
V 7A44 619 NATIONAL PROGRAM FOR INSPECT ION OF NON-FEDERAL OAMS 1
MYSTIC RESERVO R SOS (.U) CORPS OF ENGINEERS WALTHAM
MA NEW ENGLAND DIV FEB 81

UNCLASSI FIED F/G 13/13 NE

IIEEIIIIIIIIIIE.l.EEEEEElhEE
!END1

.- 841



rn3- 112

1111 25 1.4 1111._6



I CONNECTICUT COASTAL BASIN

I STONINGTON, CONNECTICUT

MYSTIC RESERVOIR-SOUTH DAM

CT. 00613

i AD-A144 619

i lPHASE I INSPECTION REPORT

| NATIONAL DAM INSPECTION PROGRAM

II

IDTIC

I~~ LA. TAG

DI D
DEPARTMENT OF THE ARMY

I NEW ENGLAND DIVISION, CORPS OF ENGINEERS

WALTHAM, MASS.

FEBRUARY 1981 --

I 2.i



- -~ DISCLAIMER NOTICE

THIS DOCUMENT IS BEST QUALITY

PRACTICABLE. THE COPY FURNISHED
TO DTIC CONTAINED A SIGNIFICANT
NUMBER OF PAGES WHICH DO NOT
REPRODUCE LEGIBLY.



IINCI ASgTFtEF
SECURITy CL ASSIFIC ATION OF THIS PAGE Wh.n Lbs- I-is-1)

REPORT DOCUMENTATION PAGE S READ CNUTIOM

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

CT 00613 .
4 TITLE (and Subuiltl) S TYPE OF REPORT & PERIOD COVERED

Mystic Reservoir-South Dam INSPECTION REPORT

NATIONAL PROGRAM FOR INSPECTION OF NON-FEDERAL 6 PERFORMING OR ,. REPORT NUMBER
DAMS

7 AUTHON(. I CONTRACT OR GRANT NUMBER(.)

U.S. ARMY CORPS OF ENGINEERS
NEW ENGLAND DIVISION

9 PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT. TASK
AREA A WORK UNIT NUMBERS

I1. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

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

424 TRAPELO ROAD, WALTHAM, MA. 02254 55
I4 MONITORING AGENCY NAME A ADDRESS(It dIff,.,w f Conwolind Office) IS. SECURITY CLASS. (of this lPelPO)

UNCLASSIFIED
IS. DECL ASSI FIC ATION/DOWN GRADING

SCHEDULE

16. DISTRIBUTION STATEMENT (ol tlht Repoftj

APPROVAL FOR PUBLIC RELEASE: DISTRIBUTION UNLIMITED

17. DISTRIBUTION STATEMENT (of tAo aaeract enteed In Week 20, if di0orent trmo Roeol)

IS. SUPPLEMENTARY NOTES

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

19. KEY WORDS (Contanue on evrse oide It no~cews y and I enf#fy, by blocA number)

DAMS, INSPECTION, DAM SAFETY,

Connecticut Coastal Basin
Stonington, Connecticut

20 ANSTRACT (C.oninue an rovete side II neceaory and IdnLify by block nmiber)

Mystic Reservoir South dam is a 500 foot long combination earthfill and concrete
gravity structure. The dam is classified as SMALL in size and a HIGH hazard structu e.
Based on the size and hazard classifications, the adopted test flood for this
structure is equal to the PMF. Based on a visual inspection at the site, the dam
is considered to be in FAIR condition.

DD J 1473 EDITION o ,IV S, IS OUSOLEIE



DEPARTMENT OF THE ARMY
NEW EN(.LAND IDIVISiON CORPS OF ENGINEERS

424 TRAPIELO ROAD[

PEPL~ ~ WALTHAM MASSACHUSETTS 02254

ATTENTION OF:
NEDfED

Honorable William A. O'Neill
Governor of the State of Connecticut
State Capitol
Hartford, Connecticut 06115

Dear Governor O'Neill:

Inclosed is a copy of the Mystic Reservoir-South Dam (CT-00613) Phase I
Inspection Report, which was prepared under the National Program for
Inspection of Non-Federal Dams. This report is presented for your use

and is based upon a visual inspection, a review of the past performance
and a brief hydrological study of the dam. A brief assessment is
included at the beginning of the report. I have approved the report
and support the findings and recommendations described in Section 7 and
ask that you keep me informed of the actions taken to implement them.
This follow-up action is a vitally important part of this program.

A copy of this report has been forwarded to the Department of Environ-

mental Protection, the cooperating agency for the State of Connecticut.
In addition, a copy of the report has also been furnished the owner,
Connecticut-American Water Company, P.O., P.O. Box 219, Mystic,

Connecticut 06355.

Copies of this report will be made available to the public, upon
request, by this office under the Freedom of Information Act. In the
case of this report the release date will be thirty days from the date
of this letter.

I wish to take this opportunity to thank you and the Department of
Environmental Protection for your cooperation in carrying out this
program.

Since rely,

Inc C. E. EDGAR, III
As stated Colonel, Corps of Engineers

Division Engineer
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NATIONAL DAM INSPECTION REPORT

PHASE 1 INSPECTION REPORT

IDENTIFICATION NO: CT 00613

NAME OF DAM: Mystic Reservoir South Dam

COUNTY AND STATE: New London County,
Connecticut

STREAM: Copps Brook

DATE OF INSPECTION: 19 November 1980

Brief Assessment

Mystic Reservoir South dam is a 500 foot long combination earthfill
and concrete gravity structure. The earthfill section is 200
feet long, has a varying cross section, contains a concrete core
wall, and has a crest width of 7 feet. The concrete gravity
section is 300 feet long, has a varied cross section and contains
the spillway. The spillway is made up of the main spillway and
the emergency spillway. The main spillway is 50 feet long, has a
crest elevation of 44.0 NGVD with 1 foot high flashboards, and is
an ogee weir. The emergency spillway is also an ogee weir, is 75
feet long, and has a crest elevation 45.0 NGVD. The maximum
height of the dam is 34 feet at the low level outlet. The low
level outlet is a 24 inch diameter cast iron pipe controlled by
a manually operated gate valve. The damn has a maximum impoundment
capacity of 350 acre-feet at the top of dam elevation of 48.0 NGVD
and is used for water supply. The water treatment facility is
located at the toe of the dam.

The dam is classified as SMALL in size and a HIGH hazard struc-
ture in accordance with reconmmended guidelines established by
the Corps of Engineers. Based on the size and hazard classifica-
tions, the adopted test flood for this structure is equal to one-
half the Probable Maximum Flood (PMF) which is estimated to be
563 CSM, or 3,600 CFS, from the 6.4 square mile drainage basin.
This test flood has a routed outflow discharge equal to 3,485 CFS
and would overtop the dam by 0.2 feet. The maximum spillway
capacity is equal to 3,080 CFS which represents 86, of the test
flood outflow.

Based on a visual inspection at the site, the dam is considered
to be in FAIR condition. However, these are several areas of
concern which must be corrected to assure the long-term performance
of this dam. It is recommended that the owner engage the services
of a registered engineer experienced in the design of dams to
accomplish the following:



1. Perform a detailed hydrologic/hydraulic investigation to
assess further the need for and the means to increase project
discharge capacity and the ability of the dam to withstand
overtopping.

2. Recommend methods to rehabilitate the low level outlet to
provide a means to draw down the reservoir for emergencies or
for maintenance.

3. Investigate seepage into the well at the downstream toe of
the embankment, at the toe of the spillway, and at concrete
gravity section at Station 3+04.

4. Investigate the cause of the depression located on the down-
stream slope of the embankment at Station 1±30 and its rela-
tionship to the seepage into the well,~

5. Investigate and evaluate cracks and spalling of concrete on
the intake structure, spillway toe and downstream face of the
gravity section.

These and other recommendations and remedial measures as described
in Section 7 should be implemented by the owner within one year
after receipt of this Phase 1 Inspection Report.

NEW ENGLAND ENGINEERING, INC.01#00

/FOA 0. 
4~ 001

BY: __ _ _ _ _ _ _ _ _

David A. Ster, P. E.z
President I2



This Phase I Inspection Report on Mystic Reservoir-South Dam (CT-00613)

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.

CARNEY M. TERZIAN, MEMBER
Design Branch
Engineering Division

Jos EH W4. FIINEGAN, J , MEMBER
Wate ontrol Branch
Engineering Division

ARA AST MAHTESIAN, CHAIRMAN
Geotechnical Engineering Branch
Engineering Division

APPROVAL RECOMMENDED:

JOE B. FRYAR
Chief, Engineering Division



PREFACE

This report is prepared under guidance contained in the
Recommended Guidelines for Safety Inspection of Dams, for Phase
1 Investigations. Copies of these guidelines may be obtained
from the Office of Chief of Engineers, Washington, DC 20314.
The purpose of a Phase 1 Investigation is to identify expedi-
tiously those dams which may pose hazards to human life or
property. The assessment of the general condition of the dam
is based upon available data and visual inspections. Detailed
investigation and analyses involving topographic mapping, sub-
surface investigations, testing, and detailed computational
evaluations are beyond the scope of a Phase 1 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 the data avail-
able to the inspection team. In cases where the reservoir was
lowered or drained prior to inspection, such action, while
improving the stability and safety of the dam, removes the
normal load on the structure and may obscure certain conditions
which might otherwise be detectable if inspected under the
normal operating environment of the structure.

It is important to note that the condition of a dam depends
on numerous and constantly changing internal and external
conditions, and is evolutionary in nature. It would be incor-
rect 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 1 inspections are not intended to provide detailed
hydrologic 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
reasonable possible storm runoff), or fractions thereof.
Because of the magnitude and rarity of such a storm event, a
finding that a spillway will not pass the test flood should not
be interpreted as necessarily posing a highly inadequate condi-
tion. 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 condition, and the downstream damage
potential.

The Phase 1 Investigation does not include an assessment
of the need for fences, gates, no-treispassing signs, repairs to
existing fences and railings and other items which may be
needed to minimize trespass and provide greater security for
the facility and safety to the public. An evaluation of the
project for compliance with OSHA rules and regulations is also
excluded.

i
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NATIONAL DAM INSPECTION PROGRAM

PHASE 1 - INSPECTION PROGRAM

MYSTIC RESERVOIR SOUTH DAM

SECTION 1

PROJECT INFORMATION

1.1 General

a. Authority. Public Law 92-367, August 8, 1972, autho-
rized the Secretary of the Army through the Corps of'
Engineers to initiate a national program of dam inspec-
tion 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. New England
Engineering, Inc. has been retained by the New England
Division to inspect and report on selected dams in the
State of Connecticut. Authorization and notice to
proceed was issued to New England Engineering, Inc.
under a letter from William E. Hodgson, Jr. , Colonel,
Corps of Engineers. Contract No. DACW33-81-C-0007 has
been assigned by the Corps of Engineers for this work.

b. Purpose of Inspection.

1. Perform technical inspection and evaluation of
non-Federal darns to identify conditions which
threaten the public safety and thus permit correc-
tion in a timely manner by non-Federal interests.

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

3. To update, verify, and complete the National
Inventory of Dams.

1.2 Description of the Project

a. Location. Mystic Reservoir South Dam is located in
Stonington, New London County, Connecticut on Copps
Brook approximately 4,000 feet north of the mouth of the
brook at Quiambog Cove. Coordinates of the dam are
approximately 41 degrees, 21.9' North Latitude, and 72
degrees, 56.1' West Longitude as shown on the Mystic
USGS Quadrangle Sheet. The dam impounds water from
Copps Brook which drains a 6.4 square mile watershed of
rolling, wooded terrain. The axis of the reservoir is
oriented in a North-South direction with the dam at the
southern extremity of the reservoir.

1-1



b. Description of Dam and Appurtenances. Mystic Reservoir
South Dam is approximately 500 feet long including the
spillway with a maximum height of 34 feet. The dam is
a combination concrete gravity and earthfill structure
founded on bedrock. The gravity section has vertical
upstream and downstream faces, is 300 feet long, and
includes a 125 foot long concrete ogee spillway. The
spillway is divided into two sections with the main
spillway having a length of 50 feet and a crest elevation
of 44.0 NGVD which is one foot lower than the emergency
spillway. One foot high flashboards are used on the
main spillway to maintain a uniform crest elevation of
45.0 NGVD. The emergency spillway is 75 feet long. The
earthfill section of the dam is 200 feet long and contains
a concrete core wall which extends from the crest to
bedrock below. The earthfill section is divided into
two segments. The first segment extends from station
0+00 (18 feet left of the left abutment) to station 1+10
and has an upstream slope of 2.5:1 and a downstream
slope of 2:1. The core wall for this segment is a dia-
phragm type and is 1 foot thick. The second segment of
the earthfill section extends from 1+10 to 2+00 and has
earthfill on the downstream side with a slope of 2:1.
The core wall for this segment is a concrete gravity
type and has a 5 foot top width, a vertical upstream
face and a 1:5 downstream face.

The raw water intake structure and low level outlet are
located near the centerline of the dam. Manually
operated gates at this intake/outlet structure control
the flow to the water treatment facility as well as
the flow through the low level outlet. The low level
outlet consists of a 24 inch diameter cast iron pipe
which discharges into the former pumping station wet
well in the wheelhouse at the toe of the dam. A six
foot wide by 3 foot high rectangular tailrace carries
the flow from the outlet to Copps Brook at the south
side of Jerry Browne Road approximately 200 feet down-
stream of the dam.

c. Size Classification. This dam has an impoundment capa-
city of 350 Ac-Ft at the top of the dam (elevation
48.0 NGVD) and a maximum height of 34 feet. In accor-
dance with the guidelines established by the Corps of
Engineers, this dam is classified as SMALL in size
based on its height and impoundment capacity. Corps
of Engineers guidelines specify that dams with impound-
ment capacities less than 1,000 Ac-Ft and greater than
or equal to 50 Ac-Ft or a height of less than 40 feet
and greater than or equal to 25 feet be classified as
SMALL in size.

1-2
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d. Hazard Classification. This dam is classified a HIGH
hazard potential b-ecause its failure could result in a
loss of more than a few lives and inundation of the
water treatment facility and wheelhouse at the toe of
the dam. It is estimated that a dam failure discharge
of 14,500 CES could produce a depth of flooding of 12-
15 feet in the wheelhouse and 4-6 feet in the water treat-
ment facility. The dam failure discharge was computed
assuming the water level in the reservoir to be equal
to the top of dam elevation of 48.0 NGVD at the time
of failure. There would be no inundation of the wheel-
house on the water treatment facility at the prefailure
discharge of 2,600 CFS (with the outlet open). In
addition, four bridges located downstream of the dam
would be subject to damage from flooding as a result
of a dam failure.

e. Ownership. The dam is presently owned by the Connec-
ticut-American Water Company, P. 0. Box 219, Mystic,
Connecticut.

f. Operator. The dam and gates are operated by the
Connecticut-American Water Company: Mr. David Kanke,
District Manager, Connecticut-American Water Company,
P. 0. Box 219, Mystic, Connecticut 06355. Phone
number (203) 536-9679.

g. Purpose of the Dam. The dam iS used for water supply.

h. Design and Construction History. Mystic Reservoir
South Dam was originally constructed in the late 1800's
as a rubble masonry dam founded on bedrock and natural
ground. In 1929, the dam was reconstructed, lengthened
and raised to increase impoundment capacity. Plan,
elevation and section drawings of the dam prepared by
Vaughan Engineers are included in Appendix B. Training
walls shown on these plans at the left and right spill-
way abutments were never constructed. The plans also
call for stone riprap on the earth embankment section
to the crest of the dam. Riprap on the upstream face
extends only to within 3 feet of the crest.

The left side of the new dam from Station 0+18 to 1+10
consists of an earth embankment with a concrete diaphragm
core wall tied into bedrock below the crest and at the
left abutment. The central part of the dam from Station
1+10 to 2+00 consists of a concrete gravity section with
an earth embankment on the downstream face, and includes
the intake/outlet structure. The right side of the dam
from Station 2+00 to 5+20 consists of a concrete gravity
section and includes the spillway. The concrete gravity
section from Station 2+00 to 5+20 is founded on gneiss
bedrock that is locally weathered and fractured. The
original dam was located between Station 2+00 and 3+00.

1-3



i. Normal Operating Procedures. The level of the reservoir
is not normally controlled. Average water demands of
1.5 MGD to 3.5 MGD are diverted to the water treatment
facility and the excess is allowed to flow over the
spillway.

1.3 Pertinent Data

a. Drainage Area. The Mystic Reservoir South Dam drainage
basin is rectangular in shape with an average length
of approximately 4.5 miles, a width of 1.5 miles and
a total drainage area of 6.4 square miles (See Appendix
D for the basin map). Approximately 10 percent of the
basin is man-made or natural storage. The topography
consists of rolling terrain with elevations ranging
from a high of 310 feet to 45 feet at the spillway
crest. Basin slopes are considered moderate.

b. Discharge at Damsite. There are no discharge records
available for this dam. Calculated discharge data for
the dam is listed below.

1. Outlet Works

Conduit & Size 24 inch diameter cast iron
pipe. Invert = 22.9 feet
NGVD.

Discharge Capacity
with reservoir at
spillway crest eleva-
tion = 44.0 70 CFS

Discharge Capacity
with reservoir at top
of dam elevation =
48.0 75 CFS

Discharge Capacity at
test flood elevation =
48.2 75 CFS

2. Maximum known flood at
damsite Unknown

3. Ungated spillway capa-
city at top of dam 3,080 CFS

4. Ungated spillway capa-
city at test flood ele-
vation 3,350 CFS

5. Gated spillway capacity
at normal pool eleva-
tion N/A

6. Gated spillway capacity
at test flood elevation N/A
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7. Total spillway capacity
at test flood elevation 3,350 CFS

8. Total project discharge
at top of dam 3,155 CFS

9. Total project discharge

at test flood elevation 3,485 CFS

c. Elevations (NGVD)

1. Streambed at toe of dam 14.0

2. Bottom of cutoff Unknown

3. Maximum tailwater Unknown

4. Normal pool 45.0

5. Full flood control pool N/A

6. Spillway crest

a. Main spillway 44.0 without flashboards;
45.0 with flashboards.

b. Emergency spillway 45.0

7. Design surcharge
(Original Design) Unknown

8. Top of dam 48.0

9. Test flood 48.2

d. Reservoir Lengths (in feet)

1. Normal pool 3,000

2. Flood control pool N/A

3. Spillway crest pool 3,000

4. Top of dam 3,000

5. Test flood pool 3,000

e. Storage (acre-feet)

I. Normal pool 250

2. Flood control pool N/A

3. Spillway crest pool 250

4. Top of dam 350

5. Test flood pool 390

1-5



f. Reservoir Surface Area (AcreE)

1. Normal pool 25

2. Flood control pool N/A

3. Spillway crest 25

4. Top of dam 25

5. Test flood pool 25

g. Dam

1. Type Gravity/Earth embankment

2. Length 500 feet

3. Height 34 feet maximum

4. Top width

a. Gravity Section 7 feet
b. Earth Embankment 7 feet

5. Side slopes

a. Gravity Section N/A
b. Earth Embankment 2.5:1 U/S; 2:1 D/S

6. Zoning None

7. Impervious Core Concrete diaphragm core
wall station 0+18 to 1+10
concrete gravity core wall
1+10 to 2+00

8. Cutoff Extension of core wall and
gravity section 1.5 feet
into bedrock

9. Grout Curtain Unknown

10. Other Abutments are bedrock.

h. Diversion and Regulating
Tunnel N/A

i. Spillway

1. Type

a. Main spillway Ogee weir with 1.0 foot
wood flashboards.

b. Emergency spillway Ogee weir.
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2. Length of Weir

a. Main spillway 50.0 feet

b. Emergency spillway 75.0 feet

3. Crest Elevation

a. Main spillway 44.0 feet

b. Emergency spillway 45.0 feet

4. Gates None

5. U/s Channels Natural bed of reservoir

6. D/S Channel Bedrock discharge channel

7. General D/S channel passes under a
roadway bridge 300 feet
downstream

p Regulating Cutlet

1. Invert 22.9 feet

2. Size 24 inch diameter pipe

3. Description Cast iron pipe

4. Control mechanism Manually operated vertical

lift gate

5. Other Discharges to 6 foot by
3 foot rectangular tailrace

1-7



SECTION 2

ENGINEERING DATA

2.1 Design

There is no available documentation regarding the design of
this facility.

2.2 Construction

No records of the original dam construction are available.
Construction drawings for the raising and reconstruction of
the dam in 1929 are included in Appendix B. A report on
leakage, structural and hydrologic investigations by Metcalf
& Eddy, Inc. was submitted to the owner in June 1978. Thir-
teen subsurface borings were performed and four piezometers
and five observation wells were installed as a part of this
study. References for Metcalf and Eddy's report are con-
tained in Appendix B of this report.

The borings showed that the foundation soil under the embank-
ment portion of the dam is fine sand with a maximum thickness
of 8 ft. Based on measurements by Metcalf & Eddy, the water
level on the downstream side of the core wall at Station 0-58
was about 5 feet below the original ground surface and it
remained below original ground all the way to the present
downstream toe. The reservoir level at the time that these
measurements were taken was elevation 45.0, 3 feet below the
crest. The drop in head from the upstream to downstream side
of the cutoff wall was 8 feet.

The borings by Metcalf & Eddy showed that the bedrock was
gneiss that was locally weathered and fractured at least 10
feet below its surface. In particular, weathered bedrock was
found just downstream from the concrete gravity section at
Station 2+00 (upstream from the wheelhouse) . The water level
at this location in December 1977 was 3 feet below the bottom
of the concrete gravity section (elevation 31757 At that
time, the reservoir level was 3 feet below the crest (eleva-
tion 45).

2.3 Operation

Records of daily water consumption and reservoir levels are
maintained at the water treatment facility at the dam.

2.4 Evaluation

a. Availability. There is no design information available.
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b. Adequacy. The lack of in-depth engineering data did not
allow for a definitive review. Therefore, the adequacy
of this darn could not be assessed from the standpoint of
reviewing design and construction data, but is based
primarily on visual inspection, past performance and
sound engineering judgement.

C. Validty. No design data is available.

S2-2___



SECTION 3

VISUAL INSPECTION

3.1 Findings

a. General. The Phase 1 visual inspection of the Mystic
Reservoir South Dam was conducted on November 19, 1980
by representatives of New England Engineeiing, Inc. and
Geotechnical Engineers, Inc. A visual checklist and
photographic record of that inspection have been
included in Apoendix A and C, respectively, of this
report. At tht- time of the inspection, the water level
was 3.8 feet below the spillway crest elevation of 1,5.0.

Based on the visual inspection, the dam is judged to be
in FAIR condition.

b. Dam. The darn is a combination earth embankment and
gravity structure approximately 500 feet in length with
a maximum height of 34 feet. the earth embankment sec-
tion contains concrete gravity and diaphragm core walls.
has an upstream slope of 2.5:1, a downstream slope of
2:1, a crest width of 7 feet and a length of 190 feet.
The gravity section of the dam has a crest width of 7
feet and is 310 feet long. The spillway is part of the
gravity section of the dam, has a length of 125 feet and
is located 75 feet from the right abutment. The intake!
outlet works are located near the centerline of the dam
and serve to control the flow to the water treatment
facility located at the toe and to the 24 inch diameter
low level outlet.

1. Upstream Face. The upstream face of t.-he earth
embankment section has 10-20 pound stone riprap
protection to within 3 feet of the crest (Photo C-4).
Small trees and brush cover the upstream slope from
the riprap to the crest of the dam. The upstream
face of the gravity section of the dam is vertical
and spalling of the concrete in several places in
vicinity of the normal pool level was observed
(Photo C-3).

2. Crest. The crest of the dam is shown on Photos C-1,
C-2,and C-3. The crest of the earth embankment
section is 7 feet wide with the concrete core wall
extending to the surface. The crest of the con-
crete gravity section has transverse hairline cracks
spaced regularly 10-15 feet apart and at all con-
struction key joints. Larger transverse cracks
1/32 to 1/16 inch were observed at Stations 2+50
and 2+95 (Photo C-9). Some spalling of a thin
slush coat of concrete was observed on the crest
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in the vicinity of the intake structure. The crest
of the dam in the vicinity of the diaphragm core
wall has settled 1 to 5 inches and the core wall
has slight irregularities in its longitudinal align-
ment. These alignment irregularities appear to be
the result of the original construction fornwork
for the concrete core wall.

3. Downstream Face and Toe. The downstream face and
toe of the dam are shown in Photos 0-5, C-6, C-7,
C-8, C-10 and C-11. The downstream face of the
earthfill section has regularly spaced tree stumps
to 12 inches in diameter. They are conifers which
were cut 5-10 years ago. The presence of the core
wall in the dam, the low water levels in the down-
stream shell, the flat downstream slope and the
fact that the roots of conifers are shallow all
idicate that there is no need to remove the stumps.
A 2 foot diameter stone wall has been built around
a seepage area (Photo 0-16) located at the toe at
station 1+15. Approximately 4-5 gallons per minute
of clear seepage was observed flowing through the
well and into a 4 inch diameter PVC pipe which
appeared to be tied into the parking lot storm
drainage system. A shallow depression with lush
grass growth, 4 feet in diameter and 6 inches deep
is located at the toe at station 1+30. The depres-
sion was not wet at the time of inspection, however,
it is possible that this area receives seepage when
the water level is at a higher level. The cause of
this depression should be investigated to determine
its relationship with the seepage into the well.
The downstream slope of the embankment is uneven,
probably due to frost action, and a footpath has
been eroded into the slope in the vicinity of
Station 1+30. Trhe downstream face of the concrete
gravity section was spalled and cracked along its
entire length. Extensive spalling, cracking and
efflorescence of the concrete were observed on the
downstream face at the intake/outlet structure as
seen on Photo C-10. The holes in the downstream
face seen in Photo C-10 are bore holes taken to
obtain concrete samples during the investigation by
Metcalf & Eddy, Inc. in 1978 (see Section 2.2).
Approximately 1 foot of steel reinforcing bar was
exposed at the angle point of this structure.
Extensive spalling cracking and efflorescence are
also evident at the toe and left abutment of the
spillway (Photos C-7 and C-11) . Clear seepage
totalling 1-2 gallons per minute was observed at a
crack at the left spillway abutment and the entire
bedrock contact at the toe of the spillway (Photos
C-7 and C-l1).

An extensive wet area was observed 100 feet down-
stream from the toe of the embankment at the left
abutment. No flowing seepage was observed at the
time of inspection. The presence of a stream channel
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leading from a field left of the dam to a culvert
downstream from the wet area indicates that this
portion of the left abutment probably receives
drainage from the fi eld.

Appurtenant Structures. Locations of the appurtena.:
structures are shown on the General Plan in Appendix B.

1. Spillway. The spillway is divided into two sec-
tions and is located 75 feet left of the left
abutment. The main spillway has a crest elevation
of 44.0 feet NGVD, is 50 feet long and is equipped
with flashboards which are one foot high and in good
condition. The emergency spillway is 75 feet long,
and has a crest elevation of 45.0 feet NGVD. Both
sections of the spillway are ogee weirs.

The downstream face of the spillway is badly cracked
and spalled up to 3 feet above the toe (Photo C-7).
Seepage flowing at less than 1 gpm at the bedrock
contact was observed along the entire spillway
length. Seepage flowing at less than 1 gpm was
also observed to weep from cracks in the bedrock
discharge channel up to 50 feet downstream. The
emergency spillway has a longitudinal hairline
crack along the length of the crest of the weir. A
discharge channel from the right section was never
constructed during the dam reconstruction in 1929.
Spillway overflows have since eroded the earth
cover from the bedrock to form a narrow channel
which parallels the toe of the spillway (Photo C-7).
Spillway discharge capacity can be reduced by a
high tailwater resulting from insufficient capacity
in the discharge channel and should be investigated.
The pipe shown in Photo C-7 is a piece of discarded
pipe and is not connected to the dam.

2. Intake/Outlet Structure. The intake/outlet struc-
ture is located near the centerline of the dam and
is shown on Photo C-14. Manually operated gates
control low level, intermediate and high level
intakes to the wet well for raw water intake. Two
outlets consisting of 12 inch and 16 inch diameter
cast iron pipes carry raw water from the wet well
to the water treatment facility and are controlled
by manually operated gate valves. The 24 inch
diameter low level outlet pipe is located to the
right of the wet well and passes through the dam
to the wheelhouse which formerly served as a raw
water pumping station prior to the construction of
the water treatment facility. The low level outlet
discharges to what was once the pump pit for the
pumping station. A 3 foot by 6 foot rectangular
tailrace carries discharges to Copps Brook down-
stream of Jerry Browne Road.

The trash rack located at the entrance to the wet
well is badly rusted and decayed as shown on Photo
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C-13. The concrete slab which supports the intake
valve lifting mechanism is cracked completely
through and the concrete is spalled and cracked at
the intake as shown on Photo C-13. According to
the treatment plant operator, the low level intake
valve and the low level outlet valve are inoperable.
Seepage and efflorescence were observed on the stone
masonry walls of the former pumping pit which forms
the foundation for the wheelhouse (Photo C-17).
Clear seepage flowing about 2-3 gpm was flowing
from a joint in the right stone masonry wall.

d. Reservoir Area. No specific detrimental features in the
reservoir area were observed during the visual inspec-
tion.

e. Downstream Channel. The downstream channel is bedrock
with stone masonry training walls. The channel passes
through two constricting culverts under Jerry Browne
Road and Mistuxet Avenue, 300 feet and 350 feet respec-
tively downstream from the dam. The channel contains
brush, small trees and loose rock which act as restric-
tions to flow.

3.2 Evaluation

Based on the visual inspection, the damr appears to be in FAIR
condition. The following features could adversely affect the
future performance of the dam and should be investigated:

a. The inoperable low level outlet gate valve.

b. Seepage into the well at the downstream toe of the earth
embankment and at the toe of the spillway.

c. The seepage through the walls of the wheelhouse pumping
pit, at the toe of the -.am.

d. The 4 foot diameter depression located at the toe at
Station 1+30 and its relationship to the seepage into
the well at Station 1+15.

e. Cracks and efflorescence on the downstream fLace of the
concrete gravity section which may be evidence of seep-
age through the dam.

f. Cracks in the concrete intake structure.

g. The need for additional riprap on the upstream slope of

the embankment.
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SECTION 4

OPERATIONAL AND MAINTENANCE PROCEDURES

4.1 Operational Procedures

a. General. Mystic Reservoir is used as a water supply
whi-ch serves the Village of Mystic, CT. The dam is
owned and operated by the Connecticut-American Water
Company. An average demand of 2.5 to 3.5 MGD is drawn
from the reservoir for water supply and excess is
allowed to flow over the spillway. The reservoir 'Level
is generally not controlled, however, a daily record
of the water level is recorded by the treatment faci-
lity operator. Flashboards on the spillway are normally
kept in place to maintain a full pond at elevation
45.0 NGVD.

b. Warning System. There is no formal warning system or
emergency action plan for the dam.

4.2 Maintenance Procedures

a. General. A regular maintenance staff is available at
the dam to perform light maintenance as required.

b. Operating Facilities. According to the treatment faci-
lity operator, the low level outlet gate is not oper-
abl1e.

4.3 Evaluation

a. The facility receives only light maintenance such as
painting and grass mowing. The intake and outlet gates
are not operated or lubricated regularly. The low
level outlet is inoperable and the reservoir level can-
not be readily lowered for maintenance or in the event
of an emergency.

b. Small trees and brush are growing on the upstream face
of the earth embankment.

C. There is no regularly scheduled maintenance for this
dam. There are numerous maintenance deficiencies as
described above. A systematic inspection and rehabili-
tation program should be developed and implemented. The
low level outlet gate should be rehabilitated so that
the reservoir level may be regulated, if required.
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d. An emergency action plan should also be developed and
implemented that includes procedures to lower the reser-
voir level, locations of emergency equipment, materials
or manpower to reduce or minimize dam failure damage,
authorities to be contacted in emergency situations and
a program of surveillance during unusual storm events.
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SECTION 5

EVALUATION OF HYDRAULIC/HYDROLOGIC FEATURES

5.1 General

The Mystic Reservoir South Dam was reportedly constructed in
the late 1800's for water supply. The darn was reconstructed
and raised in 1929. The damn is located on the Copps Brook
in the Connecticut Coastal Basin. The watershed for the
reservoir is 6.4 square miles with approximately 10',, of this
basin man-made or natural storage.

The damn has a spillway length of 125 feet and a maximum
height of 34 feet. The total length of the darn is 500 feet
including the spillway. The reservoir has a storage capacity
at the spillway crest of 250 Ac-Ft. Each foot of depth above
the spillway level can accommodate 25 Ac-Ft of water equiva-
lent to 0.07 inches of runoff.

It will take about 4 hours to lower the reservoir 1 foot
based on a surface area of 25 acres and an outflow of 75
CFS. For the 250 Ac-Ft of storage below the spillway it is
estimated that it would take about 40 hours to drain th-e
reservoir.

5.2 Design Data

Little specific data is available for this watershed or
structure. In lieu of existing complete design information,
U.S.G.S. topographic maps (scale 1" = 2,000') were utilized
to develop hydrologic parameters such as drainage area,
reservoir surface areas, basin slopes and other runoff char-
acteristics. Elevation-storage relationships for the reser-
voir were approximated. Some of the pertinent hydraulic
data was obtained or confirmed by actual field measurements
at the time of the visual inspection. Test flood inflows and
outflows and dam failure flows were determined in accordance
with the Corps of Engineers guidelines.

5.3 Experience Data

N~.o historical data for recorded discharges is available for
this dam.

5.4 Test Flood Analysis

Recommended guidelines for the Safety Inspection of Dams by
the Corps of Engineers were used for selection of the Test
Flood. This dam is classified under those guidelines as a
HIGH hazard and SMALL in size. Guidelines indicate that a
flood equal to one-half the PMF to the full PMF be used
as a range of test floods for such a classification. A test
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flood equal to 1/2 the PMF was selected because the dam is on
the low end of the size classification. The watershed has a
total drainage area equal to 6.4 square miles of which
approximately 107. is man-made or natural storage. This
drainage area is sparsely populated, fairly wooded, with
rolling topography.

A test flood value was selected from the Corps of Engineers
PMF curve for a watershed with flat to rolling topography
and reduced by 10% for storage within the watershed. The
test flood inflow was calculated to be 563 CSM, equal to
3,600 CFS and was adopted for this analysis. The routed
outflow discharge for the test flood inflow was 3,485 CFS.
The spillway and outlet rating curves are illustrated in
Appendix D. Flood routing was performed assuming a full
reservoir at the spillway crest elevation of 44.0 NGVD and
the outlet to be open. The flashboards on the main spillway
were assumed to be removed.

The analysis indicated that the peak test flood outflow would
overtop the dam by approximately 0.2 feet. The maximum
outflow capacity of the spillway at the top of dam elevation
48.0 is 3,080 CFS with the flashboards removed or 86'!' of the
test flood.

5.5 Dam Failure Analysis

For this analysis a full-depth, partial-width breach was
assumed to have occurred in this dam. The adopted breach
width of 36.0 feet was based on a maximum width of 40%, of
the dam length at mid height as recommended by the Corps of
Engineers. A dam failure discharge of 14,500 CBS was cal-
culated assuming the reservoir level to be at the top of
dam elevation 48.0. The dam failure discharge of 14,500 CFS
includes a spillway discharge of 2,500 CFS and will produce
a depth of flooding of 15 feet at the toe of the dam. It
is estimated that failure could result in the loss of more
than a few lives and a flood wave with a depth of 4-6 feet at
the treatment plant downstream of the dam. The wheelhouse
located at the toe of the dam would be subject to a flood
wave of approximately 12-15 feet in depth. Office facilities
for the maintenance staff are located in both the treatment
facility and in the wheelhouse. Two bridges over Copps Brook
downstream of the dam are located within the failure impact
area and would be subject to flood damage. The prime impact
area that would be subject to damage if the dam were to fail
has been delineated on the Dam Failure Impact Area Map in
Appendix D. As a result of the failure analysis, the dam has
been classified as a HIGH hazard structure.
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SECTION 6

EVALUATION OF STRUCTURAL STABILITY

6.1 Visual Observations

Visual examination of the geotechnical and structural aspects
of the dam do not indicate any immiediate stability problems.
However, the following features could affect the long-term
stability of the dam.

a. Seepage was observed emanating at the downstream toe in
a 1.5 foot deep well at Station 1±15. Since the foun-
dation soils seem to be "relatively pervious fine sands"
this seepage could carry fines out of the foundation
and cause distress of the downstream slope.

The water level measurements indicate that the core wall
is functioning since there was an 8 foot drop in head
across it on the day of inspection. On the other hand,
a small depression was noted upstream from the well at
Station 1+30, and borings carried out by Metcalf & Eddy
indicate that the gneiss bedrock is locally weathered
and fractured. Both of these facts indicate that there
may be some movement of fines occurring. It is there-
fore necessary to investigate this possibility and/or
to monitor rate and- turbidity of flow, as well as future
settlement at the observed depression.

b. The absence of riprap on the upstream slope of the
embankment should be checked, since it appears that the
riprap originally designed was not placed.

6.2 Design and Construction Data

No design or construction drawings or records for the original
dam are available.

6.3 Post-Construction Changes

According to a 1978 report prepared by Metcalf & Eddy, Inc.
(Refer to Appendix B), the original Mystic Reservoir South
Dam constructed during the late 1800's of rubble masonry walls,
developed serious stability problems. The dam was recon-
structed, lengthened and raised to its present configuration
during the late 1920's. Design drawings of features of the
reconstructed dam are shown in Appendix B. The borings
carried out for the 1978 report provided information on sub-
surface materials and water levels, both of which were dis-
cussed in Sections 3.1(b) and 6.1.
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6.4 Seismic Stability

The dam is located in Seismic Zone 1 and, in accordance with
recommended Phase 1 guidelines, does not warrant seismic
stability analysis.
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SECTION 7

ASSESSMENT, RECOMMENDATIONS AND REMEDIAL MEASURES

7.1 Dam Assessment

a. Condition. Based on the visual inspection, this darm is
judged to- be in FAIR condition. Features which could
adversely affect the condition of the dam in the future
are:

1. Seepage into the well at the downstream toe of the
embankment and the depression located at Station
1+30.

2. Seepage through the wheelhouse foundation wall and
cracks, spalling and seepage at the toe of the
spillway and at the left abutment.

3. Cracking and spalling of concrete on the gravity
section of the dam.

4. Lack of riprap on the upstream face above the
normal pool elevation.

5. The inoperable low level outlet gate.

b. Adequacy of Information. The available information is
such that the assessment of the condition of the dam
must be based on visual observation.

C. Urgency. The recommendations and remedial measures
described below should be implemented by the owner
within one year after receipt of the Phase 1 report.

7. 2 Recommendations

The following items should be carried out under the direction
of a qualified registered engineer and recommendations
resulting should be implemented by the owner.

a. Perform a detailed hydrologic/hydraulic investigation
to assess further the need for and the means to increase
project discharge capacity and the ability of the dam to
withstand overtopping.

b. Investigate the source and extent of seepage from the
well at Station 1+15. In particular, determine whether
there is any movement of fines occurring, and whether
the depression on the downstream slope at Station 1+30
is related to the observed seepage or other causes.

C. Investigate the cause of the inoperable low level out-

let and repair as necessary.
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d. Investigate and recoimmend methods to repair cracking
and spalling of the concrete along the crest and at
the downstream toe of the spillway, at the left spill-
way abutment on the downstream face of the gravity sec-
tion of the dam, and at the intake/outlet structure.
Investigate and recommend methods to control seepage
through and beneath the spillway.

e. Evaluate the need for increasing the capacity of the
spillway discharge channel.

f. Design and supervise the placement of riprap on the
upstream face of the embankment between the normal pool
elevation and the crest.

g. Replace the trash rack.

7.3 Remedial Measures

a. Operation and Maintenance Procedures.

1. Develop an "Emergency Action Plan" that will
include an effective preplanned downstream warning
system, locations of emergency equipment, mate-
rials and manpower, authorities to contact and
potential areas that require evacuation.

2. Clear brush and trees on the upstream face of the
embankment. Maintain clear by cutting at least
annually.

3. Monitor seepage in sump of wheelhouse to detect rate
and turbidity as a function of reservoir level. If
changes occur, engage an engineer to evaluate the
data and to make further recommendations.

4. Implement a regular maintenance program for the
facility.

5. Institute a program of annual technical inspection
by a qualified registered engineer.

6. Monitor the water levels in all observation walls
on at least a monthly basis.

7. Fill the low area on the crest and the footpath on
the downstream face with proper compacted material.

8. Establish protective grass cover over all bare areas.

7.4 Alternatives

There are no practical alternatives to the remedial measures

discussed above.
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_No. _'_ATZ2. 7ESOURCLS CO[ ISSICH
SoSUPERVISTOD; OF DArlcS

Inventoried IVENTORY DATA
By

'Date _ '

Name of Dam or Pond TWY c -

Code No. Qc- \O) 4e 0.3

Nearest Street Location - K
Town ell___ _ _ __ _ 6 /21,
U.S.G.S. Quad. .

Name of Stream QC ,,

Owner ,I y, L,, C,.

Address z 70/?1 /1 )2-
L

Pond Used For - 6,s5i

Dimensions of Pond: W.idth Length Area O c'

Total Length of Dam 3_ _ _ Length of Spillway ....

Location of Spillway w,

V Height of Pond Above Stream Bed l__ ______._ __ r__-

Height of Embankment Aboye Spillway 2-'

-•Type of Spillway'Construction 3 lp,.ro t.i . b
Type of Dike Construction U ! . .

Domstream Conditions 5

* Summary of File Data

Remarks

loiild Failure Cause Damage? ' - Class



REPORT TO
\IYSTIC VALLE'I DISTRICT

CONNECTICUT-ANERICAN A TER COMP NI
UPON

LEAKAGE. STRUCTURAL
XND HYDROLOGIC INVESTIGATIONS

AT PALMER DAM

June 9. 1978

METCALF & EDDY, INC. / ENGINEERS
BOSTON 'NEW YORK PALO ALTO CHICAGO



Engineers & Planners

Curie ,97

!.'r David Karike
Distrlct !.anager
1!Kystio Va-ley : str'lot
Connrecticut - 1'mer!-tan Water Cc,-,pan.,.
:oy :cuse Bu. 'dnE
W.1tehall nvernue

Yystfc, Conniecticut 3 63

Dear !:r. :Karke:

:nr acocrdance wit- c-ur A'.ree ment dated ltovem.ber 21, 10-7,

we hav'e completed an. ivestiGatlzri of Palmer c ar..

Our report descrb"'-h'g th-e Investigat-o. and recozn.-,enaeo,7

repa'-rs '-s subrriftted herew~th.

VJery truly yours,

I!:ECkzF & EDDY, :14C.

Stephen L. EB.shop
V'ce Pres'dent-

h'EV' "0)P "LC 4- -C L-



APPENDIX C

PHOTOGRAPHS
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PHOTO C-i: Dam crest and downstream face from
the left abutment.

PHOTO C-2: Left abutment and dam crest.

C-'

_ _ _ _ _ __"--_ _ __,,_ _. .-



PHOTO C-3: Upstream face, crest and intake struc-
ture looking towards right abutment.

PHOTO C-4: Upstream face and left abutment.

d C-2



PHOTO C-5: Downstream view of the dam sh-owing,
water treatment facility located at the :oe.

PHOTO C-6: Downstreamn face of the earth erbank7,en-
section. Note numerous tree stumps on slope.

I C-1



PHOTO C-7: Downstream face an~d
toe of spillway from t:he left-
sp~illway abutment. Note crack-
ing and spalling of the concrete
and seepage at thIe toe.

PHOTO C-8: Spillway crest from the right abutment
showing constriction of spillway dischar-e channel
by natural ground.

C-4



PHOTO C-9: Crack in dam crest through construction
joint at station 2+95.

PHOTO C-10: Downstream face of gravity section.
Note cracking and efflorescence of concrete.

C-5



PHOTO C-II: Downstream face of gravity section at
the left spillway abutment. Note the seepage and
cracking and spalling of concrete near the left
spillway abutment.

PHOTO C-12: Downstream channel viewed from the
spillway crest.

C-6



PHOTO C-13: Bad'>;. ru-sted :tras-
rack on inta'Ke structure. 0ls
note crackina Pand soa'llina--- of-
concrete.

PHOTO C-!li: Intake structure and : ate mechanismns
near the centerline of the darn.

C- 7



PH!OTO C-15: Deoressic2 andc
lus Ih arowth of qrass on.G~.
stream toe az Szat-*or 1>3?.

PHOTO C-16: Close-up of seepage in bottom of
spring box on downstream toce at Station 1-15.

c-8



PH{OTO C-17: SeeDasze :hroug'h thIe Ith
sump bteLo-w --he wheelhouse.

q.



APPENDIX D

HYDROLOGIC AND HYDRAULIC COMPUTATIONS
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New England Engineering, Inc. PROVIDENCE, R.I. 02903

Job No. _ _ _ _ _ _ _ _ __-_,_ Sheet .of. . .
Project v .* -- - Date - -
Subject . By.. Ch'k by

. , PC L E&-L V =" * (, , FF.:A : Z NC A/ VD

Y X, CL ":7/-,. c Q * , -
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New England Engineering, Inc. PROVIDENCE, R.I. 02903

Job NO. F~i 0-~ -(-v104 ~'' Skee Zoi....
Project Datej _ ...-
Subject By rsChk by

S2QX L~~'~ TOPA - ZKr, L(S-"
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up

E ------- 1



New England Engineering, Inc. PROVIDENCE, R.I. -02903-

Job No. -' ' - - - ' Sheet.- o

Project Date c-'
Subject By==.Ch& y~.........

CAI CA A4 7'
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New England Engineering, Inc. PROVIDENCE, R.I. 02903

Job No. Sheet __of__
Project Date
Subject By.. Ch'k. by -
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New England Engineering, Inc. PROVIDENCE, R.I. 02903

Job No. Sheet___-z- of
Project Date ,,, -
Subject ByZ _ Ch'k. by
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APPENDIX E

INFORMATION AS CONTAINED IN THE NATIONAL

INVENTORY OF DAMS

I
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