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Honorable Edward J. King By

Governor of the Commonwealth of Distribution/
Massachusetts Availability Codes

State House Aval and/or
Boston, Massachusetts 02133 Dist Special

Dear Governcr King:

Inclosed is a copy of the Lovell Reservoir Dam and Dike Phase I
Inspection Report, which wa' prepared under the National Program for

Inspection of Non-Federal Dams. This report is presented for your use
and is based upon a visual inspection, a review of the past performance

and a brief hydrological study of the dam. A brief assessment is
included at the heginning of the report. I have approvcd 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 Missachusetts. In addition, a copy of the report has also been
furnished the owner, City of Fitchburg Water Department, 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 program.

Sincerely,

Incl S HED4
As stated Colonel, Corps of Engineers

Division Engineer
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NATIONAL DAM INSPECTION PROGRAM

PHASE I INVESTIGATION REPORT

BRIEF ASSESSMENT

Identification No.: MA 00872 (Dam), MA 01334, (Dike)

Name of Dam: Lovell Reservoir Dam and Dike

City: Fitchburg

County and State: Worcester County, Massachusetts

Stream: Falulah Brook

Date of Inspection: April 11, 1979 (Dam), June 17, 1980, (Dike)

'The project is comprised of an 800 foot long, 80 foot hydraulic

height, earthfill main dam, and a 18 foot hydraulic height, 1,600 foot

long earthfill dike. The main dam has a 78.5 foot long concrete

spillway with a 450 foot long concrete and stone outlet channel.

Completed in 1929, the project has always been owned and operated by

the City of Fitchburg as a part of their water supply system.

Lovell Reservoir receives inflow from Falulah Brook, with a con-

tributing drainage area of 2,070 acres (3.24 s.m.).

The project has a size classification of intermediate and a hazard

classification of high. Based on Corps guidelines the test flood would

be the full probable maximum flood (PMF). This assumed test flood

will produce a calculated inflow of 6,480 cfs with a resulting outflow

of 5,920 cfs, which would overtop the dam and dike by about 0.3 feet

to elevation 770.8. ?The spillway has a capacity of 4,320 cfs (to top

I
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of dam elevation 770.5) which is approximately 73 percent of the test

flood outflow. There is no record of the dam or dike being overtopped

by storm water runoff in the past.

There was no indepth engineering data available, and therefore,

the condition of the project was primarily evaluated by visual inspec-

tion, past performance history, and sound engineering judgement.

The dam and dike are generally in fair condition., It is recommen-

ded that the owner engage a qualified registered professional engineer

to implement the following: 1) investigate seepage at the abutment and

embankment of the dam and design remedial measures if needed, 2) eval-

uate the effect of earthquake shaking on the integrity of the concrete

core wall of the dam, 3) specify procedures for removal of trees and

their root systems from the downstream slope of the dike, 4) design

remedial measures for riprap slope protection of the upstream slope of

the dike, 5) perform an indepth hydraulic/hydrologic study to deter-

mine the adequacy of the spillway and outlet channel and design

required modifications.

Furthermore, the owner should implement the following remedial

measures: 1) maintain all slopes free of trees and brush, 2) maintain

a proper height of grass cover on the slopes, 3) remove trees and

brush from the spillway outlet channel bottom and slopes above the

outlet channel walls, 4) test all valves on pipes to insure they are

functioning and repair those which need maintenance, 5) backfill all

animal burrows with properly compacted fill, 6) repair erosion gullies

at the dam left and right abutment areas and adjacent to the spillway

training wall with compacted gravel, 7) repair the spillway channel

upstream of the masonry falls, 8) establish a formal warning and mon-

itoring system to notify downstream areas in the event of an emergency

Lovell Reservoir Dam and Dike
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and 9) institute a program of annual technical inspection. These rec-

ommendations and remedial measures should be implemented by the owner

within one year after receipt of this Phase I Investigation Report.

k0N~ALN~

CENEY 3]Ronald H. Cheney, P.E.

N T .'' Vice President

Hayden, Harding & Buchanan, Inc.

Boston, Massachusetts
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This Phase I Inspection Report on Lovell Reservoir Dam and Dike

has been reviewed by the undersigned Reviev Board members. In our
opinion, the reported findings, conclusions, and recommendations are
consistent vith the Recommended Guidelines for Safety Inspection of
Dams, and vith good engineering judgment and practice, and is hereby
submitted for approval.

CARNEY M. TERZIAN, MEMBER
Design Branch
Engineering Division

RICHARD DIBO0 MKE
Water Control Branch
Engineering Division

ARAMAST MAHTESIAN, CHAIRMAN

Geotechnical Enqineering Branch
Engineering Division

I

APPROVAL Ilt MNlDE D

ChI0,F Ingineoering Division



PREFACE

This report is prepared under guidance contained in the

Recommended Guidelines for Safety Inspection of Dams, for Phase

I Investigations. Copies of these guidelines may be obtained

from the Office of Chief of Engineers, Washington, D.C. 20314.

The purpose of a Phase I Investigation is to identify expedi-

tiously those dams which may pose hazards to human life or

property. The assessment of the general condition of the dam

is based upon available data and visual inspections. Detailed

investigation, and analyses involvina topographic mapping, sub-

surface investigations, testing, and detailed computational

evaluations are beyond the scope of a Phase I investigation:

however, the investigation is intended to identify any need for

such studies.

in reviewing this report, it should be realized that the

reported condition of the dam is based on observations of field

conditions at t-he time of inspection along with data available

to the inspection team. In cases where the reservoir was lowered

or drained prior to inspection, such action, while improving the

stability and safety of the dam, removes the normal load on the

structure and may obscure certain conditions which might other-

wise be detectable if inspected under the normal operating envircn-

ment of the structure.

It is important to note that the condition of a dam depends

on numerous and constantly changing internal and external condi-

tions, and is evolutionary in nature. :t would be inccrrec- tc

Lcvell Reservoir Dam and Dike



assume that t-he present condition of the dam will continue to

represent the condition of the dam at some point in the future.

Only through continued care and inspection can there be any

chance that unsafe conditions be detected.

Phase I inspections are not intended to provide detailed

hydrologic and hydraulic analyses. in accordance with the es-

tablished Guidelines, the Spillway Test flood is based on the

estimated "Probable Maximum Flood" for the region (greatest

reasonably possible storm runoff), or fractions thereof. Because

of the magnitude and rarity of such a storm event, a finding that

a spillway will not pass the test flood should not be interpreted

as necessarily posing a highly inadequate condition. The test

flood provides a measure of relative spillway capacity and ser-;es

as an aide in determining the need for more detailed hydrologic

and hydraulic studies, considering the size of the dam, its

general condition and the downstream damage potential.

The Phase : Investigation does not include an assessment of

the need for fences, gates, no-trespassing signs, repairs to ex-

isting fences and railings and other items which may be needed to

minminize -resvass and provide greater security for the facility

and safety to the public. An evaluation of the project for com-

pihance with OSHA rules and regulations is also excluded.

Lovell Reservoir Dam and Dikeii
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PHASE I
NATIONAL DAM INSPECTION PROGRAM

NAME OF DAM: LOVELL RESERVOIR DAM AND DIKE

SECTION 1
PROJECT INFORMATION

1.1 General

a. Authority

Public Law 92-367, August 8, 1972, authorized the

Secretary of the Army, through the Corps of Engineers, to

initiate a national program of dam inspection throughout the

United States. The New England Division of the Corps of

Engineers has been assigned the responsibility of supervising

the inspection of dams within the New England Region.

Hayden, Harding & Buchanan, Inc. has been retained by the

New England Division to inspect and report on selected dams

in the State of Massachusetts. Authorization and notice to

proceed was issued Hayden, Harding & Buchanan, Inc. under a

letter of 28 November 1978 from Max B. Scheider, Colonel,

Corps of Engineers. Contract No. DACW 33-79-C-0012 has been

assigned by the Corps of Engineers for this work.

Lovell Reservoir Dam and Dike



b. Purpose

(1) Perform technical inspection and evaluation of non-Fed-

eral dams to identify conditions which threaten the public safety and

thus permit correction in a timely manner by non-Federal interests.

(2) Encourage and assist the States to initiate quickly

effective dam safety programs for non-Federal dams.

(3) To update, verify and complete the National Inventory of

Dams.

1.2 Description of Project

a. Location

Lovell Reservoir is located in the City of Fitchburg in

Worcester County, Massachusetts. Lovell Reservoir is formed by

Falulah Brook and is located approximately 400 feet upstream of

Falulah Reservoir. The dam is shown on the Fitchburg, Massachusetts

Quadangle with the approximate coordinates of 420 37' 00" North by 710

49" 12' West. The attached dike is north of the left dam abutment.

b. Description of Dam and Appurtenances

Dam

The project is comprised of a 80+ foot high (hydraulic

height), 800+ foot long earth embankment dam containing a concrete

core wall, an earthfill dike and an emergency spillway. The

downstream dam embankment slopes are inclined at 2H:1V and are turf

covered. The upper 25+ feet of the upstream slope is inclined at

2H:1V and has a riprap layer up to the high water level. Below the

upper 25+ feet, there is no riprap protection and the side slopes are

inclined at 2.5H:IV (see plans appendix B). The upper portion above

the riprap is turf covered as shown by Photo 4. The crest has a width

of about twelve feet. The core wall has a height of approximately 91

feet, with a top elevation of 766.5+, 4 feet below the crest of dam.

-2- Lovell Reservoir Dam and Dike
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The emergency spillway, located at the right side of the dam,

traverses around Falulah Reservoir and converges with Scott Brook

about 1,400 feet downstream. Located at about the midpoint of the dam

embankment are the intake well and controls. See photographs 1,2,8,11

and plans within Appendix B.

The dike is a 18 foot high (hydraulic height) earth embank-

ment extending about 1,600 feet north from the main dam at the left

side. The dike contains a concrete core wall throughout its length.

The upstream and downstream sides are inclined at about 2H:1V and the

crest has a width of 12 feet. The upstream side slope is riprapped to

the high water level.

There are 3 intake pipes leading to the intake well. There

is an upper 16 inch inlet at invert elevation 739, a 16 inch inter-

mediate invert at elevation 714 and a lower 30 inch inlet at invert

elevation 688. The intake structures for these lines are located 65,

130 and 200 feet upstream of the crest respectively. The intake

structure contains manually operated sluice gates which control the

intake lines as shown by photo 11. The outflow from the well exits

through a 30 inch C.I. pipe at invert elevation 687.5. The 30 inch

line eventually reduces to a 12 inch bubbler which outlets into

Falulah Reservoir and a 12 inch main line which feeds to a downstream

chlorination building and into the City water system. These two lines

are controlled by downstream gate valves located at the toe area of

the embankment.

c. Size Classification

The size of the project (dam and dike) is classified as

intermediate based on its storage capacity of 1,173 acre-feet and

hydraulic heights of 80 feet and 18 feet, respectively.

-3- Lovell Reservoir Dam and Dike



d. Hazard Classification

The project has a high hazard potential classification. An

assumed failure of the dam or dike will cause a discharge of 216,530

cfs and 15,400 cfs, respectively. The dam and dike have separate

failure impact areas which converge approximately 5000 feet downstream

of the dam at Greenes Pond.

Assuming the dam fails, flood stage within the first impact

area will reach depths of six to 24 feet, including initial spillway

discharge prior to dam failure. At least 30 houses and several roads

will be flooded. The potential for loss of a significant number of

lives is high. Beyond the first impact area additional damage and

loss of lives will occur.

Assuming the dike fails, flood stage within the impact area

will be four to twelve feet deep. At least seven houses and several

roads will be damaged. The potential for loss of many lives is high.

Beyond the first impact area additional damage and loss of lives will

occur.

e. Ownership

The project has been owned by the City of Fitchburg Water

Department since it was constructed in 1929.

f. Operator

The operator of the project is Mr. J. Andre Provincial, the

City of Fitchburg Water Department superintendent. The address of the

Water Department is 718 Main Street, City Hall, Fitchburg, Massachu-

setts 01420. Telephone (617) 342-5722.

g. Purpose of Dam

The purpose of the project is water supply for the City of

Fitchburg.

-4- Lovell Reservoir Dam and Dike



h. Design and Construction History

The project was designed in 1927 by the City of Fitchburg

Water Department. Construction began in 1927 and was completed in

1929. In 1968, minor concrete repairs were made to the spillway.

i. Normal Operational Procedure

According to Water Department personnel, depending on the

water level in Lovell Reservoir, the two upper inlet sluice gates (see

photograph 11), are usually kept open. Water flows into the intake

well and exists through a 30 inch pipe. At the downstream toe of dam,

the water flows into two twelve inch lines. Here, water flows into

Falulah Reservoir, photograph 2, from one twelve inch line or con-

tinues directly downstream in the other twelve inch line to a chlori-

nation building. Both 12 inch lines have manually operated valves

located at the toe area of the dam. The line discharging into Falulah

Reservoir is normally kept partially opened. The other 12 inch line

is normally kept open. Outflow to the chlorination building is

controlled by a downstream regulating station as water demand within

the City supply system varies.

Small trees and brush growth sited in previous state inspec-

tion reports have been cleared between 1977 and 1978.

1.3 Pertinent Data

a. Drainage Area

The drainage area of 2,070 acres (3.24 s.m.) is comprised of

moderately sloped, wooded, undeveloped land. Several improved roads

pass through the drainage area. They are Rindge Road, Ashby West

Road, and Jewell Hill Road. There are also several unpaved roads.

About forty homes are scattered throughout the drainage area, along

the improved roads. There are also several Water Department buildings

at various locations.

-5- Lovell Reservoir Dam and Dike
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There are several brooks and swamps within the drainage area.

Falulah Brook connects Lovell Reservoir to Fitchburg Reservoir, about

10,000 feet upstream. The brook has a change in elevation of about

216 feet over this distance. Another brook (unnamed) flows into

Falulah Brook approximately one mile upstream of Lovell Reservoir.

This brook is about 8,000 feet long and begins near Jewell Hill. It

has a change in elevation of about 300 feet. Immediately below the

dam is the Falulah Reservoir (see photograph 2) and the intake

building for the water supply system.

b. Discharge at Damsite

The dam has 3 intake pipes and one outlet pipe. Sixteen inch

intake pipes are located at elevations 739 and 714. A 30 inch intake

pipe is at elevation 688.0 and has a screened inlet at elevation 693+.

(See plan in Appendix B).

The 30 inch outlet pipe is at elevation 687.5. Near the

downstream toe of the dam, it reduces to a 24 inch pipe which then

splits into two 12 inch lines. One 12 inch line connects to the water

distribution system. The other 12 inch line connects to an aerator in

Falulah Reservoir (photograph 2), which outlets at elevation 689+.

The project was completed in 1929. It has been subjected to

various storms but no record of maximum flood outflows are available.

The spillway (see photograph 8) has no provisions for

flashboards, stop logs or gates. It has a capacity of 4,320 cfs at

elevation 770.5, top of dam.

The PMF test flood will overtop the dam by about 0.3 foot to

elevation 770.8. The spillway outflow would be 4,750+ cfs. The total

project discharge will be 5,920 cfs, which includes overtopping

outflow.

-6- Lovell Reservoir Dam and Dike



c. Elevation (ft. above NGVD)

(1) Streambed at centerline of dam ------------------- 690+

(2) Maximum tailwater --------------------------------- N/A

(3) Upstream portal diversion tunnel ----------------- none

(4) Normal pool ------------------------------------- 764.0

(5) Full flood control pool --------------------------- N/A

(6) Spillway crest ---------------------------------- 764.0

(7) Design surcharge (Original Design) ------------ unknown

(8) Top of Dam and Dike ----------------------------- 770.5

(9) Test flood design surcharge --------------------- 770.8

d. Reservoir

(1) Length of maximum pool -------------------------- 3200'

(2) Length of water supply pool --------------------- 3200'

(3) Length of normal pool --------------------------- 3200'

(4) Length of flood control pool ---------------------- N/A

e. Storage (acre-feet)

(1) Test flood pool -------------------------- 1185

(2) Top of dam --------------------------------------- 1173

(3) Spillway crest pool ------------------------------- 914

(4) Water supply pool --------------------------------- 91 4

(5) Normal pool --------------------------------------- 914

(6) Flood-control pool -------------------------------- N/A

f. Reservoir Surface (acres)

(1) Top of dam ----------------------------------------- 56

(2) Test flood pool ------------------------------------ 56

(3) Spillway crest ------------------------------------- 33

-7- Lovell Reservoir Dam and Dike
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(4) Water supply pool ---------------------------------- 33

(5) Normal pool ---------------------------------------- 33

(6) Flood-control pool -------------------------------- N/A

g. Dam and Dike

(1) Type ------------------------------- gravity, earth fill

(2) Length --------------------------- 800' dam; 1600' dike

(3) Height (maximum structural) --------- 95' dam; 27' dike

(4) Top width ----------------------------------------- 12'

(5) Side Slopes ------------------------ D.S. grassed 2H:1V

U.S. (upper 25') riprap 2H:IV, (below

upper 25'+) 2.5:1V

(6) Zoning ------------------------------ indicated on plan

(7) Impervious Core --------------------- concrete core wall

(8) Cutoff ----------------------------- concrete core wall

(9) Grout curtain ------------------- not included on plans

(10) Other --------------------- along toe of dam, several 6"

collector pipes draining into Falulah Reservoir

h. Diversion and Regulating Tunnel ----------------------- none

i. Spillway

(1) Type -------------------------- concrete, broad crested

(2) Length of weir ------------------ 78.5' effective length

(3) Crest elevation --------------------------------- 764.0

(4) Gates -------------------------------------------- none

(5) U/S Channel ------------------- riprap 5H:1V slope with

concrete training walls

(6) D/S Channel --------------- 450' long, masonry/concrete

wall stone bottom channel,

width varies 70' to 40'

-8- Lovell Reservoir Dam and Dike
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j. Regulating Outlets

The regulating outlets is the 30 inch out.~et pipe described

in section 1.3b. This 30 inch pipe, invert elevation 687.5, is

controlled by a manually operated sluice gate at the intake structure,

which is normally left in the open position. Near the downstream toe

of the dam, the 30 inch pipe is reduced to a 24 inch line and then

into two 12 inch branch lines. Both of the 12 inch lines are gated.

One 12 inch gate is kept open. The second gate is usually partially

open, to feed water into Falulah Reservoir. Flow through the fully

open 12 inch line is controlled downstream by valves at a regulating

station.

!
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SECTION 2

ENGINEERING DATA

2.1 Design

The project was designed in 1927. Construction drawings are

signed by the City of Fitchburg Commissioner of Public Works. Design

plans were located at the Worcester County Court House, Engineering

Department and the Engineering Office at Fitchburg City Hall. No

design calculations were located.

2.2 Construction

Design plans dated 1927 through 1929 and a plan showing spillway

repairs in 1968, were located at the Fitchburg Engineering Office.

The former indicate changes which occurred during construction.

Inspection reports prepared during construction were available at the

Worcester County Court House, Engineering Office.

2.3 Operation

No operational manual exists for this dam.

2.4 Evaluation

a. Availability

Design plans and inspection reports prior to 1969 were made

available at the Worcester County Court House Engineering Department,

Worcester, Massachusetts. Revised design plans dated 1927 to 1929 and

spillway repairs made in 1968, were made available at the Fitchburg

City Hall Engineering Office. State Inspection Reports for the years

1975 and 1976 were made available at the Massachusetts Department of

Environmental Quality Engineering, Division of Waterways Office at

Boston.

-10- Love1I Reservoir Dam and Dike



b. Adequacy

The lack of indepth engineering data does not allow for a

definitive review. The adequacy of the data does not permit a

structural and hydraulic review of the dam from the standpoint of

design calculations, but must be based primarily on the visual

inspection, past performance history and sound engineering judgement.

c. Validity

The field investigation indicates that the external features

substantially agree with those shown on the plans dated 1927 to 1929.

Plans were obtained which show a proposed design and as-built

features. Piping and gate valve arrangements are not accurately shown

on these plans as changes have been made periodically, and records

were not updated.

-L- Lovell Reservoir -am and tike

mmmmnn



Ii
SECTION 3

VISUAL INSPECTION

3.1 Findings

a. General

Lovell Reservoir Dam was inspected on April 11, 1979.

The dike was inspected on June 17, 1980. During the April 1979

inspection, water was flowing from the spillway. The depth of

water was about 1 inch. Several areas where seepage was signi-

ficant were noted and recorded. Evidence of tree and brush

growth on the embankment, which were recently removed, could be

seen. During the June 1980 inspection, the water level of the

reservoir was 2 feet below the spillway crest. There was consid-

erably more brush growth evident during the later inspection.

b. Dam and Dike

The main dam consists of an embankment section about 800

feet long with a structural height of 94 feet. A chuted spillway

structure approximately 78.5 feet long passes around the dam on

the right abutment. An embankment dike approximately 1,600 feet

long with a maximum structural height of 27 feet continues from

the left abutment of the dam along the eastern edge of the reser-

voir. Photograph 6 shows the crest and upstream slope of the

main dam in the foreground and the dike in the background as

viewed from the spillway crest. The dike and dam contact can be

seen in the background of the photo.
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1. Dam

Upstream Slope

The upstream face of the dam is on a slope of 2H:1V.

Riprap slope protection extends to within 13 linear feet of the

dam crest, and the water level at the time of inspection was only

1 foot below the top of the riprap. There is some evidence of

wave erosion near the right abutment. The visible riprap is in

good condition, and the grass-covered upstream face above the

riprap shows no evidence of sliding or slumping.

Crest

The crest of the dam is approximately 12 feet wide. As

shown in Photograph 3, there is a sand and gravel roadway on the

crest. No cracking or misalignment of the embankment is evident.

Downstream Slope

The downstream face, shown in Photographs 1 and 7 is on

a slope of 2H:1V. A stone-paved drainage bench approximately 5

feet wide is located near the mid-height of the face to intercept

and route surface runoff to a drainage ditch on the left abut-

ment. Small erosion gullies were observed downslope from the

bench near its contact with the left abutment, indicating occa-

sional overflow around the ditch. Erosion gullies were also

observed at the right abutment contact near the spillway.

Wet areas and standing water up to 3 inches deep were

observed at the toe of the slope near the right and left abul-

ments. These areas are fed by seepage observed at the contacts

of the dam with abutments. Photographs 12 and 13 show seepage at

the right abutment contact. Photograph 14 shows a large wet area
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on the left abutment about 65 feet downstream from the toe. Much

of the water in this area is drained through a pipe, shown in

Photograph 16, beneath a gravel roadway into Falulah Reservoir,

about 150 feet downstream from the dam.

The central one third of the toe area has been filled

with sand and gravel to improve access to the valves located at

this area. The condition of the filled area during the April

1979 inspection was dry, however, records of past inspections

indicate that this area was wet before it was filled with sand

and gravel. See photograph 14.

All water exiting at the right and left abutments

appears to be clear.

Approximately 15 feet above the toe elevation, water

exits through the downstream face of the main embankment in a

series of small seeps extending at least 60 feet across the face,

Photograph 17. The water from these seeps appeared silty, as

shown in Photograph 18. The silt that was observed may have been

due to local disturbance caused by uncovering the seeps. How-

ever, the area around the seep was silty and this is a signifi-

cant observation which requires further immediate study.

Seepage through the downstream face and the abutment

contacts was noted in dam inspections between 1931 and 1935, but

at that time, the seepage was judged not to be serious. Slumping

of the downstream slope near the toe was also reported. A recent

inspection (1975) by the Massachusetts Department of Environmen-

tal Quality Engineering (DEQE) also identified seepage at the

downstream toe and wet areas near the abutment contacts, and con-

sequently, DEQE classified the dam as unsafe.
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At the time of the April 1979 inspection, the downstream

face of the main embankment had been cleared of small trees and

brush growth which had been reported in the Commonwealth of

Massachusetts inspection reports in 1975 and 1976. According to

a representative of the Fitchburg Water Department, the brush had

been cleared between 1977 and 1978. A few small animal burrows

were observed on the downstream face of the main embankment.

2. Dike

The dike is an earth embankment which abuts the left end of

the main dam in a continuous manner. The dike has a maximum

hydraulic height of about 18 feet and continues along the eastern

edge of the reservoir in a sinuous manner for a distance of about

1600 feet.

Upstream Slope

The upstream slope is inclined at 2H:1V. The slope is

protected by riprap to an elevation 3 feet below the crest. Over

the large majority of the slope, the riprap is in good condition.

A typical portion of the upstream slope is shown in Photo 23.

There are two areas where the riprap is in poor condition. At a

location of about 920 feet right of the left abutment, there has

been a slump failure of the riprap. This slump area is shown in

Photo 26. The slump is about 25 feet long and extends below the

waterline. The riprap in the slump area is of smaller size than

was generally used on the slope. A second area of small sized

riprap is shown in Photo 27. The riprap in this area has also

slumped slightly and as shown in the photo is becoming overgrown

with vegetation.

-15- Lovell Reservoir Dam and Dike

L



The area of the slope above the riprap is covered with

dense vegetation as shown in Photo 23. Most of the vegetation is

second growth maple trees. Trees had been cut but stumps were

not removed and there is a significant regrowth as can be seen in

Photo 25.

Crest

The crest of the dike is about 12 feet wide and is

unpaved. Vehicles may drive along the entire crest gaining

access from the right abutment area. Vehicular traffic has

caused minor erosion of the crest surface as shown in Photo 24.

No misalignment or unusual settlement of the crest was observed.

Downstream Slope

The downstream slope is inclined at 2H:IV. The slope is

covered with dense vegetation including many trees of varying

sizes. This overgrown condition may be seen in Photos 28 and 29.

Many of the trees are dead or dying. The vegetation is so dense

that an adequate inspection of the slope could not be made.

A rockfill was observed at the toe of the downstream

slope in several areas along the toe. It appears that the

rockfill is continuous along the downstream toe.

No seepage or wet areas were observed but due to dense

vegetation, an adequate examination for these features could not

be made.

c. Appurtenant Structures

The approach channel to the concrete spillway was

submerged and could not be inspected during the April 1979

inspection. The overall condition of the spillway is generally
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good. The discharge channel floor is paved with rock and appears

to be in fair condition. Brush growing in the discharge channel

is shown in Photograph 9. The main embankment adjacent to the

left training wall of the spillway on the upstream face contains

some minor erosion gullies.

The dam has a 78.5 foot wide by 6.5 foot high concrete

spillway crest. The approach channel is paved with stone masonry

which is sloped upward toward the spillway crest. The concrete

sidewalls are curved. The upstream channel width varies from 100

feet to 78.5 feet. The outlet channel varies from 78.5 to 40

feet wide.

The outlet channel is 450+ feet long. It has a stone

masonry bottom and concrete walls. The spillway crest drops

about 4 feet at the outlet channel. The channel has many small,

I to 2 inch trees growing in the stone masonry bottom. At the

end of the concrete portion of the channel, there is a stone

masonry waterfall about 8 to 10 feet high, as shown by photograph

10. The state inspection report of 1975 refers to a collapse in

the channel floor upstream of the waterfall and a hole in toe

of the east downstream side wall with water outflow. Due to

spillway discharge at time of April 1979 inspection, these

features could not be verified. However, during the June 1980

inspection, there was no discharge into the spillway and these

features could be observed. Photographs 21 and 22 show the

extent of the erosion of the channel floor. Although these

conditions are quite distant from the dam and do not affect dam

safety, they should be repaired. The overall condition of the

vertical section of the waterfall is generally good.
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The channel below the waterfall, photograph 20, is

excavated through natural ground in a narrow valley. Some areas

have stone masonry sidewalls. There are trees and boulders

within the channel. The channel joins Scott Brook near Falulah

Reservoir.

The intake structure, photograph 11, is located near the

center of the main dam. The proposed building to house the in-

take gate valve controls was apparently never constructed. The

30 inch intake valve is reported inoperable and open. Two 16"

intake valves are reported to be operable. Aside from the

inoperable gate valve, the surficial exterior features appeared

to be in generally good condition.

The toe of dam area was observed to be different from

the design plans. The outlet pipes are buried and the area was

recently regraded. Several six inch diameter drains are evident

entering into Falulah Reservoir, see photographs 17 and 19.

d. Reservoir Area

The area around the reservoir is undeveloped. A detail-

ed description of the drainage area is given in Section 1.3.b of

this report.

e. Downstream Channel

Water is channeled through a 30 inch outlet pipe into

two 12 inch pipes. One pipe leads into the Falulah Reservoir,

which is about 150 feet downstream from the Lovell Reservoir dam

embankment, and the other feeds into the City water system.

3.2 Evaluation

Visual examination indicates that the dam is in fair condi-

tion with respect to the geotechnical aspects. Seepage was
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observed through the downstream embankment face, the embankment-

abutment contacts, and the downstream on the left abutment. This

seepage, if not adequately controlled, could lead to failure of

the dam.

Visual examination indicates that the dike is in fair condi-

tion with respect to geotechnical aspects. Dense vegetation on

the downstream slope did not allow an adequate examination of

this slope and the downstream toe.

The presence of root systems of large trees, many dead or

dying on the downstream slope of the dike could create shortened

seepage paths which could lead to internal erosion of the dike.

The poor riprap protection at two locations on the upstream

slope could lead to erosion failures during periods of intense

wave action.

The 30 inch intake valve is reported to be inoperable. The

spillway outlet channel floor and slopes contain trees and brush.

Extensive erosion of the outlet channel floor, just upstream

of the masonry falls, was observed during the June 1980

inspection.
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SECTION 4

OPERATIONAL PROCEDURES

4.1 Procedure

The purpose of the project is for water supply. The intake gates

are normally left open and water in the intake well flows to a down-

stream chlorination building and eventually into the City system.

Water from the intake well also flows into the downstream Falulah Low

Pressure Distributing Reservoir. Downstream gate valves control both

outflow lines and a downstream regulating station controls the com-

bined outflow from Falulah and Lovell Reservoirs prior to entering the

City distibution system.

4.2 Maintenance of Dam

The City of Fitchburg is responsible for maintenance of the dam

and dike. The most recent maintenance occurred in 1977 when vegation

on the downstream embankment face of the dam was removed and gravel

was placed over the wet central toe area for ground stabilization.

4.3 Maintenance of Operating Facilities

There is no formal operational maintenance program. The most

recent maintenance occurred in 1977, when the downstream gate valves

were replaced.

4.4 Description of Warning System

There are no warning systems at this facility.

4.5 Evaluation

There is no formal operational procedure for this project. The

project is an integral part of the City water supply and therefore

deficiencies in operational facilities would be readily detected in

normal operations. Seepage through the dam embankment was observed
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and no apparent measures have been instituted to monitor or retard

this flow except for the gravel fill placed at the downstream toe

area. The owner should institute a program of annual technical

inspection for the dam and dike.
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SECTION 5

HYDRAULIC/HYDROLOGIC

5.1 Evaluation of Features

a. General

The project was designed and is used for water supply. The

main dam has a hydraulic height of 80 feet and is about 800 feet long.

An earth dike extends from the main dam along the east side of the

reservoir for about 1600+ feet. The maximum hydraulic height of the

dike is approximately 18 feet. The useable storage capacity is 914

acre feet. Photographs 1,3,6 and 8 show views of the main dam and

dike. See Appendices B, C & D.

b. Design Data

The project was completed in 1929. Design calculations were

not located. Drawings showing proposed work were found. The project

was designed and has always been used for water supply.

c. Experience Data

Overtopping of the dam or the dike has never been reported.

Spillway discharge measurements have not been taken. During the

August 17 to 20, 1955 flood period, about 4 inches of rainfall occur-

red in the Fitchburg area. Gage station 1-0945 is maintained by th

U.S.G.S. on the North Nashua River near Leominster. It recorded a

maximum discharge of 16,300 cfs (152.34 cfs/s.m.) for a 107 s.m.

drainage area on March 18, 1936. A state report dated August 17,

1936, indicated a "washout of lower part of waste way apron", but

there were no other records of any problems, or when they actually

occurred.
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The level of the reservoir varies. However, discharge

through the spillway normally occurs each year. At times, the res-

ervoir water level has been 20 feet or more below the spillway crest.

Based upon observed growths of small trees within the outlet channel,

spillway outflow is probably not significant, see photograph 9.

d. Visual Observations

The dam and dike show no indications of having been overtop-

ped. During the April 1979 inspection, water was discharging from the

spillway at the rate of approximately 7 cfs. During the June 1980 in-

spection, the water level of the reservoir was approximately 2 feet

below the spillway crest. Small trees of 1 and 2 inch diameter, were

growing in the stone masonry outlet channel floor. Observations of

the drainage area and general vicinity show them to be generally as

indicated on the U.S.G.S. map and as described in Section 1.3 of this

report.

e. Test Flood Analysis

Based on Corp Guidelines and the project's intermediate size

and high hazard potential classifications, the test flood used was the

PMF. The PMF inflow is 6480 cfs for the 2070 acre (rolling hills)

drainage area. With the initial water level assumed at the spillway

elevation of 764, the test flood would surcharge the reservoir tc

elevation 770.8, 0.3 feet above the top of the dam.

The spillway is capable of passing an outflow of 4,320 cfs.

The remaining outflow, 1600 cfs, would overtop the main dam and dike.

The 450 foot long spillway outlrt channel can just carry the entire

4,320 cfs outflow within its defined sidewalls and banks. The brook

channel beyond can not carry this outflow. Water would flow above the

top of the channel into the adjacent woods. See photographs 3,9, 10

and 20.
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f. Failure Analysis - Dam and Dike

Failure analysis was performed for both the dam and dike.

Each has a separate impact area.

Dam

Assuming the dam failed with the water level at elevation

770.5 (top of dam), the resulting discharge (based upon Corps

Guidelines) would be 216,530 cfs. This assumes forty percent of the

450 foot long (measured at mid-height), 80 feet high dam failed. This

discharge and the substantial amount of development downstream

indicates a high potential for loss of a significant number of lives.

Flood stage at Falulah Reservoir would be 18 feet. Falulah Reservoir

would be destroyed. Between Falulah Reservoir and Rindge Road, about

4,000 feet downstream, flood stages would vary between 17 to 24 feet.

Due to the steep slope of the outlet brook, elevations of most homes

are above the brook elevation. However, several homes and the power

station are not and would experience flood damage due to spillway

discharge prior to dam failure. All homes, about 17, along Rindge

Road and the power sub-station would be destroyed by the dam failure

outflow.

Between Rindge Road and Greenes Pond, flood staqe would be 15

to 17 feet. In this area, several homes may be damaged by spillway

discharge floodwater, prior to dam failure, as they are situated close

to the brook. Near Fisher Road, all homes, about 17, would be

destroyed by dam failure outflow.

Along Ashby State Road all structures, about 13 homes and

several commercial buildings, would be destroyed by dam failure

outflow. Flood stage would be about 15 feet. Ashby State Road will

L
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cause a backwater condition at Greenes Pond. Homes and structures in

this area are situated above the level of Greenes Pond. Spillway

discharge, prior to dam failure should not cause damage in this area.

Spillway discharge prior to failure will cause some flooding

damage. Dam failure outflow could destroy all structures within the

impact area. Beyond the area studied, additional damage and loss of

life will occur until the remaining 54,200 cfs outflow is dissapated

within the brook channel.

Dike

Assuming the dike failed with the water level at elevation

770.5, the resulting discharge (based upon Corps Guidelines) woud be

15,400 cfs. This assumes forty percent of a 300 foot long section of

the 18 foot high dike fails. The failure impact area considered,

extends about 4000 feet along the east side of Rindge Road to Greenes

Pond. Flood stage varies from four to twelve feet deep. There is no

flooding damage prior to the assumed failure. At least seen homes

and two roads are flooded. The potential for loss of many lives

is high. Beyond the Greenes Pond area, additional flood damage and

loss of life could cccur.
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SECTION 6

EVALUATION OF STRUCTURAL STABILITY

6.1 Structural Stability

a. Visual Observation

The visual examination of the dam indicates the following

potential structural problems:

1. The presence of seepage at the abutment contracts and along

the downstream face may, if not controlled, lead to failure

of the dam.

2. Erosion features on the downstream face, if left unrepaired,

could continue to deepen and lead to serious surface

slumping.

The visual examination of the dike indicates the folling potential

structural problems:

1. Roots of trees growing on the downstream face could create

seepage paths which could lead to internal erosion of the

embankment.

2. The poor condition of the riprap in two locations on the dike

could result in erosion of the embankment during periods of

high wave activity.

A dense cover of vegetation on the downstream slope makes it

impossible to inspect the dike and dowdstream toe area Ac4equately.

b. Design and Construction Data

Construction drawings indicate that the main dam and dike

consit of an earth embankment with a reinforced concrete core wall

which was keyed into bedrock. The dam embankment was generally
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constructed of rolled earth and rockfill. Records indicate that a

zone of "very compact material" was placed in 6 inch lifts upstream of

the core wall. Because the embankment was not raised uniformly on

both sides of the core, there was concern that construction operations

may have produced cracks in the core wall.

A series of about 250 construction photographs of the dam

were made available and substantiate the existence of the concrete

core wall and the compaction of the fill in thin lifts.

No dike construction information was available.

A 78.5 foot wide spillway was constructed on the right

abutment of the dam to channel overflow to Falulah Brook downstream

from Falulah Reservoir. A single 30 inch diameter outlet pipe exists

from the gatehouse along the base of the dam and branches into two 12

inch pipes at the toe area. These pipes discharge into Falaluh

Reservoir and the City water system.

c. Operating Records

Seepage through the downstream face and abutment contacts was

first reported in 1931 (within 2 years after reservoir filling).

Records also indicate that the spillway channel on the right abutment

and part of the adjacent embankment were repaired about 1968. In

1975, an inspection by the Commonwealth of Massachusetts Department of

Environmental Quality Engineering (DEQE) rediscovered the above men-

tioned seepage and a letter to the City from the DEQE recommended that

the City employ the services of a Registered Professional Engineer to

perform an indepth investigation. A reinspection by the DEQE in 1976

found the same deficiencies which concluded in a letter to the City

stating that the dam was unsafe again urging the City to obtain the

services of a Registered Professional Engineer.
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d. Post-Construction Changes

Recently, sand and gravel fill has been placed over an area

downstream of the toe of the embankment to cover some wet areas formed

by seepage collection.

e. Seismic Stability

The dam and dike are located in Seismic Zone 2 and according

to U.S. Corps of Engineers quidelines normally it would be assumed

that there is no hazard from earthquake loading provided static

stability conditions are satisfactory and conventional safety margins

exist. However, because the dam relies on a thin concrete core wall

as a water barrier and seepage is existing the downstream slope of the

embankment, it is recommended that the owner engage a knowledgeable

Registered Professional Engineer to evaluate the possibility of the

occurrence of damage to the core wall during earthquate shaking.
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SECTION 7

ASSESSMENT, RECOMMENDATION

AND REMEDIAL MEASURES

7.1 Dam and Dike Assessment

a. Condition

The visual examination indicates the dam is in fair condi-

tion. The major concern is that there are significant areas of seep-

age on the dam which, if not controlled, could lead to internal ero-

sion and failure of the dam.

On the basis of visual examination, the dike is judged to be

in fair condition. The major concerns are:

1. Dense vegetation preventing an adequate inspection of

the downstream slope.

2. Presence of numerous trees on the downstream slope. The

root systems of these tzees could provide shortened

seepage paths leading to internal erosion of the dike.

3. Two areas on the upstream slope are not adequately

protected by riprap.

b. Adequacy of Information

The information made available, along with the visual

inspection, are adequate for a Phase I investigation.

c. Urgency

The recommendations and remedial measures should be

implemented within one year after receipt of this Phase I Report by

the owner.
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d. Need for Additional Investigation

No additional investigation is needed to complete the Phase I

inspection.

7.2 Recommendations

It is recommended that the owner engage a qualified registered

professional engineer to:

1. Investigate the seepage conditions in the dam embankment

and design remedial measures if needed.

2. Evaluate the effect of earthquake shaking on the

integrity of the concrete core wall in the dam.

3. Specify procedures for removal of trees and their root

systems from the downstream slope of the dike.

4. Design remedial measures for riprap slope protection on

the upstream slope of the dike.

5. Perform an indepth hydraulic/hydrologic study of the dam

site to determine the adequacy of the spillway and

outlet channel and if necessary, to design modifications

to the existing spillway and outlet channel.

7.3 Remedial Measures

a. Operation and Maintenance Procedures

1. Substantial growths of trees and brush at the dam were

reported in previous State Inspection Reports, and were

removed in 1977 and 1978. Upstream and downstream

slopes of the main dam and dike should be maintained

free of brush and tree growth.

2. Grass cover should be maintained at a reasonable height

to permit inspection of slopes to detect possible
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3. Trees and brush should be removed from the spillway

outlet channel bottom and slopes adjacent to channel

walls. These areas, should be maintained free of tree

and brush growth.

4. All valves for water supply inlet and outlet pipes

should be tested regularly to insure they are operable.

Inoperable valves should be repaired.

5. Areas where animal burrowing has occured should be

properly backfilled with compacted fill.

6. The erosion gullies located where the downstream

stone-paved drainage bench interfaces the left abutment

and the erosion gullies on the right abutment contact

should be repaired using compacted gravel. The same

repair should also be applied to the erosive gullies

located on the upstream face adjacent to the spillway

training wall.

7. Although the downstream masonry falls has no affect on

the safety of the dam, the erosion features should be

repaired.

8. The owner should establish a formal warning system to

notify downstream areas in the event of an emergency.

Around the clock monitoring of the facility should be

provided during periods of heavy rainfall.

9. The owner should institute a program of annual technical

inspection.

7.4 Alternatives

There are no practicle alternatives for this project.
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VISUAL INSPECTION CHECKLIST
PARTY ORGAN IZATION

PROJECT Tavwll Reservoir DATE April l1. 1979

TIME 1:30 pM

WEATHER 60 0 F, Clear

W.S. ELEV. 764.1+ U.S. 760. N.S.

PARTY:

1. Ron Chenev MlB. 6. Bob Stekar GEI

2 Dave Vine H"E 7. Maurice Caron Fitchburg Water Dept.

3.P ike AnCieri HHB 8.

4 Dan LaGatta GEI 9.

5. John France GEI 10.

PROJECT FEATURE INSPECTED BY REMARKS

I. Spillway - Outlet works Ron Cheney, Mike Angipri. nA, A im

2. Intake Structure Ron Cheney, Mike Anieri, David Vine

3. Embankment Dam Dan LaGatta, John France, Bob Stekar

4. Dike * Dan LaGatta, Ron Cheney, David Vine

5.

6.

7.

8.

9.

10.

• Inspected June 17, 1980
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PERIODIC INSPECTIOU CHECKLIST

PROJECT LOVELL RESERVOIR DAM DATE April 11, 1979

PROJECT FEATURC Embankment Dam !!AI1E D. LaGatta. J. France

DISCIPLINE Geotechnical Engineer IAf1E R. Statkar

AREA EVALUATED CONDITION

DAM EMBAHIIEflT

Crest Elevation 770.5 +

Current Pool Elevation 764 +

Maximum Impoundment to Date Unknown

Surface Cracks None observed.

Pavement Condition None. Sand and gravel road on crest.

Movement or Settlement of Crest None observed.

Lateral Movement None observed.

Vertical Alignment No observable misalignment.

Horizontal Aliqnment No observable misalignment.

Condition at Abutment and at Concrete Good.
Structures

Indications of Movement of Structural No structural items on slopes.
Items on Slopes

Trespassing on Slopes Some small animal holes.

Slouqhing or Erosion of Slopes or No evidence of sloughing. Slight

Abutments wave erosion on upstream face near
spillway on right abutment. Erosion

Protection - Riprap on downstream face at left abutment
SI_ contact below drainage bench.

Unusual Movement or Crackinq at or Near Upstream riprap in good condition but

Toe only 1 ft above reservoir level. No
riprap on downstream face.

Unusual Embankment or Downstream None observed.

Seepaqe Seepage exits from right abutment
contact and from left abutment up to
65 ft downstream from toe of dam.

PipinQ or Boils Surface of seepage exits through

Foundation Drainaqe Features - downstream face 15 ft above toe of das

None observed.

ice Drains Possible :oe drain into 7alulah Res-
ervoir

.nstrumentation System None.

Vecetation Small brish on downstream slooe.
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PERIODIC INSPECTION CHEC!LIST

PRJECT LOVELL RESERVOIR DIKE ";ATr June 17, 1980

PROJECT FEATURF Embankment Dike n-AaE _ Ta

DISCIPLINI Geotechnical Engineer IAIIE R. Cheney

Structural Engineer

AREA EVALUATED CO,'D!T 1

DIKE EMBANKrENT Embankment dike with concrete core wall.

Crest Elevation 770.5+

Current Pool Elevation 762+
Unknown

Maximum rpioundment to Date

Surface Cracks None observed.

Pavement Condition No pavement.

Movement or Settlement of Crest None observed.

Lateral Novement

Vertical Alignment No misalignment observed.

Horizontal Alirnment

Condition at Abutment and at Concrete Right abutment contacts main dam. Con-
Structures dition good at both abutments.

Indications of !ovement of Structural No structures on slope.

Items on Slones

Trespassinq on Slones None.

Sloughing or Erosion of Slopes or None. See note below re: riprap.
Ab utmen ts

Rock Slope Protection - Riprap Failures There is a slump in riprap. See text.

Unusual Movement or Crackinn at or None observed.
lear Toes

Unusual Etban, ment or DEowns treain None observed.

Seeoane

Pi ping or ,Ci1S None observed.

Foundaticn Dra~nace Fe:ures None.

Toe .Draws None.

,s tr', s r None.

,'eCt3 n, Dense vegetation on both slopes.

A-4
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PERIODIC INSPECTION CHECK LIST

PROJECT Lovell Reservoir DATE An= 1 1 1 - I q7Q

PROJECT FEATURE Intake Structure NAME Ron Cheney

DISCIPLINE Structural Enacin s-- NAME Daniel P. LaGatta
Geotechnical Engineer

AREA EVALUATED CONDITIONS I
OUTLET WORKS - INTAKE CHANNEL AND

INTAKE STRUCURE

a. Approach Channel No intake channel

Slope Conditions

Bottom Conditions

Rock Slides or Falls

Log Boom I
Debris

Condition of Concrete Lining

Drains or Weep Holes

b. Intake Structure

Condition of Concrete Visible portion good

Stop Logs and Slots None

3 gate valves for control of water
at dam inside intake structure,
according to Water Department
personnel, the bottom 30" valve
is broken and all valves are in
the open position.

A-5
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PERIODIC INSPECTION CHECK LIST

PROJECT Lovell Reservoir DATE April 11, 1979

PROJECT FEATURE Outlet Tower NAME Ron Cheney

DISCIPLINE Structural Engineer NAME Daniel P. LaGatta

Geotechnical Engineer

AREA EVALUATED CONDITIONS

OUTLET WORKS - CONTROL TOWER

a. Concrete and Structural

General Condition

Condition of Joints
intake structure and control tower

Spalling are one and the same

Visible Reinforcing

Rusting or Staining of Concrete

Any Seepage or Efflorescence

Joint Alignment

Unusual Seepage or Leaks in Gate
Chamber

Cracks

Rusting or Corrosion of Steel

b. Mechanical and Electrical None- all controls are manual

Air Vents

Float Wells

Crane Hoist

Elevator

Hydraulic System

Service Gates

Emergency Gates

Lightning Protection System

Emergency Power System

Wiring and Lighting System in
Gate Chamber

A-6
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PERIODIC INSPECTION CHECK LIST

PROJECT Lovell Reservoir DATE April 11, 1979

PROJECT FEATURE- Outlet Channel NAME Ron Chenev

DISCIPLINE Structural Finp NAME Daniel P. LaGatta

Geotechnical Engineer

AREA EVALUATED CONDITIONS
OUTLET WORKS - OUTLET STRUCTURE AND
OUTLET. CHANNEL

General Condition of Concrete No outlet structure.

Rust or Staining

Spalling

Erosion or Cavitation

Visible Reinforcing

Any Seepage or Efflorescence

Condition at Joints

Drain Holes

Channel No outlet channel. 30 inch diameter
outlet pipe to Falulah Reservoir

Loose Rock or Trees Overhanging and water supply system.

Channel

Condition of Discharge Channel

A-7
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PERIODIC INSPECTION CHECK LIST

PROJECT rovell -Reservoir DATE 4r- 7 1. 1 q7

PROJECT FEATURE Transition & Conduit NAME Zon Chenev

DISCIPLINE Structural Enaineer NAME Daniel P. LaGatta
Geotechnical Engineer

AREA EVALUATED CONDITIONS

OUTLET WORKS - TRANSITION AND CONDUIT None

General Condition of Concrete

Rust or Staining on Concrete

Spalling

Erosion or Cavitation

Cracking

Alignment of Monoliths

Alignment of Joints

Numbering of Monoliths

A-2
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PERIODIC INSPECTION CHECK LIST

PROJECT Tnu v'' a . DATE Anril 11. 1979

PROJECT FEATURF Saillwav NAME Ron Chenev

DISCIPLINE Structural Enainur NAME Daniel P. LaGatta

Geotechnical Engineer

AREA EVALUATED CONDITIONS
OUTLET WORKS - SPILLWAY WEIR, APPROACH

AND DISCHARGE CHANNELS

a. Approach Channel Underwater during inspection
appeared good.

General Condition

Loose Rock Overhanging Channel None

Trees Overhanging Channel Numerous 2" to 6" on slopes

Floor of Approach Channel Stone li'ied, appeared in good

condition
b. Weir and Training Walls

General Condition of Concrete Good

Rust or Staining Some on walls

Spalling Could not detect - water flowing
over crest

Any Visible Reinforcing None observed

Any Seepage or Efflorescence Some

Drain Holes Several in concrete walls

c. Discharge Channel

General Condition Fair (450' long) brush & trees
in channel.

Loose Rock Overhanging Channel None

Trees Overhanging Channel Numerous 2" to 6" on slopes

Floor of Channel Stone lined-erosion upstream of falls-
see text

Other Obstructions Trees (1" to 2") in channel at
end of concrete/stone channel,

water.-fall 10-12 feet high, then
channel excavated into natural soil

some areas have stone walls.

A-9
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PERIODIC INSPECTION CHECK LIST

PROJECT Lovell Reservoir DATE April 11. 1979

PROJECT FEATURE Service Bridge NAME Ron Chenev

DISCIPLINE Structural Engine-r NAME nmapl -P r.4-4

Geotechnical Engineer

AREA EVALUATED CONDITIONS

OUTLET WORKS - SERVICE BRIDGE

a. Super Structure None

Bearings

Anchor Bolts

Bridge Seat

Longitudinal Members

Under Side of Deck

Secondary Bracing

Deck

Drainage System

Railings

Expansion Joints

Paint

b. Abutment and Piers None

General Condition of Concrete

Alignment of Abutment

Approach to Bridge

Condition of Seat and Backwall

I

I
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APPENDIX B

ENGINEERING DATAj
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LIST OF ENGINEERING DATA

1. Construction Plans available at:

a. Worcester County Court House Engineering Department
b. City of Fitchburg Engineering Department

2. Construction Inspection Reports available at:

Worcester County Court House Engineering Department

3. Post Construction Inspection Reports available at:

a. Worcester County Court House Engineering Department
b. Department of Environmental Quality Engineering, Division

of Waterways, 100 Nashua Street, Boston, Massachusetts 02104
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EXCUTIVE OFFICE OF ENVIMOMENTAL AFFAIRS
DEPARTIMET OF ENVIRCNIE11TAL QUALITY ENGR.

DIVISION OF WATERWAYS

February 24, 1977

The Honorable Hedley Bray
elayor, City of Fitchburg
City Hall"
718 vlain Street
Fitchburg, Mass.

RE: Letters dated 2.10.77
Insp. Dams #3-14-97.28.1 Overlook Reser. Dam J7I,

" #3-14-97-34 Lovell Reserv. Dam
n #3-14-97-28 Overlook Reser. (So. Dyke)

#3-14-97-37 Scott Reser. Dam

Fitchburg, lass.

Dear Mayor Bray:

On June 10, 1976, an Engineer from Mass. Department of
Public WorKs made an inspection of the above dams. Our records
indicate the owner to be the City of Fitchburg. As a result of
these inspections tnis Division has rated these structures unsafe
and has duly notified yuu of their condition (ltrs. dated 2.1.77

We again urge you to obtain the services of a Registered
Professional Engineer, experienced in the design, maintenance and
construction of dams in order that you may pursue remey as quickly
as possible.

Enclosed is a Department application form which must be
completed and returned to this office for review and approval before
any major repairs or alterations begin.

Please notify this Division of your intentions or measures
in process which will correct this situation.

If we may be of assistance, do not hesitate to contact us.
Witn any correspondence, please include the number of the dam as
indicated above.

V y yours,

CyJ4 HN4 ' 1 A,,,ONP..
F.DeR.:eh CHIEF ENGINEER
CC: D.h.E. DIST. #3

D.D.E. " #3
Ernie Giroud, Conmr. D.P.W.



5-,cirrivM OFFICE CF ENVIRO =NTAL AFFAIRS
DEPARTI4ENT' OF ENVIROTINErp QUALI7Y EINOR.

DIVISIOIN OF WATERIWAYS

The Hono'tab2te dHee 8'taa, MCVJoPt

7t8 MaiZn Stteet

F~thbRe:~ Inspection Vamn 03-14-97-34

LotweU Rneet', Damn
Fitchbutg, Mal.

VeaA SZ't:

On June 10, 1976 ,an Engineer from thle 'assachusetts
Departm~ent of public -.r-"s madec a visu-l inpsection of the above dam.
Our records ind icate the own-Ler to *-be tlhe CiWy c F-itchbutg
if this information is incorrect will rou oleasc notify this officc.

The insopection was r-ade in accor-dance wihthe provisions 0of
Chapter 253 off the elassachusetts Gcneri. ±acws as anended (Dams Saffet, '
Acz). Charter 706 of the Acts of 1975 transferredc the jurisciiction o
the so-calleu (Dams SafettY Prograr.a) to t:,e CoLissioner of thle Denart
tnent of kLnvironotental (.ualit-y Engineering.

The results of the inspection indicate that this Dami is unsafe

We urge you to obtain the services of a flcisterced- Profossicnal
Civil Enlirnccr experiencecl in the -es',zintonarice and cornstructic
ofl dams. Lnclosce. is a Department application -formi wnic- must be com-
pletedi ana returned! to this office for rnvicw and ap:prcval hcrfore any
major repairs or alterations becgin.

If we may 1)e of assistance, do not- hesitate to contact us. Wit-
any correspondence, please includce the nuribcr of the dam af, indilcatecd
above.

A. _-c
CC. Pittic~t H~gfucay Enca., V~t 3

Vi~txic-t Vamn SkR5~tC EH9g. V(st. 3
ftie C-Uoud, CcrnmiCs('c It,, Pab~c WctF./
Fi-ee

13-9e



Decembe 21, 1o-797

Citn Hallf

l -r' -
- 

-~ ,:,/"(',2,/. y /7</ c6~- ~~

718 ManSre

• .4 . ,, /.)!"  _. .,,, .'

" - i -. /- , /f"f4I 24' ./// e i ,y k

F itchoburgtchbssg

RE: Dam #3-l14-97-28 Cverlook Reservoir (So. Dyke)
Dan #3-14-97-28.1 Cverlook Reservoir Dan
Dam #3-l4-97-34 Lovell Reservoir Dam
Dam f3-14t-97-37 Scott Reservoir Damn

Dear Mayor Bray:

* On February 10 and 24~, 1977 you were notified of the unsafe condition
of the above referenced dams. You were urged on both occasions to
obtain the services of a Registered Professional Engineer. (RPE)

Please advise me by January 6, 1978 the name(s) of the Rpr(s) the
City has retained to oversee the rehabilitation of these structures.

Provided herewith is a copy of Chapter 253 Sections UL-49 inclusive
as amended by Chapter 706 of 1975 of the Massachusetts General Laws
that define our iurisdiction and authority should any order not be com-
plied with.

If you have any rouestions or need assistance in this matter please
contact me in ?oston.

Sincerely, ,

For the Commuissioner

• A4"A- , "-... : 1
.... *

C3.

EHK~jmJC. J. .LNN P.E.
Enc. C - 'E -4 ,.
CC: David Standley, Co '. " r.

Gilbert Joly, RES
John J. Lyons, D Ficbr
Willis Regan, Dist. #3(So. Dyke)
A McCallm

.do cnio



I 'SPF -,TION REPORT - DA I '..D ..EST'Cihs

1. Location; C ity/0R1 Fa - 10 2 Darn No. 3~-i3

Name of Dam Lt viELL RESElKOSR Inspected by RIZV

Date of inspection .' ' /7

2. Owner/a: per: Assessors Prey. Inspection'

Reg. of Deeds ___Pers. Contacti.Z~ T', // 4(r// ey ,8-a,. ,y,'i- CV Iy /4,I - 779 P/?Aat -; ,,

Nare copy 7r St. & No, City/Town State Tel. No.
2. F,-',,'e 6",,-o #d -'. ,r-,,-, oF ',, o-', , 4/Lz

Name St. & i4o, City/Town State Tel, No.

3. Name St. & Now City/Town State Tel. Noo

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

Namet St. & Foe:

C ity/Tow n: State: Tel.No."

4. No. of Pictures taken

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

1. rLinor 2. 1.ioderate__

3. Severe 1" 4. Disastrous _

* This rating may change as land use chances 'future development)

6. Outlet Control: Automatic _Manual __

Operative Vw yes; 0_ No,

Commentss 6coej( tw l' 2A. A001 oo (4 &
/PC J-ejp. eo,0 )

7. Upsti.ea, Face of Dams Condition:

I. Good __2. ,Kincr Repairs ___

3. ,iKajor Repairs 4. t .lent L.epairs -

nrC omm e nts s / ~C/e f'rsh rb~ ~ //~.

5eoAo-J=-y Vks)
/i

/



. -2- D..- ViO. 3-/4-77- 34
8. Doanstream Face of Eam:

Condition: 1. Good 2. --:inor Repairs

3. iajor Repairs_6 4. Urgent Repairs

Comments; A'o," 4eavr i r,/$/f . ,/, r,r,ev
/Iezvr - Cwoh~ dk
fop- t-ePmarkr 0,,/G ,F -

9. Emergency Spillway:

Condition: 1. Good 2. Minor Repairs

3. 1.*aJor .Repairs 4" 4. Urgent .epairs ___

Comments: VrYle e" -?C ~ ~t OB4S~'SpVsdWIl #d

10. Water Level at time of inspection: 9t -ft. above below

top of dam _ .- principal spillway

other 2a'- ,46o/ b t/a' -, 746a.

11. Summary of Deficiencies Noted;

Growth (Trees and Brush) on Embankment VeIC~! h

Animal Burrows and 1:ashouts (se.e )

Damage to slopes or top of dam

Cracked or DamaCed H1asonry _%/

Evidence of Seepage V f fe,'/ y

Evidence of Piping (-

Eros ion

Leaks

Trash and/or debis impeding flow L

Clogged or blocked spillway;/fr 4  , gro-,%td of" 7/r'ex

Other 4s k /* P

IZ



-3- D/i. I0..3/I- 9'- 30-

12. R.emarks & Recomr.mendations% (Fully Explain)

Solc 7*0 'eciEu c e r z /%-! 4 /7

/? 1Tc//p eopk' tz7-e lJe4 f?

~~ o too le- 4/ IS M ' e'~

0. 
1aSe

2.~ 7, Zinof raii needed 6' Ze s Ze

3. Coditinall sa- - ra a " or,. .epai es#neode

ar teuL /~

V 0,0Jht L hSC ti

. ... .Ov r l Co d ti n l S I I II I I

1. Sa- 6e _ _ _ _ _ _ _ _ _ _- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

2. Minor repairs needed_________

Conditionally safe - riajor repairs ne-ded ______

4. Uns;! Le _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

5.Reservoir impoundmient no longer exists (explain)
,%ecoirtenc! removal fron, inspection list________
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INSPECTION REPORT - DAI;S .D ,ESERVOIRS

1, Location: City/- ,1:1,4-C . Dam No. 3-14 -- +

Name of Dam Lo a11 (eser'v o i , Inspected by ,, ,eVZ

Date of Inspection -/23/7.-

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

Reg. of Deeds Pers. Contact ''

-T,,,~ it.j. t-Ijjky B3rca~ . Mayalz -Cy IAA"L - -it? miAioi &1 Fi c.66u MAS'S
Narae cOpy-FT St. & No* City/Town State Tel. No.

2. A. frot ,a~CAL -F+ci, 0jJrep Sp.'i~icIJ IP'/cce - P' c4 60-C
Name St, & io, City/Town State Tel, No.

3.
Name St. & 1. City/Town State Tel. No,

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

Names St. & io':

City/To-wn: State: Tel. Ho,:

4, No. of Pictures taken

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

1. I, inor M___ . t.ioderate...

3. Severe 4. Disastrous __

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

6& Outlet Control: Automatic Mlanual '-

Operative ' yes; __ _ No.

Commentss CA+C4 Ht -1-i.;'ij L0 ~ P- I- j L A
1?2se r V0: r )

7. Upsti'eam Face of Dam: Condition:

1, Good 2. A-11nor Repairs '

3. Miajor repairs - 4. Urgent 1epairs -

nCommentss e V 6;,Ser-.*J&
v



-2- D;; -: . 3- 4-'-q7- 34

8. Donstrea-. Face of a.,,-

Condition: 1. Good 2. Kinor Repairs

3. I, ajor Repairs VI 4. Urgent Repairs

Comments: TRe,,ov. H-&Vy bruch nlk do kd e e,,,oV. H "9VV

Trees I - ercepi-
77 oeqA 2be96 cvt kef

9. Emergency Spillviay:

Condition: 1. Good 2. Minor Repairs

3. i,,aJor Repairs 4. Urgent Rnepairs

Comments:

10. W'later Level at time of inspection: t.3t ft. ahove below

top of dam r_.A.j __ ik& principal spillwry

other :t7 720" Abov cow fsJreori +~. Jaw ",SroJ Db/Wecpcew' fte
11. Summary of Deficiencies Noted:

Groiwth (Trees and Brush) on Embankment __

Animal Burrows and "ashouts we

Damage to slopes or top of dam __

Cracked or Damaged Masonry "'

Evidence of Seepage h" Vy

Evidence of Piping V/  / 0PiA'y 4p,/ Objerrva/ 7d 7 4.y.,/ S

Erosion ---

Leaks W

Trash znd/or debis impeding flow -

Clogged or blocked spilliway -r 4 1A '

Othex

6-17



I I

Dj: ic. 3-14 - 97- 34-

12. Remarks I. Recommendations: (Fully Explain)@Ereve

ole I-e-" A- Al- / ,J eV/A.--A~ e , 7Mrle - 4,11 &-P/"'-1 W '"*aP

W4AAC* IX

% So ' dJ oFe 77 i# C'M. u4'*,l/ee Wdemr 4 /4 1  c6 , ¢ ?e,Pii*'e ~ 77 el CbIC ZAe ~ p..-~.

t/CrIe4,1P o 0Z, U 7 . 7ZIA

SX / - c/,'p LToJ/ coCA ,-tr c 77. 5. r- r

le S,, 41 Y' 41,P S e4 I Jr - c

2,,,4nz q epa ~z's needed I~

13. Overall CM-7on a l

41 1 kp e.'m

5., Reservoir hipoundment no longer exists (explain)

iecommend removal from Inspection list

aPS, dI A
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DESCIPTIOG CF DA[.'

DISTR:CT

Submitted by W. Re!Dl Dam Ne. 3 4- -1'7 - 34-

Date c t/'1/I / City/Pi ,r-,6-ti

Name of Dam LoVe Q l es ervor

1. Location: Topo Sheet No. 19 D

Provide 6-" x 11" in clear copy of topo map with location of
Dam clearly indicated.

2. Year built: 19Z9 Year/s of subsequent repairs 1q4o

3. Purpose of Dam: Uater Supply " Recreational

Irrigation Other

4. Drainage Area: 3.3 sq. mi. acres

5. Normal Ponding Area: - - acres; '1 depth f?.C,-4s

Impoundment: A,-0 ,',i ''u gals.; acre ft.

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

_ _ _ _ _ i.e. summer hcres, etc.

7. Dimensions of Dam: Length e. rY D,--4466t miax. hreight 805

Slopest Upst-eam Face 2.i

Downstream Face ?:I C

',;idth across top _ _ _ _

S. Classification of Daam by Material:
C&b-e- CAP94?

Earth -V Conc. 13asonry C-orc Stone !tasonryf .pi)Pa

Timber __ Rockfill Other

9. A. Description of n:resent land usaca dounstream of dam:

So % _-__ ; , urban. C , 'rles ).s.

B. Is there a storage area or flood plain do,:nstream of dam which
could accomodate the impoundment in the event of a complete
dam failure? yes _ .10



DAM iO. 14 - q 7 -

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

No. of people

No, of homes

e ALJo4 No, of Businesses

No. of industries , Type

i'o. of utilities ,__ Type

Railroads

Other dams

Other _

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

12. How to Locate% lr 7 "' rx Z C4 /// 6 ,

2%rd C/a// A '5,'- C4 ~ JA* 4C , C/ C , A l~ 4md

77,e A/l
,S t± A G /e e-. o ,J o,,, S.op c s419 1o&3;

A6/ Ve A- ~ t~". I' X~e,-;~e~

C "'." 7" ,',/Cf.I2" ~ Cc~$7

.tze

Ad /06 4I e 4/,e ;Re "C

Al eA C-41C/ A

~- ZIZ
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TOWN -_"__" ___--',-___DAM NO._________

LOCATION ST .,.M

WORCE6TR COUNTY ENGINEEIING DE?TMENT
I WoRCESTER, MASSACHUSETTS

DAM INSPECTION REPORT

Owne b.....-~k%,y Place-)ir)) ,,,-o -v 'Use

Inspected by TC. 11. r.8 . Date .3- /(-. ,

Type of Dam Condition

SPILLWAY

Flashboards in Place Recent Repairs

C ondi tion ..... . . ...

Repairs Needed

FMAN22JIENT

Recent Repairs

Condi ti on

Repairs Needed

GATES

Recent Reprirs

Ccndition

Repairs Needed

~LEP KS

How Serious

DATE: County E nginer_

' S --3- ....



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

MLN __ __ _ -- _ _ _ DAM NO. _._ __-______
LCCATION SmM

1-*.C L.C C, ;];'.- ENGINERING DEPARTMENT
W,.:Z. o, IASSACUSETTS

D I N ", T 1 0 N RE ' OR T

Cwned ty Pl.ace Dt .- Use . .

Ofpt JI -t.-L~ Condition

SPI . LI%'AY

,:' ls a Tace ?ecent Repairs __

.,- - -o, -... .... . -z. ....a - -_- .-

Co~Vitio~a ___________

Re naii' keeid

aeie~nt ?-'.p~rs

Cond1 '4i on

Peppirs Needed

how Serinus

T ATE i Cwritty Engineer



TOWN -___ __ -__ __ __.-_ _ DAM NO. ,' - .* -

LOCATION P.' . -. - . .. STREAM .--

WORCESTER COUNTT ENGIl'4ITEERING DEPARTMENT
WORCESTER, MASSACHUSETTS

DAM INSPECTION REPORT

Owned by, - -- Place Us e --- _se __-, __

Inspected by ..... __,_ __ Date _ _._ _ _ _ _ _ _

Type of Dam . Conditicn ....

S PI LLWAY

Flash.boards in Place ,R_,,-__.____,_._ Recent Rmpairs

Condition "

Repairs Needed , . . . . ... -

E-.BANKMENT

Re:;ent Repairs

Condition . .' -,- .. . . . ." # -,- ,-" .. ,. ,./ _.., , . .

Repairs Needed

Rc ;nt Repairs

C onii ti on 'CIO a

Repairs Needed A . . - '

LEAKS

How Serious

DATE: . . ...-_County Enginp r
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PHOTOGRAPHS
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LOVELL RESERVOIR

TOE OF SLOPE

30" pip

78.5' SPILLWAY

r4' BERM

CONCETE IDECONCRETE CORE WALL
CONCETESiDE- ~INTAKE STRUCTL

WALLS

STONE MA50ONPY PAVFED5'BR
FLOORS

O C E E G R A D E B E A M S T O F1SO P

SPLWYOUTLET CHANN EL

22 / 12" C IP'

MASONRY WATERFALL

OUTLET BROOK

TOP OF BANK

SFALULAHl F

PLAN VIEW

c 2



4ORIGINAL FALULAH BROOK CHANNEL

I N T A K E L I

30" PIPE LINEq

INTAKE STRUCTR HIGH WATERLINE RI RA0II

I A. 0

12% 1 P14 TO F LP

P2"IPE

ALVONA PCATRAM OF NSECIONOFNO-FE.AM

126 PIPE'

PLA CP LP:)FO

T~ ARAT RECR DRAWINGSID ANNDSCRS ~t~a~

6 N PIPE 6NSNATTONAFIPOGRAM OFANSPSTONCFHNN-EDTDAS
FAL"A'( JESUVOI 19



LOVELL RESERVOIR

26/

/227A

CYPLANJV IE W

CD/
'IL



VOIR

29

EW

HAYDEN, HARDING 5 BUCHANAN, INC US ARMY ENGIINEER DON NEW ENGLAN12

NATIONAL PROGRAM OF INSPECTION OF NON-FED. DAMS

LOCATION OF PHOTOGRAPHS

PLANR DVELOPED FROM LOVELL RESERVOIR

ON-SITE INSPECTION. FITCHBURG MASc-ACHUSETTS

____T I-AL 110 To'~ e SCAL



PHOTO NO. 1 View of downstream face with Faluiah
Reservoir in left foreground.

PHOTO N.O. 2 Downstream view showing Fal-alah Reservci--.

1~ C- 4



40AISS 616 NATIONAL PROOAB FOR INSPECTION OF NON-FEDIERL DAMS ill.l
LOVELL RESERVOIR DA ..I (UI CORPS Of ENGINEERS WALTHAN
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MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-3B A
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-5 A

J

PHOTO NO View f ace from the left abutment ;

note reservoir level near the
top of riprap. J

c-s
.1



_J
I

I

U PHOTO NO. 5 Spillway entrance on right abutment as
viewed from the center of the crest. Note curved
training walls.

a
I
I
I
I
I

PHOTO NO. 6 View of upstream face and left bank dike
(in background) from the left side of the spillway weir.

'I C-6



I

I,
PHOTO NO. 7 Downstream face as viewed from the right 1
abutment. Note surface drainage bench near mid-height. I,

I

PHOTO NO. 8 View of spillway weir looking upstream. pp

Note dike along upstream shoreline.

C-7



PHOTO NO. 9 View of downstreamri spi.llway channel showing brush

groth

PHT O 0Ve o aorIa~flla n fote
chnnl

I I'8



I I I II I II I i i

~J !

II

PHOTO NO. 11 Sluice gate handles for intake pipes at
intake structure.

PHOTO NO. 12 View of drainage
paths produced by seepage at the
right abutment contact as seen
from drainage bench on downstream
face.

C-9



PHOTO NO. 13 Close-up of seepage
paths in Photo 12, viewed from
downstream.

i
I
I
I
I

PHOTO NO. 14 General view of the left abutment and wet
area, with recently placed gravel pad in foreground.

C-10



I
I
I

I
PHOTO NO. 15 View of wet area and
inlet of pipe in Photo No. 16.

I
I

I
I
I

PHOTO NO. 16 Discharge of pipe draining wet area at the
to oe dam near the left abutment; water discharges
into Falulah Reservoir.

c-l1



I

,I
I

I

i

PHOTO NO. 17 View of downstream face and left abutment.
Person standing on face marks the approximate elevation of
the surface of seepage exiting from the dam.I

I

PHOTO NO. 18 Close-up view of seepage through downstreamface approximately 15 ft. above the toe; note silty appearance

caused by uncovering the seep. Similar seeps were discovered
at approximately the same elevation along much of the down-
stream face.

C-12

'1



PHOO N. 1 Dichage f ipeint Faula Reervir
posib~ p~t f adonstea drinae ystm fr he am

-4II

PHOTO NO. 20 Disechael eo pp aitefall.Rsror

posi~yprtofa onsremdringesstC orte1a3

t



Photo Nro. 21 Voids in left side of spillway channel upstream

of masonry waterfall.

C-14

ii
[i
II

Photo No. 21 Voids in left side of spilway channel upstream[ of masonry waterfall.

C-1
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L

Photo No. 23 Upstreamt slope of dike viewed from right
abutment which is in contact with main dam. g

I

• [,

• £

°r

Photo No. 24 Crest of dike viewed from dam/dike intersection.

C-i5"
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VA

Photo No. 25 Regrowth on maple
tree stump located on upstream slope.

II

Photo No. 26 Slump in riprap.

I C-16



Photo No. 27 Area of small size I
riprap which is supporting vege-
tation. 3

I
i I

I

I

I

I
I

Photo No. 28 Downstream slope at a point 550 ft. right of
left abutment.

7'

-- mare ! -illli~ iC- 17! II
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I
I
I
I
I
I

Photo No. 29 Downstream slope at a point 850 ft. rightI of left abutment.

I
I
I
I
I
I
I
I
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J08 No. 7S 1 4. J*fUNT O.OATS 9 :: 74 H HAYDEN. HARDING t BUCHANAN. INC. Joe ______________

by MAI - MB CONSULTING ENGINEERS .... CT
camy LI ILmi BOSTON. MASSACHUSETTS CLIENT _________

j~n47 fl*k , 5rod' a.,

1-a/da J4t- ,t; iI

7-- - PA (lo//li- A.'/4)

- fl9lZe/ 7'/~ z /r w

/,, c/7) o
-6. z4 A 0'/

4:4/

d5Z 14co #omGt ) /7' 1 '

~ 6~3)L



OAT HAYDEN. HARDING t BUCHANAN. INC. Joe ______________

_____________ CONSULTING EN IER uagciz.....
CHDy BOSTON, MASSACH4USETTSCLNT_ _______

A, a35 §Ls47

d* f~3 J
d Al qc- a / 5/4.,' /;9 - d1Y4

4- i d-d / 3li

8oo

'/~i r/or7?- hr a

w~Ac~Lt 4 -iv~4c~'-b2;I/1/
1:51 6ct 3 p& I

0, -7SK~a -5-5-b~ 6/4, p4IC~ .c~ W



i NO 7fZ4 i I I ICY No._

DT51 -4,-7 7  11 HAYDEN. HARDING t BUCHANAN. INC JO. _-- __,__

W A .B CONSULTING ENGINEERS SUBJECT - //
'*1 o y BOSTON MASSACHUSETTS CL r,1 _ '- _-,_ _

Z_____ '4-c __ -' -IZ'-':'

-a--

7 . - - 12

764 33,0 fz,.
7( 3 ,, z• 6.
77', G', 1-, ,5 '.17

I -

.- r

• " ,, .r - - - -k. .

1 "5 . ,

-" -, "- 4 -

- -"

z ~ ~~ ~~ zz "117i~ ~5



. ,HH NE NO_

DATE _-_ -_ _ HAYDEN. HARDING t BUCHANAN. ING JoO
Sr &B CONSULTING ENGINEERS SUEIIJECT ________

C O Fo q j 1lii BOSTON MASSACHUSETTS CLIENT C: ~ "

74~ - __ _-- - --.- ~4~ _

707

/

/*o

7/_ - -- q-Z,, 1

"71- - |

to tTIC does 
o

leptotwtr o



Joe No.~ NO

DATE_._-_-_i -i HAYDEN. HAROING t BUCHANAN. INC . '

my W 4 CONSULTING ENGINEERS __l_______"___

BOSTON MASSACHUSETTS I'
CHID mY , _cLgI

I T

Dc-v2A

(76a~ 4, -'

/,o l

I .

7J ,

3 7. - f I

I _

, o

I .mmmnl llI



o NO. 4HEET 
NO_

DATE H-ZH-7': HAYDEN. HAROING t BUCHANAN. INC Jo.
y & B;' CONSULTING ENGINEE:RS UJCT L :..

CHIC my 7. ,S7ON MASSACHUSETS CIENT -

ii I4 17 ""-

"11 V= (2- 0.17_o ,-) ' ,' ,

V 4-oV

- -- -

Pv 
2-

C - -

CONA Cva Cable to DTlC does not
4erCmit fully legible reproduction 1

. .. ...... I I er Iint full e i rercI oInI II



JOB NO. SHORT N

DATEOo,,.C .. H--' HAYDEN. HARDING t BUCHANAN. INC Jo. O
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JOBNO._7_,_? SHEET NAO. - -HAYDEN. HARDING t BUCHANAN. INC _o ___-- _,_-,,,__

BIy &1 _B _, _ __CONSULTING ENGINEERS IU __JCT _," -

CHIO my P0h BOSTON MASSACHUSETTS CLIENT 4______"-- _____

, J

"'. / st-&* 8 ) c- .z// c"

f 21 - - - C;

S -7

Z._ O I I. , Z2+; 7 " /I 4 .Z -; 7.

1i ":- -' 5 o 7"Z ' 2 0" ,?. . 5c-
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Joe NO. 7c. eq 4, SH-EET . N O

DATE ,4-_ _ -7q H HAYDEN. HARDING t BUCHANAN. INC Jo. 5
BY ,-,A,, & B CONSULTING ENGINEERS UBJECT
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Joe No. H H iIIiT NO

OATI ,____ ,_ .,_-_J__._ 111 HAYOEN. HAROING t BUCHANAN. INC JOB _ '_ _. _ _

my 41.& CONSULTING ENGINEERS suDJECT_______

cHo mY , D  1 m1y BOSTON MASSACHUSETTS CLIINIT ._ _. ____
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jog No -ZL,-' HAYDEN. HARDING t BUCHANAN. INC ,o. E _ _ __ __ __

my ORB CONSULTING ENGINEERS SUIJECT ________;_, __

CH'D BY F Z IfWh BOSTON MASSACHUSETTS CLIENT ____' _______--_

rzs" /OO /9375 e 2,73. /&,6 5' ' v ,

0 . 5 f. LI" , /A9-

/7 £' L5 7-5" 4,05 " 7,3 " /e1;
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.J* NO. O~~(~ NSET NO___

o,,rK 4 - -,- 11 HAYDEN, HARDING t BUCHANAN, INC. Joe 1;} I,

myB CONSULTING ENGINEERS _UJic _ &- ,_ __d_ ,

CHID my 1-01 gjj7' BOSTON MASSACHUSETTS CLIENT.._." .
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/7 V"Z 5 .6 Z,. " ,- a
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