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NATIONAL DAM INSPECTION
PROGRAM

PHASE I INSPECTION REPORT

BRIEF ASSESSMENT -

Identification No.: MA 00693

Name of Dam: No. 5 Reservoir

Town: Southbridge

County and State: Worcester County, Massachusetts

Stream: Hatchet Brook - Tributary of the Quinebaug
River

Date of Inspection: March 5, 1981

Reservoir No. 5 Dam is an 1130* foot long, 33-foot high earth
embankment dam built in 1938 to provide storage and regulate its
release as part of the water supply system for the Town of South-
bridge, Massachusetts. With the water level at the top of the
dam, the storage capacity of the reservoir is 550 acre-feet. The
dam is reported to have -a concrete masonry core. The outlet works
include three 16-inch screened inlets at varying elevations used
to provide raw water for a 20-inch water supply outlet, and a 36- 0
inch outlet which discharges at the toe of the downstream slope.
Outlets are controlled by valves located in a gatehouse which is
just to the right of the center of the dam. -The emergency spill-
way is a 150-foot long concrete broad-crested weir. Flashboards
1.5 feet high can be installed at the spillway. The spillway islocated immediately upstream of the right abutment and discharges
to a poorly defined natural channel.

The following deficiencies were observed at the site: seepage issu-
ing from the toe of the downstream slope at five (5) separate loca-
tions; and minor depressions of the earth embankment behind the rubble
wall on the upstream dam face. Generally, the dam is in fair condi-
tion.

Based on size classification, small, and hazard potential, signifi-
cant, the Corps of Engineers Guidelines recommend a test floood range .
of 100-year frequency to one-half the Probable Maximum Flood. The -
adopted Spillway Test Flood of one-half the Probable Maximum Flood
produced a Peak Test Flood inflow of 1190 cfs. -Hydraulic analyses
indicate that the emergency spillway, without flashboards, can dis-
charge 3640 cfs and the total routed test flood outflow is 1100 cfs.
Thus, the spillway can discharge 330 percent of the routed test flood.
The estimated test flood stage is about 2.5 feet below the top of
the dam.

• • .



It is recommended that the Owner retain a qualified registered pro-
fessional engineer to investigate the cause and extent of the seepage
emanating from the downstream toe of the dam and make appropriate
recommendations to alleviate the problem. If the source is identi-i fied as the blind stone drains shown on the design plans, then con-

struction of a collector trench as originally proposed would be
recommended. If the source of seepage is through the dam embank-
ment or foundation, further studies will be required.

-. The measures outlined above and in Section 7 should be implemented
_ . by the Owner within a period of one year after receipt of this Phase

I Inspection Report.

Cullinan Engineering Co., Inc.

WILLIAML

PARER~
RiNo. 2S 3 3 /-

'NA. t William S. Parker, PE

V. Director of Engineering
Project Manager
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S This Phase I Inspection Report on No.5 Reservoir (MA-00693)
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 engineering judgement and practice, and is hereby
submitted for approval.

L

CARNEY M. TERZIAN, MEMBER
Design Branch
Engineering Division

am

JOS H W. FINEGAN, , MEMBER
War ontrol Branch
Enginering Division

ARAMAST MAHTESIAN, CHAIRMAN
Geotechnical Engineering Branch
Engineering Division

APPROVAL RECOMMENDED:

JOE B. FRYAR
Chief, Engineering Division
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PREFACE

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

gation. Copies of these guidelines may be obtained from the
Office of Chief of Engineers, Washington, D.C. 20314. The

.- purpose of a Phase I Investigation is to identify expeditiously
' those dams which may pose hazards to human life or property.

The assessment of the general condition of the dam is based
upon available data and visual inspections. Detailed investi-

[] gations, and analyses involving topographic mapping, subsurface
investigations, testing, and detailed computational evaluations
are beyond the scope of a Phase I Investigation; however, the
investigation is intended to identify any need for such studies.

In reviewing this report, it should be realized that the reported
condition of the dam is based on observations of field conditions
at the time of inspection along with data available to the inspec-
tion 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 P
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 condi-
tions, 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 -1
chance that unsafe conditions be detected.

p n Phase I inspections are not intended to provide detailed hydro- p
logic and hydraulic analyses. In accordance with the established
Guidelines, the Spillway Test Flood is based on the estimated
"Probable Maximum Flood" for the region (greatest reasonably
possible storm run-off), or fractions thereof. Because of the
magnitude and rarity of such a storm event, a finding that a
spillway will not pass the test flood should not be interpreted P
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-trespassing signs, repairs to existing
fences and railings and other items which may be needed to mini-
mize 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.

",,
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NATIONAL DAM INSPECTION
PROGRAM

PHASE I INSPECYiON PEPORT

5 NO. 5 RESfRVOII:

SECTION 1

PROJECT INFORMATION

1.1 GENERAL

(a) Authority. Public Law 92-367, August 8, 1972,
authorized the Secretary of the Army, through the Corps --
of Engineers, to initiate a national program of dam in- ML,
spection throughout the United States. The New England
Division of the Corps of Engineers has been assigned the
responsibility of supervising the inspection of dams
within the New England Region. Cullinan Engineering Co.,
Inc., has been retained by the New England Division to

C inspect and report on selected dams in the State of S
Massachusetts. Contract No. DACW 33-81-C-0025, dated
December 19, 1980, has been assigned by the Corps of
Engineers for this work.

(b) Purpose:i
(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 interests.

(2) Encourage and assist the States to ini-
tiate quickly effective dam safety pro-
grams for non-Federal dams.

(3) Update, verify and complete the National
, Inventory of Dams.

1.2 DESCRIPTION OF PROJECT

(a) Location. The dam is located on Hatchet Brook, a
tributary of the Quinebaug River, in the Town of South-
bridge, Worcester County, Massachusetts (see Location
Map). Hatchet Brook flows from the dam to Reservoir No.
4 then to Reservoir No. 3, and, finally, to the Quinebaug
River in the U.S. Army Corps of Engineers Westville Reser-
voir Flood Control Impoundment area, a distance of approxi-
mately 11,700 feet downstream. The coordinates of the dam
are latitude 42 degrees 02.6 minutes north and longitude
72 degrees 04.9 minutes west.

5 .-
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(b) Description of Dam and Appurtenances. Reservoir No.
5 Dam consists of an earth erbankment with a concrete
core wall, a gatehouse near the center of the dam, and
a concrete emergency spillway which discharges into a - -

poorly defined natural channel, at the right abutment.

The embankment is approximately 1130 feet long, has a
maximum height of about 33 feet, and is 18 feet wide at
the crest. According to the inspection reports and a
sketch of the dam obtained from the Division of Water-
ways and a set of Worcester County Commissioners File

M Plans for construction, the dam has a concrete corewall
and blind stone drains placed at regular intervals in
the dam construction. The upstream slope is 2:1 with
dumped stone riprap and a 3 foot high dry stone wall at
the top of the slope (see Photos No's. 1, 2, and 5) andthe downstream slope is 2:1 and grass covered (see Photos I_
No's. 3 and 4).

A gatehouse outlet structure for the dam, is situated
just to the right of the center of the dam and is located
on the upstream face of the embankment (see Appendix B).

£7 The brick gatehouse is built on top of a concrete struc- p
ture which forms an intake well for the 20-inch water
supply line (see Photos No's. 6 and 8). Also included
in the structure are three 16-inch diameter water supply
inlets which are controlled by handwheel operated sluice-
gates (see Photo No. 9). The elevations of the inlets
are 737.3, 729.8, and 722.3. A 36-inch outlet line is
reduced to a 30-inch handwheel operated gate valve within
the gatehouse. On the downstream side of the gatehouse,
the outlet line is then increased back to its original
36-inch diameter. The 36-inch outlet terminates at a
concrete masonry headwall at the beginning of the out-
let channel which flows downstream to No. 4 Reservoir.

P The headwall has 5-foot high concrete wingwalls which
-xtend 10-feet downstream to dry stone wingwalls which
are also 10-feet long (see Photos No's. 10 and 11). A
10-foot wide ditch serves as the outlet channel.

At the right abutment is an emergency spillway consis-
A- ting of a 2-foot wide 150-foot long concrete wall with

rod supports for flashboards up to 1.5-feet high (see
Photo No. 7). The crest elevation of the weir without
flashboards is 744.0. Short dry stone training walls
abotut 4-feet high are at each end of the emergency spill-
way. Flow from the emergency spillway discharges to a
poosrly defined channel which has a 6:1 slope. Spillway
discharge from No. 5 Peservoir passes downstream to No.
4 Peservoir.

1-2



(c) Size Classification. According to the Corps of
Engineers' Recommended Guidelines for Safety Inspection

"- of Dams, a dam is classified as "small" in size if the
height is between 25 feet and 40 feet, or the dam
impcands between 50 Acre-Feet and 1,000 Acre-Feet. The
maximum height of the dam is approximately 33 feet and
the estimated total storage capacity at the top of the .
dam is 550 Acre-Feet. Thus, the dam is classified in
the "small" category based on both height and storage
capacity.

(d) .Hazard Classification. The results of the dam
failure analysis indicated that downstream Reservoir No.
4 and Reservoir No. 3 would be overtopped by approxi-
mately 3.7 feet and 1.7 feet, respectively, as a result
of the failure outflow. Neither of these areas would
be overtopped prior to failure of the dam at No 5 Reser-
voir. The flow would continue downstream (approximately 1
12,000 feet from No. 5 Reservoir) before reaching the
Westville Reservoir Flood Control Impoundment area where
the failure outflow would be attenuated. Consequently,
with the appreciable economic loss that could occur,

*and the loss of water supply, the dam has been classi-
fied in the "significant" hazard category.

(e) Ownership. The dam is owned by the Southbridge
Water Supply Co. The owner is represented by Mr. Chester
Spielvogel, Superintendent and Treasurer, 70 Foster Street,
Southbridge, Massachusetts 01550 (Phone 617/764-3207).

(f) Operator. Mr. Maurice Comtois is assigned respon- 6
sibility for operation of the dam. His business and home
address is Breakneck Road, Southbridge, Massachusetts
01550 (Phone 617/764-8092).

(g) Purpose of the Dam. Reservoir No. 5 Dam provides
for water storage and regulates its release as part of
the water supply system for the Town of Southbridge,
Massachusetts.

(h) Design and Construction History. No. 5 Reservoir
Dam was designed by Fay, Spofford, and Thorndike of
Boston, Massachusetts. The contract drawings were filed
at the Worcester County Commissioners Office in 1936
with the actual c-nstruction of the dam completed in

* 1938. Inspection indicates that the dam was constructed
essentially as shown on the 1936 plans filed with the
Worcester County Commissioner except that the interceptor
ditch for the blind stone drains at the downstream toe
of the embankment was not constructed.

(i) Normal Operating Procedures. Under normal condi-
tions, only one of the 16-inch intake lines (usually the

b" highest) is open. Water then flows into a 20-inch supply
line at the gatehouse. From the gatehouse the 20-inch
supply line flows cross country to No. 4 Reservoir where

* it is reduced to a 16-inch pipe and is cross connected
to a 16-inch supply pipe from No. 4 Reservoir. The com-
mon 16-inch supply line then ties into the Town of
Southbridge water supply syste- at Dennison Crossroads.

1-3



The 36-inch outlet is opened only to drain the reservoir
or it could be used during periods of high flow. However,
it is reported by the Town of Southbridge Water Department
that is has not been necessary to operate the valve for

* high flow conditions as the water level in the reservoir
has never been iore than 6 inches over the emergency spill-
way crest. Generally, the outlet valve is checked every
two years to insure its operability. Flashboards are
usually left in place over 50 to 60 percent of the emer-
gency spillway length. Daily checks on the reservuir

I level are made by the operator who also periodically P
cleans tie screens on the intake lines anO operates the
valves, to make sure they are functicning.

1.3 PERTINENT DATA

Elevations referred to in this report were taken from the
construction plans obtained from the Town of Southhridge
Water Department.

(a) Drainage Area. The drainage area tributary to the
dam is 1.12 square miles. The pond is surrounded by

r. moderately sloped hills which are heavily forested, and

there is no development in the drainage area. Total up-
stream ponds account for about 4.5 percent of the total -.-

watershed.

(b) Discharge at the Dam Site. Normally, water is drawn
off from the reservoir through one of the 16-inch water P
supply inlets at the gatehouse. The 36-inch outlet is
utilized only during periods of high flow or to drain
the reservoir. Flow over the emergency spillway is
intermittent with flashboards generally removed from
the middle 40 to 50 percent of the spillway (see Photo

I No. 7). The combination of the 36-inch diameter outlet
and the emergency spillway (with no flashboards) can
discharge a total of 3840 cfs with the water surface
at the crest of the dam (El 748.0). The routed test 4]
flood discharge (one-half PMF) is 1100 cfs at El 745.5
and will not overtop the dam.

1'-
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The following is a list of pertinent values relative to discharge:

1. Outlet Works (coniduit) Size: 36" low level outlet
3-16" outlets to wet well for

3 20" water supply .0

Invert Ele2\ation: 36" - 709.5; 16" - 737.3, 729.8, 722.3;
20" - 710.2

Discharge Capacity: 36" - 203 cfs; upper 16" - 21 cfs (water
surface at top of dam)

2. Max.inun, Known Flood at Dam Site: Unknown

3. Ungated Emergency Spillway Capacity
at Top of Dam: 3640 cfs (150' emergency spillway)
Elevation: 748.0

AL
4. Ungated Emergency Spillway Capacity

at Test Flood Elevation: 835 cfs
Elevation: 745.5

5. Gated Spillway Capacity
at Normal Pool Elevation: N/A S
Elevation: N/A

6. Gated Spillway Capacity
at Test Flood Elevation: N/A
Elevation: N/A

7. Total Emergency Spillway Capacity
at Test Flood Elevation: 835 cfs
Elevation: 745.5

8. Total Project Discharge
* at Top of Dam: 3860 cfs Do

Elevation: 748.0

9. Total Project Discharge
at Test Flood Elevation: 1100 cfs
Elevation: 745.5

1-5



C. Elevation - Feet Above NCVD (formerly MSL Datum of 1929)

1. Streambed at Toe of Dam: 715.0

2. Bottom of Cutoff: Varies

3. Maximum Tailwater : Unknown -

4. Normal Pool: 743.0

5. Full Flood Control Pool: N/A

6. Spillway Crest: 744.0

7. Design Surcharge - Original Design: Unknown

8. Top of Dam: 748.0

9. Test Flood Surcharge; 745.5

d. Reservoir - Length in Feet

1. Normal Pool: 1700 feet
LS

2. Flood Control Pool: N/A

3. Spillway Crest Pool: 1700 feet

4. Top of Dam: 1800 feet

5. Test Flood Pool: 1750 feet

e. Storage - Acre-Feet

1. Normal Pool: 380 acre-feet

2. Flood Control Pool: N/A

3. Spillway Crest Pool: 410 acre-feet

4. Top of Dam: 550 acre-feet

5. Test Flood Pool: 465 acre-feet

f. Reservoir Surface - Acres

1. Normal Pool: 28 acres

2. Flood Control Pool: N/A

3. Spillway Crest: 28 acres

4. Test Flood Pool: 33 acres

5. Tor) of Dam: 37 acres

1-6

- . .-. . . .



1. Tyre: Earthfil 1

2. 1.,,~ jt h 1130 feet

3. Flo iqht: 33 feet

4. Top Width: 18 feet

5. Side SloreP3: 2 flori?.ont(1l to 1
I. Vertical UpsiEtreadrn (n

Downs trear

*6. ZoniriU: S3ee Plans in~ Ap~enii..c

7. Impervious Core: Concrete Core Wall

8. Cutof~f: Sheet Pile (see Ilans
in Appendix B)

9. Grout Curtain: None

010. Other: Blind Stone Drains
(See Plans in~ Appendix B)

*h. Diversion and Pegulating Tunnel N/A]

i. Spillway

1. Tyje: Concrete Wall with

Flashboards

2. Length of Weir: 150 feet i
I.3. Crest Elevation

with Flashboards: 745.5
*without Flashboards: 744.0

4. Gates: N/AI
5. Upstream Channel: Normal bed of Hatchet

Brook

6. Downstream' Channel: Poorly defined natural]
channel with an approxi-
mate slope of 6:1

7. Ceneral: Flashboards normally
in place over 50 to 60%
of spillway length

0 1-7



j. Regulating Outlets

1. Invert: 36" - 709.5; 16" - 737.3,
, m 729.8, 722.3

2. Size: 36", 3-16"• I3. Descrirtion: 36" used to drain reser-
voir; 3-16" act as in-
lets to wet well for 20"

* Uwater supply outlet

4. Control Mechanism: 3-16" and 20" are con-
trolled by manually
operated sluice gates;
36" controlled by manu-
ally operated 30" gatevalve

5. Other: Generally only one 16"
is open (usually the
highest). The 36" is
only opened to draw
down or drain one
reservoir.

1-8
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SECTION 2
ENClNEEPING DATA

2.1 DESIGN DATA

A .1o t t>f ilIign plans containing 5 sheets for the con-
:,,tructio)n of N(.. 5 Reservoir Dam was obtained from theWorcester C,tinty Enyineerinq Department. The plans were

drawn by Fay, Spofford, and Thurondike, Consulting Engi-
a neers, Boston, 'assachus.-,its ani -ro latta, Noverl)er 1936

(see Appendix B). The reservoir was de.igined .,is part of
the Southbridge water supply system and still Functi, ns
as such. Previous inspection reports and sket,:hms hy
the Massachusetts Department of Public Works were ob-
tained from the Division of Waterways. |

2.2 CONSTRUCTION DATA

No construction records were located for this project.
However, the above mentioned plans are in general con-

* formity with the visual inspection of the structure
except that the paved interceptor gutter for the blind
stone drain at the downstream toe of the embankment was
not constructed.

2.3 OPERATING DATA

A DDaily operating records are taken by the caretaker and
maintained in the Southbridge Water Supply Company Office.

2.4 EVALUATION OF DATA

(a) Availability. Documents described above are avail-
U able from the Worcester County Engineering Department,

2 Main Street, Worcester, Massachusetts, and the Divi-
sion of Waterways, State of Massachusetts.

(b) Adequacy. The available data, in combination
with the visual inspection described in the following
section, is adequate for the purpose of the Phase I
Investigation.

(c) Validity. With the exception of the discrepan-
cies noted in Section 2.2, the general observed con-
figuration of the dam and appurtenances were in agree-
ment with the construction plans.

2-1
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SFC'T'L ON 3
VISUAL [NSPECTI'GN

3.1 t'TNLINGE

(a) General. No. 5 Peservoir was in fair condition at
th-- time of the visual inspection of the eam made on
"aroh 5, 1981. The condition of the dam was considered
to be fair primarily because of seepage issuing from
the downstream toe of slo.e. A copy of the inspection
checklist is included in Appendix A.

(h) Dam. No. 5 Peservoir Dam is ai, earth erLiPnkrimt!t
With a concrete core wall, apE'roxir;at:ly 1130 foot in
overall length and fror 10 to 38 feet high. The darl is
concave upstream. The left abutrent is a natural hilt
with .ossihle bedrock outcrops. Soil conditions observed
200 feet upstream cf the abutrent are sandy, gravelly
tyl-e soils. The up-per portion of the upstre If- ;1 1 ,' ,f
the dam is a rubble stope wall, with a 1 L--rizonltal to t
5 vertical tilt backw.ards towards the dar -iJr~dnkrent
(see Photos No's. 1, 2, and 5). The -;tone Ararios in sizefrom cobbles to small houlders. It is hantd placed with

no mortar. Sore of the stone appears to have ravclle- i
down over the years but for the most part, the rubble
wall is intact and in goud condition. There is some
local and minor depressions of the earth embankment behind
the rubble wall, itidicating some soil washing into the
voids of the rubble. Water level at the time of inspec-
tion was 4 feet below the top of the dan. The downstream g
face of the embankment is covered with grass with no
brush or trees (see Photos No's. 3, 4, and 10). At the
downstream toe of the embankment, the ground is wet and
swampy over an area approximately 50 feet long (measured
parallel to the dam axis) and 20 to 30 feet wide, out
from the toe. No evidence of live flow was noted at this
seepage [point which is located approximately 300 feet
to the right of the gatehouse (see Photo No. 10).

Approximately 150 feet to the right of the gatehouse
there is another swampy area at the downstream toe.
Apparently this condition has existed for an appreciable p
length of time as evidenced by the vegetation at this
location.

A third seepage point was noted at the downstream toe atout I
50 to 100 feet to the right of the gatehouse. The standing
water is rust brown in color while the flow is clean and
clear and estimated to be on the order of 1 to 5 gpni.

Another low, wet swampy area was noted at the toe of the
erbankment beginning about 100 feet to the left of the
outlet structure, running 50 to 75 feet along the dam.

3-1
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Standing wat-tr aj *,car,- stciqn,±it, dark Lrow,. in color, dn-
sinks into the grolu~c a short distance fror where the flow
eranates fro- the toe of slo-. The flow fron this area
is estimrated to Le 5 to 10 gpI..

The, final swcr'py art-a wdb found at the toe of the embank-
r~ it, boiii.ing al.iroxiratoly 300 feet from the left abut-
r, ;, t i f,r aqroximately 100 feet away fro-'
t . r, I I. l') ' ,.d : ,it .:rvcd here.

Evi.en t e ( t , incl. ot'r p I - w, . ;>'., i* ,.iat ly
JCJo%,nst r'aL, f C e ,-r Lln;. ,, i t -todja, ,nt to ti:!. f i r I f
thu Ca;,. Roc-ock is ;losely joint-d gr, ite. 4n, . thi, jillt.i
aj.pear to Le tight.

The 36-inc.h Altl2t pijC di3c1harge3 at a headwall structure
dt the dowrstr,-am toe of slo)e (s ee Photo No. 11). Four
observation 6,,11s are loted in the general vicinity of
this structut o.

Apjroximat-ly 1530 to 200 feet to the right of the gate-
house is a ledge I-rojection in the pond. Various other

L Vedrock projections were noted in the vicinity of the
right abutrent.

(c) AL-urtenant Structures

(I) Low Level Cutlet

This structure which consists of a 36-inch 6
concrete pipe is in good condition. The con-
crete end walls and dry stone masonry wall
extensions are in good condition. No evidence
of erosion, spalls, cracks or efflorescence
was found on the concrete headwall and wing-
walls (s(2e Photo No. 11). The 36-inch wheel
oper:atic rising stem gate which controls the
outlet flow is rel.orted to be in good condi-
tion. At the time of ins1 ,ection this gate
was closed, and there was no evidence of
seel;age at the outlet.

- -" (2) Catf -nt:t

17ith the exception of minor brick spalling, I
th- wal Is of this structure are in good condi-
t ion. tUith the exception of minor surface
erosion, the concrete foundation of this struc-
ture i.s in qood concition without any evidence
o f sialls, cracks or efflorescence (see Photo
No. 8). The wood framed roof is in good condi-
tion. Five wheel operated bench stands housed
within the structtire are in good operating con-
,itinn (sie Photo No. 9). At the time of the
irsi ,etion, one of the 16-inch raw water inlet

3-2
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gdtes a fu I ly ,jjuiiod ,ind the 20-inch Vdw w~ter
OLltlet gjate a, cnptel for discharge to the water

.sul'ply sysLoti. Steel trash scr-:dns are locate,.

at the intake ond of th, structure and are in
good condit 0oi. The hoisting arm dnd bracket
for removil of the steel trash screens is well
ma in ,ined

3) Emergency Spillw

The 150-f~ot long concrett. spillway on the
rigt'.t , I> t t ,-ischarges into an unimproved

hali.Ul (;veu "iatu ral bedrock controlled topo-
qra:hy (s,:e Photo No. 7). Stone training walls
,*-.Ut tUlt spillway at each end. Observed out-
flow -t the time .f i nspection was less than 1
inclh det-p with flashboards removed from the
,ridl /e 5n pt_-r,,ent of the spillway. Judging
fri.w the i rrerous OLutcr)ps upstream and down-
stream f Ii,- weir, the spillway may be founded
on bedr o:k.

W, it . the exception of a transverse crack approxi-
rato'ly, 1/2-inch wide on this structure, and minor
surface erosion, this structure is in good condi-
tioan without dny evidence of si,,alls, cracks or
eftlorescence. This rack appears to be a con-
.trA'tior: joint. The flashboards, which are

_ fabc acted from wood plankinj, are in good
condit-ion and well maintained.

(d) Peservoir Area. The reservoir has no development
" along- its-ho-eline. The surrounding terrain is heavily

* wooded rolling hills. The shoreline is well maintained.
There is little potb iittal that future development will
-occur in the reservoir area.

(e) Downstrai, Channel. Discharge from the reservoir
flows to No. 4 Reservoir and No. 3 Peservoir. The dis-
-hlirge from Uo. 3 'estjrvoic then flows ioto Hatchet
Prook and rassts .uinder,,uath two roadways before reaching
the Westvil le Pcstrvoir Flood Impoundment Area and the

- Quiriebaug Pivcr. There is little to no development
alonq the banks of the channel which has a sinre of
afprovimately 2.5%.

3.2 I'VAL[PAT ION

* The visul s1(-3ct ion incicatt:s t:hat the dam is in fair
crndit i n. Ther,! irc some deficiencies pertaining rainly
to s,.page h ich ,ust hc corrected to assure the con-

t iriniod perf,)ri-nc, of -]he dam. Items of concern observed
(luring th insect ii include seepage along the downstream
t ((, -,f slol . , arir r inr r dcejrtossions in t he crest behind

* thu ist.rr r ipr j:r otectjor, caused by poor filtering
letc - th soil er'-nkmtent and stone. Measures to improve
th.L -anudit itn are st:a.,d in Secti oe 7.3.
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~ 4. 1 OLAl:(bCPL

(a) General Under: nlorral61 conditions, the valve to the
i'C)-neh atoi-up ly lino is opened and water is continu-

ously drawn off tror the reservoir through one of the 16-
inch inle~ts. The dar is checket! caily by the caretaker
and recorkls -~:kei t of ti water leverl in the reservoir, -

tecpe raturrt, andI jrecii~titi on. If the precipit~tion exceeds
.1"-ncrcords are, Laken every 6 huucs until the precipi-

tatienr). aeS Elash~oL-US are instal lel in the spring
aft ,r the i,e is joiie to provide additional storage. The
LlashLo :dd are reruvud in July or August. after the level
at the roservoir has Irojjed Le lo-w spill iy crest.

Q,) har in ,,( vys tir It is ur.ders L)od th cough verbal discuIs-
~sL~Sthait there i!3 111 inlforma~cl warniing syster in effect at

the clam. The systLem consists of a 24-hour radio call syster
L etWP(-.' the 1. ir take-r and the Water Departrent Super intendent.

- The SuICrillterTden!t C7dl callI local o.-ffi-cials by telerhone in
*the event of an energency. There art- no written pro,,edurets

for this warning system. The dam is inspected daily by t]-e
caretaker and at 6-hour intervals dluring peri:ods of riinfali
i.n excess of 1/2 inch.

*4 .2 MN INTEN~rn.CL PFCCEDURES

(a) Ceneral Haintenance of the damn is performed on an in-
formal basis rather than on a formally established routine
or procedure. The grass is mowed twice a year. The darn is
generally maintained in fair condition.

P(b) Operating Facilities Under normal operation, the 20-
inch water supply line is opened, and one of the 16-inch
supply inlets is opened, depending on the level of water
in the reservoir. Flashboards are installed in the spring
and removed in the summer. The 30-inch blow-off valve is
opened approximately once every two years.

4.3 EVALUATION

The normal operating procedure has been developed to pro-

vide a constant supply of water to the Town of Southbridge.
Maintenance of the facility is performed on an informal

expanded and refined to include monitoring of seepage issu-
ing from the downstream toe of slope. A formal maintenance
procedure should be established including the items enumer-
ated in Section 7.3. A formal written downstream warning
plan should be developed, and an annual program of techni-
cal inspections by a qualified registered professional engi-
nleer should be implemented.
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.-SFC9CN 5
EVALUA'2IUN OF IYDFAULIC/HYDROLOCIC FEATURES

5.1 Ceneral. No. 5 Reservoir Dar. is a 33-foot high, 1130-foot
long earthfill daip built in 1938. It reportedly has a con-
crete core wall. The spillway is a 150-foot long broad
crested concrete weir with rod supports for flashboards.

The reservoir is fed by Hatchet Brook and has a normal
surface area of 28 acres. The watershed is 1.12 square
riles of rolling terrain and includes Hatchet Pond. The
s.loku of the drainage area is about 2.1 percent.

5. 2 Dsj Dat a. I'ycrdUl ic or hydrologic computations are not
available fur: the desigrn of the spillway.

5.3 Li-cricnce Data. Daily records of water level, and rain-
fall, for No. 5 Peservoir are kent by the Southbridge
Water Supply Company. During periods of rainfall in
excess of 1/2 inch, records are taken at 6-hour inter-
vals. These records are available for review at the
Town of Southbridge Uater Supply Company.

5.4 Test Flood Analysis. Based on the Corps of Engineers Guide-
lines, the recommended test flood range for the size (small)
and hazard (significant) is a 100-year frequency to 1/2
Probable Maximum Flood (PMF). Because a failure of the dam
wocld cause a loss of water supp ly and an appreciable econo-
mic loss, 1/2 PMF was adopted as the test flood inflow. The
watershed has mostly rolling terrain with a gentle slope
(about 2.1%) and a cor.siderable amount of upstream ponded
water (about 4.5% of the total drainage area) and marshland I
(another 2.0%). Applying 1/2 the PMF (1063 CSM) to the 1.12
quare "iles of drainage area results in a calculated peak

flood flow of 1190 cfs as the inflow test flood. By adjus-
ting the inflow test flood for surcharge storage, the maxi-
Mun discharge rate was established as 1100 cfs, with a
water surface at El 745.5. As the top of the dam is at El
748.0, the routed test flood outflow would result in a I
freeboard of 2.5 feet. Without flashboards, the emergency
sr°illway capacity with the water surface at the top of the

dam is 3640 cfs, which represents 330% of the test flood
outflow.

5.5 Dan, Failure Analysis. Based on the Corps of Engineers
Guidelines for Estimating Dam Failure Hydrographs, and
assuming a breach width of 280 feet which represents 40
percent of the mid-height length of 700 feet at a water
surface elevation of 745.5, the dam failure outflow would
be 80,400 cfs. This includes discharge from the spillway.
Using the calculations from Phase I Reports on the two
downstream darns, it is estimated that as a result of a
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dam failure at No. 5 Reservoir, No. 4 Reservoir would
- ?be overtopped by approximately 3.7 feet and No. 3 Reser-

voir would be overtopped by approximately 1.7 feet.
Neither of these dams would be overtopped due to outflow
from No. 5 Reservoir prior to failure. Consequently,
failure of both downstream dams would be likely. Down-
stream from Reservoir No. 3 the failure outflow would
be approximately 5.8 feet deep for the typical downstream
section. This approximate depth would carry downstream
approximately 7000 feet from No. 3 Reservoir before
reaching the Westville Reservoir Flood Impoundment Area

L where the failure outflow would be attenuated. Conse-
quently, with an appreciable economic loss and a loss of
water supply, the overall potential hazard from a dam
failure of Reservoir No. 5 would be "significant".
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S IC',' )N 6
F.VALLUAT[ON OF STF UCTUfRAL STABILITY

6.1 VI.UALF DiLRVA'.Ir .

ii ! insject ion of the dam and spillway indicates that these
stricture:; Irc ill fctir condition. There has been no signifi-
ca::t Uisllacement or distress which would warrant the prepa-
rato,1n of structaral stability calculations. Vegetation on

WJ the downstream face is grass, with small brush, apparently ,
trimried re-!gulacly. The spillway and outlet channel are con-
stIActed on shallhw sandrock. Seepage was noted issuing from
several stretches along the toe of the embankment, particu-
larly near the center of the dar. Flow was clean and esti-
mated to be in the order of 1 to 9 gpm. Crude observation
wells were noted in the swampy area just downstrear. of the
toe. Miror de-ressions were notec in the embankrent soil of
the crest, imirediately I ehini the upstream face riprap stone.

6.2 DF-ECN PND CeNSr!-UCTieN DA'A

Definitive plans of the dar, and spillway were reviewer.. 7h, S
drawings consist of 5 sheets developed by Fay, Spofford &
Thorndike, Inc., Conselting Fngineers, Boston, Massachusetts,
dated December 11, 1936. The plans generally appear to be
consistent wit], the superficial features observed during the
field inispection. The one visible departure from the draw-
ings was the lack of a drainage ditch to collect water from S
the blind stone drains. Laboratory test data of the soils
forming the eml-anknents was riot available. Calculations
pertaining to the stability of the dan and spillway are also
not available.

6.3 POST-COESTRUCTIOWN CHANCES S

There arc, no records of any post-construction changes to the
dam or the spillway.

6.4 SEISMIC STABILITY

The dam is located in Seisric Zone No. 2, and in accordance
with recommended Phase I Cuidelines, does not warrant seismic
analysis.
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SI tT' CN 7
AS.I'SSK1FNT, RL.COMPENDATIONS AND REMFD[AL MEASURES

i 7.1 DAN! ASSESS tr NT

1a) C'cmJ it ion Nt,. 5 Peservoir is in fair condition at the
i resont titne. It coule not be determined whether the seepage
eiranating fror the downstream toe is directly attributable
to cci lectd scep:ige channeled by the blind stone drains or
to )ther seepage throUgh the dam structure or foundation.
mMizr.. dlejtecions in the crest hind the upstream riprap

" r<)cpk siore jrotection art! indicative of poor filtering
ietwer the soil eirnanknent and stone. This is considered
[primarily a maintenance problem. Seepage observed at the
tot will require further indepth investigation and engi-
neering sttles as outlined below.

(h) Pdequjac -of Information. The original design drawings
art, available for the emankr'ent and spillway. Consequently,
the adequacy of engineering data is considered good. The
assessment of this dar is based on a knowledge of these design
drawings plus the visuil inspection conducted on March 5, 1981.

(c) Urgenc. The remedial r.easures enumerated in Section
7.3 relow should Le im'ieme:ted by the owner within one year
of rec'eipt of ila: thiso I inspection report.

7. 2 1 LC!OWVENATI'ONS

It is reccrrmendfed thaL the owner engage a registered profes-
sional engineer experienced in the design and construction of
efLbCinkeniL dars to undertake an investigation of the source
of seepage emanating from the toe. If the source is identi-

* lied as the stone drains, a collector trench, as originally
I proposed in the design is recomirended. If the source of

seepage is through the dar embankment or foundation, further
studies will he required.

The Owner should implement the recommendations of the Engineer.

S _ 7.3 RULMDTAL VEASUES

(a) Operation and Vaintenance Procedures. In addition to
the intiating of the studies recommended above, the follow-
ing items should be imflemented to assure the continued per-
fc'rni:ance ( f the dair

I ) Implen:rt a program of yearly technical inspec-
tions by d qualifid registered professional
e] g i Lf,7 r.
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(2) Develop an "emergency preparedness plan" that will
include an effective preplanned downstrean warning
syster, locations of emergency equipment, materials
and manpower, authorities to contact, and potential
areas that ray require evacuation.

(3) Fill all minor depressions in crest behind the
upstream riprap rock slope protection with com-
pacted gravel.

(4) Monitor seepage on a weekly basis with particular
m attention paid to any change in the quantity or

clarity until the recommendations of the engineer-
ing study have been implemented.

7.4 ALTERNATIVES

There are no practical alternatives to the above recom-
mendations and remedial measures.

* 7
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*INSPECTION CHECKLISTS 0



INSPECTION TEAM ORCANIZATION

Date: March 5, 1981

Project: MA 00693
No. 5 Reservoir
Southbridge, Massachusetts

m ,4
Weather: Clear, cold

INSPECTION TEAM

Kenneth W. Hodgson, Jr. Cullinan Engineering Co., Inc. (L ') Team Captain
Gregory M. Valiton CEC Hydraulics
Steven J. Trettel Goldberg, Zoino & Associates (GZ) Soils
Andrew Christo Andrew Christo Engineers, Inc. (ACE) Structures
Paul Razgha ACE Structures
Carl Razgha ACE Structures 0

Owner was not represented at inspection

NOTE: Observed water surface elevation in reservoir at time of
inspection = El 744.0±

oA -

.0
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No. 5 Reservoir Dam March 5, 1981 4.
MA 00693

CHECKLISTS FOR VISUAL INSPECTION

AREA EVALUATED BY CONDITION AND EMARSKS

UPSTREAM SLOPE -O

Vegetation GZ None

Sloughing or Erosion None

Rock Slope Protection - A

Riprap Failures Good

Animal Burrows None

CREST

Vegetation Grass growth _.O

Sloughing or Erosion None

Surface Cracks None -

Movement or Settlement None 0

DOWNSTREAM SLCPE

Vegetation Grass growth

Sloughing or Erosion None

Surface Cracks None O

Animal Burrows None

Movement or Cracking Near Toe None

Unusual Embankment or

Downstream Seepage Five seepage areas,

possibly from blind

stone drains I
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No. 5 Reservoir Darn March 5, 1981
MA 00693

CHECKLISTS FOR VISUAL INSPECTION

AREA EVALUATED BY CONDITION AND REMARKS

Piping or Boils None

Foundation Drainage Features Blind stone drains

outletting at toe of* 4
slope

Toe Drains None

GENERAL

Lateral Movement None

Vertical Alignment Good

Condition at Abutments

and at Structures Good

Indications of Movementl S
of Structural Items None

Trespassing None

Instrumentation Systems GZ None

p PRINCIPAL SPILLWAY

Waste Gate ACE Good .

36-Inch Outlet Good

Headwall and Wingwalls Good -,

Condition of Concrete Good

Spalling None noted

Erosion None noted

Cracking None noted . -

Efflorescence None noted
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No. 5 Reservoir Dam March 5, 1981
r- MA 00693

CHECKLISTS FOR VISUAL INSPECTION

5ARE.A EVALUATED BY CONDITION AND REMARKS .O

Rusting or Staining

of Concrete None noted

Visible Reinforcing None noted 4

Stone Walls Good

CATE HOUSE

Building Minor surface spalls of

brick. Roof in good con-

dition. S

Gates Good

Foundation

* Condition of Concrete Good

Spalling None noted

Eros ion Minor at water line

5Cracking None noted

Efflorescence None noted

Fustino or Staining

of Concrete None noted

Visible Reinforcing None noted

EMERCENCY SPILLWAY

Condition of Concrete Good

Spalling None noted

Erosion Minor on surface

Cracking Vertical transverse crack

1/2"t wide
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0
No. 5 Reservoir Dam March 5, 1981
MA 00693

CHECKLISTS FOR VISUAL INSPECTION

AREA EVALUATED BY CONDITION AND REMARKS

Efflorescence None noted

Rusting or Staining

of Concrete None noted --

Visible Reinforcing ACE None noted "

* A
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0
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7 DESCT:IPTIOC O DA.'

DISTRICT

Submitted by '1Darn No. .. py e

Date ___- _ _ _Stty/Town _ r .

Name of Damn *
1. Locaticna Topo She--et No, _ _ _-_ _ _ _"__ _ _ _._._ _

Provide &1." x 11" in clear copy of topo map with location of
Dar, clearly indicated.

2. Year built: \ Year/s of subsequent repairs ._ _,

3. Purpose of Dams '.iater Supply Recreational .. . ...

Irrigation Other

4. Drainage Areas sq. mi. acres 0

5. Normal Pending Areas _ _ acres; ,.ve, depth

Impoundme.nts , acre ft.

6. No. and tipe of dwellings located adjacent to pork or reservoir 0

i.e. su-.r-er hcres, etc. ""_

7. Dir ensions of aama Length Max, Height

Slopes: Upstream Face i't _ _

e-Dov~nstrean Face d.' .

;idth across top

6, Classification of Lam by Materials .

Earth Cone. Vasonry / Stone Iasonry _

Tiz.ter _____~okill _ _______Oher CeC t COKCE

9& A. .esciition of present land usage dov. nstream, of dams "

Q_ % rural; __% urban.

B. Is there a storage area or flood plain do'.:nstream of dam which
could accor.cdate the im oundment in the event of a complete
da, failure7 yes no _
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DAM NO. -

- 0. Risk to life and property in event of complete Failure,

Noe of people •

No, of homes _ _ _ _ __ _.

No. of Businesses _____ _.-_

ic. of industries .___._.-__-_ o Type

No. of utilities n-C_ E !' Type

Railroads _ _ _ _ _ _ _

Other darns 3 ih &
Other _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

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

12, How to ocatez 
-

.-. ,2

'..
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INSPECTION REOPT -D1.S ;.D ESEPVCIRS

Name uf Dam _____ .___ -_____________ Inspected by ' rYJ .l.

Date of Inspection zLi 47a

2. Owner/st per% Assessors Prey. Inspection

-ec. of 'eeds Pers. Contact ./

Na:ne St. & Noe City/Town State 'Tel, No.

2.
Name St. & io. City/Town State Tel, Noe

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

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

Names St, & Noe$

City/To.ns State: Te l!!o' I

4. No. of Pictures taken %\'A.

5. Decree of Hazards (if dam should fail completely)*

1. J;inor 2. Moderate"

3. Severe 4. Disastrous

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

6, Outlet Controls Automatic 14 anual 

Operative ~ . .yes; ____________No.

Commentss

*7. Upstiea7 race of -a,-,: Conditions

1. Good ___ 2. A;Incr Pepairs

3. Aajor F.epairs 4. Urgent f"epairs

AC ommentSt s s
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8. Dowr.stream Face of Cam:

Condition: 1. Good 2. Vinor Repairs _._-.

3. Vajor Repairs 4. Urgent Repairs .-"-...

Comments&

9. Emergency Spill.ays

Conditions I* Good 2. Minor Repairs A

3. U'ajor Repairs 4. Urgent -epairs

Comments t

Lo

10, Water Level at time of inspection: ft. ahove below ___

top of darn principal spillway

other-

11. Sumr.ary of Deficiencies Notedt

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

Animal Burrows and '.4'ashouts _,___

Damage to slopes or top of dam __ __-

Cracked or Damaged Vasonry ____-

Evidence of Seepage -

Evidence of Piping _ _ _,_"-.-._-

Eros ion C -

Leaks o

Trash and/or debis impeding flow .

Clogged or blocked spillway

Other , \ '. "' ,
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2. Minor repairs eeded ......
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6. PHOTO NO. 1
VIEW OF LEFT UPSTREAM FACE

FROM GATE HOUSE

P HOTO NO. 2

VII'l~ OF RIGHT UPSTLRLAM FAXCE
FROM GATE HOUSL

U.S. ARMY CORPS OF ENGINEERS No. 5 Rasorvoir Damn
NEW ENGLAND DIVISION NATIONAL PROGRAM Hatch t Brook

WAL HA ,MA SAC US TT - O F IN SPECTIO N Sout-lilril~ge, M ass.
CULLINAN ENGINEERING CO..NC. OFA NO06FE.9AM

CIVIL ENGINEERS OA 00693D. AM
AUBURN-BOSTON, MASSACHUSETTS MarchI 5, 1981

C-2



I'PHOTO NO. 3
VIEW" OF LEFT DOWNSTREAM FACE

FROM LEFT END

PHI-OTO NO. 4
VI11;4 OF RIGHT{ DOVINSTREAM FACE

FROM RIGHT END

IU.S. ARMY CORPS OF ENGINEERS No. 5 Resccoir Dala
NEW ENGLAND DIVISION NATIONAL PROGRAM HatclieL R3rj~ok%

WALTHAM , MASSACHUSETTS IOF INSPECTION Soutih1hridIge, ~~
CULLINAN ENGINEERING CO.,NC.M069

CIVIL ENGINEERS OF NON -FED. DAMS 009
4 AUBURN-BOSTON, MASSACHUSETTS March 5, 1.181
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PHOTO NO. 5
VIEW OF UPSTREAM FACE

FROM RIGHT END

PHOTO NO. 6
VIEW OF GATE HOUJSE

FROM LEFT SIDE

U.S. ARMY CORPS OF ENGINEERS No. 5 Regervoir Darn
NEW ENGLAND DIVISION NATIONAL PROGRAM Haht ro

WALTHAM, MASSACHUSETTSHaceBro
OF INSPECTION SOUthbrid-ge, Mass.

CULLINAN ENGINEERING CO.,INC.M 09
CIVIL ENGINEERS OF NON - FED. DAMS M 09

AUBURN-BOSTON, MASSACHUSETTS IIMarchi 5, 1981

C-4
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PHOTO NO. 7
VIEW OF~ EMvERGENCY SPILJLWAY-
NOTE FLASEBOARDS REMOVED OVER
APPROXIMATELY 50% OF LENGTH

PHOTO NO. 8
VIEW OF UPSTREAM SIDE OF GATE

HOUSE - NOTE BAR SCREEN FOR RAW
WATER INTAKE LINES

lI

U.S. ARMY CORPS Of ENGINEERS No. 5 Reservoir Darn
NEW ENGLAND DIVISION NATIONAL PROGRAM Hatchet Brook

WALTHAM, MASSACHUSETTS
OF INSPECTION Soutlbridge, Mass.

CULLINAN ENGINEERING CO.,NC, MA 00693
CIVIL ENGINEERS OF NON -FED. DAMS

AUBURN-BOSTON, MASSACHUSETTS March 5, 1981
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PHOTO NO. 9
VIEW OF OPERATORS INSIDE GATE HOUSE-

NOTE CHAIPNFALL FOR LIFTING SCREENS AND ACCESS OPENIN4G TO WELL

I4

PHOTO NO. 10
VIEW DOWNSTREAM OF DAM -NOTE OUTLET CHANNEL AT LEFT OF PICTURE

AND DISCH-ARGE FROM BLIND STONE DRAINS AT RIGHT OF PICTURE

U.S. ARMY CORPS OF ENGINEERS No. 5 Re3servoir Dam
NEW ENGLAND DIVISION NATIONAL PROGRAM Hatchet BrookWALTHAM, MASSACHUSETTS

OF INSPECTION Southbridge, Mass.
CULLINAN ENGINEERING COINC. MA 00693

CIVIL ENGINEERS OF NON -FED. DAMS March 5, 1981
AUBURN-BOSTON, MASSACHUSETTS ______________
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PHOTO NO. 11
VIEWJ OF HEADWALL FOR RESERVOIR
DRAIN OUTLET LOOKING UPSTREAM

U.S. ARMY CORPS OF ENGINEERS No. 5 Reservoir Dam
NEW ENGLAND DIVISION NATIONAL PROGRAM HatcThet Brook

WALTHAM, MASSACHUSETTS
OF INSPECTION Southbridge, Mass.

CULLINAN ENGINEERING CO.DNC, MA 00693
CIVIL ENGINEERS OF NON - FED. DAMSP AUBURN-BOSTON, MASSACHUSETTS March 5, 1981

C-7
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