AD-A154 333 NRTIONHL PROGRRH FOR INSPECTION OF NON- FEDERRL DRHS 11
MERRIMACK RIYER BASIN. . (U) CORPS OF ENGINEERS WALTHAM
MA NEW ENGLAND DIV SEP

UNCLRSSIFIED F/G 13/13




o - . AN Y TR, WO S0 N D i
AT A A R N A ST A A . 500, T =

\
a
i
N 1
m )
\“’t_ l 00 m !
| A—— u
———m J >
“ ‘
. )
& , H
' . ' ol . ;

St

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-1963-A

[

1

S OO A At A e A SO OAC RN A ey TS TR T
LA AN AN RN B Pf}‘.‘L‘;L‘-! CRSE A AT A R SN L]

R AN R

»




CHAR IS Dol T r WL B 1 Gl T R VAL B i 7 SR A ioton, PSS o A S B Y e g ) i ity R Mt Al S 1K W  p e it T Tale ml e e iei A

PHOTOGRAPH THIS SHEET

LEVEL INVENTORY

R RITR T VS
Y _.&..l:-.'}_-: -
AT A A LA

4

- OO

mmBMMCAHON S“f /777

DISTRIBUTION STATEMENT A
Apptovod for public releaseq

N
]

-—
v b
’
X

) e
PR
L

3

»

gty
*s
P

3
P
s

AD-A154 333
B

.4y
L)
"

Distribution Unlimited
DISTRIBUTION STATEMENT
ACCESSION FOR -
NTIS  GRAA&I g N
UNANNOUNCED O DT'C :;::::
JUSTIFICATION - ELECTE LR
' JUN3 s’ |
BY )
o T— Ea_

DIST AVAIL AND/OR SPECIAL .
e DATE ACCESSIONED
-4
DISTRIBUTION STAMP
i
DATE RETURNED 2o

DATE RECEIVED IN DTIC REGISTERED OR CERTIFIED NO.

PHOTOGRAPH THIS SHEET AND RETURN TO DTIC-DDAC

DTIC LoRM 70A DOCUMENT PROCESSING SHEET EREVIOUS EDITION MAY BE USED UNTIL




O Yot Sy S B Ty oV, B i, W W Wil Wil ™ 3 S, ol WL, e, St e, T, WO, S L5, R i A O Rl M DI 8, i ), A M g a4 B

'MERRIMACK RIVER BASIN
LAWRENCE, MASSACHUSETTS

SN

-
‘.r LAY ;"‘ iy

o)

LAWRENCE RESERVOIR WSy s
MA 00743 N

e
AD-A154 333

[t

m
L |

52

PHASE I INSPECTION REPORT
NATIONAL DAM INSPECTION PROGRAM

|

.
(]

‘L

-

A
P

D |

gy

KA

& _ _ DEPARTMENT OF THE ARMY
NEW ENGLAND DIVISION, CORPS OF ENGINEERS
g WALTHAM, MASS. 02154

f SEPTEMBER 1979

) NN
: e il

(R A _Ateun sl ASSENL. ARG Aeseis J

e ol Wt . o . REBMEAC S
:‘ --..\ .w:’-.’-:".:.fx.\:'.' ] e J.'/‘.-f.
P 0 T IR R




!"'f’"@"‘rl“‘*“‘vﬂ‘\*rﬁmi'm“—‘“"w‘m.nr‘- Fim e VA g e K RARATS SEN s e e L L8 o e
“ o

ng .
, 0
: '3 SECURITY CLASSIFICATION OF THIS PAGE (When Date Kntered)
X REPORT DOCUMENTATION PAGE pEr EAD INSTRUCTIONS
o [T REPONT NUMBER - GOVT ACCEASION NOJ 3. RECIPIENT'S CATALOG NUMBER |
S MA 00743 r
o 4. TITLE (and Subtitle) §. TYPE OF REPORT & PEMNOC COVERED
vt Lavrence Reservoir INSPECTION REPORT
o
- NATIONAL PROGRAM FOR INSPECTION OF NON-FEDERAL §- PERFORMING ORG. REPORT NUMBER
- %noam %, CONTRACT OR GRANT NUMBEN®) |
¥ U.S. ARMY CORPS OF ENGINEERS
o NEW ENGLAND DIVISION
' 3. PERFORMING ORGANIZATION NAME AND ADDRESS W
".: 11. CONTROLLING OFFPICE NAME AND ADORESS 12. AEPORT DATE
DEPT. OF THE ARMY, CORPS OF ENGINEERS September 1979
- NEW ENGLAND DIVISION, NEDED 3. NUMBER OF PAGES
424 TRAPELO ROAD, WALTHAM, MA. 02254 . 55
: (T3 MONITORING AGENCY NAME & ADDRESI(/{ different from Caniralling Ofites) | 15. SECURITY CLASS. (of this repert)
e UNCLASSIFIED
: 'WWW
\, e SIS TRISUTION ST ATERENT (o7 97s Ropern
. APPROVAL FOR PUBLIC RELEASE: DISTRIBUTION UNLIMITED
_-::j 11‘. OISTRIBUTION STATEMENT (of the abeiast antered in Diosk 30, i ditiecsnt frem Report)
.} 1. SUPPLEMENTARY NOTES -*.3:
Cover program reads: Phase I Inspection Report, National Dam Inspection Program; )
B however, the offictal title of the program is: National Program for Inspection of =
Non-Federal Dams; use cover date for date of report. [:
\:::E: 19. KEY WOROS (Contsnue on reverse side i y and ily by biosk number) ;_::':3
DAMS, INSPECTION, DAM SAFETY, . b
Tl Merrimack River Basin b
Lawrence Massachusetts E
20. AGSTRACT (Contimue en reverse side 1] nesseaary and identily by bisck mumber) ::E::
j:::j' The 410 ft. by 700 ft., stone lined reservoir which is located near the top '\
Jarigs of Tower Hill 1is almost entirely surrounded by an earthfill embankment. The -
= embankment is 1870 ft. long and has a maximum height of 29 ft. There are t
:', deficiencies which must be corrrected to assure the continued performance of L
:.; the reservoir and embankment. Generally, both are in good condition. ) _.-v'
A 3
A N
. DD , %'y 1473  cormion oF 1 wov 83 13 OBSOLETE f_'
o NS
2 [N



Y
AP i

SRR :
.‘....M‘Na....m.;
P % eyl
.lc.luﬁn.la P
_. NETE
¥
t
1
!
¢
£
1 NS o =
(3] [eNeo]
4 x e 0 H
: o nv iq B
d = 2 g
! = B"n._u..n B
1 . @ m © o0 39
owm
K = WA - E
4 2 £ 2 ok
TN o Hm MM”G
! @ > <L O
i [ 0o
» m O = = [+ 9
2> <t {1}
3 W;m =0 Ha
H = IM
= Rm (@]
M 14 = -
mw 0N E
R =2
o,




L b S s F e e By PhCE en) byt

AR N TR N e Dy i e e L LI T e

NATIONAL DAM INSPECTION
PROGRAM

PHASE I INSPECTION REPORT
BRIEF ASSESSMENT

Identification No.: MAOOTU3

Name of Dam: Lawrence Reservolr

Town: Lawrence

County and State: Essex County, Massachusetts

Stream: None - surface drainage to the Merrimack River
and 1ts tributary, Spicket River

Date of Inspection: April 12, 1979

Lawrence Reservoir provides storage and equaliz-
ing pressure for part of the water system to Lawrence
and Methuen. The 410-foot by 700-foot, stone~lined
reservoir which is located near the top of Tower Hill
1s almost entirely surrounded by an earthfill
embankment. The embankment is 1,870 feet long and has
a maximum helght of 29 feet. The crest of the
embankment varies from El (elevation) 210.2 to 210.6.
An earthfill dike at the center of the reservoir
sep.rates the reservoir into a north and a south basin,
The maximum operating pool is at El 208.4 (top of stone
lining). Water is discharged from the reservoir
through two 30-inch conduits leading out of a gate
house. The invert of the conduits is at about E1 183.
The conduits merge to form a 30-inch water supply line
for Lawrence. An open 30-inch bypass line from the
water supply line directs water to Methuen.

There are deficienclies which must be corrected
to assure the continued performance of the reservoir
and embankment. Thils conclusion is based on the visual
inspection of the site, a review of available data, and
a review of operating procedures. Generally, the
reservoir and embankment are in good condition.
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The following deficlencies were observed at the
site: seepage and efflorescence in the gate chamber of
the gate house, cracking and efflorescence in the
access tunnel to the gate chamber, corrosion of the
gate valves and outlet conduits, difficulty operating
the sluice gates, locallized erosion of the outside
slopes of the embankments, and trees growing on the
slopes of the embankment.

Rased on the Corps of Engineers' guldelines, the
reservoir has been placed in the "small" size and
"high" hazard category. The drainage area is 6.43
acres (0.01 square mile) and consists of the surface
area of the reservoir. A test flood inflow (full
probable maximum flood (PMF)) of 18.16 inches of
rainfall during a 6-hour period results in the
reservoir pool at El1 209.9, which is 0.3 foot below the
lowest elevatlion on the crest of the embankment.
Therefore, the reservoir can contain 100 percent of the
test flood without overtopping the embankment.

It 1s recommended that the Owner employ the ser-
vices of a qualified engineering consultant to conduct
a static and selsmic stability analysis of the
embankment. In addition, the Owner should repalr the
deficlencles listed above, as described in Section 7.3.
The Owner should also implement a program of biennial
technical inspections, & plan for surveilllance of the
embankment during and after periods of unusually heavy
rainfall, and a system for notifying nearby residents in
case of an emergency at the project. The measures out-
lined above and in Section 7 should be implemented by
the Owner within a period of 2 years after receipt -

this Phase I Inspectlon Report., -
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In our opinion, the reported findings, con-

This Phase I Inspection Report on Lawrence Reser-
voir has been reviewed by the undersigned Review Board
clusions, and recommendations are consistent with the
Recommended Guidelines for Safety Inspection of Dams,
and with good engineering judgment and practice, and is

hereby submitted for approval.

members.

ARLES G. TIERSCH, Chairman
Chief, Foundation and Materials

Branch
Engineering Division

vty
LI ENLPH

O

[4]

=

[ ]

&

m

=~ -

QO o}

£ z

() [+

= [+]

(]
LY = =] el
*e OO | S o]
ool O«
o v o m
| Tl a o«
am > (< -4
R

8 o
o~ &) (V] ]
msn I
[ Folt'.]
(= O &
. [}] [ [V
o ~H O
s ‘2
% 8%
55 =5

APPROVAL RECOMMENDED

Nty

Aal,

L

OE B. FRYAR
Chief, Engineering Division

>

ety A-u‘flc-w‘na

Jaaase

.-\w-m-\-\.b \.\F

* P
S

Y
- w

Lt 4
-f\f-.

pa

ety
-I.lq'

LAWRENCE RESERVOIR




PREFACE

This report is prepared under guldance contained
in Recommended Guidelines for Safety Inspection of Dams,
for a Phase I Investigation. Coples of these guidelines
may be obtained from the Office of Chief of Engineers,
Washington, D.C. 20314, The purpose of a Phase I
Investigation is to identify expeditiously those dams
which may pose hazards to human life or property. The
assessment of the general condition of the dam is based
upon available data and visual inspections. Detalled
investigations, and analyses involving topographic
mapping, subsurface investigations, testing, and
detailed computational evaluations are beyond the scope
of a Phase I investigation; however, the investigation
i1s intended to identify any need for such studies.

In reviewing this report, it should be realized
that the reported condition of the dam is based on
observations of field conditions at the time of inspec-
tion along with data available to the linspectlon 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 certaln 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 1s evolutionary in nature.
It would be incorrect to assume that the present condi-
tion of the dam will continue to represent the condition
of the dam at some point in the future. Only through
continued care and inspection can there be any chance
that unsafe conditions be detected,

Phase I inspections are not intended to provide
detailed hydrologic and hydraulic analyses. In accor=-
dance with the established Guidelines, the Spillway Test
Flood is based on the estimated "Probable Maximum Flood"
for the region (greatest reasonably possible storm run-
off), or fractions thereof. Because of the magnitude
and rarity of such a storm event, a finding that a spill-
way wlll not pass the test flood should not be inter-
preted as necessarily posing a highly inadequate condi-
tion. The test flood provides a measure of relative
splllway 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,

LAWRENCE RESERVOIR
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NATIONAL DAM INSPECTION
PROGRAM

PHASE I INSPECTION REPORT
LAWRENCE RESi:RVOIR

SECTION 1
PROJECT INFORMATION

1.1 General

a.

Authority. Public Law 92-367, August 8, 1972,
authorized the Secretary of the Army, through
the Corps of Englneers, to initiate a national
program of dam inspection throughout the United
States. The New England Division of the Corps
of Engineers has been assigned the responsibil-
ity 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 33-79-C-0054, dated March 27, 1979, has
been assigned by the Corps of Engineers for
this work.

Purgose:

(1) Perform technical inspection and evalua-
tion of non-Federal dams to identify con-
ditions which threaten the public safety
and thus permit correction in a timely
manner by non-Federal 1lnterests.

(2) Encourage and assist the States to initi-
ate quickly 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 reservoir is located on Tower
HIIT In the City of Lawrence, Essex County,
Massachusetts (see Location Map). The
coordinates of this location are latitude u42
deg. 42.4 min. north and longitude 71 deg.
11.0 min. west.

LAWRENCE RESERVOIR
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b. Description of Dam and Appurtenances. Lawrence
" Reservolir is a Bl0-foot by 700-foot stone-lined
] reservolr almost entirely surrounded by an
‘ earthfill embankment (see Figures B-1 through

- B-4 and photographs in Appendix C). The

) embankment forms the north, east, south, and

0 southwest sides of the reservoir. The
northwest side 1s cut into a hill. An earth-

- £111 dike at the center of the reservoir

- - _ separates the reservoir into a north and a

south basin,

- The embankment is 1,870 feet long and has a
- maximum height of 29 feet. The crest of the
. embankment is 24 feet wide and varies from El
o 210.2 to 210.6. There is an asphalt- paved
N : walkway 15 feet wide on the crest. On the

inside edge of the walkway is a curb 0.3 feet

high and an iron fence surrounding the reser-

volr. The inslde slopes of the reservoir are

lined with cut stone blocks to the maximum

. operating pool level (E1 208.4), and covered

~ with grass from the top of the lining to the

- crest (see photograph No. 4, page C-2). The

, inside slopes are 1l.5:1 (horizontal: vertical).

. The bottom of the reservoir is lined with

e cobbles and is at about E1 181. The outside
slopes of the embankment are covered with grass

a and slope at 2:1. There is a berm about

N halfway down the outside slope on the north,

east, and south sides of the reservolr,

g

y The dike across the middle of the reservoir has
-~ a crest at E1 204.5 and is normally submerged.
It 1s described in an early inspection report
(see page B-6) as an embankment 22 feet wide at
e the crest wlth slopes at 2:1. Cut stone blocks
cover the crest and slopes of the dike.

ol Lawrence Reservolr provides storage and equal-
1zing pressure for a water supply system.

Water 1s pumped from a treatment plant into the
reservolr through a 30-inch, cast-iron pipe-

AN

O line. This conduit discharges at the center of
the crest of the dike (see photograph No. 1,

K page C-1). The rim of the inflow conduit is at

e : El 210.0, according to the Lawrence Water

LAWRENCE RESERVOIR
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Department. Outflow from the reservoir 1s
carried by two 30-inch, cast-iron pipelines
which lead out of a gate house located at the
crest of the embankment on the south side of
the reservoilr. The gate house 1s constructed
of brick with a stone masonry foundation. A
pipe from the north basin of the reservoir
extends through the dike and into the east half
of the gate house. Water from the south basin
discharges directly into the wet well of the
gate house through an arched opening. Water
then flows into a screen chamber 1in the gate
liouse controlled by three 3-foot by ui-foot,
metal sluice gates. The two 30-1inch plpelines
lead from the screen chamber into an under-
ground gate chamber located on the south side
of the gate house. Avallable drawings indicate
that the invert of the condults is at about El
183. The main gate valves for the outflow
conduits are located in the gate chamber.
Access to the chamber 1s either through two
manholes from the ground surface or through a
4,8-foot wide, 8-foot high tunnel from the toe
of the embankment (see Figure B-4). The
plpelines contlinue downstream and merge to form
a single 30-inch conduilt which distributes
water to Lawrence. There is a 30-inch bypass
off the distributing line which carries water
to Methuen. There are emergency shut-off
valves for these lines located in wells at the
south property line of the reservoir. There is
] also a 20-inch condult connecting the 30-inch
e distributing line to the 30-inch pipeline

i beneath Ames Street (southwest of reservoir).

. The 20-inch condult contains a gate valve, but
v is normally kept closed.
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There are two 16-inch, low-level drain lines
o used to empty the reservoir for cleaning or
L repairs. The draln for the south basin is at
El 179 and 1is controlled by a gate valve
located in the gate chamber. The drain line
- connects into a 10-inch storm sewer. The drain
for the north basin is reportedly controlled by
a valve located in a manhole north of the
reservoir. The drain leads to a 1l2-inch storm
sewer.

LAWRENCE RESERVOIR




Potes e A7, Vo WIS TN A AR RS ARAET

L by

]

[

size Classification. Lawrence Reservoilr is
classified in the "small" category, since the
embankment has a maximum height of 29 feet, and
the reservoir has a maximum storage capacity of
146 acre-feet.

Hazard Classification. The reservoir is
Tocated on top of a hill and on the edge of
thickly developed areas of Lawrence. The area
immediately around the reservoir 1s used as a
park, and there are tennis courts at the toe of
the socuth embankment. Dense residential
development occurs along the west, south and
southeast sldes of the reservolr., A cemetary
is located along the north and northeast sides
of the reservoir, however, residences and
factory buildings are located 1200 to 2000 feet
downhilll and northeast of the reservolr.

Failure of the embankment when the reservoir
level 1s at the crest would produce a flood
wave 7 feet high. This is - assuming that only
one basin of the reservoir would be fully
drained by failure. If the south basin 1s
drained, the flood would result in the loss of
more than a few lives and excesslive property
damage (see alternative areas of flood impact
shown on Location Map). Accordingly, the dam
has been placed in the "high" hazard category.

Ownership. The reservolr and embankment have
been owned since 1875 by the City of Lawrence
Water Department, 200 Common Street, Room 304,
Lawrence, Massachusetts 01841, Mr. John
Greeley (telephone 617-685-5754) granted
permission to enter the property and inspect
the damn.

Operator. Personnel from the Lawrence Water
Department operate the dam. Mr. Norm Basavus
is the resident caretaker.

Purpose of Dam. The reservolr is part of the
water supply system for the cities of Lawrence
and Methuen. The reservolr provides storage
and equalizing pressure prior to distribution.
The capacity of the reservoir when the water is
27.5 feet deep (maximum operating pool) is
about 44 million gallons. The area around the
reservoir 1s also used as a public park.
LAWRENCE RESERVOIR
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h. Desi and Construction History. The reser-
voir and embankment were constructed between
1873 and 1875. The contractors were John B.
Darcy Co. and Patrick Kevucew. The structures
appear to have been built essentlially as shown
on the drawings dated January 1873 (see Figures
B-3 and B-4). However, the fleld survey con-
ducted during the Phase I inspection indicates
that the elevations of the embankment and max-

RS |

3 imum operating pool are about 3 feet higher
than what is shown on a later drawing dated

e 1935.

- A review of previous inspection reports (pages

‘ B~5 through B-10) indicates that several

R repairs have been made in the past. In 1935

the outside slopes of the north and east

embankments were stripped, reloamed, and re-

o seeded. In 1939, grout was placed between the

Eg stone blocks lining the inside of the reser-
voir. Also, a leak was repaired in the 30-

. inch conduit from the north basin, and a 12-

F_ inch storm sewer was connected to the l6-inch

. drain from the north basin. In 1976, emergency
shut-off valves were installed on the two 30-

i inch distributing lines downstream of the

’ reservolir,

i i. Normal Operating Procedures. Under normal
3 conditions, water is pumped from a treatment

o plant into the reservoir through a pipeline
which discharges at the center of the reser-
!! volr. The water level is monitored at the

treatment plant and also read three times a day
at the reservoir. Gate valves on the out-

. flow conduits and distributing lines are kept

: open, except for one on a 20-inch line con-
necting to the pipeline under Ames Street. The
gate valves are reportedly checked period-
jcally. Three slulce gates which control flow
into the screen chamber of the gate house are

. also kept open. Occassionally in the past, the

] low-level drain lines have been opened for

o) cleaning or repairs. This was last done in
1962.
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1.3 Pertinent Data

g! a. Drainage Area. The reservoir 1s located on top

of a hill. 1Its rim 1ls above the surround-

ing ground except along the northwest side,
where a small amount of surface runoff would
flow down the hillside and onto the crest of
the embankment. The crest slopes to the north
and south and would direct runoff away from the
reservoir. Also, there 1s a curb around the .
inside of the crest which would prevent any

At appreciable runoff from entering the reser-
voir. The dralnage area, therefore, consists
- only of the surface area of the reservoir (see
Locat%on Map) which 1is 6.34 acres (0.0l square
miles).

'}.ﬁ‘;.;

Py

b. Discharge. Normal discharge is through two
) 30-inch pipelines which lead from the gate
E house into a 30-inch water supply line. There
1s an open 30-inch bypass off the supply line.
. The rate of discharge is controlled by demand
f" from downstrean water use. The invert of the
- outflow conduits is at about E1l 163 in the
gate house. Flow into the condults can be
’I regulated by three sluice gates located in
the gate house or by two gate valves located
in an underground gate chamber. There are
e also two emergency shut-off valves down-
- stream on the water supply line and on the
> bypass line. All of these valves and the
slulce gates are normally kept open. In an
emergency, water can also flow out of the
water supply line into a 20-1inch conduit
which connects to the 30-inch pipeline
(inflow conduit) beneath Ames Street. The
gate valve for the 20-inch conduit 1is lo-
cated 1n a manhole and is normally kept
closed.

A test flood inflow (full PMF) of 18.16 inches

of raln during a 6-hour period will raise

N the reservoir to E1 209.9. This 1s based on

c the assumption that the rate of inflow due to
pumping equals the rate of outflow due to

- consumption. The test flood pool is 0.3 foot

s below the lowest elevation on the crest of the

embankment. Therefore, the reservoir can con-

- tain 100 percent of the test flood without

lj overtopping the embanknent.
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The reservoir was completed in 1875 and has LREREE
" never reportedly been overtopred. The water RY*,;ﬁxaﬁ
b level, which is controlled by puuping, 1is ) @
' recorded at the treatment plant. 7The maximun &K“ﬁﬁﬁ;§q
- reservoir level is reported to be 208.4. A N T
" NN NN
R ¢c. Elevation (feet above Mean Sea Level (MSL)). A FASLIAL Y
benchmark was established at ELl 210.0 on the WO X
= rim of the inflow conduit at the center of the 3
o reservoir. This elevation was provided by the ‘3’;$ DA
City of Lawrence and is shown on a drawing of L{E@fﬁg:
3 the reservoir dated 1935. RN I)
Ny
- (1) Top of dam: 210.2 to 210.6 b
e L0 ]
. (2) Test flood pool: 209.9 SRR RN
o R SRR
(3) Design surcharge: Unknown §§5&5§%34
- RS SR
b (4) Full flood control pool: Not Applicable Nty
(N/A)
< (5) Maximum operating pool: 208.4
(6) Spillway crest: None
' - (7) Upstream portal invert diversion tunnel:
Hone

. (8) Stream bed at centerline of dam: /A

(9) Maximum tailwater: N/A

g
e d. Reservoir
o~ (1) Length of maximum pool: 700 feet
(2) Length of maximum operating pool: 700
o feet
o (3) Length of flood control pool: I/A
< e. Storage (acre~feet)
s
(1) Test flood surcharge (net): 9.5 at El
o 209.9
- (2) Top of dam: 146 at E1 210.2
ﬁ' (3) Flood control pool: N/A
) LAWRENCE RESERVOIR
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- (4) Maximum operating pool: 135

g! (5) Spillway crest: /A

- "-f"v * 1

. f. Reservoir Surface (acres) o ":'.gt._s-”‘i
5 R T
. q * - i..;. .t ‘. by
2 (1) Top of dam: 6.3 3“:‘&"“ x

= #(2) Test flood pool: 6.3
b
(3) Flood-control pool: HN/A

‘; (4) Maximum operating pool: 6.3

(5) Spillway crest: N/A

P

Dam (earth embankment around reservoir)

;_' go '-;::
e

B (1) Type: earthfill S
\',‘.

(2) Length: 1,870 feet (perimeter embankment)
» (3) Height: 29 feet (maximum)
(4) Top width: 24 feet
! (5) 3ide slopes: inside - 1.5:1
outside - 2:1

L

s (6) Zoning: Unknown

- (7) Impervious core: puddled clay

- (8) Cutoff: clay core extending 12 feet below

bottom of reservoilr

i (9) Grout curtain: lone

o h. Spillway. There is no spillway at this site.

& Normal discharge flows through two 30-inch

- pipelines which lead into a 30~inch water

. supply line.

¢

. ¥Based on the assumption that the surface area will not

) increase significantly with changes in reservoir eie-

- vation from 208.4 to 210.2.
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Regulating Outlets. Under normal conditions,
the pool level 1s controlled by the rate of
punping into the reservoir. In an energency,
the pumps can be shut down, and the reservoir
would be lowered by outflow into the distri-
bution system. Water 1s conducted out of the
reservolr through two 30-inch pipelines. These
Join to form a 30-inch supply line which has an
open 30-inch bypass line. The 1lnvert of the
outflow conduits in the gate house is at about
El 183. Flow through the conduits can be
stopped by slulce gates in the gate house,

gate valves in the gate chamber, or emergency
shut-off valves on the supply lines.

There are also two l6-inch low-level drain
lines used to empty the reservoir for cleaning
or repairs. The drain for the south basin 1is
at E1 179 and 1s controlled by a gate valve 1in
the gallery of the gate house. The drain line
connects into a 10-inch storm sewer. The drain
for the north basin is reportedly controlled by
a valve located in a manhole north of the
reservolr. The drain leads to a l2-inch storm
sewer (see construction notes on page B-8).
Because the storm sewers are undersized, the
drain lines should be only partially opened to
avold overflowing the downstream manholes.

LAWRENCE RESERVOIR
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2.1

2.3

SECTION 2
ENGINEERING DATA

General. Drawings dated January 1874 showing
proposed construction of the reservoir, embank-
ment, and gate house were obtained from the City of
Lawrence, Engineering Department. Two of these
drawings are included in Appendix B (see Figures
B-3 and B-4), A plan of the reservoir dated April
1935 showing the property boundaries was reviewed
at the City of Lawrence, Engineering Department. A
plan and section of the reservoir dated November
1935 showing elevations of the operating pool and
inflow condult was obtained from personnel at the
treatment plant. A plan of the gate house dated
December 1938 showing the locations of gate valves
and slulce gates was obtalned from the caretaker at
the reservoir. The drawings dated 1935 and 1938
are not detailed and are not considered to be
"as-bullt" drawings. Notes from previous inspec-
tions conducted during the period 1912 to 1967 were
obtained from the Essex County Englneerling Depart-
ment (see pages B-5 through B~10). No other plans,
speclfications, or computations are avallable from
the Owner, County, or State agencies relative to
the design, construction, or repair of the
reservolr or embankment.

We acknowledge the assistance and cooperation of
personnel from the Essex County Engineering
Department, Mr. Samos Nicolosi of the City of
Lawrence Englneering Department, personnel at the
Lawrence water treatment plant, and Mr. Norm
Basavus, caretaker at the reservoir,

Construction Records. The only construction
records avallable are the drawings referred to in
Section 2.1, some of which are included in Appendix
B. There are no as-built drawings for the
embankment or appurtenant structures.

Operating Records. Records of the reservoir level
and pumping operations are kept by personnel at the
treatment plant,

' LAWRENCE RESERVOIR
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- 2.4 Evaluation

f. a. Avallability. There are no as-bullt draw-
ings or construction records avallable for the

reservolr and embankment.

o

Adequacy. The lack of hydraulic and struc-
tural coniputations and detailed construction
- records did not allow for a definitive review.
Therefore, the evaluation of the adequacy of
the reservoir is based on review of available
drawings, visual inspection, past performance
history, and engineering judgment.

c. Validity. Comparison of the available draw-
5 ings with the field survey conducted durilng
e the Phase I inspection indicates that the
avallable Information 1s generally valid.
W~ However, 1t was found that the elevation of
t’ the crest of the embankment is about 3 feet
higher relative to the rim of the inflow con-
dult than that shown on a drawing dated 1935
' supplied by the Lawrence Water Department.
a This appears to be a result of a raising of
the rim of the inflow conduit rather than a
. change 1n embankment height. The embankment
since was never raised, according to the
Lawrence Water Departnent.

The elevation of the bottom of the reservoir

was determined by subtracting the depth of

water at the maximum operating pool (27.5

- feet) from the elevation of the top of the

- stone lining (E1 208.4). This results in the
bottom of the reservoir at about E1 181, as
compared with E1 177 shown on the 1935 draw-

" ing. The inverts of the outflow condults

i were determined using this elevation for the

bottom of the reservoir.

(I q '.;..

P
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SECTION 3

N VISUAL INSPECTION 2
L
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3.1 Findings iﬁ
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a. General. The Phase I Inspection of Lawrence
Keservoir was conducted on April 12, 1979. A
copy of the periodic inspection checklist is
included in Appendlix A. Previous inspections

- of the reservoir were conducted by the Essex

- County Engineering Department during the period

- 1912 to 1967 (see pages B~-5 through B-10). The

only deficlency noted in the past was seepage

" into the access tunnel to the gate chamber.

- This condition was reported in 1926, 1931,

1943, and 1945,

':'"1‘1
P

r b. Dam (reservoir and embankment). Lawrence

Reservoir consists of a 1870-foot long, earth

embankment surrounding most of a 410-foot by

- 700-foot stone-lined reservoir. The embank-

o ment has a maximum height of 29 feet. There is

. an earthfill dike separating the reservolr into

" a north and a south basin. There is also a

; gate house where outflow condults carry water
out of the reservolr and into water supply

‘. lines.

The reservolr and embankment are generally in
good condition. There was no seepage observed
! on the outside slopes or at the toe of the
embankment. The crest of the embankment is
fairly level and straight. There is minor
: longitudinal cracking of the asphalt pavement
o on the crest. Also, the iron fence on the
inside edge of the crest is tilted toward the
= reservolr in places, The stone blocks lining
. the inside of the reservoir are in good condi-
tlon where visible above the water line. The
. upper portion of the inside slopes are covered
- with grass and show no slgns of sloughing or

© erosion. The outslde slopes are well-graded
and covered with grass. Erosion due to pedes-

. trians and/or recreational use was observed in

! places on the outside slopes of the the reser-

voir, especlially at the northeast corner of the

I ¢
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reservoir (see photograph No. 6, page C-3).

-. About 10 trees are growing on the outside
slopes on the south and west sides of the
reservoir.

c. Appurtenant Structures. The gate house for the
reservolr 1s constructed of brick with a stone

. masonry foundation. The structure is in good

S conditlion. Inside the building, there are

" three threaded gate stems with hand wheels to

operate sluice gates for the screen chamber.
o The stems are bent, making the gates difficult
- to operate.

- Below the ground surface on the south side of

the gate house, there 1s a chamber which con-

tains three gate valves for the two 30~inch

. outflow conduilts and for the 1l6-inch drain line

E from the south basin of the reservolr. The
chamber is constructed of brick masonry. There
is severe efflorescence on the walls of the

- chamber, and seepage is also occurring on the

~ north wall. The 30-inch outflow conduits are

. severely corroded. The gate valves are also
severely corroded but are reported to be

_. operable. The 1l6-inch drain line for the south

al basin of the reservoir is located in a pit in
the floor of the chamber. The pipe and gate

. valve are corroded, but are reportedly checked

s periodically. Access to the chamber is from
two manholes overhead or from a tunnel which

ap begins at the toe of the embankment. The

- tunnel 1s constructed with a brick-lined roof

and cut stone walls. There 1s efflorescence on
the walls and roof. Cracking was also observed

& in the walls and roof at the south end of the

- tunnel. There are two locked wooden doors at
the entrance to the tunnel. Wing walls on each
side of the entrance are made of mortared
granite blocks. Most of the mortar is missing,
and some capstones have shifted.

t: The 16-inch drain line and gate valve for
- the north basin of the reservior are located in
) a manhole at the toe of the north embankment.
f; There was 1 foot of water in the manhole at the
A time of the inspection. The drain line 1s
heavily corroded.

LAWRENCE RESERVOIR
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d. Reservoir Area. The area immediately around

n the reservolr 1is a publlc park, and there are
T tennils courts at the toe of the south embank-
ment. Beyond the park on the west, south, and

i~ southeast sides of the reservoir, there 1s

' dense residential development. A cemetary 1s
located adjacent to the northeast and north
sides of the reservoir. It is unlikely that
future development would occur. About half
the land is covered with grass and about

half 1s covered with houses and roads.

o e. Downstream Channel. Water flowing out of the
reservolr 1s carried underground in conduits.
There is no discharge channel or stream at this !@-7:!~:.
site. = -

3.2 Evaluation. The above findings indicate that the
reservolr and embankment are in good condition. L

- The facility is generally well maintained, however, e S
there are some deficiencies which require atten- .g=,#9;rn

- tion. Recommended mneasures to improve these _hjﬁ}j;ﬁj
e conditions are stated in Section 7.3. e e

LAWRENCE RESERVOIR
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SECTION 4

OPERATING PROCEDURES

Procedures. Water is pumped into the reservoir
from a treatment plant located next to the Merri-
mack River. The reservoir level which is monitored
at the treatment plant is also read three times a
day at the gate house. There 1s a caretaker at the
reservoir during the day and personnel at the
treatment plant ccontinuously.

There are five gate valves which control flow out
of the reservolr. Two valves are located on the
ocoutflow conduits in an underground chamber at the
gate house. These gates are normally kept open.
Two emergency shut-off valves are located
downstream, one on the supply line for Lawrence
and one on the bypass line to Methuen. These

are also normally kept open. The fifth gate
valve 1s on a 20-inch line which connects the
supply line for Lawrence to the main beneath

Ames Street. This valve is normally kept closed.
All gate valves are reportedly checked period-
ically. There are also three sluice gates in the
gate house which control flow 1nto the screen
chamber. These are normally kept open.

There are two low-level drain lines, one for
each basin of the reservoir. The drain valve
for the south basin 1s located in the gate house
while the drain valve for the north basin 1is
located in a manhole north of the reservoir.

Thg last time the reservoir was drained was in
1962.

Maintenance of Reservoir and Embankment. The
enbankment and reservolr are generally well main-
tained. However, there 1is local erosion on the
outslide slopes of the embankment. Also, some trees
are growing on the embankment on the south and west
sides of the reservolir.

Maintenance of Operating Facllities. Although the
valves in the gallery of the gate house are
checked periodically, they are severely corroded.
The slulce gates are difficult to operate. Emer-
gency shut-off valves on the water supply plpe-
line and bypass plpeline are located 1n access
wells at the south boundary of the property.
These were installed in 1976.

; LAWRENCE RESERVOIR
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= There is seepage and severe efflorescence in the
walls of the gate chamber. Cracking and efflor-

r ey

.
e

ﬂ escence was also observed in the roof and walls of e
- the access tunnel to the gate chamber.

- 4,4 Description of Any Warning System in Effect. The

V. water level in the reservoir 1s monltored contin-

uously by personnel at the treatment plant. If the
reservoir rises above the maximum coperating level,

.-
v the pumps can be shut down and the water lowered by
4 : demand into the distribution system., However,
there 1s no plan for surveillance of the embankment
NS during and after periods of heavy rainfall or for
- warning local residents in case of emergency.

- 4,5 Evaluation. There 1s a program of maintaining the
- embankment and monitoring the water level at
Lawrence Reservoir. However, there is no pro-
) gram of regular technical inspections, a plan for
-] survelllance of the embankment during and after
perlods of heavy ralnfall, or a warning system in
effect. Thls 1s extremely undeslrable considering
L. that the reservoir and embankment are in the "high"
o hazard category. These programs should be
implemented, as recommended in Section 7.3.
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SECTION 5
HYDRAULIC/HYDROLOGIC

5.1 Evaluation of Features

a. General. Lawrence Reservoir is located on top
} of a hill and provides equalizing pressure and
storage for a water supply. The drainage area
consists only of its surface area (6.34
acres). The reservoir level is controlled by
pumping from the treatment plant and by the
demand of downstream water use, Two 30-inch
conduits carry water out of the reservoir and
nerge to form a 30-inch water supply line for .
Lawrence. An open 30-inch bypass line from
the water supply line directs water to
Methuen.

L an o

The reservoir is a 410-foot by 700-foot stone
lined structure with an earthfill dike across
the middle to form north and south basins,
The surrounding embankment is 1,870 feet long
and has a maximum helight of 29 feet. The
‘ maximum operating level is at E1 208.4., The
maximum storage capacity at this elevation is
44 million gallons (146 acre-feet).

T ——

3 Two 16-inch, low-level drain lines could be
used to lower the reservoir in an emergency.
Each line services one basin of the reservoir
and connects downstream into smaller

storm sewers. The draln lines can lower the
reservolr by 1 foot in about 3 hours when the
water level is at E1 208.4, 1If the drain
lines were fully opened, this would result in
manholes overflowing downstream, as has been
reported in the past. The drain lines should
be opened only partially to avold detrimental
effects downstream.

b. Deslign Data. There are no hydraulic or
hydrologic computations avallable for the
design of the reservoir.
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Experlence Data. The water level is con-
tinuously recorded on a chart at the treatment
plant and read three times a day at the reser-
voir. The maximum recorded water level is at
El 208.4 which 1s the maximum operating pool.
Personnel from the Lawrence Water Department
report that the embankment has never been
overtopped.

Visual Observations. A gate house 1s located
on the crest of the embankment on the south
side of the reservoir. The gate house
contains three sluice gates to control flow
into a screen chamber. Two 30-inch cutflow
condults carry water out of the screzn chamber
and then merge downstream tc forr a 30-inch
water supply line. The supply line has an
open 30-inch bypass line which carries water
to Methuen,

Gate valves for the two outflow condults are
located in an underground chamber on the south
side of the gate house. The invert of the
conduits is at about El 183. There is no
high-level overflow plpe for the reservoir.

Sluice gates and gate valves are normally kept
open and not used. The sluice gates are diffi-
cult to operate. The outflow condults and gate
valves were inspected in the underground gate
chamber. The valves, condults, and flanges

are severely corroded. Also, seepage 1s
occurlng on the north wall of the chamber.
Severe efflorescence was observed on the

walls of the gate chamber and on the roof and
walls of the access tunnel.

A more detalled discussion of the condition of
the reservoir and embankment 1s given in
Section 3, Visual Inspectlon.

Test Flood Analysis. Lawrence Reservoir has

been placed in the "small" size category and

in the "high" hazard category. In accordance
with the Corps of Engineer's guldelines, the

full PMF (probable maximum flood) was used to
evaluate the capacity of the reservoir.
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The Test Flood (full PMF) inflow to 6.34 acres
of reservolr consists of direct precipitation
of 18.16 inches in 6 hours. It was assumed
that the inflow due to pumpling was equal to
the outflow due to water consumption.
Normally, when the reservoir level rises to El
208.4, pumping is stopped and outflow
continues. With the reservoir level at El
205.4 at the start of the storm, the resulting
test flood level is at E1 209.9. This
elevation is 0.3 foot below the lowest point
on the crest of the embankment. Therefore,
the reservolr can contain 100 percent of the
test flood without overtopping the embankment.

Dam Failure Analvsis. The peak discharge rate
due to failure of the embankment was
calculated to be 14,600 cfs (cubic feet per
second). This rate 1is based on 140 feet of
embankment subjJect to breaching. This would
be a section of the south embankment from the
gatehouse to the corner of the reservolilr,
where the downstream hazard is greatest. It
1s assumed that only one basin of the
reservoir would be emptled. Half of the
reservolir has been emptied in the past for
repalrs, and the dike was capable of con-
taining water in the other basin. It would
take about 9 minutes for the basin of the
reservolr to drain.

Fallure of the embankment would produce a
flood wave with an 1initial height of about 7
feet and with a velocity of about 34 feet per
second. Alternative areas that would be
impacted by a fallure of the embankment are
shown on the Locatlon Map. If the fallure
occurs along the south or southeast sides of
the reservolr, the flood wave would flow into
areas of dense residential development
beginning about 100 feet downstream. It 1s
likely that this would cause the loss of more
than a few llves and excessive damage to
property. If the fallure occurs on the north
or northeast sldes of the reservoir, the flood
wave would flow through a cemetery and then
into residential areas and factories located
1200 to 2000 feet downstream. It 1s likely
that this could cause the loss of a few lives
and appreclable damage to property.
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} ! SECTION 6
= STRUCTURAL STABILITY
&
A 6.1 Fvaluation of Structural Stability
- a. Visual Observations. The evaluation of the

structural stabllity of the embankment sur-~
rounding most of Lawrence Reservolr 1s based
. upon the review of available drawings, a

c review of previous inspection reports, and
L visual observations conducted on April 12,
1979.

As discussed 1in Section 3, Visual Inspectilon,

the reservoir and embankment are in good con-

i , dition. No seepage through the embankment was

(f observed at the site. There 1s local erosion
of the outside slopes of the embankment due to
pedestrians and/or recreational activities.

" Also, there are some trees growing on the

B outside slopes of the south and west sides of

the reservolr.

‘I b. Design and Construction Data. The con-

- structlon of Lawrence Reservoir was completed
in 1875. The contractors were John B. Dacey
Co. and Patrick Kevuew. The only data avall-
able on the design and materlals of the em~
bankment are a drawing cdated January 1874

. (Figure B-3) and notes given in an early

S inspection report (pages B-5 and B-6). The

data indicate that there 1is an impervious core

of puddled clay 40 feet high which extends

from 2 feet below the crest of the embankment

to 12 feet below the bottcm of the reservoir.

The core is U feet thick at the top and 12

feet thick at the bottom. The drawing also

shows a 2-foot thick blanket of puddled clay

extending horizontally from the core to

the bottom of the reservoir. The lnspection

;; report also mentions that the outflow condults
were "laid in puddle with brick cut-off
walls". There is no indication of the zoning
or composition of the remaining embankment
fil1.
. The lining of the inslde slopes of the reser-
[; voir is shown to be 1l6é-inch thick, cut stone
blocks laid on top of about 8 inches of
‘- fFravel.
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The lining of the bottom of the reservolr 1is
shown to be a layer of 6-inch cobbles laid on
top of about 1 foot of gravel.

Operating Records. There is no instrumen-
Tation o% any type in the embankment of Law-
rence Reservoir, and no instrumentation was
ever installed at this site. The performance
of the embankment under prior loading can only
be inferred by physical evidence at the site.

Post-Construction Changes. Notes from
previous inspections (see pages B-8) indicate
that post-constructlion repairs were made at
the reservoir in 1935 and 1939. 1In 1935, the
outside slopes on the north and east sides of
the reservoir were stripped, reloamed, and
reseeded. In 1939, the 1lining of the inside
slopes of the reservoir was grouted "to stop
any seepage and make it easler to keep the
reservoir clean".

Seismic Stabllity. Lawrence Reservolr 1is
located in Selismic Zone No. 3, indicating that
there 1s a potential for major damage due to
earthquakes in this area. Thils classification
is based on the intensity of past earthquakes
and does not indicate the probability of such
events in the future. The highest intensity
earthquakes for thils area were VII and VIII on
the Modifiled Mercall Scale, and occurred in
1727 and 1755, respectively. There is no
record of any major seismic events since 1875
when the reservolr was completed.

There 3s insufficlent data available at this
time to evaluate the seismic stability of the
embankment. Information is required on the in
situ properties of the embankment material,
impervious core, and the foundation material.
Considering that the reservolr and embankment
are in the "high" hazard category, a static
and selsmic evaluation of the embankment
should be conducted as recommended in Section
7-2.

LAWRENCE RESERVOIR
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SECTION 7

ASSESSMENT, RECOMMENDATIONS,
AND REMEDTAL MEASURES

7.1 Dam Assessment

Q.

Condition. Based upon a review of the
available data, the visual inspection of the
site, and limited operating information, there
are deficiencies which must be corrected to
assure the continued performance of Lawrence
Reservoir. e reservoir and embankment are
generally in good condition. The following
deficiencles were observed at the site:
seepage and severe efflorescence on the walls
of the gate chamber, efflorescence and local
cracking in the access tunnel to the gate
chamber, severe corrosion on the outflow con-
dults and gate valves, difficulty operating
the sluice gates, local erosion on the outside
slopes of the embankment and trees growing on
the embankment slopes on the south and west
sldes of the reservoir.

A test flood inflow (full PMF) of 18.16 inches
of rain during a 6-hour period will result in
the reservoir at El1 209.9. This is based on
the assumption that the rate of inflow due to
pumping is equal to the rate of outflow due to
consumption., The test flood pool is 0.3 foot
below the lowest elevation on the crest of the
embankment. Therefore, the reservoir can con-
tain 100 percent of the test flood without
overtopping the embankment.

Adequacy. The lack of detalled design and
construction data did not allow for a defini-
tive review. Therefore, the evaluation of the
adequacy of the reservoir and embankment 1s
based primarily on review of avalilable data,
visual inspection, past performance and
engineering Judgment,

Urgency. The remedial measures outlined below
shou be implemented by the Owner within 2
years after receipt of this Phase I Inspection
Report.

LAWRENCE RESERVOIR
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d. Need for Addit*-nal Investigation. Additional
! investigations .o assess the statlc and
" seismic stability of the embankment are
needed, as discussed below in Section 7.2.

53 7.2 Recommendations. Due to lack of data concern-
ing the embankment and foundation of Lawrence

-~ Reservoir, 1t is recommended that the Owner employ
v a qualified engineering consultant to conduct a

' geotechnical investigation to determine the
selsmic and static stability of the embankment.
The Owner should implement the recommendations of

t; the consultant.

(2 7.3 Remedial Measures

b a. Operating and Maintenance Procedures., It 1is
recommended that the Owner accompllsh the
following:

s 2%

(1) monitor seepage and efflorescence in the
gate chamber and access tunnel; any signs
of increased flow and/or signs of loss of
fines should be immediately investigated
by a qualified engineering consultant;

A e
e

g |

(2) repair sluice gates and corrosion on the
outflow conduits and gate valves to
insure that they remain operable and to
repair any leaks which might occur; the
valves and gates should be exercised

- regularly;

(3) repair areas of erosion on the slopes of
. the embankment, especially at the north-
i east corner of the reservoir;

(4) selectively clear trees and roots from
= the slopes of the embankment; all
£ excavating for stumps and roots should be
’ backfilled with selected materials;

ff (5) conduct technical inspections of the

L reservoir and embankment on a biennial
basis;

LAWRENCE RESERVOIR
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(6) 1institute a plan for surveillance of the
embankment during and after perlods of
unusually heavy rainfall and establish a
rlan to notify nearby residents in case
of an emergency at the project.

T.4 Alternatives. There is no practical alternative
to implementing the recommendations and remedial

measures listed above,

LAWRENCE RESERVOIR




APPENDIX A
PERIODIC INSPECTION CHECKLIST
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PROJECT LAWRENCE RESERVOIR

PARTY :

PERIODIC INSPECTION

PARTY ORGANIZATION

DATE April 12, 1979

Mike Larson

TIME 9 A.M.

WEATHERClear
W.S. ELEV.205.4% {j_ S None DN.S.

*based on assumed benchmark at
El. 210.0 on rim of inflow conduit.

Carol Sweet

Bob Gough

Ed Greco

Scott Nagel

Frank Sviokla

6
7
8. Lyle Branagan
9
0

4, . B
5. Bill Cheechi 10.
PROJECT FEATURE INSPECTED BY REMARKS

1. Embankment Larson/Greco/Nagel

2. Gate House Larson/Nagel

3.

4,

5.

6.

7.

8.

i
19,
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PERIODIC INSPECTION CHECK LIST

X PROJECT __LAWRENCE RESERVOIR DATE _April 12, 1979

v
.

NAME M. Larson

[REREN

i % 3
PR
P

PROJECT FEATURE Embapkment
DISCIPLINE Geotechnical

NAME_ s, Nagel/E. Greco

AREA EVALUATED CONDITIONS
DAM EMBANKMENT NORTH SIDE EAST SIDE
Crest Elevation 210.2 to 210.4 210.3
Current Pool Elevation 205.4 205.4
Maximum Impoundment to Date 208.4 208.4
Surface Cracks None None

Pavement Condition

Longitudinal cracks

in walkwa same as north side
Movement or Settlement of Crest lndulations near toe None visible
pof upper slope
Lateral Movement None visible None visible
Vertical Alignment Flat Flat
Horizontal Alignment Good Good
Condition at Abutment and at N/A N/A
Concrete Structures (not applicable) (not applicable)
1T
eservoir,some posts same as north side
Indications of Movement of ackaiup&ani P
Structural Items on Slopes
ald spots, divits, Bald spots, divits

Trespassing on Slopes

utting

Sloughing or Erosion of Slopes
or Abutments

potty, grass
issing

Eome erosion,

Severe erosion at [ ..
NE corner, spotty ... .
elsewvhere

Rock Slope Protection - Riprap
Failures

tone lining in
ood condition

same as north side

Unusual Movement or Cracking at
or near Toes

one_visible—-some
indulations at toe

bf upper slope

None visible

Unusual Embankment or Downstream

Net spot beyond

None visible

Seepage Foe
Piping or Bolls None None
Foundation Drainage Features None None
Toe Drains None None
None None

Instrumentation System

pageh~<of /
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PERIODIC INSPECTION CHECK LIST

PROJECT LAWRENCE RESERVOIR

DATE  April 12, 1979

PROJECT FEATURE Embankment

NAME M. Larson

DISCIPLINE Geotechnical

NAME S. Nagel/E. Greco

AREA EVALUATED

" CONDITIONS

DAM EMBANKMENT

Crest Elevation

SOUTH SIDE

210.2 to 210.3

WEST SIDE

210.3 to 210.6

Current Pool Elevation 205.4 205.4
Maximum Impoundment to Date 208.4 208.4
Surface Cracks None None

——

Pavement Condition 1

Cracks in walkway

same as south side

Movement or Settlement of Crest

None visible

None visible

Lateral Movement

None visible

None visible

Vertical Alignment Flat Flat
Horizontal Alignment Good Good
Condition at Abutment and at N/A N/A

Concrete Structures

Indications of Movement of
Structural Items on Slopes

Railing tilted
into reservoir

same as south side

Trespassing on Slopes

Sidewalks and
recreational use

same as south side

Sloughing or Erosion of Slopes
or Abutments

Some divits

Some divits

Rock Slope Protection - Riprap |Stone lining

Fallures good condition same as south side

Jdnusual Movement or Cracking at None None

or near Toes

Unusual Embankment or Downstream None None

Seepage

Piping or Bolls None None

Foundation Drainage Features None None

Toe brains None None T N

e _—“'-':.v'::*:):-'\.‘ﬁ

Instrumentat ion System None None f;bif?;hi:
SR
i P ~ . %y




--”'\o.-‘-uu -\ P

L0 % LN

g ®
Z 2 )
: QU o i ~
I. mr s f
L/ “ - o
- tn ° I._n
X 3 g ]
: R
d g & 00
R - 0 & o
iy o m ._W o
: &~ ®a
J 7 a B
] - [ O] ]
: > 82 .
. » ~ )
2 Q -] & Y &
, 5] [ o
4 -} o Q ]
S g i2
-4 &3 oo o 3]
] 4 = 9
BB E
= = L] (o]
9 2 F-3 ] ]
2 ©Q =~ L}
- §av &
O m L WO I
1 o &
a L
S 8§32
) § 383 §
&l o )
g g sds
) e & .m
£ n..W.h o
m ~“~ 08 ]
“de- 0 ]
-] ws o
) ¢ & »
%fo 3
[ ] (o] -} m
)
&3
Q ..
N e .s
43 &
m 7] o
7
(-] o2
1 ) It
& 3 @0
Ll Q Q
.m (%] =
T T e =T+ U~ TSI LN YOS T T




e et PR RAE DA B i Al o 7o-id Rt Attt et SVt s St o Jore s 410 s e Do D o Ay -
TTToTETEEeE ""“"‘"“'"“"“}.‘f‘.‘ N
. . ::.-'\“'q
l t; PERIODIC INSPECTION CHECK LIST
PROJECT LAWRENCE RESERVOIR DATE  April 12, 1979
' PROJECT FEATURE_ _Gate House NAME __ M. Larson
| F DISCIPLINE Geotechnical NAME  S. Nagel
s
:_:‘_ AREA EVALUATED CONDITION
- OUTLET WORKS - INTAKE CHANNEL AND
INTAKE STRUCTURE
a. Approach Channel Submerged-not visible
_ Slope Conditions N/A
Bottom Conditions Not visible
Rock Slides or Falls N/A
" Log Boom N/A
r
Debris None visible
Condition of Concrete Lining N/A
Drains or Weep Holes None visitle
! b. Intake Structure Foundation of Gate House
Good condition-mortared granite
N Condition of Concrete blocks
; Stop Logs and Slots None-screens only
o
IS
v
-
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E PERIODIC INSPECTION CHECK LIST
e PROJECT LAWRENCE RESERVOIR DATE April 12, 1979
e PROJECT FEATURE__Gate House NAME__ M. Larson
‘ DISCIPLINE Geotechnical NAME__S. Nagel
[
: AREA EVALUATED CONDITION
OUTLET WORKS - CONTROL TOWER
- Granite block foundation and brick
1-1; a. Concrete and Structural masonry superstructure
General Condition Good
._ Condition of Joints Tight-good
Spalling None
Visible Reinforcing None
L Rusting or Staining of None~some staining above water line
C Concrete
= Any Seepage or Efflorescence |None
ot Joint Alignment N/A
. Unusual Seepage or Leaks in |None visible - submerged
S Gate
Cracks None visible
- Rusting or Corrosion of Steel|None
F b. Mechanical and Electrical e 8
. LN
- Air Vents N/A :__'__j S i
! Float Wells N/A :
2 Crane Hoist None
g Elevator N/A
T:jf Hydraulic System N/A
‘.' Service Gates goﬁﬁ; ﬁ:;:ssp:;fficult to operate,
:.' Emergency Gates N/A
. Lightning Protection System [N/a
" t Emergency Power System N/A
f T Wiring and Lighting System N/A
G in Gate Chamber
.

L _J . 4 4 . J L] L J ) . L
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PERIODIC INSPECTION CHECK LIST

i T 2
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PROJECT LAWRENCE RESERVOIR DATE April 12, 1979
Gate Chamber and
PROJECT FEATURE__ Access Tunnel NAME M. Larson
DISCIPLINE Geotechnical NAME S. Nagel
AREA EVALUATED CONDITION

OUTLET WORKS - TRANSITION AND
CONDULT

General Condition of Concrete

see notes below

Rust or S5talining on Concrete

Spalling

Erosion or Cavitation

Cracking

Alignment of Monollths

Alignment of Joints

Numbering of Monoliths

Tunnel Gallery- Arched roof of brick masonry, walls of mortared granite blocks-
4'-9" wide by 8' high-cracking in south end of tunnel roof and
walls, efflorescence on roof and walls, no lighting, wooden

walkway in fair condition.

Gate Chamber~ High arched room of brick masonry, two manholes lead to surface
Walls show severe white efflorescence,

and give access to gate valves.

water seeping from north wall, two 30-inch pipelines and gate valves
Pit in middle of room contains valve for
16-inch drain line, valve operator on wall severely corroded.

are severely corroded.

Wing Walls (at entrance to access tunnel)- Mortared granite blocks, most of
mortar is missing, capstones have shifted, weeds growing in

unmortared joints.

pageA=71 of7__
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LAWRENCE RESERVOIR

APPENDIX B
PLANS OF RESERVOIR AND PREVIOQUS
INSPECTION REPORTS

L 4
£
e

from Field Survey, April 12, 1979
-
<

Figure B-1, Plan of Reservolr from Field

Survey, April 12, 1979
Figure B-2, Sections through Reservolr

Filgure B-3, Section through Embankment
at Gate House, dated January 1874
Figure B-4, Plan and Section through

Gate House from Drawing Dated

January 1874
Inspection Notes by Essex County

Inspection Report by Essex County
Engineers, 1917 to 1967

Englineers, May 1912
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s pret . COUNTY OF ESSEX. MASSACHUSETTS ey -V;‘f
| ENGINEERING DEPARTMENT APNRRY o IV /¢ AL S
O . Inspection of Dams, Reservoirs, and Stand Pipes™ " p.. R3S b
(L L Neg.Nu.lfl»f'
“ )3' N) ..Date.... 4 /277/0,/?/2 "Clamﬁahon L.
-:ﬁ ﬁ mJAa&n;ZanAmw;mn" AL
O s Owner... 2 . lhe)“: ............ / X
lhode soch detall us cores, cut of walls, paviag, sodding claus of masonry, hind of cement, (net or port) ¢
Material and Type (e JCLW et oa. .«,Z? Méﬂ‘-uﬁﬂ
) Elevations in feet: above (+) o below (—) full pond o reservoir level. (Crom out what does ot apply.)
{&&;?E‘;:.s-b:m ....... ~Bottrs-ok pond ... Botom-ofsllcay— ~Foprob-dem—..Fopel-Luch bosrd
Ground surface below... ... Bottom of t€s....cooe Level of over Bow pipe...coccron Top of 168w
PPy S— Fopwidthrinftmm. P20 2eR s TSN siater e
lndd’;“d?m“en:.i:ﬁp ,700/2“7 . 1OV gk i %&“é'c‘lptafl 45"”"’ 0.9.9. )f"&“ e SRR ¢
Length of overflow o Spiltway oo Onﬂ-e; c;lpu”}m and nature) .
PRREMI Y 0 o T P R— oo citel Bead o e
L] Foundstion and details of construction...........cooccooooocoree .

Constructed by m_d date.

Recent repairs and date.
. Condition.... oA 2 ~S-Reacheappined [
Topography of country below............
Nature, extent, proximity, etc. of bung;. roads or other property in danger if failure should occurlﬂk Z J‘ on. TL"I
et 45 Wi TE: Lkl AU msﬂ th—u(iﬁaa-ut Qgo-i
ko @éyj Aot
o

A 7..«_9\« Koo I 1F7C QEYC

- \? ’?T [ 2 2 U
‘Cloui'y a8 10 probable damage in cose of falure. 3 slight. 2 moderate. §seriom.
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Lawrence R, 3

Contractor's name, John B. Dacey Co. & Patrick Kevucew, 700 ft.
long, 400 ft. wide, 30 ft. deep with a division embankment 22 ft,
wide on top slopes 2 to 1, granite cap on top inside. Inside slope
1 1/2 to 1. Inside having a 2 ft. clay puddle wall, Slope inside
paved with block stone 16" deep small stones between joints., Bottom
paving of gravel on which are stone 18" deep. The granite coping
‘is laid in a bed of concrete., Hydraulic cement is used, Stone
masonry in gate chamber, overfalls and wing walls are of cut granite
stone or cut face ashler masonry slopes peved with flagging (North
River) Jjoints pointed with cement. Outlet and inlet pipes (30")
laid in puddle with brick cut off walls.

1917, March 26. Max. Ht. 40, ft. Apparent condition, Good. «—

1926, Nov, 4. R. R. Evans, Insp. with Alderman lMacNulty. This
is a large earth reservoir with a capacity of some 40,000,000 gzal-
lons or perhaps a little more, and so far as could be ascertained,
is in first cless shape, There is no core wall, but a clay puddle
which according to the plans is about twelve feet wide on the base,
The embankments are well sodded and show no signs either of washing
or of seepage from the water in the reservoir,. There is no spillway
and no tributary drainage area, The structure was built in 1375 and
is8 in a position where failure would be very serious, Access can
be had through a tunnel to a well at about the center of the dam
where the outlet pipes emerge. A little water is standing on the
floor of this tunnel and of the wall but this seems to be a general
seepage and not confined to any one locality. There is nothing
whatever to indicate that any part of the work is not in good shape,

1926 Report to Co, Comm., This is a large earth reservoir with a
capacity of more than 40,000,000 gallons, said to be divided into
two compartments, There i3 no core wall, but a clay puddle core
which according to the plans is about twelve feet wide on the bdase,
There is no spillway and there is no tributary drainage area. The
structure was built in 1875 2nd is in a location vhere ccmplete
failure might be a very serious matter. A careful examination of
the embankmants which are well sodded and kept in good condition
reveals no evidence either of washing or of seepage through the
banks, Access can be had through a tunnel to a well at about
the center of the dam where the outlet pipes emerge. The floor at
this point is wet with pools of water standing in places, but there
is no indication that this cones from any one point and it is ap-
parently a general seepage not due to any well defined leak, In-
spection seems to indicete that the entire structure is in good
shape,

1929, Nov, 25. C. C. Barker, Insp. There are a great nany houses
and a cemetery in the vicinity of this reservoir, and there would be
a great deal of daizage in case of failure, and it is very likaly
there would be loss of 1ife, The reservoir is in very gcod condi-
tion and well kept, and I saw no evidence of leakage, The condi-
tions are the same and there have been no changes since the last in-
spection,

1929 Report to Co, Comm, The reservoir on Tower Hill at Ares

Street, belonging to the Lawrence WWater \iorks, is apparently in ex-
cellent condition and shows no signs of leakage,’

LAWRENCE RESERVOIR




3
.
.

= e @&« o TWNE SV 4 375 3 2 F v

AR PR S W Sl el TSR S Sl s pr A e s e B St S it st i S 4

....... - ] ———y By Sl il o
~ - - v PABMRE TG AR I Sahc e S i B e g MR e e e

R. 3, Sh. 2

Lavrence R. 3

1931, oct. 15, C. C. Barker, Insp., I saw Mr. Callahan, Foreman,
L. W. W., who had one of the men show me the tunnel at the end of
the reservoir near the gate house, It is somewhat damp in the tun-~ -
nel and probably there is a very slight seepage, but nothing of any
consequence., The reservoir and slopes are kept in good condition,
There have been no changes -since the last inspection and conditions
are the same,

1931 Report to Co, Comm. It is a large and important reservoir,
apparently in good condition. The slope and the grounds around it
are well kept up and conditions are the same as at the last inspec-
tion. : )

1933, Sept.l2. C., C. Barker, Insp. I left a copy of the notice
at the work shop on Oak Street for lr. Callahan, Foreman. Mr. Nurphy
went to the reservoir with me and through the tunnel at the end of
the reservoir near the gate house, The reservoir is in good condition,
There have been no changes since the last inspection, and conditions
are the same, except that & new pump has been installed in a new build-
ing below the reservoir. This pump has been installed to pump into
the standpipe,

1933 Report to County Commissioners, Safe-and in reasonable good
condition.

1935 Sept. 27, C..Ces Barker Inspe. I left a copy of thec noticc at
work shop on Oak Street for lir, lMahoney. The water level was atout ::
from the top todaye. The inside paving 1s in good shaype. Ths noirth
and east slopes have been stripped and scrme new loam put on for new
seeding,. The work 1s not completed, There are no signs of lealc_.e,
Today the walls at the head of the tunnel are dry and there 1s no se:;
On the west outlét pipe at the south joint of the valve there 1s moi:
around the calking, it lodks &8 if there riight be a slight leak, Ty
reservoir is in good condition,

1935 Report to Co, Corn, Safe and in reasonably good conditien,

1v3Y July 20, C,C.Parker, insp. 4 left a copy of Lhe notico et
the work shop on vak otrzet for lir, Mahoney, ‘lhe reservoir is full
and is in good condition, There are no signs of leskzge,

1957 Report to Co, Comm, Safe and in reasonebly good condition,

1939 August 29, C,C.Barker, Insp. I gave & copy of the notice o
Patrick S. Wugent, Supt,, who was at the reservoir. Josepi Scully
is foremon at the ressirvoir, Apparently the rcaservoir is in o4
condition and thers are no slzgns of leakage. the reservolr is only
partly full as mon are working on the inner slopes, They sre grou: '’
and plastering with cement the liiner slope paving to stop any sieps o
and make it easier to kesep the reszcrvoir clean, ‘The north basin
has been partly done, tut cannot te completed until tasy can draln
this portlon of the ressrvolir,. Mis cannot be done until a leak in
the pipe that rons throush the south basln ia repalrsd. North of
resoarvoir thoy are laying a 12" pipe to connect vwith a glorm ssweds
his will drain the chamber into which cemptiesg the 16"/ haln 1pe o
pasaes through the north enbankuont of the resgervolir. This {% pis>

LAWRENCE RESERVOIR
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drains the north basin of the reservoir and was laid when the reservoir

was conatyucted, This work will not affect the stability of the reserv:
1939 Repord to Co, Comm, Safe and in reasonadbiy good condition,

I gave a copy of the notice to

All repairs nhave been completed
rne

1941 Sept. 26, C.C.Parker, Insp,
Joseph Scully for Mr, nugent, Supt.
since the last inspection and the reservoir is in good condition,
walls at the head of the tuunel are dry and there 1s no seepage,

1941 Report to Co, Comm, Safe and in reasonably good condition,

1943 Aug. 17, S.V.Woodbury, Insp.
¥r. Scully, who inspected the reservolr with rme.
is now Supt. of the L. W, W, There ig some seepage through the
walls,
vsed for the first time tocday to pump water to the tower, Tals pump
not used during the last three yzars. Previously the pumps et Valer

Street had been used for this purpose. There 1s some water on the flo
of the tunnel, '

I gave a copy of the notice to
John ¥, kcCartry, Jr.
tunnel

1943 Report to Co., Comm., Safe and in reasonably good condition,
1945 Aug. 23, S.W.Voodbury, Insp. Gave a copy of the notice to Nr,
Scully for lMr, McCarthy., Water level today: 22,5 There 1is still
water on the tunnel floor, Condltion of the dam is the sene,
1945 Report to Co, Comm, Safe and in reasonably good condition,
Gave a copy of the notice to

1947 Oct . 3, S.%.VNoodbury, Insp.
Condition is

¥Mr, Cronin for lr. Scully and went to reservoir alone,
sene,

1947 Report to Co. Comme

cr

Safe and in reasonably good condition,

Cave & copy of the notice %o

1949 Sept. 26, 8,%Y.Voodbury, Insp.
Kre Scully went to

¥r. Scully for l¥r. Callahan, Jjater Commissioner,
dam with me, Condition of the dam is the ssanme,
1249 Report to Co, Corm, Safe and in reasonably good condition,
1551 Oct. 15, E,H,Page, Insp. Gave a copny of the notice to lr, Jo:.
Scully at the gate house at %the reservoir, who wont to the reservoir wt:
ne, Condition of the reservoir is the same,

1951 Report to Co. Comrme Safe and in faasonably good condition,
1955 Septe 30, E,H.Page, Incp, GCave a copy of the notice to lr,
Josgerh Scully at gate house of reservoir, who went to reserveir with ne,

Condition: same,

1953 Report to Co. Cemm, Safe and in reasonably gcod conditicn,

1954, May 25, E.H.Page, Insp. No leaks, Goocd condition of tanks.

Condition of dam: Same - good.

1955, Nov. 18, E.H.Page, Insp. Owner's Agent: Mr, Scully.

Condition: Szame, .

LAWRENCE RESERVOIR
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( 1955 Report to Co, Comm. Safe and in reasonably good condition,
1957, Dec., 5, E.H,Pace, Ins. Condition: Same,

1957 Report to Co. Comm., 'Sat'e and in reasonably good condition.
1959 Sept. 21, E.H.Page, Insp. Condition: Same,

1959 Report to Co. Comm, Safe and in reasonably good condition.
1961 Nov. 28, E.H.P. & P.D.X. Insps. Condition: Same.

1961 Report to Co. Comm. Safe and in reasonably good condition.

1964, Fer, 12 Condition: Safe.

1963 Rzport to Co, Comm, Safe and in seasonably good condition.

-

1965 June 14, 1966 P.D.K. Insp. Safe and good condition.
1965 Report to Co, Comm., Safe and in reasonably good condition.
1967 Jan. 24, 1968. Safe and good condition.

1967 Report to Co, Comm, Safe and. in reasonably good conditlion.

LAWRENCE RESERVOIR
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APPENDIX C
PHOTOGRAPHS

(For location and direction of view of photographs, see
Figure B-1 in Appendix B).
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APPENDIX D

HYDROLOGIC AND HYDRAULIC
COMPUTATIONS
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APPENDIX E

o INFORMATION AS CONTAINED IN THE
NATIONAL INVENTORY OF DAMS
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