AD-A155 234  NATIONAL PROGRAM FOR INSPECTION OF NON-FEDERAL DANS
NUMBER S5 RESERVOIR (M. . (U)> CORPS OF ENGINEERS WNALTHAM
MA NEW ENGLAND DIV JUN 81

UNCLASSIFIED F/G 13713




e
e
l-é
o

O

N

rFEEREE

S

w

=
=

2 T e

rrr
r
Fr

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

T T NI P A
N LN DR N et AN T
P - - -
N N I
- : o e -
NUN N -

N LA PR S I M .
BT R P R T P S
W P U P o S P T ST SV <oy ST oSO I L IPE DO B Dot /A




AD-A155 234

QUINEBAUG RIVER BASIN
SOUTHBRIDGE, MASSACHUSETTS

NO. 5 RESERVOIR
MA 00693

PHASE | INSPECTION REPORT
NATIONAL DAM INSPECTION PROGRAM

et Reas 'dj Dllc

v
‘-t

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

F DISTRIBUTION STATEMENT A

S ———— ——

Appioved for public r.eloolﬂ
JUNE 1981 Distributicn Unlimited

DiiG +.... - 85 5 31 056

. e
PP AP S WS W

L
.

.
)
* .
'
.
- \
e -
] 1

[ BT
Wt «

P
B ooro T
. v .

4
d
“
. .
]
. ]
. '
. Ki
-—
-l -
.

. L

g
23 SN

. L PR
. . . PN
USSR WSV S S - ¥ B ot St




t—r‘t FRER - A At 9. Ayt Sui A i S il g A BOR B I ol SRR gAML i

-
)
.

-~
K

Py

T—— ] v

-y
f

T

TETETY oL

Py

TrvY &

p————

] REPORT DOCUMENTATION PAGE

_UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered)

Uit A e (i ah i VAR AtA drad R aruadUing A Ak el G

READ INSTRUCTIONS
BEFORE COMPLETING FORM

1. REPORT NUMBER 2. GOVY ACCESSION NO,

3. RECIPIENT'S CATALOG NUMBER

% AD-A/S5 439

4. TITLE (and Subtiile)

No. 5 Reservoir

8. TYPE OF REPORT & PERIOD COVERED

INSPECTION REPORT

NﬁTIONAL PROGRAM FOR INSPECTION OF NON-FEDERAL
DAMS

6. PERFORMING ORG. REPORYT NUMBER

7. AUTHOR(s)

U.S. ARMY CORPS OF ENGINEERS
NEW ENGLAND DIVISION

8. CONTRACY OR GRANT NUMBER(s)

9. PERFORMING ORGANIZATION NAME AND ADDRESS

10. PROGRAM ELEMENT. PROJECT, TASK
AREA & WORK UNIT NUMBERS

t1. CONTROLLING OFFICE NAME AND ADDRESS

DEPT. OF THE ARMY, CORPS OF ENGINEERS
NEW ENGLAND DIVISION, NEDED

424 TRAPELO ROAD, WALTHAM, MA. 02254

12. REPORT DATH

1

13. NUMBER OF PAGES
55

V4. MONITORING AGENCY NAME & ADDRESS(/! difterent jrom Cantroliing Olfice)

15. SECURITY CLASS. (of thie report)

UNCLASSIFIED

18a. DECLASSIFICATION/DOWNGRADING
SCHEODULE

16. DISTRIBUTION STATEMENT (of this Report)

APPROVAL FOR PUBLIC RELEASE: DISTRIBUTION UNLIMITED

17. DISTRIBUTION STATEMENT (of the sbetract entered In Bleck 20, 1! diftereni frem

Repert)

18. SUPPLEMENTARY NOTES

Non-Federal Dams; use cover date for date of report.

Cover program reads: Phase I Inspection Report, National Dam Inspection Program;
however, the offictal title of the program is: National Program for Inspection of

19. KEY WORDS (Conttnue on reveras olde i ssary and identily by block number)

DAMS, INSPECTION, DAM SAFETY,

Quinebaug River Basin
Southbridge, Massachusetts
Hatchet Brook- Tributary of the Quinebaug River

20. ABSTRACT (Continue an reveres side I necessary and identily by bleck mamber)

of the dam.

The dam is an 1130 ft. long, 33 ft. high earth embankment dam. The dam has
a classification of small and a hazard potential of significant. There are
deficiencies which should be corrected to assure the continued performance

DD 5335 W73 eomonor 1 wovesisossoLere

.........

-
.
B
-
i
1
d

.
S
LS
v .
.
v
..
v .
-
o
..

at

EP I SR A N T Y Uy S SN

et A T
2 1" 2 a 2" # A 2  auta

IR LN

R R

. o -

e s d




TR e T T R N T T R T T L L Y L R R A LN ATYLT LN,

DEPARTMENT OF THE ARMY

NEW ENGEAND DIVISIErN © O b f 2t

A24 TRAFEL O ooxnl
VWAL THAM MAGS A [ PP

Honorable FEdward J. King

Governor of the Commonwealth of
Hussachuserts

State House

Boston, Massachusetts 02133

Dear Governor Xing:

Tnclosed is a copy of the No. 5 Resetrvolr (MA-00693) Phase T Inspection
Report, prepared under the National Program for Iaspaction of
“on-Federal Dams. This report is based upon a visaal inspection, a
review of the past performance and a bricf hydrological study of the
dam, 1 approve the report and support the findings and recommendations
described in Sectlon 7 and ask that you keep me informed of the actions
taken to implement them. This follow~up action is vitally important.

Copies of this report have been forwarded to the Department of Environ- a3
mental dunality Enpinecering, aad to the owner, Southbridye Water Sapply

Co., Southhridee, MAL Coples will he available to the sablic in thirty i
deyera . RS

I wish to thank you and the Department of Environmental Quality
Fneineering for your cooperation in this progranm.

rL’l)
P A EDGAY,
Vooatated o el, Corps uf Eagsineers
: (ommrv“utr vl Division Ynpincer
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NATIONAL DAM INSPECTION
PROGRAM

PHASE I INSPECTION REPORT

[ | BRIEF ASSESSMENT
- Identification No.: MA 00693
Name of Dam: No. 5 Reservoir ol
- -8
Town: Southbridge e
County and State: Worcester County, Massachusetts “':
Stream: Hatchet Brook - Tributary of the Quinebaug 3;;1
River 2 ;

Date of Inspection: March 5, 1981

Reservoir No. 5 Dam is an 1130t foot long, 33-foot high earth e
embankment dam built in 1938 to provide storage and regulate its ;Q"
release as part of the water supply system for the Town of South- Ty
bridge, Massachusetts. With the water level at the top of the s
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-

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-
o way is a 150-foot long concrete broad-crested weir. Flashboards

1.5 feet high can be installed at the spillway. The spillway is
n located immediately upstream of the right abutment and discharges
. to a poorly defined natural channel.

e 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
o of 100-year frequency to one-half the Probakle 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 S
indicate that the emergency spillway, without flashboards, can dis- jgkl
charge 3640 cfs and the total routed test flood outflow is 1100 cfs. S
Thus, the spillway can discharge 330 percent of the routed test flood. e
The estimated test flood stage is about 2.5 feet below the top of P
] the dam. o
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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
recomnendations to alleviate the proklem. If the source is identi-
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.

i C/éj/‘/// /

William S. Parker, PE
Director of Engineering
Project Manager
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i This Phase I Inspection Report on No.5 Reservoir (MA-00693)

o has been reviewed by the undersigned Review Board members. In our

i . opinion, the reported findings, conclusions, and recommendations are
A consistent with the Recommended Guidelines for Safety Inspection of
oo Dams, and with good engineering judgement and practice, and is hereby
= submitted for approval.
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CARNEY M. TERZIAN, MEMBER
Design Branch
Engineering Division

JOSHPH\W. FINEGAN,
Wat ontrol Branch
Enginéering Division

Peamee Pkt

ARAMAST MAHTESIAN, CHAIRMAN

» MEMBER

Geotechnical Engineering Branch Bt
Engineering Division N
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PREFACE o

S8

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

gation. Copies of these guidelines imay be obtained from the w
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.
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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
detectable if inspected under the normal operating environment

of the structure,.
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It is important to note that the condition of a dam depends on
numerocus 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
chance that unsafe conditions be detected.

Phase I inspections are not intended to provide detailed hydro-
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

s 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

: as necessarily posing a highly inadequate condition. The test

o flood provides a measure of relative spillway capacity and

serves as an aid in determining the need for more detailed o
hydrologic and hydraulic studies, considering the size of the ;
dam, its general conditions and the downstream damage potential.
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b The Phase I Investigation does not include an assessment of the T3
- need for fences, gates, no-trespassing signs, repairs to existing ,
b fences and railings and other items which may be needed to mini- -
2 mize trespass and provide greater security for the facility and oM
@ . safety to the public. An evaluation of the project for compliance S
with OSHA rules and regulations is also excluded. [
b
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NATIONAL DAM INSPECTION
PROGRAM
PHASE I INSPECW1ON FEPORT
K NO. 5 RESFRVOTK
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-
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

inspect and report on selected dams in the State of
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:

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

LB
@'

(2) Encourage and assist the States to ini-
tiate quickly effective dam safety pro-
grams for non-Federal dams.
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(3) Update, verify and complete the National
Inventory of Dams. o __

1.2 DESCRIPTION OF PROJECT

(a) Location. The dam is located on Hatchet Brook, a R
tributary of the Quinebaug River, in the Town of South- —_—
bridge, Worcester County, Massachusetts (see Location ot
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- A
mately 11,700 feet downstream. The coordinates of the dam ey
i are latitude 42 degrees 02.6 minutes north and longitude .
72 degrees 04.9 minutes west, -
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(b) Description of Dam and Appurtenances. Reservoir No.
5 Dam consists of an earth embankment 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 embankrent 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
Plans for construction, the dam has a concrete corewall
and klind 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) and
the downstream slope is 2:1 and grass covered (see Photos
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). .
The brick gatehcuse is built on top of a concrete struc- 'Y
ture which forms an intake well for the 20-inch water T
supply line (see Photos No's. 6 and 8). Also included N
in the structure are three 16-inch diameter water supply
inlets which are controlled by handwheel operated sluice- R
gates (see Photo No. 9). The elevations of the inlets e
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. i”
The headwall has 5-foot high concrete wingwalls which
c4tend 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- »
ting of a 2-foot wide 150-foot long concrete wall with
rod supports for flashboards up to 1.,5~-feet high (see e
Photo No. 7). The crest elevation of the weir without
flashboards is 744.0. Short dry stone training walls
about 4-feet high are at each end of the emergency spill- 5
way. Flow from the emergency spillway discharges to a »
pocrly defined channel which has a 6:1 slope. Spillway R
discharge from No. 5 Reservoir passes downstream to No.
4 TI'eservolr.

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




(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
impcuands 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 danm
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- o
voir. The flow would continue downstream (approximately -
12,000 feet from No. 5 Reservoir) before reaching the *‘11

Westville Reservoir Flood Control Impoundment area where
the failure outflow would be attenuvated. Consequently,
with the appreciable economic loss that could occur,

and the loss of water supply, the dam has been classi- o
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 o
Spielvogel, Superintendent and Treasurer, 70 Foster Street, T
Southbridge, Massachusetts 01550 (Phone 617/764-3207). T

(f) Operator. Mr. Maurice Comtois is assigned resgon- ﬁ$¢3
sibility for operation of the dam. His business and hore e

address is Breakneck Road, Southbridge, Massachusetts S
01550 (Phone 617/764-8092). RS

(g) Purpose of the Dam. Reservoir No. 5 Dam provides .y
for water storage and regulates its release as part of n o
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 4!=
at the Viorcester County Commissioners Office in 1936 .
with the actual construction 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.

4"‘ j

. I
P LI ]

(i) Normal Operating Procedures. Under normal condi- .
tions, only one of the l6-inch intake lines (usually the Sl
highest) is open. Water then flows into a 20-inch suprly -

line at the gatehouse. From the gatehouse the 20-inch ;
supply line flows cross country to Nu. 4 Reservoir where R
it is reduced to a l6-inch pipe and is cross connected SN
to a 16-inch supply pipe from No. 4 Reservoir. The com- C
non 1l6-inch supply line then ties into the Town of 'ﬁli
Southbridge water supply syster at Dennison Crossroads. ‘®
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The 36-inch outlet is opened only to drain the reservoir
or it could be used during periods of high flow. However,
1% is reported by the Town of Southbridge Viater Department
‘ that is has not been necessary to operate the valve for
! n high flow conditions as the water level in the reservoir
S has never been rore than 6 inches over the emergency spill-
] way crest. Generally, the outlet valve is checked every
Co two years to insure its operabkility. Flashboards are
R usually left in place over 50 to 60 percent of the emer-
: gency spillway length. Daily checks on the reservulr
. -, level are made by the operator who also periodically
£ o cleans the screens on the intake lines and operates the
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valves, to make sure they are functioning.

1.3 PERTINENT DATA L

!
ba

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

(a) Drainage Area. The drainage area tributary to the .
dam is 1.12 square miles. The pond is surrounded by —d
moderately sloped hills which are heavily forested, and L4 4
there is no development in the drainage area. Total up- T
stream ponds account for about 4.5 percent of the total e
watershed.

[t
A e

(b) Discharge at the Dam Site. Normally, water is drawn
off from the reservoir through one of the 16-inch water
supply inlets at the gatehouse. The 36-inch outlet is
utilized only during periods of high flow or to drain o
the reservoir. Flow over the emergency spillway is o
intermittent with flashboards generally removed from A
the middle 40 to 50 percent of the spillway (see Photo
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 (E1 748.0). The routed test
flood discharge (one-half PMF) is 1100 cfs at El1 745.5
and will not overtop the dam.
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The following is a list of pertinent values relative to discharge:

o
B 1.

s e nola

Outlet VWorks (conduit) Size: 36" low level outlet
3-16" outlets to wet well for
I 20" water supply
Invert Elevation: 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)
F’ 2. Maximum Known Flood at Dam Site: Unknown
3. Ungated Emergency Spillway Capacity
at Top of Dam: 3640 cfs (150' emergency spillway)
Elevation: 748.0
4. Ungated Fmergency Spillway Capacity
at Test Flood EFlevation: 835 cfs
Elevation: 745.5
5. Gated Spillway Capacity
L at Normal Pool Elevation: N/A
Elevation: N/A
6. Gated Spillway Capacity
at Test Flood Elevation: N/A
Elevation: N/A
I 7. Total Emergency Spillway Capacity
at Test Flood Elevation: 835 cfs
- Elevation: 745.5
‘ 8. Total Project Discharge
. at Top of Dam: 3860 cfs
’ Elevation: 748.0
S. Total Project Discharge
at Test Flood Elevation: 1100 cfs
Elevation: 745.5
.:
i
|
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r c. Elevation - Feet Above NCVD (formerly MSL Datum of 1929)
1. Streamted at Toe of Dam: 715.0
2. Bottom of Cutoff: Varies
3. Maximum Tailwater: Unknown
4, Normal Pouol; 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
7’ 2, Flood Control Pool: H/A
3. Spillway Crest Pool: 1700 feet
) . 4, Top of Dam: 1800 feet
l S 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 ;—
s “ 5. Test Flood Pool: 465 acre-feet g :
» ) £. Reservoir Surface - Acres j
3 ‘ 1. Normal Pool: 28 acres ;—-4
[ 2. Flood Control Poonl: N/A n_j
E 3. Spillway Crest: 28 acres \:
E ' 4, Test Flood Pool: 33 acres , 1
- 5. Top of Dam: 37 acres L
§ R
|
| 1-6
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1 3.

g. Dam
- 1. Tyre:
n 2. Leigths
B 3. Heiqght:
4, Top Width:
5. 8Side Slopes:
r.
6. Zoning:
7. Impervious Core:
8. Cutotff:
9. Grout Curtain:
' 10. Other:
h. Diversion and Regulating Tunnel
! i. ' Spillway
1. Type:
2. Length of Weir:

Crest Elevation
with Flashboards:
without Flashboards:
Gates:

Upstream Channel:

Downstreamr Channel:

Ceneral:

P W U TP U G W I G 2 PP T Y
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Carthfill

1130 feet

33 feet

18 feet

2 Horizontal to 1
Vertical Upstream and
Downstrear

See Plans in Appendi«< 0

Concrete Core Wall

Sheet Pile (see plans
in Appendix B)

None

Blind Stone Drains
(See Plans in Appendix B)

N/A

Concrete Vall with
Flashboards

150 feet
745.5
744.0
N/A

Normal bed of Hatchet
Brook

Poorly defined natural
channel with an approxi-
mate slope of 6:1

Flashboards normally
in place over 50 to 60%
of spillway length
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Regulating QOutlets

1.

2‘

3.

Invert:
Size:

Description:

Control Mechanism:

Other:

36" - 709.5; 16" - 737.3,
729.8, 722.3

36", 3-16"

36" used to drain reser-
voir; 3-16" act as in-
lets to wet well for 20"
water supply outlet

3-16" and 20" are con-
trolled by manually
operated sluice gates;
36" controlled by manu-
ally operated 30" gate
valve

Generally only one 16"
is open (usually the
highest). The 36" is
only opened to draw
down or drain one
reservoir,
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SECTION 2
ENCINEERING DATA

DESIGN DATA

A st of deaign plans containing 5 sheets for the con-
struction of No, 5 Reservoir Dam was obtained from the
Worcester County Enginecring Department, The plans were
drawn by Fay, Spofford, and Thorndike, Consulting Engi-
neers, Boston, Massachusetts and aro Jdated Novenber 1936
(sece Appendix B). The reservoir was designed as part of
the Southbridge water supply system and still functions
as such. Previous inspection reports and sketches by
the Massachusetts Department of Public Works were ob-
tained from the Division of Waterways.

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 bklind
stone drain at the downstream toe of the embankment was
not constructed,

OPERATING DATA

Daily operating records are taken by the caretaker and
maintained in the Southkridge Water Supply Company Office.

EVALUATION OF DATA

(a) Availability. Documents described above are avail-
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) Vvalidity. With the exception of the discrepan-
cies noted 1n Section 2.2, the general observed con-
figuration of the dam and appurtenances were in agree-
ment with the construction plans.
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SECTLON 3
VISUAL [NSPECTICN

(W

.1 EINUINGE
(a) General. No. 5 Peservoir was in fair condition at
the time of the visual inspection of the fdam rmade on
tarch 5, 1981, The condition of the dam was considered
to be fair primarily because of seepage issuing from
the downstream toe of slope. A copy of the inspection
checklist is included in Appendix A,

(t} Dar. MNo. 5 Reservoir Dam is an earth emlankment
with a concrete core wall, approximatcly 1130 feet in
overall length and fror: 10 to 38 feet high. The dan is
concave ugpstream. The left abutrent is a natural bill
with rpossikle bedrock outcrops. Soil conditions okserved
200 feet upstream cf the abutment are sandy, gravelly
tyre soils. The upper gportion of the upstrewr slojo of
the damr is a rubble stone wall, with a 1 horizonital to

S vertical tilt backwards towar.ds the dam crlankrent

(see Photos No's., 1, 2, and 5). The stone varies in size
from cobkles to small Lkoulders. It is hanrd placed with
nc mertar, Some of the stone appears to have ravelle::
down over the years but for the most part, the rubble
wall is intact and in goud condition. There is sore
local and minor depressions of the earth erkankment bhehind
the rubble wall, indicating some s0il washing into the
voids of the rubble. Water level at the time of inspec-
tion was 4 feet below the top of the dam. The downstream
face of the embankment is covered with grass with no
Erush or trees (see Photos No's. 3, 4, and 10). At the
downstream toe of the embankment, the ground is wet and
swanpy over an area approximately 50 feet long (measured
parallel to the dam axis) and 20 to 30 feet wide, out
from the toe. Mo 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).

Apprroximately 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
length of time as evidenced by the vegetation at this
location.

2 third seepage point was noted at the downstream toe altout
50 to 100 feet to the right of the gatehouse. The standing
water is rust brown in color while the flow is clean and
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clear and estimated to be on the order of 1 to 5 gpm. =3
]

2nother low, wet swampy area was noted at the toe cf the .i
erbankment beginning about 100 feet to the left of the A
outlet structure, running 50 to 75 feet along the dan. _ K
®_
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Standing water appearsd stagnant, dark browas 1an color, and
sinks intu the ground a short Jistance fror where the flow
eranates fror the toe of slope. The flow from this area

is estirated to ke 5 to 10 gpr. R
. -@
The firal swarpy area was found at the toe of the emhank- ]
Teat bPeglinaing apjproxinately 300 feet frow the left abut- R
reit oo oxte i1ty for approximately 100 feet away from ]
tle Eoer M 1L tlow was ckbserveé here, .
4
Lvidten e of b froch ovtoropo were oboesve” Lotellat:ly -6.4
downstrear f Lhe erbant U ad@ja ent to tiwe 1-ft ohirl of T
the dar. Bearock is closely jolnted gracite and the jolnts S
appear to ke tight,
The 36-inch cutlet pipe discharges at a headwall structure i]
at the downstream toe of slope (sz2e Photo No. 11). Four t.

observation wells are lorated in the general vicinity of )
this structure, '

Approximately 150 to 200 feet to the right of the gate-
house is a ledge grojection in the pond. Various other

Fedrock projections were noted in the vicinity of the "® 1
right akutrent. — 7
(c) Appurtenant Structures o )
(1) JLow Level Cutlet .fjﬁ
—_—
. . . . e
This structure which consists of a 36-inch k
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, spralls, cracks or efflorescence e :
was found cn the concrete headwall and wing- &
walls (sce Photo No. 11). The 36-inch wheel T
operated rising stem gate which controls the R,
cutlet flow is reported to be in good condi- S
tion. Pt the tire of inspection this gate T
was closed, and there was no evidence of N
secpage at the outlet, o |
- r
(2) Cate House -
VUith the exception of minor brick spalling, RN,
th walls of this structure are in good condi- B
= 2

tion. Uith the cxception of minor surface
eroslaon, the concrete foundation of this struc-
ture is in good condition without any evidence
of spalls, cracks or efflorescence (see Photo
No. 8)., The wood framed roof is in good condi-
tion. Five wheel operated kench stands housed
within the structure are in good operating con-
Jdit iun (see Photo No., 9). At the time of the
irsjyection, one of the 1l6-inch raw water inlet
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gates was fully opened and the 20-inch rvaw wuater
outlet yate was open for discharge to the water
supply systen.  Steel trash screens arae located
at the intake ond of the structure and are in
good condition, The hoisting arm and bracket
for remaval of the stecl trash screens is well
maintained

{3) fiergency Spillway

The 150-foot long concrete spillway on the
rigicnt alutnent discharges into an unimproved
vhannel over natural bedrock controlled topo-
graphy (s.¢ Photo No. 7). Stone training walls
abut the spillway at each end. Observed out-
flow at the time »f inspection was less than 1
inch deep with flashhoards vemoved from the
riddle 50 percent of the spillway. Judging
fram the nurerous outorops upstream and down-
stream of the weir, the spillway may be founded
on bedrock,

ith the exception of a transverse crack approxi-
rately 1/2-inch wide on this structure, and minor
surface erosinn, this structure is in good condi-
tion without any evidence of spalls, cracks or
efflorescence. This crack appears to be a con-
stroction joint, The flashboards, which are
fatcicated from wood planking, are in good
conditionn and well naintained,

(d) Rescrvoir Area. The reservoir has no development
along its shoreline. The surrounding terrain is heavily
wooded rolling hills. The shoreline is well maintained.
There is little polenttal that future development will
occur 1n the reservoir area.

{e) Downstrean Channel. Discharge from the reservoir
flows to No. 4 Reservoir and No. 3 Reservoir. The dis-
charge from Ue. 3 Tescervoic then flows into Hatchet
Prook and rasscs underneath two roadways before reaching
the Westville PResarvoir Flood Impoundment Area and the
Quinebaug River., There is little to no developrent
along the banks of the chaanel which has a slore of
arprovimately 2,5%.

EVALUATION

The visual ispection indicates that the dam is in fair
condition., Therce are sorme deficiencies pertaining mainly
to secepage which rust be corrected to assure the con-
Finued performance of rhe dam. TItems of concern observed
during the inspection include seepage along the downstrear
tce of slop-, ard rinor depressions in the crest behind

the upstrear riprap protection caused by poor filtering
Letwue: 1 the soil embanknent and stone. Measures to improve
the -ondition are stated in Section 7.3,
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Crettar 4
CPLEATING AND MAINTENANCE PPOCELURE

4.1 OPLEATLNG PROCEDURLE -=
(a) General Under norpal conditions, the valve to the :
20=inch water supply line is opened and water is continu- 4
ously drawn ofl fror the reservoir through one of the 16~ o
inch inlets, The dar is checked daily by the caretaker
and rcecords are Kept of the water level in the reservoir, ~
temperature, and precipitation.  1If the precipitation exceeds
172 1inch, records are taken every 6 hours until the precipi-
tation ceases. Flashbodards are installed in the spring
after the lce is yone to provide additional storage. The
flashboarids are reroved in July or August after the level -
of the rescrvoir has dropped Lelow spillway crest. -

(L) haxwxui“SVatww It is understood through verbal discus-
siwons that there 1s an informal wavning syster in effect at
the dam, The system consists of a 24-hour radio call syster
tetween the carctaker and the Vater Departrent Superintendent. R
The Supgcerintendent can call local officials by telephone in -
the event of an emergency. There are no written procedure:s 1
for this warning syster. The dam is inspected daily by tle
caretaker and at 6-hour intervals Juring periods of rainfail
1n excess of 1/2 iuch.

4.2 MAINTENALCE PRCCEDURES o

(a) Ceneral Maintenance of the dar is performed on an in-
formal basis rather than on a formally estaklished routine

or procedure. The grass is mowed twice a year. The dar is
generally maintained in fair condition,

(b)Y Operating Facilities Under normal operation, the 20- ‘
inch water supply line 1is opened, and one of the 1l6-inch
supply inlets is opened, depending on the level of water
in the reservoir. Flashkoards are installed in the spring
and removed in the summer. The 30-inch blow-off valve is
cpened 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 -
basis and the overall maintenance procedure should be

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- :
neer should be implemented. -
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SFCTION S
EVALUATIOM OF HYDRAULIC/HYDROLOCIC FEATURES

AP ey A

5.1 Ceneral. No. 5 Reservoir Dam is a 33-foot high, 1130-foot
long earthfill daw 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.

-

E« The reservoir is fed by Hatchet Brook and has a normal

i surface area of 28 acres. The watershed is 1.12 square
riles of rolling terrain and includes Hatchet Pond. The

r! slope of the drainage area is akout 2.1 percent.

L

5.2 Des:igyn bData. Fydraulic or hydrologic computations are not
available for the design of the spillway.

§.3 Experience Data. Daily records of water level, and rain-
fall, for No. 5 Reservoir are kent hy the Southbridge
Vater 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 Southkridge Vater 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
Probahle Maximum Flood (PMF). Because a failure of the dam
would cause a loss of water supply and an appreciakle econo-
mic loss, 1/2 PMF was adopted as the test flood inflow. The
watershed has rostly rolling terrain with a gentle slope
(about 2.1%} and a considerable amount of upstream ponded
- water (about 4.5% of the total drainage area) and marshland
[~ {another 2.0%). Applying 1/2 the PMF (1063 CSM) to the 1.12
square miles of drainage area results in a calculated peak
flocd flew of 1190 cfs as the inflow test flood. By adjus-
ting the inflow test flood for surcharge storage, the maxi-
rum discharge rate was established as 1100 cfs, with a
water surface at El1 745.5. As the top of the dam is at El
74£.0, the routed test flood outflow would result in a
freeboard of 2.5 feet. Without flashboards, the emergency
sp-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 Daw 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 lenyth 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
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. downstream dams, it is estimated that as a result of a *,ﬁ
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dam failure at No. 5 Reservoir, No. 4 Reservoir would

ke 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

b el Ve
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reaching the Westville Reservoir Flood Impoundment Area

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". .
-
2
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SOV ION 6
EVALUATION OF STRUCTURAL STABILITY

VISUAL OBSIRVAZIGKE

Field wnspection of the dar and spillway indicates that these
structures arce in fair condition. There has been no signifi-
caunt displacement or distress which would warrant the prepa-
ration of structural stability calculations. Vegetation on
the downstream face 1s grass, with small brush, apparently
trimmed regulacly. The spillway and outlet channel are con-
structed on shallouw sandrock. Seepage was noted issuing from
several stretches along the toe of the emkankment, particu-
larly near the center of the dar. Flow was clean and esti-
mated to be in the order of 1 to 5 gpm. Crude observation
wells were noted in the swampy area just downstream of the
toe. Minor Jepreaessicns were noted in the erbankment soil of
the crest, imrediately rehind the upstrear face riprap stone.

NESTCHN AND CCNSTRUCTLICN DA'TA

Definitive vlans of the dam and spillway were reviewer. Tho
drawings consist of 5 sheets developed by Fay, Spofford &
Thorndike, Inc., Consvlting Fngineers, Boston, Massachusetts,
dated Decermrber 11, 1936. The plans generally appear to be
consistent with the superficial features observed during the
field inspection. The one visible departure from the draw-
1ngs was the lack of a drainage ditch to collect water from
the bhlind stoune drains. Laboratory test data of the soils
forming the emtankments was not available, Calculations
pertaining to the stability of the dam and spillway are also
not available.

POST~CONSTRUCT [UN CHANCES

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

SEISMIC STABILITY

The dam is located in Seismic Zone No. 2, and in accordance
with recormmended Phase I Cuidelines, does not warrant seismic
analysis.
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StorteN 7
ASSESSMENT, RECOMMENDATIONS AND REMFDIAL MEASURES

i

N 7.1 DAM ASSESSUrNT

ta) Condition, Mo. 5 Rescervolr is in fair condition at the
fresent tlne. 1t could not be determined whether the seepage
cranating fropn the downstream toe is directly attributable
to rcellecued scepage channeled by the klind stone drains or
to other seepage through the dam structure or foundation.
Miner depressions in the crest hehind the upstream riprap
rock slope protection are indicative of poor filtering
Fetween the soil erbtankment and stone., This is considered
[rimarily a maintenance proklem. Seepage observed at the
toe will require further indepth investigation and engi-
reering studies as outlined below.

(E) Adequacy of Information. The original design drawings
are availahle for the embtankrent and spillway. Consequently,
the adeqguacy of engineering data is considered good. The
assessment of this dam is based cn a knowledge of these design
drawings plus the visual inspection conducted on March 5, 1981.

(c) Urgency. The remecial neasures enumerated in Section
7.3 relow should ke imj.leme:ited by the owner within one year
of receipt of this thase I 1nspection report.

7.2 FPLCOMMENDATIONS

Tt is vecommended that the owner engage a registered profes-

sional engineer experienced in the design and construction of .
erbankment dams to undertake an investigation of the source

of seepage emanating from the toe. T1f the source is identi-
1ied as the stone drains, a collector trench, as originally

proposed in the design is recommended. If the source of

seepage 1s through the darm erbankment or foundation, further
- studies will be reguired.
&
1 The Cwner should implement the recomwrendations of the Engineer.
- . 7.3 REMFDIAL MEASURES )
. {a) Operation and Maintenance Procedures. In addition to
’ the initiating of the studies recommended akove, the follow- j
- ing items should ke implemented to assure the continued per- :
F fornance of the dam.
@
. (1} Implencnt a program of yearly technical inspec-
[ tions by o qualified registered professional
! engineer,
_.
r.
.
S
p .
o
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(2)

(3)

(4)

Develop an "emergency preparedness plan”" that will
include an effective preplanned dowrnstream warning
syster, locations of erergency equiprent, materials
anrnd manpower, authorities to contact, and potential
areas that ray require evacuation.

Fill all minor depressions in crest behind the
upstrear riprap rock slope protection with com-
Facted gravel.

Monitor seepage on a weekly basis with particular
attention paid to any change in the guantity or
clarity until the recommendations of the engineer-
ing study have been implemented.

ALTERNATIVES

There are no practical alternatives to the above recom-
mendations and reredial measures,
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INSPECTICN TEAM ORCANIZATION

Date: March 5, 1981

Project: MA 00693
No. 5 Reservoir
Souvthbridge, Massachusetts

-. Weather: Clear, cold
INSPECTION TEAM
- Kenneth W. Hodgson, Jr. Cullinan Engineering Co., Inc. {¢ Z) Team Captain
Gregory M. Valiton CEC Hydraulics
Steven J. Trettel Goldberg, Zoino & Associates (GZ) Soils
Ancérew Christo Andrew Christo Engineers, Inc. (ACE) Structures
Paul Razgha ACE Structures
L Carl Razgha ACE Structures

Owrer was not represented at inspection

NOTE: Observed water surface elevation in reservoir at time of
inspection = F1 744.0%

.4
-—— 4
)| .
| o
’. &_—q
) x?f¢
... . 4
k_ 4
- K
e
- \._' V,‘
i - .
! T
BRI
| <
BRI
b o
A
b ®
4
A-1 1
- v
- - . R
R R T e N A R L SR U A S S S AL S Y S U v U ORI L, UN. UL, . 0. RS, Yy




P Ty T T e ral M i A A e e e e

[ No. 5 Reservoir Dam March 5, 1981 .o

|
1 MA 00693 L
; K CEECKLISTS FCOR VISUAL INSPECTICN . -:':-i'
N AREA EVALUATED BY CONDITION AXD REMARKS Rt
o UPSTREAM SLCPE _e
h
Vegetatiorn GZ None
Sloughing or Erosion Nonre
- 4
» Rock Slope Protection - . O 4
Riprap Failures Good
o Animal Burrows Nore "'..-'-"f-i
2
{
CREST 1
Vegetation CGrass growth _,!1
Sloughing or Erosion None S
Surface Cracks None
. Moverent or Settlement None T.‘ |
.v .:]
DOWNSTREAM SLCPE o
-y
B -0
Vegetation Grass growth ' 1
Sloughing or Erosion None o ]
"~ Surface Cracks None _.,
Animal Burrows Nore -
o Movement or Cracking Near Toe None .
R e
Unusual Embankment or -__Oﬁ___‘
Downstream Seepage Five seepage areas,

possibly from Etlind

- stone drains N A..-,A,?
. A-2 *

e

- [
. < Wt . . . . IR .
- . ~ - - ~ v A ~ .. N ~ Ry L vt . " ) )
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_ No. S Reservoir Dam March 5, 1981
. MA 00693
A CHECKLISTS FOR VISUAL INSPECTION
Lo
l AREA EVALUATED BY CONDITICON AND REMARKS
{
- Piping or Boils None
Foundation Drainage Features Blind stone drains o)
outletting at toe of —
o ® |
slope R
Toe Drairs None :
GENERAL .
2
Lateral Movement None a
Vertical Alignment Cood ’
Pooitoatal Fllisorsant T o d
. b
- 4
Condition at Abutments y
and at Structures Good
Indications of Movemrent —
. of Structural Items None
Trespassing Nore R
oL
Instrumentation Systems G2Z None ;fj
e
. PRINCIPAL SPILLWAY 5
Waste Gate ACE Good s
36-Inch Outlet Good —d
' Headwall and Wingwalls Good ®
Conditicn of Concrete Cood yi
Spalling None noted R
L
Erosion None noted R
Cracking None noted lfﬂﬁ
Efflorescence None noted R
i R J
{ L
A-3




e S T TV Ak S S ke at AERE AR SR MRS St AR A AR SR A I LU TR S AR
L

L

. .

No. 5 Reservoir Dam March 5, 1981 o
MA 00693 .
CHECKLISTS FOR VISUAL INSPECTION .

‘ AREA EVALUATED BY CONDITION AND REMARKS

Rusting or Staining

v

of Concrete None noted
) Visible Reinforcing None noted
Stone Walls Gooé

CATE HCUSE

}

Building Minor surface spalls of

brick. Roof in good con-

dition. .
Gates Good

Foundation ‘
- Condition of Concrete Good .1
Spalling None noted
Ercsion Minor at water 1line s 3
. Cracking None noted .' 4
Efflorescence None noted | ‘
4
Fusting or Staining ]
. of Concrete None noted ‘. j
=+ Visible Reinforcing None noted J
: 5
- EMERCENCY SPILLWAY L]
.‘ p
Condition of Corcrete Good X
Spalling None notedé i
i Erosion Minor on surface ] :
Cracking Vertical transverse crack .
1/2"+ wide B

i ]
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No. 5 Reservoir Dam March 5, 1981 S
MA 00693 ]
CHECKLISTS FCR VISUAL INSPECTION '::'._'_:
X AREA EVALUATED BY CONDITION AND REMARKS r'e
T" - 1
Efflorescence None noted

Rusting or Staining
of Concrete None noted ’.’J
[} g
Visible Reinforcing ACE None noted 7
- ..4
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]
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DESCNIPTICN COF DAL

DISTRICT 3

Submitted by (\.N\LR‘L\ r; ;'-‘h.‘r:" Dam No. 3-‘4 ’;Jfé ’ﬁ
Date Z;j_’ 73 84ty /Town S»'; ST v\\f T foE

Name of Dam )‘.’5 E<EfVCIK
1, Locaticns Topo Shzet No, KXY

3.

4,

Se

6.

7o

Ee

9.

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

Year built: 'ﬁﬁ‘, E Year/s of subsequent repzirs

Purpose of Damt ‘iater Supply i Recreational

Irrigstion Other
Drairage Area: .2 = 8Ce mie acres
Normal Pending Areat 20 acres; ~ve, cepth

Irpoundments ‘raﬂﬁ 7,200 gals.s acre ft,

Kos and type cof dwellings located adjacent t¢o pond or reservoir

\GL’.Ek:‘ To 1.,e4 surrmer heres, etc,

- o~ g !
Dirensions of Zams Length \¢-1 ¢ Max, Height .f

"
Slopess Upstream Face ol

£ 4 !
Cownstream Face o .t

!
wicth across top Lg

Classification of Dar by Materials
Earth v’ Conce Masonry / Stone lLasonry

Other CCN(' M‘\‘/ CCRE

Ae Lescrijtion of present lanc usage dovwnstream of damt

Ticter Tocekfill

RS rural; ¥ urban,

B, 1Is there a storace area or flood plain dounstream of dam which
could accomedate the inpoundment in the event of a complete
dar failure?7 yes j no .

Cia

1

o Y

Kpmdend 4l

NS S A S N——




” V£ - ~ .
DAM NO, 2= \&-"7% -

10, Risk to life and property In event of complete failure,

W i
Nos of people NONE . ‘
PR “
No, of homes NoNE . T
Nos of Businesses !}j\i . 2
! 1
i'ce of incdustries oL F « Type
."‘ - . "‘
Hoe of utilities WamEdivg V(- (ELTY . Type A
\ . b
Railroads U:’-‘E . .
Other dams ~-1T-37%-17 % 2-13-378-16, l
Other tone : . .
]
11, Attach Sketch of dam to this form showing section and plan o
on &y x 11" sheet, 1
~ _
~ - .
12, How to lecate: (T ) 7 ne \_n;-v?_\\(,'z‘f:ﬂ’;h v F C( e = ?’,‘-\gt?d\!(h"icr\ '
, P - N t
(v LS Moo On Breaniviek Ve Game Onis. - FaM “
;‘\c ?E;\!t;_é.\;\,'..&"\g\’\g-)l\‘:-.:’\.q‘» \C \\Lch -
)
| :f
S :
E
| R
L.. R .
[ _—
é
L.
i
}
F[.
-
° .
; B-2 .
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INSPECTICN REPORT = DAI'S /1D LESEFVCIRS

(‘A = — r - b
1. Locations Gd4y/Town S e LWl LT Dar ho.i“‘“‘:7},ﬂ’;
-~ - f} k) i
Name of Dan a Q':LE N EL Inspected by\L;’»&’E“&LM&KK’

Date of Inspection 3'2'73

2. Owner/ss perts Assessors Preve Inspection

Recs of Ceeds Pers. Contact Y

. € /‘(Cﬁ’."'."f').‘/;' < ! A D rrc

1.

Nane & No, City/Town State ‘Tel, Noe
2.

Name Ste & iice City/Town State Tel, No.
3.

Name S5t. & Noe City/Town State Tel, No.

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

Narmes st. & NO.'
City/Towns States Tell.logt
v —
4, No, of Fictures taken RN~

Se Decree of KHazards (if dam should fail completely)¥

l, Minor )[ 2. Moderate

3, Severe 4, Disastrous

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

6+ Outlet Controls Automatic Manual )/

Operative V/ yes; No.

Commentss

7e Upstrearx Face of Zam: Conditions

14 Good ./ 2e Miner FRepairs

3, Major Fepairs 4, Urgent iepairs

nrCeormentss

B-3

. - . . . - ..‘ Vet
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hrt_wrv'_ LA Sl il Bt il S Sadh Shath -t dn Bidl Shdh Nl Andiy [ Zaadcut il S EpiO i e S i eI i e el Medl e e - - ndl A Madio el St el Ll At Jaaie o
o
- ; .oy T
-2 Dot 10w 74T =a | 3
l g8, Downstrear Face of Dam:/ -t—
Condition: 1. Good 2. Ninor Repairs '
3, Kajor Repairs 4, Urgent Repairs
; - Commentss j‘“‘
| 9, Cmergency Spillvay:
|
| Conditicns l. Good 2, Minor Repairs '_!
| e
| 3, llajor Sepairs 4, Urgent "epairs
‘ .
| Conmmentss
B -y
* 4 /
| 10, Water Level at time of inspection: ft, atove below o
} top of dam principal spillway -
. other . ‘
| 11, Summary of Teficiencies Noteds j.:ij::
. Y
- Growth (Trees and Brush) on Emtankment WV
1 | oo
i Anirmal Burrows and tashouts "‘C?\_E K
' Dazage to slopes or top of dam hone o
Vo S
Cracked or Darcaced Fasonry INE S
, Evidence of Seepage heas _.
A RO,
Evidence of Piping EON"E L
y ) e
Erosion NCWNE
Leaks ‘NC!\‘:’- .
t -
Trash and/or debis impeding flow NC}\E -'I:-'._-‘
Clogced or blocked spillway “C
. e - T L
. other Lok W Do uay Crane, .
b B-4 .
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Fee 8,993
SecouTHer, ~ac v
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SFi. . u A 8 w.BE

, FLow . . ' "y
. go®S B r -

Ao FuAsHRORED : ;
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~ —CcEM cOoNC o
Ve YA ."ﬁ/‘ﬁ/ h -
L )
L 10 tE BRY ..
J g‘_groro.' wa L . ~.
A o
10'wipeE o
DiTeH ’..‘
. S
. _,'__,,....,'
.9
Lo
wATER N
LEVEL . :
= DRY SToneE wALL R
- i . _
41 SLopre = fLASHeOAk
Lo > RO" wATER
b STONE t r// Leveu C
EMBrCRMENT RIPRAP =
WITH A cEM CoNC, L o
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E.’i ' P
g -3~ DAM NO. % & =77 %-1> ]
r.. .
E 12, Bemarks and Recomzendations: (Pully Explain) 4
- . . . — N
(3 e D Ve Ve - MiwTAnzp - WReT MienT Aepeseg e B :
| Ceethes ArTne Tre OF Cucpe Vs Astoany VRaNAGE Fhom
“ e CunpSreve Prnivs Puaces AT Reeoran INTERVALS iv Tue |
&i - UM Cenemvotmien = \he Onry ;WREGULARITY Netey KeguiRing
L—enten Ve Ve Wasayrmay Ve oce Grou—r InTrhe Tpicouky

S CRANMNEL o ]
rs 4
C .
o ;
. -]
€ 8 |
N J
L 3
2 l T g
P D 1

¢
: .

t .
-4 N
13, Overall Condition: :
1. sato 4
. —
P 2. Minor repairs‘})eeded =
, 3. Conditionally safe - major repairs needed T
L. uo Unsa.fe 1
‘ 5., Reservoir impoundment no longer exists (explain) i
Ravovmmend 1emoval from inspection list L

4
E’ B-7 ,‘
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PHOTO NO. 1 o |
VILW OF LEFT UPSTREAM FACE N
FROM GATE HOUSE C
°
.: . .4
S
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PHOTO NO. 2
VIkiWw OF RIGHT UPSTREAM FACE

FROM GATH

HOUSLE

U.S. ARMY CORPS OF ENGINEERS
NEW ENGLAND DIVISION
WALTHAM , MASSACHUSETTS

CULLINAN ENGINEERING CO.INC.
CIVIL ENGINEERS
AUBURN —BOSTON, MASSACHUSETTS

No. 5 Reservoir Dam

NATIONAL PROGRAM

Hatchat Brook

OF INSPECTION

Southbhridge, Mass.

OF NON - FED. DAMS

MA 00693

Marcin 5, 1981
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PHOTO NO. 3 '
VIEW OF LEFT DOWNSTREAM FACE
FROM LEFT END
}
}
)
.-
PHOTO NO. 4
VIEA OF RIGHT DOWNSTREAM FACKH
FROM RIGHT END
q )
3 - : .
; U.S. ARMY CORPS OF ENGINEERS No. 5 Rescrvolr daw
: NEW ENGLAND DIVISION NATIONAL PROGRAM Hatchelt Brook
- WALTHAM , MASSACHUSETTS —
s OF INSPECTION Southbridge, Mass.
; CULLINAN ENGINEERING CO, INC. MA 00693
p CIVIL ENGINEERS OF NON - FED. DAMS \
S AUBURN —BOSTON, MASSACHUSETTS March 5, 1981 -
C-3
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VIEW OF

PHOTO NO. 5

FROM RIGHT END

UPSTREAM FACE

PHOTO NO. 6
VIEW OF GATE HOUSE
FROM LEFT SIDE

U.S. ARMY CORPS OF ENGINEERS

NEW ENGLAND DIVISION
WALTHAM , MASSACHUSETTS

CULLINAN ENGINEERING CO,,INC.
CIVIL ENGINEERS
AUBURN —BOSTON, MASSACHUSETTS

NATIONAL PROGRAM
OF INSPECTION
OF NON - FED. DAMS

No. 5 Reservoir Dam

Hatchet Brook

Southbridge, Mass.

MA 00693

March 5, 1981
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PHOTO NO. 7
VIEW OF EMERGENCY SPILLWAY -
NOTE FLASHBOARDS REMOVED OVER
APPROXIMATELY 50% OF LENGTH

PHOTO NO., 8

VIEW OF UPSTREAM SIDE OF GAT®

HOUSE - NOTE BAR SCREEN FOR RAW
WATER INTAKE LINES

el T

U.S. ARMY CORPS OF ENGINEERS

NEW ENGLAND DIVISION
WALTHAM , MASSACHUSETTS

CULLINAN ENGINEERING CO,INC.
CIVIL ENGINEERS
AUBURN —BOSTON , MASSACHUSETTS

NATIONAL PROGRAM

OF

INSPECTION

OF NON - FED. DAMS

No. 5 Reservoir Dam

Hatchet Brook

Southbridge, Mass.

MA 00693

March 5, 1981
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PHOTO NO. 9 SR
VIEW OF OPERATORS INSIDE GATE HOUSE - R
NOTE CHAINFALL FOR LIFTING SCREENS AND ACCESS OPENING TO WELL o
BRE
[ | o
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PHOTO NO. 10
VIEW DOWNSTREAM OF DAM - NOTE OUTLET CHANNEL AT LEFT OF PICTURE o
AND DISCHARGE FROM BLIND STONE DRAINS AT RIGHT OF PICTURE L
: °
e ' ..
U.S. ARMY CORPS OF ENGINEERS No. 5 Reservoir Dam
NEW ENGLAND DIVISION NATIONAL PROGRAM
WALTHAM MASSACHUSETTS Hatchet Brook
OF INSPECTION Southbridge, Mass.
CULLINAN ENGINEERING CO, INC. MA 00693
; CiviL ENGINEERS OF NON ~FED. DAMS Maroh 5 1981 °
e AUBURN —BOSTON, MASSACHUSETTS N2, -
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VIEW OF HEADWALL

PHOTO NO. 11

FOR RESERVOIR

DRAIN OUTLET LOOKING UPSTREAM

U.S. ARMY CORPS OF ENGINEERS

NEW ENGLAND DIVISION
WALTHAM , MASSACHUSETTS

NATIONAL PROGRAM

CULLINAN ENGINEERING CO,INC.
CIVIL ENGINEERS
AUBURN —BOSTON, MASSACHUSETTS

OF INSPECTION
OF NON - FED. DAMS

No. 5 Reservolr Dam

Hatchet Brook

Southbridge, Mass.

MA 00693

March 5, 1981

L_:;:..:.'_‘._‘_A

WS T




. - - -
PR S ST LA AT P . S P 3n L LY U S SN, LY. . S . LSRR

APPENDIX D

HYDROLOGIC AND HYDRAULIC COMPUTATIONS

e ——— A\ i S et st Suge Suse St Jhes s

R R e S e 4

1=

P

PR |

T

L.I' ."‘." ..’

Lu“ﬁr;f}

FCPUPSN SIS S U S W

R .
ek Bdoded

4

j T

j )




-,

Ty

~ h IR S LI S S et 2o M Bl MR A T A AT il & v MR S -v—v —
- —
; - .
) : FIGURE 3 o
PR - ; .
- ‘ T .-
'

BN YATRE ¥

/ . o T :
- - o 8 481'“ . o3 i
ey L Lﬂ‘a - ,f’ ) € ~ RS
/ s T — . ) ’

7S - A 3 4 Lo
P Ny g ' S §

1 X » ’ ’R(‘WI‘M‘T . -5 > kﬁ‘ .

- / & fo b
T Q N .

-y
T
~]
\!
N
M /1’
S

;:: ‘ o/
: ; - o
" NO. 5 RESERVOIR DAM| .

S {/- .
r ) ° .- -~ -
Higr Bu 1 y :_ K - . \.{)5“ , » — ~ - y ‘
Ay R v - , “ ’ ‘(ﬂrl‘mr . ‘ . . L V/‘ v/
B o e . : g oA ) - R ! / i

'

)

1

]

-
<
1A
v
W
A
q
=
c
-
'@

Hatchet
Hil -/

: | . ) , “
WATERSHED —ﬂ ®

KESERVCIK  DAM
MASS.

SE, MASS  CDONN GUALRANGLE 19’:% °

NC 5
SC.Trak.IGE

'
1": 23083

SOU THBR.C

U QCotioaty ENGINEER G O, WO

D-!

R . B i B
> . - - L IR L. S - ST e .
bt idondendmd b Dot oot ossodbeelinedindn g it bl e s ok ol o AR A el o2 s hakadesal o onia il A A nl ut A A b ehhms B . A s




| AP AL NP s Lol i Pl ~
4 P A NS

t"""T.rr—V,r—:r’rﬂ

T \'Y'W""l —
-

Rl 2

FLOOD

DAM FAILURE

LIMITS

/ SENY i
ol Y

AT RS IR T R AR IR R IV SR

1
> -
U g
N s
gl
._,N;J,%_«'.'_
v 1 § . _
“USCE - .
{ Headguanters e L:"’ 2 ys

N .
i
, Harnngton Man .
o ) .
<o , " uosumﬁ Tats
68 . S :3
. o, N ST
. ot ,
o « solTH o . ’o
N A B o - #
. . “wom
e Y A .
L ‘ L
. /12! b o ¢ et B\.h
/ vt o 3 » 4 .
’ N e
[ o P
43
eﬁtv»llo f«, . 3 oy

. : \*\*“ | _{‘ Ly 7‘ fr’- ;
,-/_- .W,.esrak 1/;/7 o

foe
A ¢ ¢

Be

Cohasse 7

e Gountry Cl)t(

’i] / , /",Lu

f‘ KR

\-w\

' " Cohagsse Bhook ! !
NO. 5 RESERVOIR DAM | |,  Kescrroir ( S
) P g/ & \ f’ ’
y ! . 9’/ SR b < f“ : ]
. «’}’ 4 . L [ ‘/ oyt " ;
NN CRE R AP ES I

DAM FAILURE FLOOD LIMITS

NO. 5
SOUTHBRIDGE

RESERVOIR

DAM
MASS.

CULLINAN ENGINEERING CO ., |
S

NC.

]H:

2083

SOUTHBRIDGE , MASS , CONN QUADRANGLE 1979
D-2

_l
L
i
4
-4
)
¥
}
_—
)
1
3
}
-
]
{
B
-1
-4
!
.
RS
L
)
4
}

L a o o4

ava ot

|

\
|
«

-t e . . ]
P S A\ SIS UL UN. A U S U SR WLy WUV 3 S WP SUP LRSS S SN |



L c_en rprosect U 4 Af,nacoh,/,k)k\irfil”u! DW‘S N Z,]“}ﬁ! CUENO i
- S UBJECT ,K_&ﬁ:'1;-:,.&4:SA&Ju&.zJ_E{tm-'- s VY NS SO TS BN S 2 L O -
. : o
. . C\-\j:.tk:uub‘\‘, ,?'j
541&1 Swruﬁl (nqx)'— 530 Ac.FC. .‘. Sn-l\ ’ 1
khq'nt(suga‘\ = 3% Fu. o Small o
n Hazanl?ou.n‘..t: Analusis 3ml;¢.us'0utif "Ailqrt WL Tu 0Ll Witr Dh wawer ®
50\'&\((, at The T¥p Or D Au\) hapacd teatin | Yould be ;_.»'_:'_
Sisni tenT Jn: P ‘MS o Wesr 34‘7?!.{ b y»:s:bil_ Jnn“zg 1o
twy dans diansirtan ]
E_ 5?;“pn¢ Dlﬁ;\q:’\ F\U(«fx. ;! b
- \VJ\"W\ o 51\1\n"{k(ua‘l }\‘\Zﬂﬂ:l PO'»”\‘;N\ t\’\A a Smalti A*-"\ "ﬂ’\l CUE \.B(to-\w-«t]"l\ J
6.»‘\(\..,15 kcr S«f(\j ],f\‘*pnt'w\ o‘ Dmnsh ir\o‘.wu‘: ‘Q\AT e test t‘uuli'i" ) ' 4
ﬂ'\( \UL \/lor Fl(z-t(At.\ 10 -‘Z ?(’uknv‘.i. M'\ti"\\h’\ ;lcod f&,aqb is A??ro?r.s\(, ) ' )
4 ?g( e'«‘\u"‘.(;r\ (t D’A\F Ne *s(cl ‘[‘t( Y(S”Oq ?kks{ 1 LPU".\)' ,.. r
Dettrm.e SDF Msmq "‘i PMF ?
E‘ 1,\“.‘,‘, H-.\A:Juu.(o?\h:

- Tritune s Area = 7Y Acres = Y4 55.*1;“5 '. A
Terron 0§ Ritling (“'ov\ EXTULIEN o¥ W68 Soutnbridue Q\Aa*\") o ‘
S Frem CUE "Mudimaa Probarie Fluud Pea Floo Rawes” - Z‘_ﬁi
PAE (csm)= 2125 Csm (?5%}*\:\(»4-5.”.«\, L
4DF: S PMT = ez 190 ks S
] DF = 3 /NS G 4Y 40 SR NT A 34 .
_ . K
fyme e ?w.\ 192 ‘b:AQ \Jkuc: A= Dra.‘\o‘qg Acce = 1012 5.‘.%((5 e B
' b? Q "To‘.aa‘.zwj:- < '-\,S .. ‘:\p"—.:\ ‘
1?2 P(uk blon = \\ﬁbli‘b -
r ".~ 1
\ HB- X 112X Q.S K

Loter T, = H3 hes (2o M) -
-TW\'. et ior ‘\-J'»-’»r,r ’\—p'- Z el : i‘;
T,0 23 g b (694 AL )
| .

) ®
-

\—\| CULLINAN ENGINEERING CO. INC.

i E AUBURN - BOSTON. MASSACHUSETTS °o
: . Clvit ENGINEERS — LAND SURVEYORS ) 1
D-3 - A
L_,_:_';\.;;‘:-;'L‘. A L"L‘fl'-'“;*\_;'.“; |"..‘v' e et B LA‘. e B ..“ "V\t- e L 5 Y P e A .J




d - b i v g M BB s ok S g = v
PRe "R Rt it - Ay et 4 g L T T Y " AR et 4 ey (B o S i s Y I M A A e Aem Al e nt i gng Y

..... .'-J
4
CLIENT . PRCJECT U-ﬁ._AmCQ,EjAJcA- F“\'.'u\ Dkié .- .. DATE ,*ZJHI‘EL,.‘_ JOB NO . A
sussect Besttyorr Nu & Analac s Evaluaos — sv b coxo v 3P sueer 2 o 0 ]
~ .':_J
*
INFLOMW HYDROGRAPH ]
(sct, Pruio.a.s ‘ﬁmﬂ. 'zw J(J(«\DP‘!'\T) oL
e
Rk
RG peal thd 4 “qott} _]
2
]
oo / 1
1 2
lovu \ /(4 PAF ]
\ >
o:' Q80 / \ e
5w / _. ]
S ]
A o

!;~ ,w ; / N\
1/ AN
/|

So[‘v

PPTPP—

t
~+ T
1S Sv 5w t 300 oy Swo ‘oL e

. ® !
: Time (Min) 1
- :
: CULLINAN ENGINEERING CO. INC. - :
AUBURN - BOSTON, MASSACHUSETTS °
: CIVIL ENGINEERS -- LAND SURVEYORS T

D-v




T

Radi"Red Y ALE Avar i e Ban iun daen i abas Jhe “e Ut ke “Rin iie 8 &by

coenl .. UE Au-%CLE‘ Ne-Fodr Do ) z
~ -
S Bz 2(3".“’ Nb = A'\e ToL o b o aen - LWy

C

F!‘v’.ﬁ\ 20&‘, ~a

~
61&3( DlschlL Dau« - l\f(){v\aL A -Asf.l e

(L‘_ SN al db'\.v« !
N

R AR s

J(.'( _:‘C"’: _‘41“‘4L
LM A 33s Cornen

- ——
[ )] Cfonr w8, (-Adlteeliuns o L LD @ 1
' oI Tr e o..-vr‘ow\ ok et e s
. - ~ - i
()m\(lﬁ - in (;"J~ S e el T 2500 il A T
h .
N AN P ETINEN TR AR PC R Y MY Ree S q
~ . N . 9
o 3. 0 e 4 SAllU B Aty pndir R Fa L a ke S ®
; b d',\. 1,}*’\ fyerfvp, :L/\ ‘\dd “Lyu,‘ Iy b\‘w Ll E
- -
DY !'-- . Erf\("‘\' "YA 5?!".4-4 o “3 ( LSS
~ \ -
ch/'*-'. A RN N (I RV LR AR I § VI SR p,—l to L }
* et es N it {"‘7”‘\lﬂfl h-:kcﬁ\ .,[ wooed o NI :._:
R ‘o\.] ‘:\u-‘“ {\\L 3(}4, [ ST T ;‘ ‘l’\'< . .
[P ! i Al'(k [ [ XL J-’\ 4 3 e e T ”:
- V,2(.¢ ~ Ll Cnut e e
25 0 E' No.L” 500 C; T tuine .xz..z'S.‘ )
LT . tom dnyis Coal o b vmiuin:s
. JU' G £ IR0’ (o T A e T °
.. 4
IS0 Emic s A§~ e .G 2 0 QT2L7 ]
P 2 "
JLI. e ki T L7202 wr
’ ASSum: W< By IM2 “..« Ast# \ START (& €7t ) 36 Gene Uor Joat .
Do pe-t -
) | | °
E-—C /. \"\33' ul\! us H;_ Q;‘ Q,u' u, O“ Q'.v‘.h;, : 1
aCE EUSR A & - - 192 de u,,h - - ot e s
\ r ¢ [l I .
L - l - gude gpde yssds - bl b R
' f ! H ' , : T
R Al LN ¢ - 197 cFs \°\ck [2S e - PR e o
v _ , , i . . o
| ol 7.~ 97 2 - oods e T3 - Zssrds T ]
T T Y Y - LY\ PSR S A TR Y PO 2ty o
N . ' \ . . ..‘.
Jue 2 0w < ] Zu.‘.(‘s ?Zz"‘ 5@1'\(‘5 34, 27270 ¢ )
- . ' ot e
ae # . ? 2orde oty et Aun e —

(” R L R I VA .-((I- dere. (-(h' - \H(is ‘7 1
) .
. ? o
¢
P Ty m:[i_:_z.n. A
R oa
8l CULLINARN ENGINEERING €O. INC. ]
) ] (: AUBURN - BOSTON MASSACHUSETTS
’ il s SRR 4D S myEY DRS
an -3 :




e e e L e A A M ot et e e e e e e e s e o o a o s a2 \-.-__..-T

o
! ~LEn" eRgECT _H.S;_A_vgiCUﬁ/ Non-Fediral Dans naie ?,JH]& OE N . B
oo SUBVECT zfﬂf_oatb_)uSArmlia sad Evalacoon gr OV crmc & TDT st M oor 1Y R
: )
K ~ y
; L. Flod Rowr "y L ECAT. C :
%0 STAGE DIscrazeE CURYE A
l -m e ] e ;
o= -
; > M — .
3 W
¥7 // T
N e ©
{’ kLT [ ]
744 V4
Tu3 1
LU £ T T Yowv Soot  HOoG  Jer B0 Rpou [P Meds  Ro IO )
| ¢ DISCHARGE (cgs) :.”
E 514«3«. Storugc Daw - W alut\»p O 5u3¢ swlw& cuwt,ﬁc arcas o1 Aol
: ette (el 743 asswmed) and ot elev. 750 Lt be dettimerd ]
t K fom Bt U565 Southbrdge Rasd and ovtraged 1o L
. thpuu O Vv‘vmt. 5“\)( 5&!(«3& i3 Osumatd \qur. i. ,:::
Arew e EI 743 1,237,000 3
_ At & ELISOT u)v;%‘ows? T
E B JVelkae @ E1SD 2 [(1‘137,00061,751».000)%?] L7 10,4‘52’50&‘(& ‘ 1
.: 4
5 47A6E ST0RALE CURVE - 1
ey
. B 1
3’ ) b
2 b}
s M // — p
Y43 i
- R
TFud
3 /
r > T +— —
; £ | 2 3 H 4 v 2 9 L] 0 M -
- . _J
sTuease (ckyiw*) .
.."J
R
_EQ CULLINAN ENGINEERING C€O. INC. o
_ E AUBURN - BOSTCN, MASSACHUSETTS *
N CIViL ENGINFERS — LAND SURVEYORS ]
:v » " . - PR D’u - 4

St e
» T et




A e e A e s e e e e e e e s e au ch me e e e

i CLENT . PRCLE T LLSAM; COEJA)QA_' Federal D&@é . _ DATE _ L/_?_t_jél“ ___. JOB NO

SuBUECT ﬁ‘”f“ﬂ’ NU SNAA&L&A..‘._M'_"QL‘_-__* By 6"4\/ CHKD BY SP-  SHEET Y OF l\-‘
r . Flod Eou\‘.l«:‘ ‘Cont .

| Quu:« 0? e SDF wil b ?(rpow\(.l M-’\j Tt ?{pl(ank' Mu\ah;uun H{':\.a-l
Hﬁd"'q"P“t“‘“j as comainrd in O AT eatitied H:\JJrolui-’- aad Hydraslic
Con?-ﬂﬁw-d on Sm“ ‘Pwa'twuvt (sh..l.m,-, " \m TL» | YX) E. Cw\'\\ﬂ.
ATL=220 min,
Xz 0 (reservoir tuating
K= ap?w\umul as 5!79( uf hiat obtuindd bi'\"“&““i STurat

vs. .\tflu-.)
1,500,000 < .

Bl wEiMY Ke Ty *be t 124 wp o O:20% s

ELIHwEYS K® %‘%&k;\;’ = 54 up to O blﬂces '
E} 4Sw B k‘%&fgtt = 30 w 10 O: 501 cQs o ;
NUTe . See f.lh...‘..: skan L: S‘(-Art'\& Oa’vth-) \IALAL '
TIME JOFLow OvwTELLW TIME TVFLow OUTFLOW
Z0min. az ds T30k MDD 30S 880 ]
Yo 184 < W wo 50 B3z ® .
N T L S5 Huv 615 m
BU 3% =~ M 40 Lo k124
jou CTH M0 Yo 58S bb? - i
Lo 55T %, LYd 500 536 6z -9
D b 1 319 S0 415 557 Co
vy 225 z', 4§33 Sus uo go2 ]
130 333 x 543 5o 365 (TR o
ov 920 b4? Seo 310 39T * 1
2 jorz 807 oo 2SS 33y h
v 1104 432 b20 o0 14 33 1
r l19v £ 104D 4o LT (2] ]
147 1138 m 1ol bio 40 12 .
20 [p%0 X oy 630 35 Tk E
370 oes W% 00 ) "y 2
240 o 163% 220 (M 3y o j
L LT 40 D 0 () L
350 B0 a3q w0 0 % . ‘
@E CULLINAN ENGINEERING C€O. INC 1
AUBURN - BOSTON, MASSACHUSETTS
CIVIL ENGINEERS — LAND SURVEYORS . *
b1 J




........

~cenmoeacsees WS A"“g,CUE 4/ /UW_Fsz.‘: Df—mfa :

~ _
S _IBJECT E.fow_’ A:’,L-,,S A\a‘aa Y aJ S daidnn

m' rbvd ?J-.«'.wg A 2 N
St—:"-\ S U\A‘.}“UJ Va\lt Lr ?uu‘.ln\i-

- (4 5 25
I+1 +MM=—‘+D
ot Y S

N - - 25¢
L0031, A (Q AT* L

r
g Eee0, = 2108 b | 0,7 2urds

t

2t L = 0= c[’s
0% e

(Y

Ar\a‘is;s "11«, 1est fL;J ru&i«g indicares that o peek ox.s‘..q o+
1oy cksf 61 a Usttr Surfue eltvotion of T45.S L Leold octur as o
\

fesak on EVInT pruduum\ & Tesuvo iallow @qual Lo T 0 The

?(LL«U‘ H“‘;""\'\'\ F‘O'A-\ABH&ML A\es teadinin .\o\.tw.’s a“u(‘t;,»l_
0! 2.S K’&.*—’ \ and Lecaust any AuwrsUton impacl due w jm(.}ﬂ,
»Jw\o\ Pr. 0. v b ecenemic ‘f;l. lmo\xlys l.1 oru-;r\svcw\ iv\?m‘d ’\AL
1 dam f\mhr\t Wil b 'Pl‘?bh'\’tl J\S'“l‘:‘kt Test Loed.

I‘ Dur\ rax(urc AM\:\S@I

Te assus the dompstiean iApacts duc v dam L»mc).’t will be
¥ pssomd D HO% of the mid-height tbeakintat [ow will breagk asa
tesnts of Bhe Tesc Plud (3 PMF), W4 f«?‘;ﬁ';‘f;“:‘f{:g_‘j\" Tre full
Mid-Height Lca\jﬁ\: 100.&..
Assuac Bt(uk width W, e Yo, c[ LMQ'L‘“ o M\ J thkt
L Wa = 0.HUY 900 = TBD &, = N
WS elevarion = 1458 (FrvaTesc Flovd Routims)
3 DU""WU“‘"‘ E‘(Jﬂ.tm\‘- gt H“,.n 1930 CcAu:'_ D“W;M;\,
- SoY,r 18- his = 30.5 e , -
. ) fy
Peone rn.\ug ()u'-.h..) QP‘: = V\E\ju

k|

3
Q; : %’xZ%OLEﬁx(Bo.S)I‘ = M )t%cas
‘ SAY Q) = 79,300 cks

M o o an a an ot o

"> AS_S“AF'.”,\ ‘AS(J ‘?\,‘\ MS_ CO€ G‘AIAQ\\ \u

:[ | '“'”I\J CULLINAR ENGINEERING €O INC.

[34 AUBURN - BOSTON, MASSACHUSETTS

. CIVIL ENGINEERS — LAND SURVEYORS
L-%




Ao zacgees U €A J\‘J\CDC/N(J\' Fediol Dems S T 2z, SOE .
Sk 2&; N& L. Anp\:\rs - V-3 »JJ aat oA S B 6“\\/ _AnD B "5_7" =1 J OF__

I.. Dewnasitun Dud\ Fa "are Ar\a]us %
F()‘\..} WLV\L h(m« v L‘ Tt HC LY Rlbirwf Olbw\l“s-‘\L L arC Gwl‘\l -
acutd vl el p? (u:L et N bDJ‘f Y A AuDniriy A,“a,‘n ST VU
2"“(---'. w\‘\c. d. 5r¥w £ andl \‘Suac Stfagt cutves I VR Rl: feye.r Gre

-

/l”"'v\f-’ ~ON AL O-vf\ U lateimation Coate ~id te TR ?hg‘ 1 (l;on
Moo i Rasteve s Prcpwdp Me.u. erdl. Tay (Ase 1070 ?of.»w
Wi ” bt P('ivw\(»l [ TP “\‘D-\‘T.'D\t In. tu\ WAt -»5\.@’;% e n Mo ...1 '2{5, e *
A V‘*‘\L .Swruac D.AL(\ — 1% 702.5 C.U'b c‘ D.m}
SP Huw "/uy\us‘»\vowj j
phAE\. e W Yol ‘wgc I W e Tt i3 This Ths ATU s

H i 2 3 33 Y § ¢ I % QA o Y To

C. L85 UMW 055 (7. DBS 0.#5% CALS 0433 LUl bab LY V.3 Il

Q. w3 Ml AV 1 LY, 2280 33T Huby SkeY AT L 1A k! 3;)7-1-5
' B MLE

Lew beod Qaticn
ol 76 e 309 e O e 73 iy 70 e il
?

b e 220 27 € R3C M L LT e ¥E< 239 3 C
G =T £r4 0 82.€ 837 Swe 48 ST St B/ py.y LED
T.nlc
Fivw Luer Crisy
: PLEL e e 3 e 1o S o 7S
[ H ¢z 13 232 32 41 012 ) 3 .2
(. bov ALY 2138 3pe B9 Y 96D 237w ML 28
2 a"‘-\» !
; i)
7‘ ' -T(.',s.\ D~:(rwuL
r POl e e 07 duv 0% e W e M M s e e
[ ~ HZ 21T SHu 12 15 BIqp BS0T BiZA 10 1Mt 1isD M2 1
b
; 51»3' SLL){A:Q D.@q" d'“'@" -‘;f“, Losowns Or Jders Putr .J._ C\';.ﬁ\
i Poraw i WES = &3.¥ Ares {osur e VTR \r(s‘:vawi sét‘fjs wpe tepo clm-’\)
b - +&i
; Nelgw: T LS 104 ACF e
y Ara 6 Bt v T ¥ Ams -
' ol E T (m“ Sy 1042 10AF
E A,,, { IR Y A VIR [35-5 Ams
' A [ CULLIKAK [NGINEERING CO. INC
1 ( . - AUBURN - BOSTON, MASSACHUSETTS
' : NS [{] CIVIE ENG LRSS LAND SiRVEYORS

D4

PRI WS S iy Wy B PURP UL Sy | et . PRI S S PR SR WS Pa— Ry

I e g e e s e e e T PTT—— TR g s e e e e e e e o




F.mA T o—— R BB A-E A A AN e Sl e S Al e ot e C 5 ‘.T

cuent s prosect .4, Am&COEI/L)oA- Ftthuf Dans DATE SJijtl JOB NO e
sussect _Rystrvoir No.5 An s s aad E oluaton 8y bMY crkp BY=DF _sueer & or 1Y =N - 2
B
R
: b
-0
s r - T
i : STAGE DISCHAGE FOR -
! mq gE.SERVDIlL e
o 1 1o — e e ]
> [ ‘ .‘,:}:.‘_'
SRR | A
- | | R
| T
o " i ] —Q
3
5 A T T T 7 T =T X i :
s o 3o 4o S0 (1 0 -] Q0 oD
DISCHARLE (low‘e’) ]
_o .
D 3 PR ' ; . - -+
| | | | g | Erupolet begud ]
! o o e
TU‘ T— ‘ { { . . : . ; 4. ._g’ - - :
i i ' ‘ ' | SIALE SToRALE R
a- ’ \ Eﬁ NVH m ®
T e f LT
W :

! ' o
wpo— -
)05 ? ¥ N 5 | L] N ) I v | WI IR ¥ L !

£y loo o 300 LY Sov pot 0L o Qo0 1000 £ icop
STorast (AC.FT.)
Totel Lhw to NoH Restrvor = Qp (‘m »0.5)* SP“‘““* Fiea Gion Do.S) - .
]

= 79 tap+ WoM = 8o, Joz obs SAY 80,400 ops

Tctu\ 5u,ra.\e I’\YC&!NO‘”’ NO\S at‘nmt bi' FA;\U'C s 5P‘“..h Cr(n Swr.+ Saft\'w&t Sw
h 3P'.H.u Crcgmstbrsag = Yio AL}‘L
weku3c5tor-3e 2 Bb AR, (61 25.5)= 33 A Fu (el 19)
S Totl Swusl.= Hio+ (%"'33) * Ho3 AT,

CULLIR AN ENGINEERING C€O. INC.
AUBURN - BOSTON, MASSACHUSETTS
CIVIL ENGINEERS — LAND SURVEYORS
D-;oA




Aadiie & Yhoth B @At b Ae el o b S Zie Mokt e s Jiete Sede (s Jht Son Juct Jhcut M Je Saen Sute ettt et Sa Base Sl ate Shin Bath i T T TR TR TR TR TR TR TS TR T TR TS

cLient . provect WS Ar*iCOEJA)oA'F(JU«} Duns DATE S5/t )8 WBNO
sussect Resttion M0~5Ar\o‘353= ond Evoluavioa BVMJ_ cHKD BY_ D7 smeer_d of 'H
oo
. :-_!‘,_1
ﬂ. Db»’\stftav\ .Dk ral!we Ar\uls\,{.s V(O
DQJ{',:P u:}[ou \'\n()fbﬁrﬂ?i z’:' A)O‘q 2!5!"01" bust upor\ Du.'.e‘ud ‘D\rcu\t n

brum w Ng.§ -R(s{uo.r.

ELEV. Q. = ATInc TolaL TIME
Y55 goriwd wesadk.
Q=19,l05 B 2 0.1 M. 0.1 M.
IHS - 'r),%:ocfs 455 AcFe.
Q= b3 330 DS =8 0.% 0.9
o _ ss3sods 3wk
Q = 50,430 As= I 2.0
13s _ Uz ds Zo AcFe
&= 3430 As L lb 3.b
30 - 2‘),350& t22Achr,
Q= izo NS " Tk bt
s _ 1y, g0 d 152 Ac.Fe o
Q= 1,3 DA <b LS . =
o _ 5200.ks e AR )
Q= 2,u80 AS=T6 AN 3.7 o]
IS 0 ks DA Fu ‘f-'~ 1
oy
é | - INFLVW HYDPOLRAP R
3 ST _'ezv_dgwg .,
\1| : - -
& B o _ con
<T : L 4
§< — — o]
& S
| E o
N ] Z;:T','
tu — %0 ' ]
TIME (Mia) e
@ N CULLINAN ENGINEERING CO. INC. R
_E AUBURN - BOSTON, MASSACHUSETTS °
CIVIL ENGINEERS — LAND SURVEYORS : . ]
0=\




P T T T T T T T Ty T YTy -_"_-h?

1
2a'a

G CLIENT ; PROJECT u-SAf"gCOE'/UM'F‘!J”a! Dams DATE 5j2'151 JOB NO _
sussect Restrvoe L)L.S\Anul\ixs.§gaalgfﬂ*‘>c‘\ BYbMY crxp BY D5 sweeT_tU o 1Y

, , . .o
. N * . .
A€ bt A e ]

‘ VL. Duunecrzam Dam Failuee A(\‘\Qsis Leoat. -8 ]
Rouge fuure guidlc oyt Mo Reservor by phiting Dischage vs. ]

Swro\t kl‘m Ni&-q ?uewo;r an Oq'r,hm Vs, S‘-N"ql Q'"\ A)o‘s Et:two‘r. :ﬁ

% Feom .5TA(;E DISCHARLE AND STAGE STORAGE CURVES FOR Ao PESERVER =~ “o 1
WTE}L bW ELEV. 4ToRALE - }

42,912 ¢ts o N0 A o

12,437 18 PETY o 1_;-3:

3,341 210 104 N i

HYDROGRAPA RELATIORSHIP =

oer%vJ STORASE
- 30,000 ¢¥s 62 Ac.Fe.

e L_, e

30,000 139
10, 000 Chtl
" - O Hw3 - .
1
| o
" \ S o |  DISCMARLE vS. STORME _— o
Q HYDROCRADH FoR_no.u RESER o
u § RELATIONSHIP ®
-~ N TR
- ]
QO
7777 {
. 4
| P9 ..!-n::l
O guiss o6 30c  Heb  SoU  ewb  Jou  BuL %8 1o het  RoG
STpRALE (Ac BT ' :
Peak OWLE\W = 3300 c‘s 2 ? N
. Co Elwr 11228 2 Dam Oitrvpped by 3780t T
Ouzflw tesitis w Moo 3 Reservor Soo fe .t deoasirin (Mssunt Sremgt -*
- bivwtse NE. H and Nudis Malfaib)c)\
“' CULLINAN ENGINEERING €O. INC. L
.." AUBURN - BOSTON, MASSACHUSETTS °
' CIVIL ENGINEERS — LAND SURVEYORS o
D-12
T e L L e \




YT Y T TrwT

WY

“ CLIENT - PROJECT U5 Afm. CUE }A)or\' Fta\m.l Dp\m.

~
SUBJECT Rfscwo.r Ioc. g Am i:sg_e_xi E“’M’--ﬂ

WY T WU T Y T W e T e T YUY g

s 8MV crkp By oo™

n

i0

P e R
.......... N AR
T A el e O e e A

ﬁ M}Ku.’ Inc.
Qs

) cls
tI0
L4
38¥
A7\
18%

[ bbD
IAvY 4
250
33,0
Holo
469
SHIe
N3
606!
BREE!
15,324

-E' DOdM'.Tun Dbn F‘ﬂm; AM\\35~5 B4 ] 30

DH(\»? st.g A[Schar&L amcl Sikj( ST laune JA'L’\

MnSin ;ninm.tlw« Cbﬂumcd inﬂt?k«almpw‘t?u‘»rc-‘ bi éﬂ;ﬂ?) Dr:sser,

(5cpt. Hﬂ).

SHEET ” OF "

£, No. 2 Beservorr

510'(‘3.& Dfr(ﬂ ¥'u\ CoM 2(?0,1 -—
5;...3L e El bBO =310 Ac. Fu.
Su(«y.@ El 030 = L2 AcFL.

Assume wanir sarfe e 4T crest J dan (4(94. b%l-S:\ G Lot VA
th.\u(t (va'..f‘u') X(.f\ Mo-q .at”"‘ﬂ' rQ‘(.\(s pU. 3 ." AS,GGL Vo\‘d\L ar

ULH.S 2 U, vluae G 680 = 265 AcFr.

CLE

CULLINAN

ENGINEERING C€O. INC
AUBURN - BOSTON, MASSACHUSETTS

CIVIL ENGINEERS — LAND SURVEYORS

om Qu OL\ On.t Q'rb‘u\,

- - - - 0 (¥s

- - - - 7 e

- - - - 270 T
- - = "Hcls iR S
bl ~ - 156 wso 3 o
IS H%c?s - al 295 gl -]
43 IV ?3$Lps 4L 25 "f.'j
233 24306 ITHO Yz LS o
3% St T0U% 44 11,323

Sol e Y420 %7 NETR

6S% 13MA5 MY g 25,010

330 12,023 g707 1330 32,356

iy 22,908 11,186 113 41,537

§210 2%,29% 3,504 190 S0,7%b

Y7 33 9% 16,728 a0 by,0o!

lb34 4o 01 19768 14314 1,003

12 Y 355 220k 983 %1945

3784 10,09 537\ 62uS 136,182

o

33
Ty
R
T
‘ B
L

andE Jhud A sl 2 gl dh B Sulh SR S A ﬁr‘j

DATE __:iﬁ‘ll};*_ JOB NG __ . _

PRENTS



PP

Pup————
. -

N R R r" —-"'. Dt
P PR

o - T T —y T
CLIENT  PROUJECT U-S.A‘A{COE'/NM- F!J!NlDOM _ DATE 35;[2“7151 JOB NO —.‘;;
sumsect estrvorr No. S AN‘LA‘LL‘NAE/“&*“’-'O" av BMV crxo sy TDZ sweer 12 or IY O

m—- Deanstream Do Faiture Am\:sls Ltoa. 7
ot ) &ssume binear .
STREE JISCnAREE CUTVE_ v E{.00 :
i ~ p—
. ) ®
§ —T ]
TR *
- K
L { ~
'3 ) - l
s W o 30 “ €0 »o 20 $v LY 100 .
DIscnaRsE (10w <ks) , j
1 :
e STA6E STURAGE CURVE /—' .
> ] . k
. / -
w ] / N
ws ]
] ] | _ 4
i - + < ®
I R T YPRR ) 190 150 Zoo 50 SRR
STeRALE (A Fu) ;j:-.:.;::.
De vtlay IA“‘" HS‘APDX'P\' L u.BEuewu:r b& usin P‘ak‘ifw\ Ourﬂw l
}\ﬂ'\' rqP‘\-\ -'o; 2!3(”&' Ke. H and Tim( 1 dioin Dt 5\”3«.“( .5er4£ tr‘,/\ - ‘
L)o. H Ceservnr (‘\3 dettrm \J. b‘l“) . . |
ELEY. Q. s OTiat Torai Tome 1
T - 8800& 34T R -
Q = $Hu5 Ass % 1.S e, |.S A !4
T 2119 32y -
‘Q-b%“‘ AS:92 °|‘5 ”~3 o
all 5502 3T .
Q e HHT A5:93 I5.3 26.b >
o _ 334 134 ]
Q= 254} [IL} 26T 52.9 ol 7
Jq 1SS 41 T e J
=152 as:+7 L IHb 10 3pilluey eal v
WS 134l 0 neglened i
| CULLINAN ENGINEERING C€O. INC. : 1
AUBURN - BOSTON, MASSACHUSETTS .
CIVIL ENGINEERS — _LAND SURVEYORS -y
L -1 ‘ 8

e e oS e e b

. N s ’ RN Lt et - SR
O SN R W P POy -




et “Ih A i S e N MU Sl el St beadh uadl Sl At RS R L S Catvi P N - P i Saah et ERait Bt i At i S R et A,...‘_‘*

DISCHARLE (1000 by

...-.“ :
CLIENT . PROJECT U 5 Arﬂq Cot /A)c'\ rcol( w'_Do-‘A__,f ___ DATE __ 5[??(5747 _ JOB ND . A.i
sussect _Restrvoir Mv S Am. lns sasd Evojuarin By OMY coxC By S o°  seEeT_'2 oY _jj.'.:_:.ii
;‘-J
VT . Dinsustan Dom Foilare Anelysis : cont. *
q B = !
gt — . o IVFLoW HYDROORAPH o ]
_FoR W03 RESERVOIR . .
.
S
!
i
®
TRIAL RANIVE STATTS 'S
AT TOP OF DAM
T . ‘ . A BASE Frow 1245 f
0 o 20 30 4 80 s W B v o ®
TIME (min) .
FRuM STALE DISCHaR5E ALD STAGE STORAGE CURVES FOR N0, D RESERJOIE =
QUATERDw EVEV. ATopALE
b0,bv! kg bav T6S AcFr.
N,4ue L®S 104
},245 b5 v}

HYDRUOBAPK RELATIONSHIP —

OWTELOW STORAGE
BOLL cI; C7 Ac.Fe.
HooL 1S
jeas 1Y

' CULLINAN ENGINEERING C€O0. INC.
_E AUBURN - BOSTON, MASSACHUSETTS

CIVIL ENGINEERS — LAND SURVEYORS ol

D-15 }

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




Y — v — A a2 nn e g —— — ~ i et A s iy o aant s e ~—~
o . |
4 CLENT PROJECT U:ﬁ_Am;‘,QUtJJUM' - Federai Dams DATE Slfe. JOB NO e 1

susecr Regerso Ne € A se.8 and Edelaw on sy MV crxe By o smeer_ M or 1Y

i 4

-_——r v

eTE ¥ \000

I[- Do.ms’.r:a-f« Da.\ :0;‘.\«((, A,\u‘..‘«,.s‘. toAL,
)

7° o —_——— - - - ————————— e - B e e p—
stwl\&ee« STORAGE
Fbll.)c 3 RESERVIIR
(Y9 2 T TrTTTT
S T
Yo .- - - e
v S
(D) T ey
KIDROGRA D RELATIONSKIP
Iv j ;
. 1 ) S 1} - L B )
C 20 40 LU BL ov 200 3 "ou

STupAst (Ac.Fs.)

Peolc Outiiw = 7500 LL*
Eled = (8327 =D D Orerseppd by 170t

Arp.n,\‘.,,t [w TJ0LL ’t Avonstriam o‘ Ne 8 Resery. . , Dhe w:j\w ftashes
Pt Quoatbee E‘w'r &t The Wras ulie Dum JS«'\ 114 ‘XQ?u-l Seetien
shoun fir Reon woloos b Prs T 'B( (138 ‘w Ne. 3 Efwwr(?rr?« ed 51
fa..? Dreaser {‘Mchu} and “sq.,u\ ct}.w Steteat 1o be !\(3\\4 b‘c)
trp Gvican: (Jv.r';.., o' lo .,.sv(ur v 3215(”0 r wenld be
5.¢ k‘fkdu w D pul‘t'u‘ art OuLhN; w N € Pestro, Ryomnenis

’ 1V} hf’u..,' N to'\u\-\(A ™ Hpu- ev Nt 3&;"@;3 L.
Lot Trie J(p‘(r -JvJJ Ml Cawst S uut ..cj e db-."‘.:'t-f

CULLINAN ENGINEERING CO. INC.
AUBURN - BOSTON, MASSACHUSETTS
CIVIL ENGINEERS — LAND SURVEYORS
D

. . .Y - T N I Y T S )
- T T N U T LU I NP LSRG P X WU S S S S Y PRI,

L’ PR SONEY 4

s e
a’a’ a2 a4 2 4

FORFTY

e e
PP
Y Y QPGSR W

)
PRI WO L P

)
Lo oo .
t P
A v St
, .
a L P




l'e

A ahE amaL DS el g S a-m kY o R et el

Ol

APPLNDIX E

INEORMATION AS CONTAINFD IN

THL

lAha._sL,.;;'._*-;_L. RPN, SN, S S

NATILONAL INVENTORY OF

4
) N - A -
L e . I WAL ST IE. W 1 P T NRAT ST Wl TR Vg, WA, WO, UOUT CAPUL WAl W ST WU GRS SN SO S WS B Bt st Do, a -..

DAMS

- W oy me

bl T ST O S

e,
Sdodod g

L




v

Alas Ao 2g e ok

P I YA R Lo . . . SR - .
LI P I T AL N . .- . RS A - N
e - S N ~ e AP Lo e NS _ - .
P WG Wiy W I SR IPU I PV WY | KIo, W I el " PR W VA W WA AT VAT V) " o PN NIy ORI 2 4

NOT AVAILABLE AT THIS TIME

PRIt et std el )

Lol ot sses e

Aebrd S e by

L
Vo

-
-

P P

. 1
PPNy




——TTY T

LR R

PREL

.

o

-
v
P
[
.
2

f.

g e

M e

Lot .
R I R TR Sy

bane s o e e R ot Sva ot

i

/-85

e .
I W S W

_!

saes

T T ey v e v w
iy M
.

o

PP S

N ...L

. _q‘
:

d
o




