
AD AI S 7103 NAtIONAL PROGRAM FOR INPECVISN OF NON FEDERAL DAMS I/

PUIHAMVItLE RESRVOIR ..Ig CORPS 0! ENGINEERS WALTHAM
MA tlfW ENGLAND DIV 0 ItD G 13/13 RL

UNLIh M

Vii.iilIIimmhhmhhhl,



E11.0 ltIM 22

MICROCOPY RESGLUIION TEST CHART
NATIKWA4 NUt4 OF STA4AW-1963-A

.

-7



I
I

i I PHASEIPSICHPRIONPRT BASI
3 0 N RESERVOIR DAN & D OGRA

1DANIn MA 00745

EAST DIKE3 MA 01297
I WEST DIKE

* MA 00744

PHASE I INSPECTION REPORT
I NATIONAL DAM INSPECTION PROGRAM

CanT awaablo to DTIC does not'I pu.it W legible zeprodudm

DTIC
I ELECTE

1 11 jN 24 1985

I LuJ
DEPARTMENT OF THE ARMY

IisNEW ENGLAND DIVISION, CORPS OF ENGINEERS
I WALTHAM, MASS& 02154

1AUGUST 19 Sl~ Anwdfrv~

I-- .jss o



VINCI Ac.-TrTrf
SECURITY CL ASS4I1CATmON OF THIS PAGE lWAon 0.,.o AEmo.d)

READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM

1. REPORT NUMBER 2.GOVT ACCESSION NO. 3 RECIPIENT'S CATALOG NUMBER

MA 00745/01297/00744 Am -A ( SA 1,1 C'
4 TITLE lanid S.6b1eei.J S. TYPE OP REPORT & PERIOD C0VIER1ED

Petnanville Reservoir Dam and Dikes INSPECTION REPORT

NATIONAL PROGRAM FOR INSPECTION OF NON-FEDERAL G. PERFORMING ORG. REPORT NUMOER

7. AUTHOR~aj A. CONTRACT OR GRANT NUMUERl.)

U.S. ARMY CORPS OF ENGINEERS
NEW ENGLAND DIVISION

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT, TASK
AREA & WORK UNIT NUMDERS

It. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

DEPT. OF THE ARMY, CORPS OF ENGINEERS August 1981
NEW ENGLAND DIVISION, NEDED 13. NUMBER OF PAGES

424 TRAPELO ROAD, WALTHAM, MA. 02254 145
14. MONITORING AGENCY NAME & AOORESS(ti diflgoant 4~. Controling Office) 1S. SECURITY CLASS. (.1 this report)

UNCLASSIFIED
I&&. OECL ASSI PIC ATION/ DOWNGRADING

SCm ECuLE

16. DISTRIBUTiON STATEMENT (of Mile Rbport)

APPROVAL FOR PUBLIC RELEASE: DISTRIBUTION UNLIMITED

I7. DISTRIBUTION STATEMIENT gl she obolroce oniewed In 0806h 20. Of different frm Repou")

141. SUPPLEMENTARY NOTES

Cover program reads:, Phase I Inspection Report, National Dam Inspection Program;
however, the official title of the program is: National Program for Inspection of
Non-Federal Dams; use cover date for date of report.

19. K EY WORDS (Canes. on poer@* side Of negoserv ri 9~01IF~ by blsa nuber)
DAMS, INSPECTION, DAM SAFETY,
pswich River Basin
Danvers Massachusetts
Tributaries of the Ipswich River

20 AEDST AACT gConI~oue an i.,.... old* it noesemy and $~flD by block .. mbor)

The reservoir is impounded by a 1400 ft. long dam, a 2100 ft. long dike in the
east side and by a 700 ft. long dike on the west side. There are no operating
facilities at the dikes. There are deificiencies that must be corrected
to assure the continued performance of the dam and dikes. Generally the
dam ans dikes are in fair condition. It is recommended that the owner employ
a qualified engineer to conduct various studies of the dam and dikes.

DD , t0A", 1473 EDITION O1P NOV BE is OSSOLE11Tt



REPRODUCED AT GOVERNMENT EXPENSE

DISCLAIMER NOTICE

THIS DOCUMENT IS BEST QUALITY
PRACTICABLE. THE COPY FURNISHED
TO DTIC CONTAINED A SIGNIFICANT
NUMBER OF PAGES WHICH DO NOT
REPRODUCE LEGIBLY.

0



I
U

PUTNA4VILLE RESERVOIR DAM AND DIKES

I DAM 1A00745
EAST DIKE MA01297
-EST DIKE MA00744

IPSWICH RIVER BASIN
DANVERS, MASSACHUSETTS

I
I

PHASE I INSPECTION REPORT
14ATIONZAL DAM INSPECTION

PROGRAM

e Accession For

DTIC TABUnannouned Q3
Justificatlotl

Distribution/
Availability Code$

Avail amiJ.
D1 t Spoial,

I ----

I
--

val--

• ' .... . mmamiOrdi& m



I

NATIONAL DA4 INSPECTION PROGRAM
PHASE I INSPECTION REPORT

I1 BRIEF ASSESSMENT

I Identification No.: MA00745
MA01297
MA00744

I Name of Dan: Putnamville Reservoir Dam
Putnamville Reservoir East Dike
Putnamville Reservoir West Dike

I Town: Danvers

f County and State: Essex County, Massachusetts

Stream: Tributaries of the Ipswich River

j Date of Inspection: June 16-17, 1981

kutnamville Reservoir was built in 1954 and is a pumped
storage reservoir used for water supply. The reservoir is
impounded by a 1,400-foot long dam, a 2,100-foot long dike on the
east side and by a 700-foot long dike on the west side. Each ofjthese structures is a zoned earthfill embankment with a reinforced
concrete parapet at the top of the upstream slope. The parapets
were added in 1978 when the elevation of the top of the reservoir
was increased by 5 feet. A 360-foot long earthfill dike is also
located on the south side of the reservoir.

Putnamville Reservoir Dam has a maximum height of 37.4 feet
with the top at Elevation (El) 83.8 National (eodetic Vertical
Datum (GMD). The dam has a maximum storage capacity of 8,300
acre-feet and is of intermediate size. -The spillway is a 30-foot
long, modified ogee weir with the crest at El 79.8. Discharge
flows into a concrete channel that leads to a concrete stilling
basin and a rockfill auxiliary stilling basin. -The outlet is a
3-foot diameter prestressed concrete cylinder pipe that is also
used to fill and drain the reservoir. Three intakes that connect
to the pipe are located in a gatehouse on top of the dam. The
lowest intake is a 3-foot diameter prestressed concrete cylinder
pipe with an invert at El 45.4. It is controlled by a manually-
operated valve in the qatehouse.

I Putnamville Reservoir East Dike has a maximum height of
1 23.6 feet with the top at El 83.9. The West Dike has a maximum

height of 16.1 feet with the top at El 84.2. The South Dike is 5
feet high and the top is at El 83.8. There are no operating
facilities at the dikes.

PUTNAMVILLE RESERVOIR DAM AND DIKES
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I There are deficiencies that must be corrected to assure the
continued performance of the dam and dikes. This conclusion is

3 based on a visual inspection of the sites and a review of the
available data. renerally, the dam and dikes are in fair
condition.

-The same deficiencies were observed at the dam, east dike,
and west dike. These deficiencies are: seepage along the
downstream toe, a dense growth of brush and trees at the toe and
in the downstream areas, inadequate riprap in areas along the top
of the upstream slope, and animal burrows on the downstream slope.
At the dam, additional deficiencies are the accumulation of rocks
and debris in the spillway channel and stilling basin; and the
inadequate capacity of the low-level outlet. The only deficiency
at the south dike is inadequate riprap on the upstream slope.

Based on Corns of Engineers' guidelines, the dam, east
dike, and west dike are classified in the high hazard category.
The south dike is classified in the low hazard category. A test
flood equal to the full probable maximum flood (PMF) was used to
evaluate the canacity of the spillway. AThe test flood outflow is
462 cfs, resulting in a reservoir level at El 82.3. The test
flood would not overtop the dam or the dikes. Hydraulic analyses
indicate that the spillway can discharge 960 cfs, or 208 percent
of the test flood outflow before overtopping would occur.,

It is recommended that the Miner employ a qualified
registered professional engineer to conduct the following studies
for the dam, east dike, and west dike: install and monitor a
system for neasurinq the seepage through the embankments; design a
system to drain water away from the downstream toe; develop
procedures for clearing vegetation downstream; design adequate
riprap for the upstream slope; further investigate animal burrowsIon the downstream slope; and conduct a seismic stability analysis
of the embankment. For the south dike, the Engineer should design
adequate riprap for the upstream slope. The Engineer should also
conduct further hydraulic studies to increase the discharge
capacity of the low-level outlet.

1 The Oiner should repair the deficiencies listed above, as
described in Section 7.3. The Owner should also implement a
program of annual technical inspections, a plan for surveillance
of the dam and dikes during and after periods of heavy rainfall,
and a plan for notifying downstream residents in the event of an
emergency at the dam, east dike, or west dike.

I
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U The measures outlined above and in Section 7 should be
implemented by the Ow-ner within a period of one year after receipt
of this Phase I Inspection Report.

I M~~~~~iHAE __ _ _ ___V__ _ _ _

SGRECO wEdward M. Greco, P.E.
N 9o. 9  Project Manager

p J Metcalf & Eddy, Inc.

Massachusetts Registration

Approved by: 
o290

Stepn L.BsoPE TPE
Vice President X L
Metcalf & Eddy, Inc. SoP 0

Massachusetts Registration o Se.

No. 19703 SONAL'
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This Phase I Inspection Report on Putnanville Reservoir Dam
and Dikes has been reviewed by the undersigned Review Board
members. In our opinion, the reported findings, conclusions, and
recommendations are consistent with the Recommended Guidelines for
Safety Inspection of Dams, and with good engineerinq judgment and

I practice, and is hereby submitted for approval.

IRICHARD J. DIBUONO, Member
Water Control Branch
Engineerin Division

ARAMAST MABITESIAN, Member
Geotechnical Enqineering Branch
Engineerinq Division

CARNEY TERZIAN, Member
Desiqn Branch
Engineerinq Division

I APPROVAL RECOMMENDED:

JOE B. FRYARj Chief, Engineering Division
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PREFACE

This report is prepared under guidance contained in
Recommrended fluidelines for Safety Inspection of Dams, for a Phase
I Investigation. Copies of these guidelines may be obtained from
the Office of Chief of Engineers, Washington, D.C. 20314. The
ipurpose of a Phase I Investigation is to identify expeditiously
those dams which may pose hazards to human life or property. The
assessment of the general condition of the dam is based upon
available data and visual inspections. Detailed investigations,
and analyses involving topographic mapping, subsurface
investigations, testing, and detailed computational evaluations
are beyond the scope of a Phase I investigation; however, the
investiqation is intended to identify any need for such studies.

In reviewinq this report, it should be realized that the
reported condition of the dam is based on observations of field
conditions at the time of inspection along with data available to
the inspection team. In cases where the reservoir was lowered or
drained prior to inspection, such action, while improving the
stability and safety of the dam, removes the normal load on the
structure and may obscure certain conditions which might otherwise
be detectable if inspected under the normal operating environment
of the structure.

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

Phase I inspections are not intended to provide detailed
hydrologic and hydraulic analyses. In accordance with the
established ruidelines, the Spillway Test Flood is based on the
estimated "Probable Maximum rlood" for the region (greatest
reasonably possible storm runoff), or fractions thereof. Because
of the magnitude and rarity of such a storm event, a findina that
a spillway will not pass the test flood should not be interpreted
as necessarily posing a highly inadequate condition. The test
flood provides a measure of relative spillway capacity and serves

* as an aid in determining the need for more detailed hydrologic and
hydraulic studies, considering the size of the dam, its general
conditions and the downstream damage potential.

The Phase I Investigation does not include an assessment of
the need for fences, gates, no-trespass--ng signs, repairs to
existinc fences and railings and other items which may be needed
to minimize trespass and provide greater security for the facility
and safety to the public. An evaluation of the project for
compliance with OSHA rules and regulations is also excluded.

PUTNAMVILLE RESERVOIR DAM AND DIKES
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IATIO1AL DAM4 INSPECTION PROGRAM

I PHASE I I1SPECTION REPORT

PUTNAMVILLE RESERVOIR DAM AN4D DIKES

SECTION 1

PROJECT INFOR11ATION

1.1 General

a. Authority. Public Law 92-367, August 8, 1972, authorized
the Secretary of the Army, throuqh the Corps of
Engineers, to initiate a national program of dam
inspection throughout the United States. The New England
Division of the Corps of Enqineers 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

4 been assigned by the Corps of Engineers for this work.

b. Purpose

(1) Perform technical inspection and evaluation of
non-Federal dams to identify conditions which
threaten the public safety and thus permit
correction in a timely manner by non-Federal
interests.

(2) Encourage and assist the States to quickly initiate
effective dam safety programs for non-Federal dams.

(3) Update, verify and complete the National Inventory

of Dams.

1.2 Description of Project

a. Location. The dam and dikes are located in the Ipswich
Rivter Basin the Town of Danvers, Essex County, Massa-
chusetts (see Location Map). The dam is on an unnamed
brook that joins the Ipswich River 1.7 miles downstream.
There is no stream at the east dike or at the south dike.
The west dike is on Nichols Brook that joins the Ipswich
River 2.6 miles downstream. The coordinates of the
embankment locations are the following:

PUTNA-VILLE RESERVOIR DAMI AND DIKES
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Latitude Longitude
(north) (est)

Dam 42 deg. 36.3 min. 70 deg. 56.5 min.

East Dike 42 deg. 36.0 min. 70 deg. 56.4 min.

West Dike 42 deg. 36.1 min. 70 deg. 57.3 min.

South Dike 42 deg. 35.7 min. 70 deg. 56.5 min.

JPutnamville Reservoir Dam is a 1,400-foot long, earthfill
dam with a maximum height of 37.4 feet (see Plan of Dam
and Sections in Appendix B and photographs in Appendix

jC). A reinforced concrete parapet at the top of the
upstream slope extenids about 3 feet above the earth
embankment. The wall is 1 foot wide and the top varies
from El 83.8 to 83.9. The top of the embankment is 12
feet wide and varies from El 80.2 to 81.4. The upstream
face is a 2.5:1 (horizontal:vertical) slope covered with
riprap. The downstream face is a 2:1 slope covered with
grass and weeds. A bench 6 feet wide is located near the
bottom of the downstream slope north of the spillway.
The bench contains a paved gutter that directs runoff
toward the north abutment (see Figure B-2). Available
drawinqs indicate that the dam is a zoned embankment
consisting mostly of impervious fill (see Figure B-2).
Pervious fill is located under the downstream slope and
along the base of the embankment on the downstream side.
The pervious layers connect to a rockfill drain along the
downstream toe. The drawings also show that the dam is
founded on glacial till and bedrock with a cutoff trench
up to 15 feet below the base of the dam.

A concrete spillway and discharge channel are located 475
feet north of the south abutment of the dam. Vertical
retaininq walls form the approach channel of the
spillway. The crest is a 30-foot long, modified ogee
weir at El 79.8. There are no gates, stoplogs, or
flashboards on the crest. Downstream, the discharge
channel is 130 feet long and 8.5 feet wide at the bottom.
The sidewalls are 4.5 to 6 feet high and are battered
slightly outward. A concrete stilling basin extends 50
feet downstream of the discharge channel. An auxiliary
stillinq basin filled with large-size riprap is located
imnediately downstream of the concrete stilling basin.
Underdrains 4 to 6 inches in diameter are located beneath
the discharge channel and stilling basin. These drains
discharge into the stilling basin and auxiliary stilling
basin, respectively.

PUTNAMVILLE RESERVOIR DAM AND DIKES
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Putnamville Reservoir is operated as a pumped-storage
reservoir for water supply purposes. Water is pumped
from the Ipswich River into the reservoir and is later
released into Wenham Lake, about 2 miles east of the dam.
A 3-foot diameter prestressed concrete cylinder pipe

Icarries water into and out of the reservoir. This pipe
would be the only means of lowering the reservoir in an
emergency. Three intakes connect to the pipe inside of a
catehouse located on top of the dam (see Figure B-9).
The intakes are prestressed concrete cylinder pipes
extending from the upstream face of the dam. The lower

and middle intakes are 3 feet in diameter with inverts at
I El 45.4 and rl 54.7. The upper intake is 2.5 feet in

diameter with the invert at El 70.0. Manually operated
gate valves control flow through the intakes.

I The east dike is a 2,100-foot long earthfill embankment
immediately south of the dam and separated from it by a
small knoll. The maximum height of the east dike is 23.6
feet. The top is a concrete parapet wall similar to that
on the dam and varies from El 83.9 to 84.1. The top of
the earth embankment varies from El 80.2 to El 81.3 and
is covered with grass and weeds. The upstream face is a
2.5:1 slope covered with riprap, and the downstream slope
is 2:1 covered with grass. Available drawings show that
the dike is a zoned earthfill embankment constructed in
the same way as the dam. However, the drawings indicate
that the east dike is founded entirely on granite
bedrock, with the impervious cutoff trench extending only

I to the top of bedrock. A system of ditches and pipes was
constructed downstream of the east dike to drain flow
from the toe drain and from surface runoff that collects
in low areas. These pipes extend under Locust Street and
discharge into Wenham Swamp about 1,500 feet to the east.
There is no spillway or outlet at the east dike.

1The west dike is a 700-foot long embankment with a maxi-
mum height of 26.1 feet. The top is the same type of
concrete parapet wall as at the other embankments. The

I top of the parapet is at El 84.2. The top of the
embankment is at El 81.2 and is covered with grass. The
upstream face is a 2.5:1 slope covered with riprap, and
the downstream slope is 2:1 covered with grass and weeds.
Available drawings show the same type of zoned earth-
fill embankment as at the other sites, consisting mostly
of impervious fill with a cutoff trench of impervious
fill extending 15 feet below the base. The drawings show
that the west dike is founded on dense to very dense sand
and silt. There is no spillway or outlet at the west
dike.

PUTNAMVILLE RESERVOIR DAM AND DIKES
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The south dike is a 360-foot long 5-foot high earthfill
embankment that was raised in 1977 instead of adding a
concrete parapet. The top is 12 feet wide and varies
from El. 83.8 to 84.0. The side slopes are 2.5:1 up-
stream and downstream. At the time of inspection, the
reservoir level was near the base of the embankment. A
visual inspection was made of the south dike, however,
a detailed discussion is not included in this report,
since the south dike does not impound a significantjdepth of water and the downstream hazard potential is low.

c. Size Classification. For a dam to be classified as
intermediate, it must have a height between 40 feet and
100 feet and a maximum storage capacity between 1,000
acre-feet and 50,000 acre-feet. Putnaville Reservoir
Dan has been classified as "intermediate" on the basis of
its storage capacity of 8,300 acre-feet. The East Dike
and the West Dike are also classified as "intermediate"
based on their impoundments of 3,200 acre-feet and
3,400 acre-feet, respectively.

d. Hazard Classification.

Dan: There are four houses located along Locust Street
and Valley Road about 500 to 1,000 feet downstream of the
dan (see Map of Flood Impact Areas). The foundations of
these structures are approximately 10 feet above the
bottom of the valley below the dam. An assumed failure
of the dam would result in a flood wave 14 feet high, 500
feet downstream of the dam. Prior to failure, the water
would be 5 feet deep due to discharge from the spillway.
More than a few lives could be lost and an excessive
amount of property damage could occur. Accordingly, the
dan has been placed in the "high" hazard category.

East Dike: There are five houses located 200 to 400 feet
downstream of the east dike (see Map of Flood Impact
Areas). The foundations of these structures are less
than 10 feet above the bottom of the valley downstream.
An assumed failure of the east dike would result in a
flood wave 14 feet high in the area of the houses. No
flood water would occur prior to failure. More than a
few lives could be lost and an excessive amount of
property damage could occur. Accordingly, the east dike
has been placed in the "high" hazard category.

West Dike: There is a trailer park with over 40 units
and a gas station located 1,500 to 2,000 feet downstream
of the west dike (see Map of Flood Impact Areas.) The
foundations of these structures are approximately at the

. same elevation as the bottom of the valley downstream.

PUTNAMVILLE RESERVOIR DAM AND DIKES
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An assumed failure of the west dike would result in a
flood wave 5 feet high 1,500 feet downstream. There
would be no flood level prior to failure. More than a
few lives could be lost and an excessive amount of
property damage could occur. Accordingly, the west dike
has been placed in the "high" hazard category.

e. Ownership. The dam is owned by the Salem and Beverly
Water Supply Board, Water Filtration Plant, Beverly,
Massachusetts 01915. Mr. Thomas Knowlton, Superintendent
(telephone 617-922-2521) granted permission to enter theproperty and inspect the dam.

f. Operator. The dam is operated by personnel from the
Salem and Beverly Water Supply Board.

g. Purpose of the Dam. The water in Putnamville Reservoir
is used for domestic water supply by the Towns of Salem
and Beverly. The reservoir is also used for fishing by
permit only.

h. Design and Construction. Original construction of Put-
namville Reservoir Dam and Dikes was completed in 1954.
Drawings and specifications dated 1953 and prepared by
Metcalf & Eddy, Inc. are available. Modifications to
raise the reservoir by 5 feet were constructed in 1978.
The modifications included raising the spillway crest;
adding the parapet wall to the dam, east dike, and west
dike; raising the south dike; and adding an upper level
intake in the gatehouse. Drawings and specifications
dated 1977 and prepared by Camp, Dresser, & McKee, Inc.
are available for construction of the modifications.

There are no records of previous technical inspections or
other data on the condition of the dam and dikes in the past.

i. Normal Operating Procedures. Personnel from the Salem
and Beverly Water Supply Board reportedly visit the gate-
house once a week. At that time, they change the chart
on the water level recorder in the gatehouse. The lower
and middle intakes are operated regularly to fill and
drain the reservoir. The upper intake is reportedly
checked once a year. The reservoir was last lowered in
1978 during construction of modifications at the site.

1.3 Pertinent Data

a. Drainage Area. The drainage area is approximately 550
acres (0.85 square mile) and consists of hilly land (see
Location May). The surface of the reservoir occupies
about one-half of the drainage area. There are no other
ponds or swamps in the remaining land portion of the

PUTNAMVILLE RESERVOIR DAM AND DIKES
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watershed. In general, the undeveloped portions of the
drainage area consist of one-half woodland, and one-half
open fields. Moderate residential development occurs
just south of the reservoir.

b. Discharqe. Discharge from Putnanville Reservoir Dam
flows over the ogee crest on the spillway and into a
concrete discharge channel. Flow through the outlet
discharges about 2 miles east of the dam into WenhamjLake.
(1) Outlet: Size - 3 feet Invert El - 45.4.

jDischarge Capacity - 40 cfs at El 79.8.

(2) Maximum known flood at damsite: unknown.

(3) Ungated spillway capacity at top of dam: 960 cfs atEl 83.8.

(4) Unqated spillway capacity at test flood elevation:
462 cfs at El 82.3.

(5) Gated spillway capacity at normal pool elevation:
Nl/A (Not Applicable)

(6) Gated spillway capacity at test flood elevation:
N/A

(7) Total spillway capacity at test flood elevation:
462 cfs at El 82.3.

(8) Total project discharge at top of dam: 960 cfs at
E 83.8.

(9) Total project discharge at test flood elevation:
462 cfs at El 82.3.

Ic. Elevation (feet above National Geodetic Vertical Datum of
1929 (NGVD)). A benchmark was established at El 79.8 on
the crest of the spillway. This elevation was given on
as-built drawings dated 1977 and revised in 1979.

Dam East Dike West Dike

(1) Streambed at toe of dam: 46.4 60.3 58.1

(2) Bottom of cutoff: 21.4 35.5 36.3

(3) Maximum tailwater: Unknown N/A N/AI
PUTNAMVILLE RESERVOIR DAM AND DIKES
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Dam East Dike West Dike

(4) Normal pool: 79.8 79.8 79.8

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

(6) Spillway crest: 79.8 II/A N/A

(7) Design surcharge
(1977 design) : 80.6 N/A N/A

(8) Top of dam (parapet): 83.8 83.9 84.2
Top of embankment: 80.2 80.2 81.2

(9) Test flood surcharge: 82.3 82.3 82.3

d. Reservoir (Length in feet)

(1) Normal pool: 4,500 at El 79.8

(2) Flood control pool: N/A

(3) Spillway crest pool: 4,500 at El 79.8

(4) Top of dam: 4,500 at El 83.8

(5) Test flood pool: 4,500 at El 82.3

e. Storage (acre-feet) Dam East Dike West Dike

(1) ITormal Pool: 7,100 2,000 2,200

(2) Flood control pool: N/A N/A N/A

(3) Spillway crest pool: 7,100 2,000 2,200

*(4) Top of dam: 8,300 3,200 3,400

*(5) Test flood pool: 7,825 2,725 2,925

I

*Based on the assumption that the surface area will not signifi-
cantly increase with changes in pool elevation from 79.8 to
83.8.

SPUTNAMVILLE RESERVOIR DAM AND DIKES
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I f. Reservoir surface (acres)

(1) flormal pool: 290

(2) Flood-control pool: N/A

(3) Spillway crest: 290

*(4) Test flood pool: 290

*(5) Top of dam: 290

f q. Dan and Dikes Dam East Dike West Dike

(1) Type: earthfill earthfill earthfill

(2) Length: 1,400 ft. 2,100 ft. 700 ft.

(3) Height: 37.4 23.6 26.1

(4) Top width: 1 foot - reinforced concrete parapet
12 feet - earth embankment

(5) Side slopes: 2.5:1 upstream; 2:1 downstream

(6) Zoning: mostly impervious with pervious
under downstream slope and
downstream base; rockfill toe drain

(7) Impervious core: impervious earth in upstream half
of embankment

(8) Cutoff: trench extending 15 feet below
base

(9) Grout curtain: none none none

I h. Diversion and Regulating Tunnel: N/A

f i. Spillway (dam only)

(1) Type: modified ogee crest

(2) Length of weir: 30 feet

*Based on the assumption that the surface area will not signifi-
cantly increase with changes in pool elevation from 79.8 to
83.8.

IPUTNAM4VILLE RESERVOIR DAM AND DIKES
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(3) Crest elevation: 79.8

(4) rates: none

(5) Upstream channel: earth channel with concrete
retaining walls

(6) Downstream channel: concrete discharge channel and
stillinq basin, rockfill auxiliary stilling basin

j. Reaulatinq Outlet (dam only)

(1) Invert El: 45.4 (lower intake)

(2) Size: 3-foot diameter

(3) Description: prestressed concrete cylinder pipe
that discharges into Wenham Lake

(4) Control mechanism: gate valve

(5) Other:
middle intake - 3-foot diameter at El 54.7
upper intake - 2.5-foot diameter at El 70.0

PUTNMIVILLE RESERVOIR DAM AND DIKES
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SECTION 2

ENGINEERING DATA

2.1 General. The engineering data available for this Phase I
inspection includes as-built drawings, specifications, and
computations dated 1953 and prepared by Metcalf & Eddy, Inc.
(see selected drawings and excerpt from specification in
Appendix B). This data is available on microfilm at Metcalf
& Eddy, Inc. Additional as-built drawings, specifications,
and computations for raising of the reservoir were prepared
in 1977 by Camp, Dresser, & McKee and are available at their
office (excerpts in Appendix B). The only data available at
State agencies is the permit application and bi-monthly
progress reports for construction of the modifications.
There are no records of previous inspections by State or
County agencies.

We acknowledge the assistance and cooperation of personnel
from the Massachusetts Department of Environmental Quality
Engineering, Division of waterways; the Massachusetts Depart-
ment of Public Works; and Camp, Dresser, & McYee. In addi-
tion, we acknowledge the assistance of Mr. Thomas Ktnowlton,
Superintendent of Salem and Beverly Water Supply Board, who
provided information on the history and operation of the dam.

2.2 Construction Records. Weekly construction reports, includ-
ing field compaction tests and permeability tests, are avail-
able for the construction of the embankments in 1954.
Bi-monthly progress reports for construction of the modifica-
tions are also aval-able.

2.3 Operating Records. Although a water level recorder is
maintained at the dam, the data is not tabulated and the
records are incomplete.

2.4 Evaluation

a. Availability. The design engineering data for the dam
and ikes is available.

b. Adequacy. The evaluation of the adequacy of the dam and
dikes is based on a review of the design computations,
record drawings, the visual inspection, past performance
history, and engineering judgment.

c. Validity. Comparison of the available drawings with the
field survey conducted during the Phase I inspection
indicates that the available information is valid.
However, elevations on the 1953 drawings are based on the

PUTNAMVILLE RESERVOIR DAM AND DIKES
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local Salem and Beverly datum. To convert to NGVD, add
4.7 feet to elevations shown on the 1953 drawinqs.

I
I
I
I

I

i
i
I
I
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SECTION 3

I VISUAL INSPECTION

3.1 Findinqs

a. General. The Phase I Inspection of Putnamville Reser-
voir Dam and Dikes was performed on June 16-17, 1981. A
copy of the inspection checklist is given in Appendix A.
There are no records of previous inspections by State or
County agencies. Selected photographs taken during the
Phase I inspection are given in Appendix C.

b. Dan and Dike Embankments. The dam, east, dike and west
Idike, are all zoned earthfill embankments with a concrete

parapet at the top of the upstream slope. There are no
vertical or horizontal displacements of the parapet wall
which would indicate movement or settlement of the
embankments. The concrete is in excellent condition. In
places, a corner has been broken off near a joint, butthe breaks are located on the top of the wall and are not

I due to erosion.

A dense growth of weeds, brush, and trees of various
sizes occurs in many places at the downstream toe of the
embankments. This growth prevents a thorough inspection
of the toe drains and downstream areas for seepage,

boils, and any unusual conditions.

Dan. North of the spillway, standing water was observed
alona most of the downstream toe. This is apparently
seepage being collected by the filter and toe drainsystem. The water was not flowing and was clear. No
boils were observed in the vicinity of the seepage.

Dumped riprap is located on the upstream face of the dam
(see Photo No. 2). However, there is a section
irinediately south of the spillway where riprap is missing

Ialong the base of the concrete parapet for a distance of
23 feet.

The top of the embankment is covered with grass and some
weeds except where tire tracks have worn through to the
earthfill (see Photo No. 3). Trespassing is indicated
by the remains of a campfire near the gatehouse.
The downstream slope is covered with grass and weeds (see

Photos No. 4 and 5). Three casings containing tubes forI
I PUTNAIVILLE RESERVOIR DAM AND DIKES
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piezometers are located at the top, middle and bottom of
the downstream slope. They have not been read recently
and may not be usable. There is a footpath along the
south side of the spillway channel, but no significant
erosion has occurred there. Five animal burrows about
6-inches in diameter were observed on the downstream

jslope.
East Dike. There is a section of the upstream face where
riprap is missing from the base of the concrete parapet
(see Photo No. 14). This occurs near the bend in the
embankment and exists for a distance of about 300 feet.

The top of the embankment is covered with grass and weeds
(see Photo No. 13). Tire tracks have also been worn in
the top.

The downstream slope is covered with grass and weeds,
with brush along the toe (see Photos No. 15 and 16).
Eight animal burrows from 1 to 6 inches in diameter were
observed in several areas on the downstream slope.
Several footpaths are located on the downstream slope
near the abutments.

Seepage was observed at three locations along the
downstream toe: 1) about 600 feet south of the north
abutment, 2) downstream of the bend in the embankment
(see Photo 1Io. 17), and 3) near the south abutment. The
seepage consists of wet ground with some pools of
standing water. These areas are marked by the growth of
cattails. The seepage was not flowing, and no boils wereobserved.

There are also two areas where pools of water have formed
farther downstream next to Locust Street. One is near
the north abutment (see Photo No. 18) and there is a
slight flow toward the south where the land is lower.
The other area is downstream of the bend in the embank-
ment. The water is stagnant and orange-brown in color.
It is not clear whether the water along Locust Street is
due to poor surface drainage or due to seepage under the
dike. Culverts under Locust Street shown on the drawings
could not be located in the field.

West Dike. The riprap on the upstream face is generally
adequate (see Photo 17o. 24), but there are a few areas
where riprap is thin or missing. A tree is growing on
the upstream slope near the right abutment. The top of
the dike is covered with grass and weeds. It also
contains tire tracks similar to the other embankments
(see Photo No. 23).

PUTNAMVILLE RESERVOIR DAM AND DIKES
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Seepage was observed along the downstream toe in the
central portion of the embankment (see Photo Do. 26).
This occurs as local pools of standing water surrounded
by wet ground and overgrown with cattails. No flow or
boils are associated with the seepage. The downstream
slope is covered with grass and weeds, and brush is
growing along the toe (see Photo No. 25). Three animal
burrows about 6 inches in diameter are located at the
downstream toe near the middle of the embankment.

South Dike. This structure differs from the other
erbankments by not having a concrete parapet. There was
no seepage observed at the downstream toe. The down-
stream slope and toe are covered with grass and clear of
other vegetation (see Photos No. 21 and 22). A foot-
path is located on the downstream slope near the center
of the embankment. The top of the embankment shows no
siqns of settlement or movement. Tire tracks are present
on the top (see Photo 11o. 19).

The upstream slope is protected with dumped riprap. Near
the east abutment, however, this riprap is small in size
and thinly placed (see Photo No. 20).

c. Appurtenant Structures. The only appurtenant struc-
tures are the spillway and the gatehouse at the main dam.
The spillway is a concrete ogee weir without flashboards
or stoplogs (see Photo Nlo. 7). At the time of the
inspection, no water was discharging over the spillway.
The concrete on the crest of the spillway was in good
condition with only slight efflorescence coming from two
tie rod holes. A horizontal joint in the concrete is
visible where the crest was raised in 1977. There was no
debris on the crest of the spillway. The concrete of the
discharge channel is in good condition (see Photo No. 8).
There is an accumulation of rocks and other debris in the
floor immediately downstream of the weir and in the
stillinq basin (see Photo No. 9). Below the discharge
channel is an auxiliary stilling basin filled with dumped
rock (see Photo No. 10). There is a minor growth of
weeds and some wood debris in the rock fill. Water
flowing at about 5 gpm was observed in the floor on both
sides of the auxiliary stilling basin. Based on
available drawings, this flow is probably discharge from
drains under the sides of the spillway channel, although
the outlets themselves were not visible under the
rockfill. The flow was clear at the time of inspection.

* PUTNAMVILLE RESERVOIR DAM AND DIKES
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The gatehouse is a brick superstructure with a concrete
foundation (see Photo Fo. 11). The exterior is in qood
condition. Inside, there are three floor stands for
operating the valves on the intake pipes (see Photo flo.
12). All of the gate valves are reported to be operable.
An access well to the pipes is located in the southeast
corner of the gatehouse. However, the pipes could not be
inspected because they were submerged by water in the
lower level of the gatehouse. Do portion of the piping
at the dam was visible for inspection.

d. Reservoir Area. The reservoir area is sparsely
developed, except along the south shore where moderate
residential development begins about 300 feet from the
reservoir. This development is located in Putnamville, a
village of the Town of Danvers. The land around the
reservoir is about half wooded and half cleared with low
slopes.

e. Doimstream Channel.

Dam: Discharge from the spillway and drainage below the
F-- flow into a natural stream channel. The stream could
not be thoroughly inspected due to the dense growth of
trees and brush that cover the entire downstream area.
About 250 feet below dam, a box culvert 5-feet wide and
2-feet high conveys the stream flow under Locust Street.
The water then flows under Valley Road and into Wenham
Swamp about 1,000 feet downstream of the dam.

East Dike: The only flow from the east dike is seepage
collected by the toe drains. The drawings show that this
flow is carried by a series of concrete pipes that
discharge into Wenham Swamp about 1,600 feet east of
Locust Street. The pipes and culverts under Locust
Street could not be located during the inspection.

West Dike: There are no outlet facilities at the West
Dike. The area downstream is a broad, swampy valley that
is densely wooded. There was no stream visible until
west of the interchange of Route 95 and Route 1, about
2,000 feet downstream of the dike.

South Dike: A rockfill drain has been constructed to
direct surface drainage away from the downstream toe of
the embankment. There was no flow at the time of the
inspection. There is no distinct stream bed farther
downstream, but the topography indicates that water would
flow southward across Locust Street and eventually into
Frost Brook.

PUTNAMVILLE RESERVOIR DAM AND DIKES
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3.2 Evaluation. The visual inspection indicates that the dam and

dikes at Putnamville Reservoir are in fair condition. The
stated deficiencies and the measures to improve these
conditions are outlined in Section 7.

The following conditions could affect the long-term
performance of the dam and east dike:

a. Seepage in areas along the downstream toe. Uncontrolled
seepage could lead to internal erosion of the embankment.

b. Dense growth of trees and brush in toe drains and down-
stream areas. The root systems could clog the toe drains
and could provide pathways for seepage and internal
erosion.

c. Obstructed culverts that carry flow downstream under
Locust Street. Poor drainage at the downstream toe
obscures seepage and causes unnecessary saturation.

d. Inadequate riprap at the top of the upstream slope. Wave
action in unprotected zones could cause erosion of the
earthfill and undermining of the parapet wall.

e. Rocks in the floor of the spillway discharge channel and
the stilling basin. This could cause significant damage
to the concrete during periods of high flows.

f. Animal burrows on the downstream slope. These can
provide pathways for seepage through the embankment.

The following conditions could affect the long-term perform-
ance of the west dike:

a. Seepage in areas along the downstream toe. Uncontrolled
seepage could lead to internal erosion of the embankment.

b. Dense growth of trees and brush in the toe drain and
downstream area. The root systems could clog the toe
drain and could provide pathways for seepage and internal
erosion.

c. Inadequate riprap along the top of the upstream slope.
Wave action in unprotected zones could cause erosion of
the earthfill and undermining of the parapet wall.

d. Animal burrows on the downstream slope. These can
provide pathways for seepage through the embankment.

* PUTNAMVILLE RESERVOIR DAM AND DIKES
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The following condition could affect the long-term
performance of the south dike:

a. Inadequate riprap on the upstream slope. This could lead

to erosion of the upstream slope of the dam.

PUTNAVILLE RESERVOIR DAM AND DIKES
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SECTION 4

j OPERATING PROCEDURES

4.1 Operating Procedures

a. General. Putnamville Reservoir is operated as a pumped
storage reservoir to replenish the main water supply at
Wenham Lake. During the winter and spring when there is
excess flow in the Ipswich River, water is pumped from
the river into Putnamville Reservoir. In the summer and
fall when the level in Wenham Lake is low, water is
released from Putnamville Reservoir and flows by gravity
through a pipeline into the lake. Water in Wenhem Lake
is then treated and released into the distribut .
system.

rlow into Putnamville Reservoir is controlled by the rate
of pumping which is a maximum of 25 mgd (38.7 cfs).
Water is carried to and from the reservoir by a 36-inch
diameter pipeline. The lowest intake is used to fill the
reservoir. The middle intake is used to release the
water. The intakes are controlled by manually operated
valves.

Personnel from the Salem and Beverly Water Supply Board
reportedly visit the site at least once a week. At that
tine, they change the chart on a water level recorder
located in the gatehouse. Samples of water in the
reservoir are collected once a month for analysis. The
Superintendant also reportedly inspects the site about
every two months.

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

the dam or dikes.

4.2 Maintenance Procedures

a. (eneral. The embankments are reportedly mowed twice a
year. At the time of inspection, grass and weeds several
feet high were growing on the slopes. In addition, the
toe drains and downstream areas were overgrown with brush
and small trees.

Some debris, particularly large rocks, have accumulated
in the concrete channel below the spillway.

b. Operating Facilities. The valves on the middle and lower
intakes in the gatehouse are reportedly used regularly.
The gate on the upper intake is reportedly checked once a
year.

PUTNAMVILLE RESERVOIR DAM AND DIKES
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I Minor repairs have reportedly been made to the gate-
house as a result of vandalism.

1 4.3 Evaluation. There is a program for regular operation and
maintenance at the dam and dikes, however, additional main-
tenance is necessary. There is no program for technical
inspections, a plan for surveillance during storms, or a
warning system in effect at the dam or dikes. This is
undesireable, considering that the dam and dikes are in the
high hazard category. These programs should be implemented,
as recommended in Section 7.3.

I

I

I

*1
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SECTION 5

EVALUATION OF HYDRAULIC/
HYDROLOGIC FEATURES

5.1 General. Putnamville Reservoir has a drainage area of 0.85
square miles of which 53 percent is the reservoir (see
Drainage Area shown on Location Map). The land is gently
rolling and sparsely developed.

Putnaville Reservoir has a surface area of approximately 290
acres. The maximum storage capacity impounded by the dam is
8,300 acre-feet at El 83.8.

The low level outlet at the dam can discharge a flow of 40
cfs when the reservoir is at El 79.8, which is the crest of
the spillway. At this reservoir elevation and with no addi-
tional inflow, the outlet can lower the reservoir by 1 foot
in about four days. This capacity is not adequate for
readily lowering the reservoir in the event of an emergency
at the dam or dikes. There is also no blow-off along the
pipe, so that water from lowering the reservoir would be
discharged into Wenham Lake, possibly causing flooding
downstream.

5.2 Desiqn Data. Hydraulic computations are available for the
original spillway which was designed in 1953 and for raising
the spillway in 1977. The computations are summarized below:

1953 1977

Top of dam 78.8 83.8

El of spillway crest 74.7 79.8

El of reservoir before storm 74.7 79.8

Rainfall 16 in. 7 in.

Length of storm 72 hr. 24 hr.

Inflow from pumpinq 0 38.7 cfs

Peak outflow 202 cfs 80.6 cfs

Peak El of reservoir 76.2 80.6

Change in El of reservoir 1.5 ft. 0.8 ft.

PUTNATVILLE RESERVOIR DAM AND DIKES
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5.3 Experience Data. There is no record of overtopping of the
dam or dikes which were constructed in 1954. Pumping into
the reservoir is stopped when the pool reaches 4 inches below
the crest of the spillway. The superintendent stated that
the highest reservoir level in the past was 1 inch above the
crest of the spillway. This level would result in a dis-
charge of 3 cfs.

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

The PMF rate for the 0.85 square mile watershed was calculat-
ed to be 2,850 cfs per square mile of drainage area. This
calculation is based on the average slope of 4 percent in the
drainage area, the pond-plus-swamp area to drainage area
ratio of 0 percent, and the U.S. Army Corps of Engineers
guide curves for Maximum Probable Flood Peak Flow Rates
(dated December 1977).

Applying the full PMF rate to the 0.85 square mile drainage
area results in a peak test flood inflow of 2,420 cfs. By
adjusting the test flood inflow for surcharge storage, the
peak test flood outflow was calculated to be 462 cfs (544 cfs
per square mile). During the test flood, the reservoir level
would rise to El 82.3.

Hydraulic analyses indicate that the spillway can discharge
960 cfs or 208 percent of the test flood outflow with the
reservoir at El 83.8, which is the low point on the top of
the dam and dikes.

5.5 Failure Analyses.

Dam: The peak discharge rate due to failure of the dam was
calculated to be 94,000 cfs with the reservoir at El 82.3.

)This calculation is based on a maximum head of 35.9 feet and
an assumed 260-foot wide breach occurring in the embankment
section north of the spillway. Failure of the dam would
produce a downstream flood wave 14 feet deep as compared to a
channel flow 5 feet deep prior to failure.

There are four houses located in the valley 500 to 1,000 feet
downstream of the dam. The foundations of these structures
are approximately 10 feet above the bottom of the valley.
Due to the configuration of the valley, little attenuation
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of the flood flow is expected until it reaches Wenham Swamy,.
east of the houses. An assumed failure of the dam could
result in a flood wave that would rise above the foundation
of the houses downstream. This could result in the possible
loss of more than a few lives and an excessive amount of
property damage. Accordingly, the dam has been placed in the
"high" hazard category.

East Dike: The peak discharge rate due to failure of the
east dike was calculated to be 52,000 cfs with the reservoir
at El 82.3. This calculation is based on a maximum head of
22 feet and an assumed 300-foot wide breach occurring in the
highest section of the embankment. Failure of the east dike
would produce a downstream flood wave 14 feet deep as com-
pared to no downstream flow prior to failure.

There are five houses located along Locust Street 200 to 400
feet downstream of the east dike. The foundations of these
structures are less than 10 feet above the bottom of the
valley downstream of the east dike. Due to the configuration
of the land downstream, little attenuation of the flood flow
is expected. An assumed failure of the east dike could
result in a flood wave that would rise above the foundation
level of the houses downstream. This could result in the
possible loss of more than a few lives and an excessive
amount of property damage. Accordingly, the east dike has
been placed in the 'high" hazard category.

West Dike: The peak discharge rate due to failure of the
west dike was calculated to be 41,800 cfs with the reservoir
at El 82.3. This calculation is based on a maximum head of
25.6 feet and an assumed 192-foot wide breach occurring in
the highest section of the embankment. Failure of the west
dike would produce a downstream flood wave 8 feet deep as
compared to no downstream flow prior to failure.

There is a gas station and a trailer park located in the
valley 1,500 to 2,000 feet downstream of the west dike. The
foundations of these structures are approximately at the same
elevation as the bottom of the valley downstream of the west
dike. Due to the configuration of the valley, some
attenuation of the flood flow is expected, however, the wave
would still be about 5 feet deep across Route 1, 1,500 feet
downstream. An assumed failure of the west dike could result
in a flood wave that would rise above the foundation level of
the trailer houses and gas station. This could result in the
possible loss of more than a few lives and an excessive
amount of property damage. Accordingly, the dam has been
placed in the "high" hazard category.
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SECTION 6

STRUCTURAL STABILITY

6.1 Visual Observations. The evaluation of the structural
stability of Putnamville Reservoir Dam and Dikes is based on
a review of available engineering data, and the visual
inspection conducted on June 16-17, 1980.

As discussed in Section 3, Visual Inspection, the dam and
dikes are in good condition. Seepage was observed along the
downstream toe of the dam, east dike, and west dike. Io
settlement of the embankments was visible. The grass cover
has been worn off in places by vehicular traffic and tres-
passing. However, no significant erosion has taken place in
these areas. A thick growth of brush and trees exists along
the downstream toe of the main dam, east dike, and west dike.

6.2 Design and Construction Data. Construction of Putnamville

Reservoir Dam and Dike was completed in 1954. Drawings dated
1953 prepared by Metcalf & Eddy, Inc. show the as- built
construction of the dam and dikes (see Figures B-1 through
B-9).

The drawings show that the dam and dikes are zoned earthfill
embankments founded on bedrock or glacial till. The embank-
nents are constructed mostly of impervious material, with
"most impervious" fill in the upstream half of the embank-
ments and in the cutoff trench. The trench extends 15 feet
below the base of the embankments or to the top of bedrock if
bedrock is less than 15 feet deep. Underlying the down-
stream slopes, there is a filter blanket of pervious
material. A pervious layer of sand and gravel is also
located at the base of the embankments on the downstream
side. This layer and the filter blanket are connected to a
rockfill drain along the downstream toe. The side slopes of
the embankments are 2.5:1 upstream and 2:1 downstream.

Specifications for construction of the dam and dike embank-
ments are available. They include details on the types of
earth materials, riprap, and concrete used in construction.
Selected portions of the specifications are given in Appendix
B.

Weekly construction reports are available that give the
results of field compaction and permeability tests on the
fill materials. The embankments were compacted with a rubber
tired roller, a sheepsfoot roller, and a Barco tamper. A
review of construction reports show that the impervious
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1fill was compacted to !2 to 100+ percent (122 to 151 lb/cu

ft) of laboratory optimum and had a permeability of 2x10-5 to
9.5xi0-6 cm/sec. The pervious fill was compacted to 90 to
100 percent (133 to 141 lb/cu ft) of laboratory optimum and
had a permeability of 9.2x10-4 to l.9xi0-5 cm/sec. There is
no information on the shear strength of materials in the
embankments.

6.3 Post-Construction Changes. Since the original construction
of the dam and dikes, modifications were made in 1978 to
raise the reservoir 5 feet. These modifications included
addinq the concrete parapet to the dam, east dike, and west
dike; raising the top of the south dike; raising the crest
of the spillway; and adding the upper intake in the
gatehouse. Selected as-built drawings of these modifications
are included in Appendix B.

6.4 Seismic Stability. The dam and dikes are located in Seismic
Zone No. 3. Phase I Guidelines recommend, as a minimum, that
suitable analysis by conventional equivalent static load
methods should be on record for dams in Zone No. 3. This
type of stability analysis was done in 1953 for the original
spillway structure. However, as far as can be determined, no
such analyses have been made on the dam or dike embankments.

I
I
I
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SECTION 7

ASSESSMENT, RECOMIENDATIONS, AND
REMEDIAL MEASURES

7.1 Assessment of Dam and Dikes

a. Condition. As a result of the visual inspection, the
review of available data, and limited information on
operation and maintenance, the dam and dikes are con-
sidered to be in fair condition. This is primarily due
to the seepage observed at the downstream toe of the
embankments. The following deficiencies must also be cor-
rected to assure the continued performance of the dam,
east dike, and west dike: a dense growth of brush and
trees at the toe and in the downstream areas; inadequate
riprap in places along the top of the upstream slopes;
and animal burrows on the downstream slopes. At the dam,
additional deficiencies are the accumulation of debris,
particularly rocks, in the spillway channel and stilling
basin; and the inadequate capacity of the low-level
outlet. The only deficiency at the south dike is
inadequate riprap on the upstream slope.

The peak test flood (full PMF) outflow is estimated to be
462 cfs with the reservoir at El 82.3. The test flood
would not overtop the dam or the dikes. Hydraulic
analyses indicate that the spillway can discharge 960 cfs
or 208 percent of the test flood outflow before the low
point on the top of the dam and dikes is overtopped.

b. Adequacy. The lack of detailed design and construc-
tion data did not allow for a definitive review. There-
fore, the evaluation of the dam and dikes is based on a
review of the available date, the visual inspection, past
performance and engineering judgment.

c. Urqency. The recommendations and remedial measures
outlined below should be implemented by the Owner within
one year after receipt of this Phase I Inspection Report.

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

a. Install and monitor piezometers to evaluate the seepage
through the dam, east dike and west dike. The abandoned
piezometers at the dam should be rehabilitated or
replaced. The monitoring program should cover periods
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when the reservoir is above the spillway crest. The
readings should be plotted and evaluated on a regular
basis.

b. Design a system to effectively drain standing water from
the downstream toe of the dam, east dike, and west dike.

c. Develop procedures for clearing trees and brush from the
toe drains and for a distance of 25 feet downstream of
the dam, east dike, and west dike. Additional clearing
is needed along the channel downstream of the dam, around
culverts under Locust Street, and in areas of standing
water. A tree on the upstream slope of the west dike
should also be removed. All stumps and roots removed
should be hackfilled with select material.

d. Design adequate riprap for the upstream slope of the dam,
east dike, west dike, and south dike.

e. Further investiqate the extent of animal burrows on the
downstream slope and determine a procedure for
backfilling these areas.

f. Evaluate the seismic stability of the dam, east dike, and
west dike.

g. Conduct further hydraulic studies and determine a means
to increase the discharge capacity of the low-level
outlet, The engineer should evaluate the possibility of
discharging water through the pumping station and back
into the Ipswich River.

The Owner should implement the recommendations of the
Engineer.

7.3 Remedial Measures

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

(1) Remove rocks and debris from the spillway discharge
channel and stilling basin.

(2) Institute a definite plan for surveillance of the
dam, dikes, 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
dam or the dikes.

PUTNAMVILLE RESERVOIR DAM AUD DIKES
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(3) Implement a systematic program of maintenance
inspections. As a minimum, the inspection program
should consist of a monthly inspection of the dam,
dikes, and appurtenances and be supplemented by addi-
tional inspections during and after severe storms.
All repairs and maintenance should be undertaken in
compliance with all applicable State regulations.
The maintenance program should include removal of

any debris caught on the spillway weir orf accumulated in the discharge channel and stilling
basin downstream.

(4) Institute a program of technical inspections of the
dam and dikes on an annual basis.

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

f
1

I
I
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I APPENDIX A

f PERIODIC INSPECT ION CHECKLIST
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PERIODIC INSPECTION

I PARTY ORGANIZATION

PROJECT Putnamville Reservoir DATE June 16-17,1981

TIME 8:30 - 4,-n

WEATHERuyht

Abbreviations: W.S. ELEV. 7_.LU.S.
U.S. - upstream
D.S. - downstream 46 D.S. Dam
N/A - not applicable 60 D.S. east dike

58 D.S. west dike

PARTY:

I. Carol Sweet - Metcalf & Eddy - Geotechnipra

2. Mike Larson - Metcalf & Eddy - GPntprhnijCa

3. Ed Greco - Metcalf & Eddy - Gpofpehnir1

4. Bill Checchi - Metcalf & Eddy CPntrhnjr1

5. Jim Peter - Metcalf & Eddy - Geotechnical

6. Lyle Branagan - Metcalf & Eddy - HydraulicAydrolopir

1 7. Reginald Barron - Consultant to Metcalf & Eddy

8.

I 9.
10.

PROJECT FEATURE INSPECTED BY REMARKS

1. Dam & dike embankments Sweet/Greco/Barron

2. Spillway Branapan/Sweet/Barron

3. Gatehouse Branagan/Sweet/Barron

4.

5.

6.

page A ofL1



I1 PERIODIC INSPECTION CHECK LIST

PROJECT Putnamville Reservoir DATE June 16, 1981

PROJECT FEATURE Dam NAME Sweet/Greco

DISCIPLINE Geoterhnical NAME Barron

AREA EVALUATED CONDITIONS

DAM EMBANKMENT

Crest Elevation (top oT parapet) varies from 83.8 to 83.9

Current Pool Elevation 79.4

Maximum Impoundment to Date 79.9

:urface Cracks none visible - slopes & downstream
toe covered with high weeds & brush

Pavement Condition
not applicable (N/A)

Movement or Settlement of Crest None except slight depression
around top piezometer

Lateral Movement
none-concrete parapet is straight

Vertical Alignment

Horizontal Alignment one bend at spillway

good-no visible erosion or settlementCondition at Abutment and at along concrete parapet or spillway-Concrete Structures Ctabutments tie into natural ground

Indications of Movement of
Structural Items on Slopes none

Trespassing on Slopes footpath on downstream slope near south
side of spillway - camp fire on top of

Sloughing or Erosion of Slopes im-5 animal holes on downstream slope
or Abutments sparse topsoil and vegetation at

Rock Slope Protection - Riprap riprap missing for a distance of 23
Failures feet from south side of spillway

Unusual Movement or Cracking at none visible, but growth of weeds &
or near Toes brush obscures inspection

Unusual Embankment or Downstream standing water along downstreamSeepage toe - no visible flow - water is clear

Piping or Boils________________________________ none visible

Foundation Drainage Features pervious filter under downstream slop2e

Toe Drains rockfill toe drain connected to filter

SInstrumentation System abandoned piezometers at top, middle,
Instrumentation System I AnA bottom f upPr dnwntream slope

page.A-2of._._



PERIODIC INSPECTION CHECK LIST

PROJECT p _ e DATE June 16, 1981

PROJECT FEATURE Spillway NAME Sweet/Barron

DISCI PLINEGeotechnical/Hvdraulic NAME Branagan

AREA EVALUATED CONDITION

OUTLET WORKS - SPILLWAY WEIR,
APPROACH AND DISCHARGE CHANNELS

Fine sand with little gravel in floor,
a. Approach Channel concrete retaining walls on sides

General Condition fair
Loose Rock Overhanging none

Channel

Trees Overhanging Channel none

Floor of Approach Channel clear of debris

b. Weir and Training Walls concrete - ogee type

General Condition of good - vertical hairline crack,
Concrete horizontal joint where raiz'ed in 1978

Rust or Staining none

Spalling none

Any Visible Reinforcing none

Any Seepage or Efflorescence slight efflorescence from two tie rod
holes

Drain Holes

c. Discharge Channel 
nnn

General Condition mood

Loose Rock Overhanging
Channel

none

Trees Overhanging Channel___________________________________ one next tO channel

Floor of Channel rocks & other debris have accumulated
____ ___ ____ ___ ____ ___ ____ ___ ___ hPlaw~ wplr L in rillinpa han

Other Obstructions
____________________________________ none

d. Auxiliary Stilling Basin
Condition of concrete - excellent
Obstructions - none, no overhanging trees
Floor of channel - rockfill with slight growth of brushj Underdrains from sides of spillway
channel each discharging ± 5 gpm into Auxiliary basin

1page..of_2_



I PERIODIC INSPECTION CHECK LIST

I PROJECT Putnamville Reservoir DATE June 16, 1981

PROJECT FEATURE Gatehouse NAME Sweet/Barron

DISCIPLINE Geotechnical/Hydraulic NAME Branagan

AREA EVALUATED CONDITION

OUTLET WORKS - CONTROL TOWER
brick superstructure concrete founda-

a. Concrete and Structural tion

General Condition good

Condition of Joints Pood

Spalling ....

Visible Reinforcing nti

f Rusting or Staining

Any Seepage or Efflorescence none

Joint Alignment good

Unusual Seepage or Leaks in

Gate submerged

I Cracks none

Rusting or Corrosion of Steel none

b. Mechanical and Electrical

Air Vents openings in roof

Float Wells Bisson's water level recorder

Crane Hoist none
Elevator

i Hydraulic System .

Service Gates three 30 in. gates for lower, middle,

Emergency Gates none

Lightning Protection System unknown

Emergency Power System __ __

n awiring to run 10 compressors to aerate
Wiring and Lighting System reservoir - no interior lighting

In Gate Chamber
J ~ ~~~page A.A_.40fL.



3 PERIODIC INSPECTION CHECK LIST

PROJECT p,.nwm7,,jitl* Rprunir DATE June 16. 1981

PROJECT FEATURE Rnpr nik, NAME sweet/Greco

DISCIPLINE ______ ___ NAME Barron

AREA EVALUATED CONDITION

DIKE EMBANKMENT

Crest Elevation (top of parapet) varies from 83.9 to 84.1

Current Pool Elevation 79.4

Maximum Impoundment to Date 799

Surface Cracks none- slopes & downstream toe overgrown
with brush & weeds

Pavement Condition
______________________________ not anp'icable (N/A)

Movement or Settlement of Crest
________________________________ none visible

Lateral Movement on visible

Vertical Alignment flat

Horizontal Alignment
__________________________________ one slight bend

Condition at Abutment and at good-no erosion or settlement
Concrete Structures abutments tie into natural ground

Indications of Movement of none - no displacements in parapet
Structural Items on Slopes

Trespassing on Slopes 8 animal holes on downstream slope,
footpaths at abutments

Sloughing or Erosion of Slopes none
or Abutments

Rock Slope Protection - Riprap riprap missing from upstream base of

Failures parapet near bend in dike - 300 ft. lon

Unusual Movement or Cracking at none visible - inspection obscured by

or near Toes growth of vegetation

Unusual EmbankmenL ')r Downstream two areas of standing water

Seepage with growth of cattails - several pools
Seepage_ _of water alon2 Locust Street

Piping or Boils
Piping or Boils no boils visible near seep areas

Foundation Drainage Features oervious filter under downstream slope

Toe Drains rockfill toe drain connected to filter

Instrumentation System none visible
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I PERIODIC INSPECTION CHECK LIST

PROJECT P.R.a... i411 ,o...
4

T_ DATE T... 17. 1QR1

PROJECT FEATURE n l4_ NAME gR,,--,,n

DISCIPLINE .. .eh... 4 c NAME g .... .

AREA EVALUATED CONDITION

DIKE EMBANKMENT

Crest Elevation varies from 83.7 to 84.0

Current Pool Elevation 79.4

Maximum Impoundment to Date 79.9

Surface Cracks none visible

Pavement Condition not applicable (N/A)

Movement or Settlement of Crest none visible

Lateral Movement none visible

Vertical Alignment flat

Horizontal Alignment straight

Condition at Abutment and at good-no erosion or settlement

Concrete Structures abutments tie into natural ground

Indications of Movement of N/A no structural items

Structural Items on Slopes

Trespassing on Slopes footpath on downstream slope near
_ _ _^___r of A.M

Sloughing or Erosion of Slopes
or Abutments none

Rock Slope Protection - Riprap riprap is thin near east abutment
Failures

Unusual Movement or Cracking at
or near Toes none visible

Unusual Embankment or Downstream none - reservoir level near toe of

Seepage embankment

Piping or Boils none visible

Foundation Drainage Features pervious filter at base of embankment
nn dnwnatre-m aide

Toe Drains

j Instrumentation System None

pageL6jot-



PERIODIC INSPECTION CHECK LIST

PROJECT Putnamville Reservoir DATE June 17, 1981

PROJECT FEATURE West Dike NAME Sweet/Greco

DISCIPLINE Geotechnical NAME Barron

AREA EVALUATED CONDITION

DIKE EMBANKMENT

Crest Elevation (top of parapet) 84.2

Current Pool Elevation 79.4

Maximum Impoundment to Date 79.9

Surface Cracks none visible

Pavement Condition_________________________________ not applicable_(N/IA)

Movement or Settlement of Crest none visible

Lateral Movement
_________________________________ none visible

Vertical Alignment flat

Horizontal Alignment straight

Condition at Abutment and at good-no erosion or settlement
Concrete Structures abutments tie into natural ground

Indications of Movement of
Structural Items on Slopes none no displacements in parapet

Trespassing on Slopes 3 animal holes on downstream slope,on no footpaths

Sloughing or Erosion of Slopes none visible
or Abutments

Rock Slope Protection - Riprap riprap is thin in sections along
Failures upstream base of concrete parapet,

small tree growing in riprap

Unusual Movement or Cracking at
or near Toes none visible, but heavily overgrown

Unusual Embankment or Downstream several small pools of standing

Seepage water & cattails near center of dike

Piping or Boils

Foundation Drainage Features

Toe Drains -^ckfil too 4 oneed to Lilto

Instrumentation System none

| pageA7_or_!



I
I

APPENDIX B

PLANS OF DAM AND DIKES

Selected Record Drawings dated 1953 
and prepared by

Metcalf & Eddy, Inc:

Plan of Dam B-i
Profile of Dam - Typical Sections of Dam and
Dikes B-2

East Dike - Plan and Profile - I B-3
East Dike - Plan and Profile - 2 B-4
West Dike - Plan and Profile B-5
Spillway - 1 B-6
Spillway - 2 B-7
Spillway - 3 B-8
Gatehouse and Outlet Works B-9

Excerpts from Record Drawings for Construction of
Modifications dated 1977, revised 1979, and
prepared by Camp, Dresser, and McKee, Inc.:

Parapet Wall Section B-10
Section through Spillway B-11
Design Data Submitted with Application for
Construction of Modifications in 1977 B-12

Specification for Construction of Earth Embankment
(Dam, East Dike, and West Dike) from original
construction contract dated May 1953 B-13

Typical Weekly Construction Reports with Soil Test Data

Week ending June 12, 1954 B-20
Week ending September 11, 1954 B-23
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Part "B" (continued) Note * denotes figure
based on 100 yr storm.
When reservoir is at normal

DESIO. CRITERIA pool elevation and pumping
into reservoir is continued

1. Datum usod: 25 mgd rate.
(a) M.S.L. of 1929 X ...

'(b) Assumed -

(c) Other

:2. Maximum height of the dam 38 ft.

(a)-. "Top elevation of dam 84.00

(b) "Tc elairation of spillway 79.75

3. Volume of water impounded, at
maximu design pool level. 2380 MC gallons

1 . Present river bed or channel
elevation 0 d;rn 46.00

S . Normal pool elev. 79.75

surface area 290 ae

6. Ma.mum pool elev. 80.55*
surface area 295* ac .

1 7. Type of stnacture (earth, concrete, etc)

Earthen (exist) with (new) concrete parapet and one (rnw) Earthen Dike

.8. Crest width Twelve ft.

I 9. Freeboard, as measured from the maxmum design
pool level 3.45 feet*

I 10. Length of Principal spillway 30 feet

Il . Description of principal spillway Ogee crest, side chanpel

".-. pillway with stilling basin

2 D2. uergency spillway Yes ( ) No (X)

If yes, describe ... .

13. Gates Yes (X) Number 2 Size 30" Gate Valves
No (oWn Till & drain pipeline

l4. Nature of slope protection
(riprap, vegetated etc.) Rip-Rap

15. Stop log structure(s)
yes . JX Mechanical C) .Mamal C
No "X PUTNAMVILLE RESERVOIR

B-12 DAM AND DIKESI
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EARTH L"IBANMNT

Items 5a to 5e, inclusive

Section 5.1 General. Under Items 5a to 5e, inclusive,
j the Contractor shall place In the dam and dikes, and elsewhere

If required, rolled embankment, including impervious and pervious
materials; shall furnish pervious material from private sources,
if directed, and shall make random fills,

As indicated on the drawings, the major sections of the
dam and dikes shall be constructed of impervious material, placing
the most impervious and most suitable fine material near the con-
ter and upstream side of tha dam and dikes, and grading to the
pervious section near the downstream face of the dam and dikes.
Carefully selected and graded material from the excavations and
from approved borrowpits shall be used In the embankment. The
materials to be used, the moisture content on compaction, and the
rolling necessary to attain the degree of compaction required in
the various portions of the embankment, shall be as directed from
time to time by the Engineer. The Contractor shall furnish all
equipment, plant, and labor required to obtain and transport the
materials, control their moisture content, and thoroughly compact
them in place, and shall cooperate to the fullest extent In uti-
lizing the available material to the best advantage. All excava-
tion, transportation, and placing operations shall be such aswill produce a satisfactory mixture and gradition of the materials

after they have been spread and compacted.
Section 5.2 Preraration of Embankment Foundation. go

material shall be placed in any section of the earth-fill portion
of the dam or dike embankment until the foundation for that sec-
tion has been unwatered and suitably prepared and has been ap-
proved by the Engineer. Rock or similar solid surfaces upon or
against which material for the impervious section is to be placed
shall be cleaned by handwork or other effective means satisfactory
to the Engineer, of all loose and rotten rock and other objection-
able materials. The surfaces of each portion of the rock founda-
tion immediately prior to receiving any material for the earth
fill, shall have all water removed from depressions, and shall be
sufficiently clean to obtain a suitable bond with the embankment.

Immediately prior to the placing of material In the embank-
ment of the dam. and 4ike, the stripped earth foundation and the
surface of refilled mterial at trenches shall be plowed, harrowed,
or otherwise scarified as directed to a depth of approximately
6 in. and then compacted as though It were new material, as here-
inafter specified, so that the first layer of the embankment will
be firmly bondel to the foundation.

j If springs develop on the surrFice after stripping within
the limits of the dam or dike, they shall be controlled by plug-
Cing. draining, or other approved methois. Yaterials used or ex-
cavations ciade for such control shall be pkid ror under the
appropriate items as determined by the Lnginior, but no other
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direct payment shall be made for the preparation of foundations as
herein specifiod, it being agreed that compensation therefor shall
be included in the prices stipulated for the items of excavation
and embankment,

Section 1. VIlaterjalis, Rolled embankment for the dam and
dikes shall consist of suitable materials from the excavations
made for other parts of the work or from borrowpits. The relative
fineness of the material to be placed in each portion of the em-
bankment and the approximate limits of each such portion shall be
as ordered by the Engineer. Any load of the material to be placed
in the embankment, whether from excavation for other parts of the
work or from borrowpits, may be ordered to be placed in a loca-
tion designated by the Engineer, regardless of the classification
of the excavation, and the Contractor shall be entitled to no
additional allowance above the contract unit price: for excava-
tions and embankment, due to the requirement. The completed em-
bankment shall be free from lenses, pockets, streaks, or layers
of material differing materially in permeability from the sur-
rounding material, and to this end, every effort shall be made in
the borrowpits to mix the materials for the impervious embankment
as thoroughly as possible. In the borrowpits, such materials
shall be loaded by power-driven shovels which shall, as may be
necessary or required, be operated as mixers with open dippers.
Other loading devices may be approved, provided the mixing pro-
duced is as efficient as that of the shovel mixing above speci-
fied.

The Engineer may designate the depths of cut in all parts
of the borrowpits or in other excavations of material to be used
in the earth fill, necessary for obtaining the desired gradation
of material, and the cuts shall be made to such designated depths.
Each load of earth-fill material delivered on the earth fill shall
be the equivalent of a mixture of materials obtained from an
approximately uniform strip or cutting from tie full height of the
face of the excavation. If necessary, additional mixing shall be
done by disc harrowing or other approved method after the mate-
rial has been spread on the embankment.

The material in the downstream section shown as perviousshall be free-draining sand and gravel containing less than 5 per-cent of material whi-h will pass a 200-mesh sieve,

All stones larer than those which will pass through a 6-in.
square opening shall be reroved from the .,iterial, before it is
brought onto the eirbankment, by passing through an :ipproved
grizzly oi- by other approved methods, The stones removed may be
used for chinking riprap or may be disposed of otherwise, as
dire,.ted. In the embirkment, accum.lation in groups or nests of
stones reomaining, in the material, particularly stones or the
larGer sizes, shN11 be kept to the practical ininimur..

The borrowpits shall, in ennral, be opnei from end to end
so as to enable selection to be made4 both for ]'.l ity of material
and moisture content. and as rnAy be necess iry, their top surfrcps
after strip;'in.. shall lc ?red(, rolled, or other;ire tro.itd -.o

to -h. 1v r :n viat~r.I
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bI No brush, roots, sod, or other perishable or unsuitablematerials shall be place-d In the embankment. Materials unsuitable
for embankment of any class wi1l be rejected and shall be disposed
of as directud.

No frozen material nor recently thawed material shall at
any time be used in the construction of the rolled embankment, and
no material shall be placed on portions of such embankment which
are frozen or which have been loosened by freezing. Upon the
resumption of work after freezing weather, the surface of the em-
bankment shall be prepared as specified In Section 5.2 or as
directed by the Engineer.

Section 5.4 Transportation. Materials for the construc-
tion of embankment shall be transported on the dam or dikes in ap-
proved conveying units of such size and having such ample bearing-
tread areas that the completed fill will not be rutted by their
passage. Conveying equipment shall not be permitted to follow
tracks on the dam or dike, and the routes of travel shall be var-
ied and spread out and, where ordered, ruts on the embankment shall
be promptly filled and leveled off, Unless otherwise permitted,
the total weight, including its load, of any truck or conveying
unit shall not exceed 30 tons or have a tire-contact pressure in
excess of 65 psi., the purpose of this limitation being to prevent
nonuniform consolidation of the embankment. Heavier equipment may
be used if it be shown that It will not cause nonuniform consolida-
tion.

Seetlor. 5.5 Placing ani Spreadine. Just prior to placing
of a new layer of impervious embankment, the surface of the pre-
ceding layer shall be scarified to a depth of 2 in. with a suitably
rugged harrow or other approved equipment so that an effective bond
will be obtained between layers.

All embankment material shall be evenly and uniforrly spread
in layers as nearly as practicable 7 in. in uncompacted thickness.
Arriving material shall be dumped in :cws adjacent to each other
and par. lcl to the axis of the dam or dike, so thqt the s"-oading
and rolling equipment will travel parall~i t, ,!-. - ,' .'..ly
lightweight sprea4din equipment, sprinkling ..r,),' k, ar .ai.ovs
as necessary shall be permitted to pass ovor ary ",y,.- "hat
being, or has been, prepared for rolling until -fit,-r e r ,-i,
that layer has been completcd. Joints ani laps in, or , ,
layers shall be carefull) ma-de io as to ensure the contily f
each layer in all directions. Each layer shall be thoroLlly cor-
pacted to the extent required, before a new layer Is placed.

All impervious embankment surf-ices over which hiling has
been done .:hall be harrowed or scarified tc the depth directed an-
recompacted as re.ulred, at the Con.ractor's expense, before iny
new layer is placud.

A sufficient number of men shall be available at all tife.r
ns the spreading and rolling are beine done to rerove all oversize
stones, roots, and other unsuitable materials and to separate the
smaller stones.

I
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Section 5.6 Moisture Content and Control. It Is the in-tention to obtain In the completed Impervious embankment, a degree
of compaction such that the maximum dry dinsity will be secured
within the practical limits of the best construction practiceo In
the pervious embankment, the compaction shall be such as to obtain
the density necessary to resist shearing movement and ensure per-
manent stability. To this eni, all methods and procedure must be
carefully guarded and controlled,

The moisture content shall be as prescribed by the Engineer
and shall be ei nearly as practicable that percentage, by weight,
of water in the material which will permit compaction in the em-
bankment to not less than 97 percent of the maximum densit.- ob-
tainable with the specified rolling equipment. Dry weight of a
unit volume of the material will be used in determii ng the den-
sity. Changes in the prescribed moisture content may be made from
time to time to conform to changes in the character and grading of
the material.

The control of moisture may be required in the borrowpits,
as well as on the embankment. When the material Is too dry,
sprinkling or other means of wetting uniformly may be required.
When the material is too wet, ditches, pumps, drainage wells, or
other devices may be required in the borrowpits, and the exposure
of the greatest possible area to the sun and air in conjunction
with harrowing, plowing, spreading of the material, or any other
effective method which will reduce the moisture content may be em-ployed,

The placing or rolling of material on the impervious embank-

ment will not be permitted whenever rainstorms are imminent or dur-
ing or Ium:ediately after rainfalls or when any other weather con-
dition prevails which would increase the moisture content beyond
the limit at which satisfactory compaction can be obtsined.

The embankment shall be brought up uniformly, and its top
shall be graded and sloped perpendicularly to the axis of the dam
or dike and not over 2 percent, so that a mininum of rain water
will be retained thereon. The top of the embankment shall be kept
free from holes and depressions, and all such as may be formed by
any cause shall be promptly leveled off as directed by the Engineer.
Pools of water from any sources shall be promptly emptied and the
holes filled with dry material

Whenever any portion of the impervious embankment is to
stand for two weeks or longer, during which period no additional
layers of material are to be placed, or whenever rainstorms are
im inent, the embankment shall, if so ordered, be smooth-rolled so
as to shed water readily. Such smooth-rolling shall not be In-
cluded In the count of roller trips herein specified or as addi-
tional rolling. Before work Is resumed, the surfnce shall be
harrowed and scarifled, moistened or dried as required, and reco-
pacted as specified under Section 5.2, so that a tight bond ll1 be
obtained with the next layer to be placed.

I
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iSection !47 Rollers. Compaction of all types of materials,
Insofar as practicable sIhal be accomplished by rolling with a
rubber-tired roller. The roller shall be drawn by an approved
track-type power unit having ample tread areas. The rate of travel
shall not exceed 2-1/2 miles per hour except as may be permitted
by the Engineer,

The rubber-tired roller shall have a maximum gross weight
of at least 40 tons and a weight without ballast of not more than
16 tons. The tires and tire pressure shall be such that the tread
in contact with the surface will flatten slightly as the tire
rolls, but not such that the side walls flex. At maximum gross
load the tire pressure that will provide the above flattening shall
be not less than 75 psi. The width of tire tread shall be not less
than 65 percent of the center-to-center spacing of the tires.
Tires shall be maintained such that the grooves in the tread are at
least 3/8 in. deep. The loading of the roller and the tire pres-
sure shall be varied as directed after experience Is gained in the
compaction of the various materials available for the embankment.

Sectlion 5. 8 Compacti on After each embankment layer has
been spread to the required thickness an Its moisture content has
been adjusted as necessary, it shall be rolled as specified. Not
less than four passes of a tire of the rubber-tired roller will be
required on every portion of each layer of embankments In order
to perform this operation to best advantage on the impervious and
pervious embankment, the moisture content of the layer being
rolled and the one next below it, must be very near the optimum.
In case embankment of any class sinks and weaves under the roller
or under hauling units and other equipment, it will be evident
that the required degree of compaction is not being obtained and
that an adjustment In the moisture content is required. If at any

place or time such sinking and weaving produces surface cracks
which are of such character, amount, or extent as in the judgment of
the Engineer to indicate an unfavorable condition, he will order
operations on that part of the embankment to be suspended until
such time as it shall have become sufficiently stabilized. The
ideal condition of the embankment is that attained when the entire
embankment below the surface being rolled is so firm and hard as
to show only the slightest weaving and deflection as the roller
passes. In order to minimize the condition of sinking and weaving
the Contractor shall at all times keep the rolling operations
spread out over the maximum practicable area. Adjacent roller

trips shall overlap each other sufficiently to ensure uniform cam-
paction

If the moisture content Is less than that most favorable for
compaction, the rolling shall not proceed except with the specific
approval of the Engineer, and in that event, additional rolling
shall be done, as directed by the Engiateorg to obtain the required
compaction, and no adjustment in price will be made therefor. If"
the moisture content is greater th-A that most favorable for com-
paction, material of such water content may be removed and stock-
piled for later use or the rolling shall be delayed until such
time as the material has dried until it contains only the mosti

'I
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favorable moisture content, and no adjustment in price will be made
on account of any operation of the Contractor In removing and
stockpiling, or In drying the materials or on account of delays
occasioned thereby

If, because of insufficient overlap, too much or too little
water, or other cause attributable to defective work, the compac-
tion obtained over any area Is less than that required, the condi-
tion shall be remedied, and if additional rollings are ordered,
payment will not be made therefor as hereinafter specified. It
the material itself is unsatisfactory or if additional rolling or
other means fails to produce satisfactory results the area In
question shall be removed down to material of satisfactory density
and the removal, replecement, and rerolling shall be done by the
Contractor, without additional compensatione

Compaction by approved, hand-operated, power-driven tampers,
weighing not less than 100 lb., or other approved equipment, will
be required to a point 2 ft, above the 36-in, pipe, and on back-
fill of embankment adjacent to the gatehouse, spillway walls, rough
rock surfaces, and steep or irregular abutment contacts, where com-
paction by means of the roller specified for use on the dam em-
bankment is impracticable or undesirable*

Material to be so compacted shall have the best practicable
moisture content for compaction and shall be spread In layers not
more than 3 In. thick, and the degree of compaction obtained by
there tamping operations shall be equal in every respect to that
secured by the rolling operation in adjacent areas.

Compacted embankment that may be damaged by washing or other-
wise shall be acceptably replaced by the Contractor without addi-
tional compensation tterefor,

Section 5.9 Additional Rolling. In case It should become
necessary, in order to obtain the required degree of compaction,
to do more rolling on any or all of the embankment layers than the
specified four passes of a rubber-tired roller, the Contractor
shill do such additional rolling as the Engineer may order. Such
additional rolling shall be paid for under Item 5e, as hereinifter
provided. The number of roller trips shall be computed without
regard to necessary overlaps or to rolling down in turning the
equ'.pment at the ends of the lanes or to such rolling parallel to
the abutments as may be needed to secure the required degree of
compaction in the embankment as close as possible to the junction
between It and the abutments.

=ction 5.10 Miscell.neous n R-niom F111., Random fill
or other miscellaneous fills shall be of suitable mcvterials and
built up in successive layers until it has rfached the required
elevation.

Placing and spreading, moisturo cont,'nt and control, rollers,
and compaction shall b+ as hereinbsfore proscribed for the dam
except that material shall be pliced in layers not exceeding 24 in.

PUTNANVILLE RESERVOIR
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in thickness before campaction; an stones having a maxImm
dimension greater than 18 In. shall be removed; and compaction
shall be equal to 90 percent of that obtainable with the specl-
fled equipment and number of passes.

Section 5.11 Allowance for Shrill The embankments
I shall be built to a height above the finisd grade which will@

In the opinion of the Engineer, allow for the shrinkage of the
material. If any of the embankment or refilling settles so as
to be below the required level for the proposed finished surface
at any place before the final acceptance of the work, the Con-
tractor shall at his own cost and expense supply approved mate-
rials and build up the low places as 4irected. An initial excess
of at least one percent of the total height of the embankment,
measuring from the stripped surface to the top of the finished
embankment, shall be provlded at all points. The cost of placing
this excess material and subsequently regrading it, shall be
covered under the appropriate Items for earth embankment, one
payment only being made.

Section 512 Sorrowils. Additional mterial. needed for
embankments, particularly impervious material, shall be obtained

from one or more borrowplts located on land of the Owner taken
for the Putnauvllle Reservoir. It is proposed to obtain most of
the impervious material from Borrow Area No. 1, as indicated on
the drawings, with additional increments from Borrow Areas No. 7and 9. Preliminary explorations Indicate tha t Borrow Area No.

may be a sturce of pervious material. However, the amount of
suitable material available Is not known. If suitable pervious
material is not available In adequate quantities, the Contractor
will be required to furnish pervious material from private sources
under Item 5d. This shall not be done until all reasonable ex-

i ploration and efforts have been made on lands of the Owner,
within the Putnamville Reservcir site to tind and excavate suit-
able pervious material.

Item 5d includes locating and explorin; proposed borrow
areas outsi,.e of lands of the Owner within the Putnamville Reser-
voir site, purchase of the material, clearing, stripping, clean-
Ing up of the area, and hauling the material to the site of the
work.

Prior to the excavation of borrow material, borrowpits
shall be thoroughly stripped of all soil containing organic or
other deleterious material as the Engineer may direct. The extent
and depth of all excavations to be made In borrow areas shall be
as approved by the Engineer.

After completion of the work, all borrowpits on lands of
the Owner shall be graded and sloped as required, so as to avoid
leaving undrained areas, and all unsightly piles of rock, isolated
boulAers, and other debris shall be removed or covered. All
boi jwplts shall be left In an acceptable condition at the com-
pletion of 1vork under this contract.

PUTNAMVILLE RESERVOIR
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METCALF & EDDY
iENGINEERS

INTER-OFFIC- CORRKSPONDENCE
iI.' ....... 400 .. oc.t St.

I ,. , ,", D - v.rs, "'ass.!" " .....! Jun.? l 195-.

',eekly Report, Contra..1, 1owk .'!.une 12, 29;4.

Contr~qtorts ;jr .4

ftj lkq L A bulldo,-er and dr-,line r ripped and renovet
the remainder of the mud lying on the striz.ped sur.^sce on the ur-
stream side of the Dike, 3ta. 4/50 to 6/75.

Impervious enbunkment was ple./ced on the central jartion of
the Dike, sta. 41.0 to 9/00 to appro:t, elev. 55, and on the uPstreia
s4de or the Dlke, ssme stations* to approx. olev. 52. vo ;actic..
wvs rAde ,7th the sheepsfoot roler during the early part or the
week and its- trU r'zbber tired runler durinZ the latter part of the
weel. Impervic s m.erial from Borroe Area 1 was excavated and
placed I ,vltr& trte ; Euclid scrsaers.

Laborers jrtllly constructed the stone fill, stas. 500 to
6/50. Stone wis ;1.;Xed up from stone walls in the vicinity and
from stockpiles or blasted ledge from Locust St. Drain.

* Sand and washed stone downstream filter was constructedg stas.
4/50 to 9/25.

WestDike. The remainder of the cutoff trench, stas. 0 0)

to 3. was backfilled with impervious material from Borrow Area
9-100. Considerable seepage from both banks was encountered, as the
backfill was placed, causing the banks to Z12gkxgux slou-h contin-
uously. Between stas. 1,50 and 3/00 the cutoff trench at the to;
was 50Oft. to 60 ft. wide. Throughout the week a clamshell removed
mud from the trench as it w3s stripped and bulldozed ahead. As the
trench was too wide to work the full width at once, the problem
was overcome by strippirZ the mud and backfilling the doar.strea
half of the trench to prevent further slou,-hin of the west bank,
and then strip;ing the mud and backfiivng the upstream half of the
trench.

The sqnd and washed stone downstream filter was completed, sta.
3/00 to the north end at 6/25. Sand cane from Vital 's pit and stcne
fron Georgetown Sand & Store Co.

The stone fill at the downstrei.m toe was constructed, stis.
3/00 to 5#/40. Pervious embunkanent was then placed over the dowrstream
filter between those stations. A few loaa were excavzted rrom
Connor's rnt, but after inspection of tho materi1 at the Dike, ard
in the banks at the rit, the !)it was abant-onod as a source of !'ervl us
material because of excess firs. For the remainder of the week.

PUTNANVILLE RESERVOIR
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I METCALF & EDDY
ENGINEERS

INTER-OFFICE CORRESPONDENCE
(2)

i Salem !:ev.-Pultvnr,11fj lox.

..eekly Hn ort , con 'd. ,Con* rct 11 weok endint; June 1?, '.: 1 4.

pervious material care fror. the ';eor'etown 3and .-c Grbv.: Co. pit.

Between 3/00 and 6#00 pervicus and im:ervious erb~irknent sj~s:ent
to the downstream toe were placel connurrently I:n order to brirZ
the downstream side up to the elevation of t!;e fill in the central.
portion of the Dike. Compaction of impervious eabankment in the
Cutoff trench was made with the sheepsfoot roflr, and embanacent
above the cutoff trench was conpacted with the rubber tired roll:,.

Sl ayl. An approx. 2 in. thick w-ar1rn surface was rlaced
In the section or the stillind basin concrete slab at sta. 2#3:
to 3/13. Previously the slab had been covered with wet quilts
for approx. a week. Before placing the concrete fin. h covrse, the
old surface was cleaned and the surface dried with an air ;om;resicr,
A slurry of 1 part 3nboco cement and 2 parts portland ceient by
volume was then brushed over the surface. Following th!-s, he
finish courset a ll1ll mix of cement, sand, and peastone ic&z rlced.
After finishingthe slab was covered with quilts and wet down for
abow-curing.

Locust St. Drain. Fill and loam were hauled to Johnson's
and Chcate's property and were spread with the grader.

Laborers excavated the ditch at 0#00 to 2/e0 with hand tools.

Iiscellaneous. A pit in Hamilton operated by UcCarthy Bros.
of Peabody was inspectedzr.,i•skld tested3 and approved for jervious
X:-erial from outside sources.

A pit in Hamilton operated by Mclseac of the North Shore
Sand and Stone Co. was tentatively ap-roved providind that after
the #it is stripped and clenned, It will again be inspected andtested for final approval.

I The Contractor has made arrangementoto rent a s, cond rubber
tired roller from the Contractor at the Groton Conn. Job for the
next few weeks until it is needed at Groton. It Is due here in aI week or so.

An electrician strung wire and flood lights on trees along
the East Dike preparatory to workirte a second F hr. shift. Before

I starting a night shirt the lithts will be inspected after dark
to see if there is satisfactory lighting at the Dike and in the pit.

I
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METCALF & EDDYI [gNGtNC[R5

INTER-OFFICE CORRESPONDENCE

Salem Bev.-Putnanvillo

leekly Hetort, 1ontrict 1, w1 k ndin- Juns 1;, 4.

i Soils Lab Renort.

12 tests for field unit wt. were made on ii;:ervious emb.krne t
at the East Dike. Dry field unit wt. varied from 122 to 148 lt./ :.f.
which Is 92,. to 111 % of lab. o timim unit wt. Two of the tests
gave cocpaction results under the spec. minimum of 97 % of lab. o.'l,.
requiring additional comraction. Average of all 12 tests was 134 .t/a.f.
which Is 101%, of lab. optlmuip.

I 12 tests for field unit wt. were made on im!ervious embanke..t
at the West Dike. Dry field unit wt. varied from 123 to 151 lb./c.f.
which is 9634 to 117% of lab. optimum unit wt. Average of the 12
tests was 136 lb. /jcu. ftj1 which is 105; of lab. optimu::.

Four horiz. cap.testa were maft on impervigus samples from
the East Dike. k varied from .013 to .095 x 10"' cm / sec.

9 horlz. cap. tests were made on Impervious samples from the
T.est Dike. k varied from .051 to .209. This shows ani improvement
over material coming from Borrow Area 9-100 in previous weeks.
Previous samples had run as high as k a .5#.

Moisture content at both Dikes averaged approx. 1.5% above
optimum moisture content.

Further examination and tests of material from Connor's lit
after the pit was stripped and cleaned showed that the pit is
unsatisfactory as a source of pervious material.

Hortz. cap. and constant head permeameter tests of material
from Vc Carthy's pit in Hamilton gave satisfactory results. Two
pits, Georgetown Sand & Gravel Co, and L cGarthy's pit are now
satisfactory sources. However, the Contractor is still searc ,tng
for cheaper sources of satisfactory pervious mater4al.

I

Enl 8 sheets Soils Lab. Report.

I

I
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METCALF EDDY

INTER-OF 1;0cRI1tP 660E.N 400 Utcust, St..f . Dinv rs, tass.,. .. .. Sii..tearber 13, 1- z 4

Salim B-iv.-Punarv111~ .i ,

A #;1 .. .
I Ti~~%eekly Re-.ort, Conr 'e19we -an W0 ln-el.. Se :tembe~r 11,1954 .o

I Contractor's-r oerstions,

Dan. Pervious embankent was placed south of the spillwa:'
Ste. 1#00 to 4/729 brinzirnL th' pervious zone up to ,lev. 70.
Pervious materiel came fron the Travers' pit In towley.

Impervious embankment was placed south of the spillway s sta.10/00 to 4/72.
At Sta. -(0/05) to 0/#37 a deep rocket in the ledge was exca-

vated for the cutoff trench gowmn to clean ledge, or to imperviousI earth bottom of trench. Impervious material was co racted with tl.e
Barco tamper aCainst the vertical rock surface. W.her. the botto
was shaped up so as to provide access with tle rubber tired roller,
the latter was use].

Adjacent to the south splll'vy wall the Parco tam er w.s use-
to compact impervious eobankment. Trenches for spillway wall
footings were cleaned and backfilled with impervious materialg
compacting with the Barco.

A bulldozer shaped up the upstream slope dozing excess
material up the slope to the top of embankment, where it was spread
and rolled.

e tAt the end of the week embankment south of the spillway varied
ftrom subgrade at sta. 0/00 to within 1.5 ft. of subgrade at the
spillway wall.

teast Dike. A bulldozer shaped up the upstream slo-e of the
dike Sie. 15#00 to 17/00 and 2/Z30 to 3/00, dozine the material to
the top of embankment where It was spread and rolled.

Surface of embankment at the r.2st Dike, sta. 0/00 to 1750,
varies frompubrade to 2 ft. below subgrade.

(est Dike. The truck crane cast loam over the downstream
slope, Laborers spread and graded the loam over the slope.

99112t Works Carpenters completed erecting forms and
miscellaneous metal work for the next stage of gatehouse walls and
floor slab, elev. 7l.0. to 76.0.

Locust St. Draln. 3f cu. yds. Class A concrete were placed

1
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I METCALF & EDDY
INtGINcERS

INTER-OFFICE CORRESPONDENCE

1 (2)

Salen Tev.-Pul:,vitle

Weekly He.or., coast'd., Co,.,r.,ct 1, week endin-.: Sept. 11, ".:4.

I In the hendwall for the 15 in. concrete pipe on the west side of
Locust St., main branch.

Strirning 73orro, Pit.. Additional topsoil was stripped
in Borrow Area 1.

I oSoils Lib. Rprort.

Tests which were incon:leted last week due to power failure
after the hurricane, are included In this week's lab. report.
Results of tests reported in last weeki report are not duplicste!-
this week.

8 tests for filid unit wt. on imiervious embankment at the
Damp, compacted with the rubber tired rollers gave results vgrynre
from 130 to 143 lb. / cu. ft., which is 95 to 10?A of lab. opti="-
unit wt. &veraee of the 8 tests was 137 lb./cu.ft. which Is pp-cx.1 102% of lab. optimum.

Three tests ?br field unit wt. on lnjervlous embar.kment at t.e
Dam' compacted with the Barco mechanical tt,mper4 gave results
varying from 129 to 138 lb./eu.ft., which is 97,3 to 1030 of lab. opt.
Average of the 3 te3ts was 134 lb./tu.ft. which is approx. 100% of
lab. optimum.

Three tests for field unit wt. on rervious embankment at the
Dams compacted with the rubber tired rollers Cave results varyir.g

from 133 to 141 lb. / culft., which represent relative densities
ranging from 901 to 100%.

5 horz. cap, tests for permeability made on im!ervious
embankment at ti-e Dam gave coefielenta of permeability rancing
from .021 to .040 x 10 -4 Cm/sect(

Three hors cap. tests on pervious embankment at the Dam s
originating from Traver's pit In Rawley, gave coeflclents of

I permeability k ranging from 9.2 to 17.3 x 10-4 cm/seC.

nchs 2 sheets Soils Lab. ep ,tt
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APPENDIX C

PHOTOGRAPHS

(For locations of photographs, see Figures B-lA, B-4A, and B-5A
in Appendix B)
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NOI A PTEMFAELOIGFO OT

I ~NO. DAM- TYIA-PA UPSTREAM FACE LOIGFO OT

IDA ANUTMNT



I
I
I
I
I

NO. 3 DAM - TOP OF EMBANKMENT AND UPPER
DOWNSTREAM SLOPE LOOKING FROM NORTH
ABUTMENT

I
I
I
I
I

I

NO.4 DAM- BENCH COVERED WITH ROCK FILL AND
jLOWER DOWNSTREAM SLOPE

c-2 PUTNAMVILLE RESERVOIR
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NOI A MAKETBTENSILA N
SOTIBUMN

.I

NO.5 DAM - EMBKMLTE AN BETWEEN SPILLWAY
AN SOUTH ABUTMENT
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NOI A PLWYWIRADUPRPRINO
DICARECHNE

NO. 8 DAM - SLOWAYW N PER POITION OF SILA ICAG
DSRECHANNEL
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I! I

I ,I
I '

I'

I
I

I NO. 9 DAM - STILLING BASIN AT END OF SPILLWAY
DISCHARGE CHANNEL

I
I

I

I

NO.10 DAM - AUXILIARY STILLING BASIN DOWNSTREAM
OF SPILLWAY DISCHARGE CHANNEL
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~NO. 1I DAM- EXTERIOR OF GATEIIOUSE

I
!

NO. 12 DAM - INTERIOR OF GATEKOUSEI
I
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NOI3ES IE- O FEBNMN

NO. 1 EAST DIKE - T OFAC EARENDI

IMAKETWEERIRPI ISN
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NO. 15 EAST DIKE - DOWNSTREAM SLOPE NEAR NORTHI ABUTMENT

NO. 16 EAST DIKE - DOWNSTREAM SLOPE NEAR BEND IN

I EMANKMENT
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NO'1:S IE RAO ATAL N EPG
DONTEMO EN NEBNMN

NO. 17 EAST DIKE - SAEAN OFATEAILN SEEPAGE

DSTREAM ED IN AMENT
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NO 1SUH 1LI ONSRA LP
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1NO. 2 SOUTH DIKE - KILDAT DOWNSTREAM

TOE
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NO. 23 WEST DIKE - TOP OF EI ANKIWENT

I

I
I
I

I

II

II



NO. 25 WEST DIKE - DOWNSTREAM SLOPE AND
OVERGROWN ROCKF1LL TOE DRAIN

li

NO. 26 WEST DIKE - TYPICAL SEEPAGE AREA AT
DOWNSTREAM TOE
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I APPENDIX D

HYDROLOGIC AND HYDRAULIC
COMPUTATIONS

Page

Computations D- 1

IHydrologic Design Criteria for Modifications to
Spillway, dated 1977 D-9
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I

I Part HO" (continued)

Procedaras for hydrologic design as contained in the latest edition of
the U.. S. Department of the Interior, aareau of Reclamation "Design of Small

VMS),I

-1. Peak Outflow *85.2 c *f. ..

2' Design stor daratlmt 24 hrs. - 7.0 in rainfall

-. Rainfall Intensity Maximum =2.9. u r

Percent fanoff 44 ," 3.1 inches.

I 4. Contributory Drainage Area **0.85 sq..mi. (550 acres)
(attach a copy of U. S. Topographic Map with
the outline of the drainage divide).

S. PrevionusKnown flood of record
(month) N/A (year) N/A (Pumped Storage

Reservoir)

6. Design maxim= mflood level elevation" 80.55

7. Additional Informations

Includes effect of constant 38.7 cfs (25 mgd) inflow from
Canal Pumping Station left on inadvertently.. Peak storm reflow
from tributary land area (290 acres) is 180 cfs.

• * Includes reservoir water surface area of 0.40 sq. mi. •(260 acres)

I
I
1
I

PUTIAVILLR RESERVOIR
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