be thoroughly
c¢lear. and Iree Irom narcenea concrete and foreing
materlials before commencing concreting operations.

2, Each batch of concrete shall

(a) be thoroughly mixed, so that there 1s a uniform
distribution of materials, .

(v) be entirely discharged from the mixer before
recharging. '

3, Stationary Plant Mixing shall

"+. (a) be in a drum yotating with a peripheral speed of
- about 200 feet per minute,

{b) Dbe continued'after all metorials (inocluding water)
are in the drum for at least . ) L

B-9
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,than the requirezents of (c) 1, the Toun;

1-1/2 minutes for a mixer of capaclty of 1 yard.

4, Transpvortation to the site from central mixing plant of
conoreie alreaay mixed shald

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

(b) consume not more than one hour from charzinz to
disonarging of the vehiocle,

Mixing Conc*ete

5. Truck Mixing shall be

(a) 1in an approved revolving drum mixer,

(b) oontinued for not less than five minutes after all.
materials (including water) are in the drum, at a rate of
10-20 revolutions per minute. All the materlals, including
water, shall be entirely oharbed into the truck at the

"batching plant,, ' .

(¢) continued until the concrete 1s 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., wot more than six (6) cylinders yiil generally be
made for each class of concrete used 1n any one day's operation,
unless in the Judgment of the Engineer additional samples are
needed. The specimen containers will be furnished by the Contractor.

2. Testing for compressive strength will be made in
acoordance wiih A,S.7,M, svancard mevhod 1 C39,

3. Results of Twenty-eight day test,

(a) If the average strength of any set of twenty-eight day
test speoclmens is less than the *equirenenus of (c) 1, the Town
may take oore samples {rom the portion of the structure determined
by the kZngincer as represented by the deflolent twenty-eight day
test speoimens,

(b) If the average strength of such core samp&es 15 less -

B-10 BICKFORD POND AND
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Section 21. WATER PIPE

(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 dam shall be 20-inch
diamter ductile iron, cement lined with asphaltic seal coat,
tar coated, mechanical jeoint pipe and shall have an average
metal thickness of 0.72" and ghall 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 water pressure 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 thoroughly
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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Section 22. MISCELLANEOUS METALS

(a) Scope

This section of the Specifications shall cover the furnishing
of all labor, tools, egquipment 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 plans.

(b) Materials

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

2. Cast lron 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 designationce 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 conformlng to ASTM
Designation B2ll-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 Al23-66.

(c) Sluice Gates

Sluice gate shall be cast iron, bronze mounted and shall be
equal to Rodney Hunt Model 180 H.

3-12 BICKFORD POND AND
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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.
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July 30, 1969

Mr. John C. 0'Tool2

County Engineer

Worcester County EZnjinzering Dept.
Room 101 Court House

Worcester, lMassachusetts 01608

Dear Mr. O'Toole:

The following Zate may Lo of aszistance in evaluating the
Spillway Capacity of the proposed Bickford Dam in Hubbardston
for the City of Fitchburg,

i. Tiz T.3.0.3. Tera fleod fbrmula was used to conpute
the desior €fleod flow of 2400 €.F.8. '"le unierstand
this formula results in somrewhat hich flows,

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

Bickford Pond Reservoir will %hage a cz2racity of €,40¢,000
wu. ft. per ft. or at total capacity of 2%5,€20,000

cu. ft. for the design Spillway depth of 4 feet.

Plood routing would permit a lower design flow.

2. The required wicr length for a flow of 2400 c.f.s.
is 91 ft. The decsign wicr 1length 45 100 feet.

B-14 BICKFORD POND AN!
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6.

Page 2.

July 30, 1969

At the design flow there will be no pressure on the
outlet end of the conduit (i.e. the hig. will be

at the roof = 10814.0).

The depth of water over the too of the conduit at the

entrance will be 8.7 feet. T®This will result {

n a

water depth of 20.7 at the upper end of the conduit.

or a h.qg. of 1022.7. The Snillway grade will
1045.0 so there will be additional head availa
22 feet for a factor of sadaty.

The Valley is 200 feet wide at the 1005 contou
conduit outlet and 300 feet wide 200 feat belo
outlet widening to over 1000 feet wide at Lomb
Road so it is evident the stream depth will be
{neignificant below the Dam.

be
ble of

r at the
w tha
ard

“le realize that the Soillway and conduit are over-

designed and that probably a 10' x 10' conduit
he ample but we believe the additional cost of
12' x 12° conduit is workh whila,

would
a

Pock Cores have heen taken at the conduit outlet a2nd

1600 foct belor tha ecutlet, There is 11 feet o
Overburden at this Point. A thick cut off wal

£
1 will

extend to ledge., This cut off wall will only be atout

6 feet in depth.

The writer will be on vacation starting Aucust 11},

Mr. Joseph Murphy of this éffice is

flows.

RPD/nph

Very truly yours,
WHITMAN & HOWARD, INC

4?2?41— £§14ﬁ£*

Roger P. Disken
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CITY OF FITCHBURG
DEPARTMENT of PUBLIC WORKS

Ciry Hall, 718 Main Stroet
FITCHBURG, MASSACHUSETTS 01420

Entbing ca1ng
NiGnwarse

Ssweas

Sawacs Di.rosac
GTRERT LIGNTINI
water SuPmLy
RErvse CoirBcrion

GEORGE J. LANIDES
SOMMISSIONER ano CITY ENGINEER

May 14, 1971

Inspection of Bickford Reservoir:

Joe Murphy and E. A, Cooney (Whitman and Howard Eng.), George Lanides
and Andy Provencial

Following item: to be corrected, partly by previoua contracts and others
by new contracts:

~a

2.

5.
6.

7.

8.
g S

~ 10,
n.
12,

13.

Grade area rear Mare Meadow Pumping Station, used as borrow pit. (Welch
and Corr) Loyt Sar C:/Q (-2

Gradirz and videning road leading to Bickford Reservoir and paving
same, (New contract)

Grading various £fill areas. (C and M)

Cutting of trees along steep slopes on road leading to Bickford
Reservoir for widening purposes -nd to prevenc power cutages. (Yew
contract)

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

Grade znd riprap slopes rear and sides of Bickford Pumping Station,
(New contract)

Repair roof and flashing of Bickford Pumping Station end check for
leaks. (Gteenview)
Clean Mare Mcadow and Bickford stations. (Creenview)

Grade rear Prouty property and provide outlet for trapped water,
(C and M)

Repair leaks at dam and tunnel, (Welch and Corr)
Crade slopes westerly side of Bickford dam. (C and M)

Eackblode perirater of recservoiy beyond hichy vater maik.(C and ¥)

Sceding of all vaste (£ill) arcas., (v coatract)
oo LoD . ceompopws o wdimge Sa s Bt not aeed (U0 Ay
1358 JORTS R "m‘11 *'\ (€ aud 10
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CITY OF FITCHBURG R

Hianwars

DEPARTIVIENT Of P UBLIC \VORKS :::::: Dissosas

STAEET LionTiNG

City H]", 718 M:in Street WATER SuPPRLY
MAEFUSE COLLECTION
FITCHBURG, MASSACHUSETTS 01420

GEORGE J. LANIDES
COMMISSIONER anD CITY ENGINEER

May 14, 1971

Page 2,
Inspection of Bickford Reservoir

=N15. Level riprap at dam and clean area in immediate vicinity. (Welch and
Corr)

"N16. 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) \L)-.":ﬂ\-& Wrar CTells

18. 1Inspection and approval of dam by ptoper 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 freeczing 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, (ilew contract)

TN25, Re-seed area (Allard's) stripped by Welch and Corr. (Welch and Corr)

B-17 BICKFORD POND ANL
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Mr, George Je Lanides P ;;
Commissioner of Public Works o8 =
City Hall 3 3
718 Main Street -

Fitchburg, lMassachusetts 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 sugpested that you contact Mr, George E. Lybrand,
District #3 Highway Engineer, Worcester Office, telephone 754=720l,
to arrange a meeting to discuss the matter, At the present time
District Highway Engineering personnel have been given the respon=-
8ibility to make inspeciions of dams snd reservoirs. The availw

ability of constructiorn _.lans and specifications would be very
helpflﬂ.o

Enclosed please find an "Application for Authorization to
Construct or Alter a Reservolir, Reservoir Dam or Mill TLam",
For our records, please complete the application and sttach a
copy of the Worcester County Commissioners approvale

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

‘ Very truly yours,
Z{z/ (..,{/(.’/«.:elw’
FHEDe Co OOHWET™S, P.T,
. beputy Cniel enxineer
LRAthY
cC:GaiteLybrand
Enclomire B-18 BICKFORD POND AND
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THE COIZIOIWTALTH OF MASSACHUSETTS
DEPART:ZUT OF PUSLIC YOilXS
DIVISICH OF VWATLERUAYS
100 Nashua St., Boston, liass, 0211h

APPLICATIOI I"OR AUTEORIZATION TO CONSTRUCT
OR ALTER A RESZDIVOIR, RESERVOIR DAM OR
MILL DAM

JURISDICTICY -~ Chapter 253 of the General Laws as amended by

Chapter 565 of the Acts of 1970,
QO}TDTITQ“S O® D PW, JURISDICTION

Shall not ecpply to emall dams, econstructed for irrigation or
for other purposes, the brealiing of which would involve no risik to
life or property, nor to standpirass or tanlis, nor to a dam where
the area draining into tho pcnd formed thereby doss not exceesd
one squaro rnile; unless the danm is more then ten feet in heisnt -
above the natural bzd of tha stream at any point, or unless tze
quantity of water which the dam impounds excoeds one million gallons,

IF DAM IN QUESTION LIES WITHIN TI® JURISPICTION OF THE COMMISSIOIET
OF THE DEPARTIENT OF FUBLIC WORKS TESI THE FOLLOWING INFORIATION IS
REQUESTEZED:

(Ne.A., - Indicates Not Appliceble)

1. Location of Dam (City or Town) Princeton & Hubbardston

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

3. Name of lz’atérway East Branch Ware River

o Navigable: Yes () DNo (x)
Se Dotailed Descripticn of Dam Location
Dam - 42° 29' - 71° 5¢°

Dike - 42° 29' 20" - 71° 56'

6. Present or Prospsctive Ovmor(s) of Dam City of Fitchburg

7« Raturo of \lorlz:  Propoced Dam (X) Altzration ( ) (Complete)

8. PFurposc of Dom  Water Sturage

- —

9. Spocilic Legiclative Autheriiy to Cenctruct Deme: Yor () No (x)
B-19 BICKFORD POND AND
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i 2.
| ' K 10. Contributory Drainage Area 6.3  Sqg.Mi, 40130 Acres
1l. Heipat of Dzm 49.5 (a) Top Elevation of Dam 1951 &
' jgl\Top Elevatiogpg{l"ay 1045.0
12, Volums of Wator Impounded 2480 _ Acre-Ft. =800 Million Gallons
' 13. Datum Used (Preferably Me;;/Sea Level of 1929)
, . Mean Se- Level of 1929
1. Previcus Xnown Flood of Record (lionth) _March (Year) 1936
! 15. Prescnt River Bad or Channel Crzde at Dam 1002
, 16. Normal Pond Area 55 Acres
: 17. Normal VWater Level: Elevation 1045.0
! 18. Maximum Flood Level: Elevation 1049.0
19. Type (Earthen, Concrete, etc.) Earth With Concrete Core
20. Lengibh of Principal Spilluay 100 Feet
| 21. Descripticn of Principzsl Spillveoy " Morning Glory 20' x 30°
22. Emergency Spillway: Yes ( ) No (X)
If Yes, Dascribe
23, Gatod: Yes (. ) N{()()
2 24. No. of Gates e
25. Size of Gates
26, Nature of Slbpe Protecticn
i. (Rip-rap, Sodding, etc.) Rip-Ravp Upstream, loam-seed downstream
| 27. Stop Loz Structure(s): Yes () No (x)
Describe
28. Control for Ricmoval of Stop Loga: Mechanical ( ) Manuel ( )

29. Ireeboard 4.0 Feot

B-20 BICKFORD POND AND
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30.
3.
32.
33.

-3-
3.
Peak Discharge (Outflow) (Kinnison-Colby) 2420 c.f.5.
Design Storm Luration Hours
Design Storm Runoff Inches

Degree of hazard to life and property downstream.
(Field Investigation)
(A) The estirated 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 rurbter of properties (homes, buildings ete.)
and extent of possible damage by overtopping ‘or failure

Failure could cause wet basements and land

——

erosion to approximately 6 properties.

(C) Roads (type) 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.

B-21 BICKFORD POND AND
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Applicant: Name:

Address:

Signature: Date:

Date:

#%Consultant Engineering Firm:
Whitman & Howard, Inc.

89 Broad St., Boston

Mass. 02110

" By: Joseph A. Murphy “Date: 71/10/72

# Submit outline on topographic map.

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

Additional llotes: .

B-22 - BICKFORD POND AND
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o Lrn Mag be 1n FFinteton & W.s.
' oo 1’1‘5?30'TIWRE?ORT & DATA FOR DAMS Dam Nr._ /o0 = 32
. Tovm: . skapds ,'“fu
Ovner:_  City. of F}fgkbu? S — SYTeaN: et Franc siiare.
' His Address: h/d”er Pept, NFi7e ,713;{[. Pond. Zicitord ,e,.,
Function of Dam: wa}e-_;.‘np_y _Date:"«.¢r .77
By: €5/ € Cona
' ‘Bocation & Accesst Fceoss Baond froom Leomps, . CONDITIO RATING
. ] - Structural:_ £,
565 Quad,_’ - _Lat._ _Long._ Hydraulic. 70X _[5'f -
Drain.Ar,:_ _Sq.Mi,7 Ponds:__ _&c,jRes,Bdem:_ - Beneral: ..
' Character of 'F'A.. — . ... _ PRIORITYT_ "
Estimated_ -
' Discharge B -
Capacity:_ _ _ __ . e -
General Description of Dam and Diacharge ControlT - _
' _..[;n—m SO s Sl EppFAD E N Lppe Side .20 x 35 mornn
wGlory ‘O Feep Hangls Pl  ouverdiow.. ﬂd/z_ rs Piso. I 3¢ &
g3’ 7o F NG e e e . e e -

J etch (Not to Scale):'

| 6:/4
: &~
& , : ‘8.
'P—-; Raf‘ I il
—_— L [ |
. Ly 7
T |
'
| I I

e P

L//“’féu Ctoer? ... . - i -
Remarks ‘and R’ecomendationa. - Yhis " Pawi i35 New — Fac ar ,,,,.na'r.

1970 ~/97/

/

:‘ Dates/-4-7: BYfsbudGue Somment . . .

, S Dam No,37g-/ryo-2 =
‘ . .4 B=23 BICKFORD POND AND
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ESY. 1869 — INC. 1924

Rober! T lones, Prec.den: ASSOCIATES

C R \Wahenson Tregegrer H I

Groemeren WHITMAN & HOWARD, INC.

Pavi b Howard, Chm gmeritus . . Anthon, Ch.av;\elan-
Engineers and Architects Elas A Coonen

Paut € Bucknam jr Robert £ Crawtord

Browster W buller 89 BROAD STREETY, BOSTON, MASS. 02110 e TEL. (617) 426-6400 Charles G Elis

Atytes F Howad Emest H Fagerstrom

fredeth D A King Jr George A Howiang 11l

pames 1 M Donowgh Edward R Mavyer

Houward R Perhiny Maager
lames A S Valker, Arch Ottcer

Arthur T Lecchime Conpioiler Janual‘y 29 1973
’

Mr. George J. Lanides
Commissioner ¢f Public Works
City Hall

718 Main Street

Fitchburg, MA 01420

Dear Mr. Lanides:

In response to your guestions 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,

WHI_'%‘MAN & HOWARD, INC.

’

I}

C N L
[ oo e U LL“"\’ A
/ (e

Joseph'a. Murphy
/

\
JAM/d3m i )
R T AT
KOEEARY ‘ G‘
L
LLiSe® i
B-24 BICKFORD POND AND
; v ; .. RESERVOIR DAMS
-t ¢ L e S St




1,

3.

4,

S.

6.

Te

INSPECTICH REPCRT « Dulis D B3I VCIks

Location: 64y /Tovwn AL bbwrdsriv Dan Noo, 3-/#-/40-32.

Name of Dan Lckpry fiud
ni (Fast] L)kE

Inspected by Wisgn) R Rriaieq
[ 4

Date of Inspection {/7/7!'

Owner/s: per: hssessors Prev, Inspection
Reges of Deeds Pers. Contact 7
Lo 7 by Hlodley Brag, Ao, Cfy thie 7w pam S, b fehbury, 2955,
Nane Gy 7 St. & N4, 7 City/Towd State Tel, No,
2, &w—qe Lavides, Lomn_of Foblc fhakr £ Cfy Ewgincer - 0/7 Haie
Name T St, & 1o City/Town State Tel, No,
3a
Nane St. & No. City/Town State Tel. No.

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

Name: St. & HMo.:
City/Town: State: Tel.lioes

No, of Pictures taken

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

l, Linor e 2, loderate

3. Severe 4, Disastrous
* This rating may change as land use changes (future development)

Outlet Control: Automatic Manual

Operative d Yes; No.
Commentss (ks Praws ; / OFgowdsamiss Jate Seo Skotcs

Upstream Face of Dam: Conditions

14 Good __ 2. Mincr Repairs

3. Major Repairs 4. lUrgent iepairs

.onComments:

B-25 BICKFORD POND AND
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2w Dl 100 /¥ - /¥ -32

8. Downstream Face of Dams

3. Major PRepairs 4, Urgent Repairs

Comments: ONe 27 XZ't [roded Pkt Nird [S0°F Lasf of 7Fze

' Conditions: l. Good 2, kinor Repairs _¢~
Hesterw E/#re,.,,/, of e 0.5 Face

9. Emergency Spillways

i Condition: l. Good v 2. Minor Repairs

3. tajor Repairs 4, Urgent lepairs __

Comments:

10, Water Level at time of inspection: 742 ft. atove____below ¥
top of dam _£Emé principal spillway
other_ (@ ofopr S llesny Liro

11, Summary of Deficiencies Noted:

P

Growth (Trees and Brush) on Embankment

Animal Burrows and ‘ashouts

IR
Damage to slopes or top of dam _<musow «n oS Face

——

Cracked or Damaced kMasonzry

Evidence of Seepage

Evidence of Piping __——
Erosion Y 4 [‘i’w'/uv Near Be ¢F OZJ )ECQ /.5-0:1 /:‘-n /{/.50/ J/[n—b

Leaks ¢~ Jee (/2}

Trash znd/or debis impeding flow
Clogced or blocked spillway N
Other
B-26 BICKFORD FOLDT ALD
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-3- i KCe 3-/&-/Fo-22

12. Remarks & Reccmmendationss (Fully Explain)
V/ 28, o/anr app ears  Ta bes /v Goo o Conditrom ((’w,r#,yc/c cslcr -7
AJ/"// 0'/«//7 @ Moasr %f/c/(yCIef o Eveder~ce )

D frwse Lrosions ot m Tae hre farvg.

@ Pimor oo kage [N The Bosf ¢f e Ol 7se
Towne/ Hredssy e [fgst S Oerrrend
Coushroctron Jon s (/yea-/e:/' T Vertecat

| Svop Spn tl am J\éa/%) Thss  fes hege I PN
’ 4 pﬂb;/ﬁ/’ 77 ﬂfod’/"fat—v-y
aad These I Jorwfs are, -

i Side o7 TFre Cre oot

13, Overall Conditions

1., Safe _V
v 5 IV

2., Minor repairs needed

3. Conditionally safe = major repairs necded

) . 4, Unszfe

5. Reservoir impoundment no loncer exists (explain)

! flecommend removal from inspection list

B-27 BICKFORD POND AND
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DESCRIPTION OF DAM

DISTRICT 3
Submitted by W- Reqan Dam No, 3-Id-140-32
Date 5/3’;/][ City/Town _flvbbareds 7o

1,

2.
3.

4.

5.

6.

7

8,

9.

Name of Dam Bic x Ged ﬂo'oé

172410 (EAst DiAE)
Location: Topo Sheet Noo. 2.0 A

Provide 8" x 11" in clear copy of topo map with location of
Dam clearly indicated,

/768 7% :
Year bullt: _s/970 Year/s of subsequent repairs /U/"

Purpose of Dam: later Supply v Recreational
Irrigation ' Other
Drainage Area: ¢&.37 ‘sqe mi, acres
Normal Ponding Areas /5o Z acres; Ave, depth
Impoundnents 890 4 /lrar gals.s acre ft,
No. and type of dwellings located adjacent to pond or reservoir
Vowe 1.e. summer homes, etc,
Dimensions of Dams Length Fv0’% Max, Height 5t
Slopest Upstream Face _ 2:/
Downstream Face _2-/
Width across top _20°2
Classification of Dam by Materials gff:::?r:/‘;:‘\ﬁ“{
' Core (wmlc
Earth ____L__ Conce, Masonry v Stone lasonry
Timber Rockfill Other M@ £ir U S FACE
he Description of present land usage dovnstream of dams

/o0 ¥ rural; % urban,

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

7%e f,/urg o‘.rr/mr)c would Feach ‘y"’c' #rter
(Pnhu,/ bnrbing vt Lom bard 12 -

B-28 BICKFORD POND AND
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DAM RO, 3 /&4 -/do -3 2

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

No. of people | .

Noo, of hones .

o, of Businesses N

See Mste

Lol No. of industries « Type
No, of utilities o Type

Railroads __. .

Othexr dams .

= Otherx °

11, Attach Sketch of dam to this form showing section and plan
on 8" x 11" sheet,

12, How to lLocate:
/4(("5‘- T THes 94"7 r5 Comtalfed é;r “Ze /r‘éjj,,,, Luater Aa/'

Contact /ﬂ/y Provencral . FHCh (Jofed Des” Sk @
/é//”éﬁéé 2 oce (aF/' ~h 3/) arrd 4 cu /S Fave
@ P70 Ta e ﬂcv A e Oamr,

Hote (2) R~
(o/ [°m éﬁ/" ’
Jarlore discharge esonld LA L S Kescdence, lange Sawm:/ §

- A
;‘ s & Zrec? *‘5/ Cﬁﬂ’u’ 7 occopted Cone Rowdstren

. Aeated v T Viewity
2 7Railers [/7/?;,;7{) A 7% Se QA€ eca’c

. /.
( / ~ ffJ Near 7% /44’660*‘/: 7ens = fr/uccfwu 7own Te
a@
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Inspection of Deme dn

> LYY LI K v . rl EXE a4
Fitenburg, Fuotardsica and Yestminsier - June 2L, 1575

v
'

1. Seepaze deltes, :.t ated toe zrezs an "“u.ets, indicate
the posszb*.;z.._{ ol a major prodlen at this dan. 4An immediate
investigzation mD.o' d by p-orpt action is necessary,

2, me*e is differentizl ceetilement of the cobble foor of the
principzl spiliway. Seepage end tree and brugh growth should
be-torrected or removed as necessasy.

3. Slope proiection (riprep) is recorended on the upstrearn
_exbeniment at the vesteriy end ol the dam.

L. =Zemove the heavy growih of brusa and trees from the dowmsirezn
embanlsment.

.
-

YMarsi2ll fecervoir - Dam #3-1L-97-42

The resulis of itke irspection indicate that this dam appears sale; however,
the following conditions were noted that regquire attention:

1. 7There are animal burrows, one at the top or the d=n and anoiher
on the downstream embanicent which shoula be filled.

2. Remove the growth of brush fron the exbanignent of the dam.

3. There is scme surface erosion on the dmrnst-ear ., eastexly
enbankment vaich should be corrected. -

For Dems Located in Pubbardston

Marc Meadow - Den #3-1L-1)9-25

 Tae remts ol the inspection indicate that the seepage and underdrain systea
should be investigated and corrected as necessary.

Bickford Pond Yain (East) Dike ~ Dem #3-1L-140-32

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

1. There is some erosion about 150 ft. easterly of the west end
C e of the downstrear embankment thich should be filled with suitadle
ma'terial, properly compacted and graded.

2, Thero is some leakagze throuzh the roof of the first 3 consiruction
Joints near the diop spiiluway which should be sealcd.

* B=33 . BICKFORD POND AND
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Inspection of Dame in
Fiteaburg, ubbardston and Westminster -4~ June 2}, 1975

Bickford Peservoir Secondarr Dike - Dem ¥3-1h-110-32.1
(..ort.hx-:est of lain Dike)

‘ The results of the inspecticn indicate that a seepage investigation is
b recormended foliowed by the necessary corrective ac‘:.icn. Asids from the scepaze
-, condition, the lizht growtn of bn.sh on the emwbanimment o2 tha dam should be removed.

For Dams Located in *2ztainster

Wormen Pond - Dam ~'f-"3-1 L-232-17

Tre results of the inspection indicate that this dsm is sale; however, the
following conditions were noted that require aiientica:

d. lenmove the growth of brush from tiic embaniment of the dam
and in the gpilluay floor.

. 2, Trere ic erocion bekind the easterdy spilluay sidewsll on
the upstreo: side which ghould te “:.llc:l with suitable
material, properly corpacited and graded.

3. ZIepair the sections wrere the masonry is missing from the
upstrean sideuzll of the principal s-:J_"..'r"

Tee resulis of the inzpection indicatic that minor repeirs are needed.
The following conditlons wese moted that roguire attention:

- 1. Z2cmove the zm"‘“x 6f brush and trees from the embanlament of
the daa and in the cuergency spillway.

2. There is cone minor scepage which should be investigated and
correcied as nceded.

3. Fiil the anirmal burro: on the devmsiream embankment,

L. Tho_crergency cpilluyy {Ioor should be rebuilt and the

- sidewall jo " rcpointcc..

Yeetin~house Tend « Da=m 73-11-132-19

The results of whe inspeeiiTh-dadicate tlat a seepaze investigation shculd be
conducted fclloued b o fesiossiy cocrective SEtiomy  The following condiiioas
ware also noted thal -c..,u~e attenzicn
" 1. Romove tho g:\: :th of brush wid trees from 4he embatsment

ol thu dan.

2., Mo ganite repalrs arwe failing 2s evidsazn? by cetexioratioa
and sccpago most noticeal:lo fro= teoneath the opilluys floor.
Tho ceepago {nvostigaticu would pma..bq indicate tho best method
<0 corrves this cenditlioa. T
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Note:

APPENDIX C
PHOTOGRAPHS

Location and direction of photographs shown on
Figure C-1.
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NO.1  DOWNSTREAMSLOPE LOOKING FROM LEFT
ABUTMENT

NO.2 DOWNSTREAMSLOPE LOOKING FROM RIGHT
ABUTMENT

c=2 BICKFORD POND DAM




NO.3 BOX CONDUIT OUTLET AND DISCHARGE CHANNEL

NO.4  UPSTREAM FACE LOOKING FROM LEFT ABUTMENT

c-3 BICKFORD POND DAV




NO.6  RISING STEMS FROM SLUICE GATE

TO FLOORSTAND.

c=-4 BICKFORD POND DAV




HATIONAL PROGRAM FOR LNSFECTION OF NOM-fEDERAL DAMS ¥y
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NO.7 OUTLET END OF 12’ X 12° BOX CONDUIT LOOKING
UPSTREAM

NO.8 TWO 6.INCH POROUS CONCRETE TOE
DRAINS LOCATED APPROXIMATELY
125 FT RIGHT OF BOX CONDUIT,

C-5 BICKFORD POND DAM

oy

4




oo §

[URNSEPEN

[,

Paminto

P,

u

NO.9  RIGHT CORE WALL DRAIN

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

c-6 BICKFORD POND DAM




NO. 11 UPSTREAMFACE FROM RIGHT ABUTMENT

NO. 12 DOWNSTREAM VIEW OF DAM FROM RIGHT ABUTMENT

c-7 BICKFORD RESERVOIR DAM

4




j—— et g e G GHS SN 0B

Snipanid l-_-l‘ Qo oy

- m—— Gt [

u

e e e 2

NO. 13 DOWNSTREAM VIEW FROM CENTER OF DAM
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NO. 14 TOE DRAINS
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.Figure D-1, Drainage Area Map D=1
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APPENDIX D

HYDROLOGIC AND HYDRAULIC
COMPUTATIONS

ol 6 R K NG Mot

Hydrologic and Hydraulie Computations D=2
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