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DEPARTMENT OF THE ARMY
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REPLY TO
ATTENTI ON OF:

NEDED

JUNi Ii i'j19

Honorable Ella T. Grasso

Governor of the State of Connecticut
State Capitol
Hartford, Connecticut 06115

Dear Governor Grasso:

I am forwarding to you a copy of the Mlianus Reservoir Dam Phase I

Inspection Report, which was prepared under the Nazional 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 in-
cluded 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 Waterworks Company, Inc., 125 East Putnam Avenue,
Greenwich, Connecticut 06830, ATTN: Mr. Joseph 0. Yates, Jr.,
Manager.

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.

Sincerely yours,

Incl JON P. CHAN11DLER
As stated Coionel, Corps of Engineers

'1 vision Engineer
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PHASE I REPORT

NATIONAL DAM SAFETY PROGRAM

Name of Dam: MIANUS RESERVOIR DAM

State Located: Connecticut

County Located: Fairfield County

Stream: Mianus River

Date of Tnspeption 3 AUGUST 1978

BRIEF ASSESSMENT

The Mianus Reservoir Dam consists of an earth embankment
with a selected impervious fill core, drop inlet spillway,
stilling basin, a wasteway having a fuse plug and pumping
facilities. The dam section is 950 feet long with a maxi-
mum height of 75 feet. The top of the dam is 20 feet wide.
The downstream side slopes of the earth embankment are 2
horizontal to 1 vertical. The upstream slope is 2-1/2 hori-
zontal to 1 vertical. Riprap is in place on the upstream
face. The morning glory-type spillway is 8 feet in diameter.

Based on the visual inspection, records available, and past
operational performance, the dam is judged to be in good
condition.

The project will not pass the test flood without overtopping
the dam, and therefore, the total spillway capacity is in-
adequate. The spillway capacity is judged seriously inade-
quate since the project will not pass one-half the test flood
without overtopping the dam (35 percent). The test flood
will overtop the dam by approximately 2.9 feet.

It is recommended that the owner ensure that the materials
contained in the fuse plug are excavated and replaced, with-
out tamping. Additionally, the scour hole at the spillway



should be repaired. The owner should control trespassing
on the dam, particularly near the junction of the left abut-
ment and the downstream slope where trespassing is extensive
at the present time.

Round-the-clock surveillance should be provided during peri-
ods of high precipitation. The owner should develop a formal
warning system. An operational procedure to follow in the
event of an emergency should also be adopted.

Recommendations and remedial measures described should be
implemented by the owner within 2 years after receipt of
this Phase I Inspection Report.

pGi$avara, P.E.

Principal

Registered, CT 7634

*1



This Phase I Inspection Report on Mianus Reservoir Dam has been
reviewed by the undersigned Review Board members. In our opinion,
the reported findings, conclusions, and recommendations are
consistent with the Recomended Guidelines for Safety Insoection:
of Dams, and with good engineering judgment and practice, and is
hereby submitted for approval.

CHARLES G. TIERSCH, Chairman
Chief, Foundation and Materials Branch
Engineering Division

FRED J. VS, Jr., Member
Chief, De!gn Branch
Engineering Division

SAUL COOPER, Member
Chief, Water Control 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 I Investigations. Copies of these guidelines may be
obtained from the Office of Chief of Engineers, Washington,
D.C. 20314. The purpose of a Phase I Investigation is to
identify expeditiously those dams which may pose hazards to
human life or property. The assessment of the general condi-
tion of the dam is based upon available data and visual in-
spections. Detailed investigation, and analyses involving
topographic mapping, subsurface investigations, testing, and
detailed comoutational evaluations are beyond the scope of a
Phase I investigation; however, the investigation is intended
to identify any need for such studies.

In reviewirg this report, it should be realized that the
reported condition of the dam is based on observations of
field conditions at the time of inspection along with data
available to the inspection team. In cases where the reser-
voir 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 con-
ditions which might otherwise be detectable if insoected under
the normal operating environment of the structure.

It is important to note that the condition of a dam de-
pends on numerous and constantly chaning internal and externl
conditions, and is evolutionary in nature. It ;,ould be incor-
rect to assume that the present con:ti~cn of the dam will
continue to represent the condition of tme dam at some oin:
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 reaonably pos-
sible storm runoff), or fractions thereof. Because of the magni-
tude 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 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.
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PHASE I INSPECTION REPORT
MIANUS RESERVOIR DAM CT 00050

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 inspection
through 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. Flaherty Giavara Associates, P.C. 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 Flaherty Giavara Associates, P.C.
under a letter of 25 April 1978 from Ralph T. Garver, Colonel,
Corps of Engineers. Contract No. DACW33-78-C-0309 has been
assigned by the Corps of Engineers for this work.

b. Purpose.

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

2) Encourage and assist the States to 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 PROJECT:

a. Description of Dam and Appurtenances. This dam pop-
ularly known as the Samuel J. Bargh Reservoir Dam consists of
an earth embankment with a selected impervious fill core, drop
inlet spillway, stilling basin, a wasteway having a fuse plug
and pumping facilities, built in 1955. The dam section is
950 feet long with a maximum height of 75 feet. The top of
the dam is 20 feet wide. The downstream side slopes of the
earth embankment are 2 horizontal to I vertical. The upstream
slope is 2-1/2 horizontal to 1 vertical. Riprap is in place
on the upstream face. The morning glory-type spillway is 8
feet in diameter.

-1-



b. Location. The dam is located approximately 2-1/2
miles north of the Merritt Parkway in the Town of Stamford
on Mianus River within the Connecticut western coastal area.

c. Size Classification. The applicable guideline indi-
cates that for an intermediate category the storage in acre-
feet for the impoundment must be greater than or equal to
1,000 and less than 50,000. The size classification may be
determined by either storage or height, whichever gives the
larger size category. Based on the storage capacity of the
dam, the size classification is intermediate. The top of dam
storage for Mianus Reservoir Dam is 7,515 acre-feet.

d. Hazard Classification. The dam is classified as hav-
ing a high hazard potential. This classification is based on
the 10 or more houses situated along the narrow valley which
would be affected by a dam failure flood wave.

e. Ownership. Mianus Reservoir Dam is owned by the
Connecticut-American Waterworks Company, Inc. - Greenwich
District.

f. Purpose of Dam. The dam was constructed to form an
impounding reservoir. The reservoir forms part of the water
company's supply and distribution system, providing potable
water to the residents of Greenwich.

g. Design and Construction History. The dam was com-
pleted in 1955. The American Water Works Service Company,
Inc. designed the dam and its appurtenances under the direc-
tion of Howard J. Carlock. The dam was constructed by Merritt-
Chapman and Scott Corporation, New York, New York. Any sub-
sequent modifications are unknown.

h. Normal Operating Procedures. A 20" lock joint pipe
transports water from Brush Dam to the stilling basin at
Mianus Reservoir from which it flows downstream to the Mianus
Filter Plant. Just upstream of the stilling basin, pumping
facilities withdraw a portion of the water from the 20" lock
joint pipe and pumps water to Rockwood Lake.

-2-



rA

1.3 PERTINENT DATA:

a. Drainage Area - 18.3 sq. miles

b. Discharge at Dam Site -

Maximum Known Flood Unknown
Warm Water Outlet Not Available
Div. Tunnel Low Pool Outlet Not Available
Diversion Tunnel Outlet Not Availabl2
Gated Spillway None
Ungated Spillway at Max. Pool 2,200 CFS @ 1 Ft.

freeboard
Total Spillway Cap. at Max. Pool 3,000 CFS @ no

freeboard
Emergency Wasteway without Fuse Plug 2,900 CFS @ 1 Ft.

freeboard
Emergency Wasteway without Fuse Plug 3,900 CFS @ no

freeboard

c. Elevation (above M.S.L.) -
Top of Dam 262
Max. Design Pool Not Available
Full Flood Control Pool Not Available
Recreation Pool Not Available
Spillway Crest Ungated 252
Upstream Portal Invert. Div. Tunnel 188
Downstream Portal Invert. Div. Tunnel 188
Streambed at Centerline of Dam 183
Maximum Tailwater Unknown

d. Reservoir -

Length of Max. Pool 13,500 feet
Length of Recreation Pool Not Applicable
Length of Flood Control Pool Not Applicable

e. Storage -
Recreation Pool Not Applicable
Flood Control Pool Not Applicable
Design Surcharge Not Applicable
Top of Dam 7,515 Acre-Feet

f. Reservoir Surface (acres) -
Top of Dam Not Available
Max. Pool Not Available
Flood Control Pool Not Applicable
Recreation Pool Not Applicable
Spillway Crest 230

g. Dam-
Type: Earth embankment, concrete core
Length: 950 feet
Height: 75 feet
Top width: 20 feet

-3-



Side Slopes: Downstream: 1 vertical to 2 horizontal
Upstream: 1 vertical to 2-1/2 horizontal

Zoning: Selected impervious fill core
Impervious core: Selected fill
Grout Curtain: Unknown

h. Diversion and Regulating Tunnel -

Type: Cast iron pipe
Length: 500 feet
Diameter: 30 inches
Access: From stilling basin
Regulation: Butterfly valve

i. Spillway -
Type: 8' diameter conc. morning glory
Length of Weir: 25 feet
Crest Elevation: 252
Gates: Ungated
Upstream Channel: Reservoir
Downstream Channel: Natural Streambed
Spillway is founded on: Rock

j. Regulating Outlets -
Gates: None
Conduits: 30" diameter cast iron pipe to stilling basin

-4-



SECTION 2 - ENGINEERING DATA

2.1 DESIGN:

The design of the Dam was made by American Waterworks Service
Company, Inc., Philadelphia, Pennsylvania. The plans were
prepared by Howard C. Carlock, P.E., Connecticut Registration
Number 3286.

The principal engineering data available are:

a. Project 18 - "Contract Documents for the Construction
of a Dam and Impounding Reservoir on the Mianus River for the
Greenwich Water Company, Greenwich, Connecticut," January, 1956.

b. Project 18 - Contract Drawings Nos. 36-268-1 through
36-268-8 (see Appendix VI).

c. Greer and McClelland, "Investigation and Design of
the Mianus River Dam, Stamford, Connecticut," November, 1954.

d. Haley and Aldrich, "Report on Stability and Seepage
Analysis, Mianus River Dam, Stamford, Connecticut," April,
1959 (see Appendix V).

e. Woodward-Clyde-Sherard and Associates, "Field and
Laboratory Investigation, S. J. Bargh Reservoir (Mianus
River) Dam, Stamford, Connecticut," January 19, 1961.

f. Haley & Aldrich, "Letter Report - S. J. Bargh Reser-
voir (Mianus River) Dam," July 6, 1961.

g. Observation well readings for five wells installed
along the downstream slope for the following dates: July 8,
1965, July 1, 1966, November 18, 1968, and August 3, 1978.

2.2 CONSTRUCTION:

No information is available concerning the foundation prepara-
tion or embankment construction.

2.3 OPERATION:

No formal operation records are available.

-5-



2.4 EVALUATION:

a. Availability. The information available concerning
the embankment consists of a design cross section and the
identification of the embankment materials as "impervious
core wall" and "random fill." Limited engineering data is
available concerning the properties of the random fill to a
depth of 5 feet. Six test pits were excavated on October 26,
1960, and the field results are reported in Reference e,
Subsection 2.1. No additional engineering data are available
concerning the properties of other materials in the dam. No
information is available about the foundation materials en-
countered during the construction of the embankment sections.

b. Adequacy. The available data are not sufficient to
evaluate the soils in the core and shells and in the founda-
tion of the dam. The evaluation must be based primarily on
the results of the visual inspection. The information avail-
able is considered adequate for the purposes of a Phase I
investigation.

No conflicts have been noted between the available data and
the observations made during the inspection. In general,
there is no reason to question the validity of the available
data.

-6-'



SECTION 3 - VISUAL INSPECTION

3.1 FINDINGS:

a. General. The dam appears to be in good condition and
well maintained. No seepage was observed. Vertical and hori-
zontal alignment of the dam was good. No lateral movement or
settlment of the crest was noted. Vehicular paths and footpaths
exist at several locations on the downstream slope. Some local
deterioration of the riprap has occurred.

b. Dam. The upstream slope is covered with riprap from
below the water surface to the crest of the dam. The riprap
was in good condition except for some surface erosion and de-
terioration and small windows exposed through the riprap.

The crushed stone which covers the majority of the crest is
generally in good condition and well maintained.

Several bike and footpaths were located on the downstream
slope from the toe to the crest of the dam. Vehicular traffic
has worn a path at the junction between the left abutment and
the downstream face of the dam. Thd downstream slope was
covered with grass and was generally well maintained. No
animal holes were located on the downstream slope at the time
of inspection.

The groundwater elevations obtained on August 3, 1978 in the
five observation wells in the downstream embankment, located
as shown on Figure 4, Appendix B, are indicated below:

GROUNDWATER OBSERVATIONS

DEPTH TO ELEVATION OF
PIPE NO. WATER IN PIPE WATER IN PIPE

1 46.0 216.6
2 34.1 204.1
3 44.7 219.3
4 29.6 207.9
5 14.0 194.6

The cover of the drainage manhole was removed and a reading
obtained from the V notch weir. Water was observed to be
flowing underneath the weir into the drainage pipe. The flow-
ing water appeared clear and free of suspended solids. No
seepage was observed at the toe or abutments of the embank-
ment. In the vicinity of Station 6+50, approximately 82 feet
south of the toe, a hole was located which was approximately
3 feet long, 12 inches wide, and 8 feet deep. There appeared
to be 3 feet of water in the bottom of this feature.

-7-



To the east of the dam exists an emergency spillway channel
which contains a "fuse plug." The fuse plug is approximately
90 feet long, 5 feet high, and 5 feet wide at the crest. The
pavement appeared compact as a result of foot and vehicular
traffic. The material excavated from a small test pit on the
surface of the fuse plug was a gravelly silty coarse to fine
sand.

c. Appurtenant Structures.

1) Inlet Spillway - The exterior was in excellent
condition. The interior was in generally good condition with
some spalling notEd near the bottom. The base of the drop
structure according to the plans is founded directly on bed-
rock. The inspection of this feature indicated that an ir-
regular scour hole approximately 5 feet deep has developed.
Water is apparently flowing from this area into the outlet
pipe at a steady rate.

2) Spillway Conduit - The interior of this 8 foot
diameter conduit was inspected and found to be in generally
good condition. Some hairline cracking was noted at the
crown, with efflorescence and moisture also observed. The
two sections of pipe nearest the inlet structure were found
to have little or no mortar at the joints. No indication of
spalling or deterioration of the concrete surfaces were noted.
Alignment of the joints was good, there is an apparent slight
sag in the pipe profile, about where the pipe passes beneath
the dam crest.

3) Stilling Basin - The concrete endwall and wing-
walls are in excellent condition. The bottom of the apron
was not clearly visible due to the depth of water. The con-
tacts between the embankment and the outlet structures were
in good condition.

4) Blow-Off - The valve for the 30-inch blow-off
pipe was easily opened by one man. The flow from the blow-off
was clear and free of debris. Upon closing the valve, there
was no leakage observed. The end of the blow-off pipe was in
good condition.

d. Reservoir Area. The reservoir perimeter has well
vegetated banks at moderate to steep slopes. There was no
evidence of slides or sloughing. The depth of sediment and
rate of accumulation in the reservoir is unknown.

e. Dow.istream Channel.

-8-



1) Spillway Channel (Mianus River) - The open chan-
nel downstream from the stilling basin was in excellent condi-
tion. It has large stone riprap forming stable banks, and
there were no deposits of debris or sediment. The bottom and
banks were nearly free of vegetation.

2) Wasteway Channel - This channel, excavated into
earth and a limited area of rock, is overgrown with weeds
and underbrush, approximately four feet high. Where visible,
the sides and bottom were of stable earth with no evidence of
erosion.

3.2 EVALUATION:

Based on the visual inspection, the dam appears to be in good
condition. Trespassing has resulted in a loss of vegetation
at several locations on the downstream slope and at the inter-
section with the left abutment from the toe to the crest of
the downstream slope. Trespassing should be controlled, since
it could lead to unacceptable long-term erosion. Brush and
vegetation are growing at many locations on the riprapped
slopes which could lead to development of erosion channel.
For this reason, any vegetation in the riprap should be re-
moved. Trespassing and vehicular traffic has resulted in
compaction of soils contained in the fuse plug. Trespass-
ing should be controlled, since it could lead to an unaccept-
able condition where the fuse plug would not erode as desigfied
under high water.

The scoured area beneath the spillway inlet could lead to
settlement of the spillway and outlet conduit.

The wasteway channel (downstream of fuse plug) is overgrown,
reducing flow-carrying capacity.

-9-



SECTION 4 - OPERATIONAL PROCEDURES

4.1 PROCEDURES:

The Mianus Reservoir has a 2,450 million gallon capacity when
full. It supplies water to Rockwood Lake and downstream to
the Mianus Filter Plant. At Bargh there is a fuse plug for
protection. When Bargh is full and a storm is coming, the
blow-off (butterfly valve) is opened as additional protection.

4.2 MAINTENANCE OF DAM:

The dam is well maintained with a regular program of grass
mowing and general maintenance in effect.

4.3 MAINTENANCE OF OPERATING FACILITIES:

The regulating gates and valves were tested and appear to be
in mechanically good operating condition and are completely
functional.

4.4 DESCRIPTION OF ANY WARNING SYSTEM IN EFFECT:

There was no warning system of any kind in effect at the time
of the inspection. The Connecticut-American Waterworks Com-
pany is currently developing procedures which will provide
for surveillance during peak flow conditions and a warning
system.

4.5 EVALUATION:

The Mianus Reservoir Dam, which is over 20 years old, is very
well operated and maintained. Although not designed for rapid
drawdown, it should be noted that if the need should arise,
drawdown could be effected only through the operational pro-
cedure of opening the 30-inch blow-off. Therefore, this valve
should be periodically exercised to insure proper functioning.

L 10-



SECTION 5 - HYDRAULICS/HYDROLOGY

5.1 EVALUATION OF FEATURES:

a. Design Data. There is no available information on
the hydraulic design criteria for this dam and appurtenances.
Under established criteria (OCE Guidelines) the recommended
spillway design flood for the size (intermediate) and hazard
potential (high) classification is the probable maximum flood
(PMF). The PMF is the flood that may be expected from the
most severe combination of critical meteorologic and hydrolo-
gic conditions that are reasonably possible in the region.

As estimate of the magnitude of the PMF at the site is based
on an analysis of several sets of regional flood frequency data
as presented in Appendix II.

As a conservative approach to the investigation, the more
critical flood hydrograph was used. A peak inflow rate of
28,000 CFS was used as the test flood for determining spillway
adequacy.

A stage-discharge relationship was calculated for both the
spillway and the emergency wasteway. The calculations for
the wasteway assumes that the fuse plug has been fully
eroded to Elevation 252.

STAGE - DISCHARGE RATING

Q CFS
Stage Emergency

Elevation Spillway Wasteway Total

252 0 0 0
253 120 270 390
254 330 760 1,090
255 550 1,400 1,950
256 720 2,160 2,880
257 840 3,020 3,860
258 940 3,970 4,910
259 1,040 5,000 6,040
260 1,090 6,110 7,200
261 1,160 7,290 8,450
262 1,220 8,540 9,760

The maximum spillway capacity, with no freeboard, is less than
the peak discharge rate of the test flood (compare 9,760 CFS with

28,000 CFS). In order to determine the effect of the reservoir
storage capacity, a hydrograph of the test flood was routed
through the reservoir.
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The hydrograph was formed by assuming the test flood had a
duration of 24 hours, with the peak of 28,000 CFS occurring at
8 hours from the beginning of runoff. The rising and falling
limbs of the hydrograph were assumed to be changing at a con-
stant rate, forming a triangle. The routing operation indi-
cated that the peak rate of discharge would not be significant-
ly reduced, even if the fuse plug was assumed to be eroded to
elevation 252 prior to the storm. The test flood routed
through the reservoir reached elevation 264.9, 2.9 feet
above the crest of the earth dam.

b. Experience Data. Discussirn with water company per-
sonnel indicates that since the mid-950's the dam has not
been overtopped. However, flow has reached the crest eleva-
tion of the fuse plug.

c. Visual Observations. The on-site inspection of the
dam and record information provided the data for the hydraul-
ic evaluation of the spillways.

d. Overtopping Potential. The maximum spillway capacity
is equal to 35 per cent of the spillway test flood peak flows.
The peak rate of discharge from the test flood will overtop
the embankment by about 2.9 feet.
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SECTION 6 - STRUCTURAL STABILITY

6.1 EVALUATION OF STRUCTURAL STABILITY:

a. Visual Observations. There are no signs of structur-
al instability evident.

b. Desig~i and Construction Data. The design data pre-
sented in the previously noted references (see Section 2) do
not point to any sources or areas of structural instability.

c. Operating Records. Five observation wells were in-
stalled in the downstream embankment early in 1957, see Ap-
pendix V. The water level readings made subsequent to the
installation of these wells which have been provided indicate
that the water level in the downstream shell is below that
assumed for the stability analyses performed in the previous-
ly cited Haley and Aldrich reference, Reference d, Subsection
2.1. The available records suggest the free water surface is
relatively unaffected by 11 foot variations in pool elevation.
Given the assumption made for the friction angle, unit weights,
and effective stresses that exist in this dam, it would appear
that the factors of safety for normal seepage conditions (1.45)
are close to what is usually required (1.5). Given the lower
water levels recorded, there is no reason for concern about
the factor of safety.

d. Post-Construction Changes. The five observation wells
noted above were installed subsequent to construction of the
dam. It is reported that the fuse plug has previously been re-
placed. However, details are uncertain.

e. Seismic Stability. This dam is in Seismic Zone 1
and, in accordance with recommended Phase I guidelines, does not
warrant seismic analysis.
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SECTION 7 - ASSESSMENT, RECOMMENDATIONS AND
REMEDIAL MEASURES

7.1 DAM ASSESSMENT:

a. Condition. Based on the visual inspection, records
available, and past operational performance, the dam is judged
to be in good condition. However, there are some items which
should be repaired to assure the continued safe performance
and operation of the dam. The conditions that need to be re-
medied include trespassing on the downstream slope of the
main dam and growth of brush on the riprapped upstream slope.
In addition, trespassing on the crest of the fuse plug should
be eliminated.

The project will not pass the test flood without overtopping
the dam, and therefore, the total spillway capacity is inade-
quate. The spillway capacity is judged seriously inadequate
since the project will not pass one-half the test flood with-
out overtopping the dam (35 per cent).

b. Adequacy of Information. The information available
was adequate for a Phase I inspection. In addition to visual
inspection, design plans, specifications, and stability analy-
ses were available. The evaluation of stability was limited to
the strength data contained in the Woodward-Clyde-Sherard
report. No data were available on the degree of density at-
tained during construction.

c. Urgency. The recommendations and remedial measures
should be implemented by the owner within 2 years after receipt
of this Phase I Report.

d. Need for Additional Investigation. Additional in-
vestigation of the scour hole beneath the spillway base is
necessary to determine methods of repair and should be under-
taken by the owner.

7.2 RECOMMENDATIONS:

It is recommended that the following measures be undertaken by
the owner:

1) The materials contained in the fuse plug should be
excavated and replaced, without tamping.

2) The apparent leak underneath the weir, which is loca-
ted within the drainage manhole, should be repaired. This
would insure accurate measurement of the seepage from the toe
drains by recording the volume of water being discharged.
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3) Subsequent to studying feasible methods, the scour
hole at the spillway should be repaired.

7.3 REMEDIAL MEASURES:

a. Alternatives. Not applicable.

b. Operation and Maintenance and Procedures.

1) The owner should control trespassing on the dam,
particularly near the junction of the left abutment and the
downstream slope where trespassing is extensive at the pres-
ent time.

2) The brush and vegetation growth on the upstream
riprapped surface should be controlled.

3) The hole, approximately 80 feet south of the toe
of the dam in the vicinity of Station 6+50, should be proper-
ly backfilled.

4) The wasteway channel should be cleared of heavy
brush and a dense stand of grass maintained.

5) Round the clock surveillance should be provided
during periods of high precipitation.

6) The owner should develop a formal warning system.
An operational procedure to follow in the event of an emergen-
cy should also be adopted.

7) The owner should provide continued periodic inspec-
tions at an annual frequency.
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APPENDIX A

VISUAL INSPECTION - CHECK LIST



PERIODIC INSPECTION CHECK LIST

ROJECT Mianus Reservoir Dam DATE August 3, 1978

LNSPECTOR Richard F. Murdock DISCIPLINE Geotechnical

NSPECTOR Robert C. Smith DISCIPLINE Project Manager

AREA EVALUATED CONDITION

DAM EMBANKMENT

Crest Elevation

Current Pool Elevation

Maximum Impoundment to Date

Surface Cracks None observed

Pavement Condition Crushed stone in good condition.

Movement or Settlement of None observed
Crest

Lateral Movement None observed

Vertical Alignment Good

Horizontal Alignment Good

Condition at Abutment and at Good
Concrete Structures

Indications of Movement of None observed
Structural Items on Slopes

Trespassing on Slopes Vehicular and foot paths at
several locations on downstream

Sloughing or Erosion of slope.
Slopes or Abutments

Rock Slope Protection - Some local deterioration of
Riprap Failures riprap

Unusual Movement or Cracking
at or near Toes None observed

Unusual Embankment or Down- None observed
I stream Seepage



I
PERIODIC INSPECTION CHECK LIST

IRJECT Mianus Reservoir Dam DATE August 3, 1978

NSPECTOR Richard F. Murdock DISCIPLINE Geotechnical

r NSPECTOR Robert C. Smith DISCIPLINE Project Manager

AREA EVALUATED CONDITION

DAM EMBANKMENT - (continued)

Piping or Boils None observed

Foundation Drainage Features Drainage manhole collection
basin weir needs repair

Toe Drains Toe drains observed leading
into manhole

Instrumentation System



PERIODIC INSPECTION CHECK LIST

PROJECT Mianus Reservoir Dam DATE August 3, 1978

INSPECTOR DISCIPLINE

INSPECTOR DISCIPLINE

AREA EVALUATED CONDITION

OUTLET WORKS - OUTLET STRUCTURE

AND OUTLET CHANNEL Not Applicable

General Condition of Concrete

Rust or Staining

Spalling

Erosion or Cavitation

Visible Reinforcing

Any Seepage or Efflorescence

Condition at Joints

Drain Holes

Channel

Loose Rock or Trees Over-
hanging Channel

Condition or Discharge
Channel



PERIODIC INSPECTION CHECK LIST

PROJECT Mianus Reservoir Dam DATE August 3, 1978

IINSPECTOR DISCIPLINE

IN_ __SPECTOR DISCIPLINE

AREA EVALUATED CONDITION

OUTLET WORKS - CONTROL TOWER
None

a, Concrete and Structural

General Condition

Condition of Joints

Spalling

Visible Reinforcing

Rusting or Staining of
Concrete

Any Seepage or Efflorescence

Joint Alignment

Unusual Seepage or Leaks in
Gate Chamber

Cracks

Rusting or Corrosion of
Steel

b. Mechanical and Electrical

Air Vents

Float Wells

Crane Hoist

Elevator

Hydraulic System



PERIODIC INSPECTION CHECK LIST

PROJECT Mianus Reservoir Dam DATE August 3, 1978

INSPECTOR DISCIPLINE

INSPECTOR DISCIPLINE

AREA EVALUATED CONDITION

iOUTLET WORKS - CONTROL TOWER None
(continued)

Service Gates

Emergency Gates

i Lightning Protection System

Emergency Power System

Wiring and Lighting System
In Gate Chamber



PERIODIC INSPECTION CHECK LIST

PROJECT Mianus Reservoir Dam DATE August 3, 1978
Hydraulics/

INSPECTOR James MacBroom DISCIPLINE Hydroloqy

INSPECTOR Robert C. Smith DISCIPLINE Project Manager

AREA EVALUATED CONDITION

OUTLET WORKS - SPILLWAY WEIR,
APPROACH AND DISCHARGE CHANNELS Wasteway

Approach Channel

General Condition Extensive vegetation along
bottom of channel.

Loose Rock Overhanging
Channel

Trees Overhanging Channel None

Floor of Approach Channel See above

b. Weir and Training Walls Upstream ond downstream por-
tions separated by fuse plug;

General Condition of Concrete surface has been compacted due
to trespassing.

Rust or Staining

Spalling

Any Visible Reinforcing

Any Seepage or Efflorescence

Drain Holes

Discharge Channel

General Condition Poor

Loose Rock Overhanging None
Channel

Trees Overhanging Channel Trees adjacent to channel,
extensive vegetation.

Floor of Channel

Other Obstructions



PERIODIC INSPECTION CHECK LIST

ROJECT Mianus Reservoir Dam DATE August 3, 1978

Hydraulics/
INSPECTOR James MacBroom DISCIPLINE Hydrology

INSPECTOR Robert Smith DISCIPLINE Project Manager

AREA EVALUATED CONDITION

OUTLET WORKS - TRANSITION AND Spillway

CONDUIT

General Condition of Concrete Good

Rust or Staining on Concrete None

Spalling

Erosion or Cavitation Deep scour hole at base of
spillway. Hairline cracking..

Cracking

Alignment of Monoliths

Alignment of Joints Good

Numbering of Monoliths



PERIODIC INSPECTION CHECK LIST

PROJECT Mianus Reservoir Dam DATE August 3, 1978

INSPECTOR DISCIPLINE

INSPECTOR DISCIPLINE

AREA EVALUATED CONDITION

OUTLET WORXS - SERVICE BRIDGE None

a. Super Structure

Bearings

Anchor Bolts

Bridge Seat

Longitudinal Members

Under Side of Deck

Secondary Bracing

Deck

Drainage System

Railings

Expansion Joints

Paint

Abutments & Piers

General Condition of Concrete

Alignment of Abutment

Approach to Bridge

Condition of Seat & Backwall



APPENDIX B

ENGINEERING DATA
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HALEY & ALDRICH
CONSULTING SOIL ENGINEERS

238 MAIN STREET. CAMBRIDGE 42. MASS.

UNMVMOl 4-2779

April 30, 1959

Mr. John J. Mozzochi
Consulting Engineer
265 Hebron Avenue
Glastonbury, Connecticut

Subject: Report on Stability and Seepage Analyses
Mianus River Dam, Stamford, Connecticut

Dear Mr. Mozzochi:

Submitted herewith is our report of stability and seepage investi-
gations in connection with the Mianus River Dam. This study was
made in accordance with the first phase of our contract, dated
2 January 1959, with the Water Resources Commission, State of
Connecticut. The study was based on a review of pertinent cor-
respondence, records, the design study report, contract plans and
specifications.

The dam site was visited and information on as-built conditions were
obtained in discussions with Mr. David M. Greer, Greer Engineer-
ing Associates and by review of daily reports of the soils control

engineer.

After you and personnel of the Commission have had an opportunity
to review the report we would be glad to discuss or furnish any
further details desired. If you feel that additional assurance as to
the stability of the dam is desirable, then the program of field ob-
servations and tests contained in the recommendations could be
initiated.

We appreciate the opportunity of working with you on this project
and will be pleased to be of further service.

Very truly yours,
HALEY & AJ DRICH

S. J.-o los

• Haley

Submitted: 3 copies
Water Resources Commission, 3 copies
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SYNOPSIS

The purpose of this report is to determine the estimated stability of

the downstream slope of the Mianus River Dam and the cause of the high

seepage losses which have been measured.

A flow net obtained graphically was modified in accordance -with data

measured in the field and used as a basis for seepage loss and seepage force

computations. The estimated seepage losses came to approximately 275,000

gallons per day using what are believed to be reasonable permeability assump-

tions. The measured seepage loss, after subtracting surface runoff, is ap-

proximately 570, 000 gallons per day. The agreement between the two figures

is believed to be reasonable when it is considered that variations in per-

meability by factors of 10 and even greater are common in stream bed

deposits.

Stability analyses which included the effect of seepage forces resulted

in an estimated factor of safety of 1. 45 for the case of zero cohesion and an

angle of internal friction of 35 degrees in the embankment and foundation

soils. This factor of safety is considered to be adequate for the steady seep-

age state with maximum reservoir level. Inclusion of horizontal earthquake

forces equal to 0. 1 times the acceleration of gravity produces a factor of

safety of 1. 05, which is considered satisfactory for the extreme assumptions

made.

Assumptions that are in our opinion reasonably conservative for the

soil properties would lead to the conclusion that the dam is safe as constructed.

However, in order to arrive at a more definite indication of the margin of

safety of the downstream slope of the darn it would be necessary to obtain ad-

ditional information on soil properties and seepage conditions in the dam. It

is therefore recommended if more positive assurance than was possible from

this study is desired, that a program of field and laboratory investigations be

undertaken to measure the required soil properties to confirm or refine the

assumptions used in the analysis.



L INTRODUCTION

1-01. GENERAL

This report of studies of seepage and stability of the Mianus River

Darn, Stamford, Connecticut, is submitted in fulfillment of the first phase

of the contract between the Water Resources Commission and Haley &

Aldrich, entitled Consulting Engineer Services for Inspection and Reports on

Darns, Dikes, Reservoirs and Similar Structures dated 2 January 1959.

Measurements of flow through the dam have previously been made which indi-

cate that approximately six times the original estimate of seepage loss has

occurred. Standpipes installed in the downstream shell of the dam show that

the piezometric level to be relatively high. Measurements of the surface

elevation of the downstream slope at various locations along the dam show

that the actual shape of the slope differs from the design. The possibility

that movement has occurred since completion of construction was therefore

po stulate d.

1-02. PURPOSE

The purpose of this study is to determine the indicated stability of

the downstream slope of the Mianus River Dam and the effect on the stability

of the measured piezometric level and the seepage losses. It is also the

purpose of this report to formulate a suggested program of field and labora-

tory investigations so that a more thorough analysis of the stability of the

darn may be made in the event that available data and analyses are found to

be insufficient for the purposes of the Commission.

1-03. SCOPE

The scope of this report includes the review of past correspondence

j concerning the stability of the downstream slope of the Mianus River Dam

and an analysis of its stability based upon the information contained therein.

Data on previous field measurements of seepage loss through the dam,

shape of the downstream slope and water surface elevations were made
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available to this office by the Water Resources Commvission. No field studies

were made directly in connection with this report. We have made no attempt

to confirm the hydrologic study or to determine the stability of the upstream

slope.

The dam was examined by Mr. James F. Haley of this firm on Janu-

ary 27, 1959 and again on January 30, 1959. On the latter date Mr. John J.

Curry, Chief Engineer and Mr. John J. Mozzochi, Consultant for the Water

Resources Commission were present during the inspection. On January 29,

1959 Mr. Haley visited the office of Greer Engineering Associates, Mont-

clair, New Jersey, and discussed the design and construction of the dam

with Mr. David M. Greer of that firm. Mr. Greer made available for re-

view results of their studies and also the soil control reports made during

construction. These reports contained the results of field density and per-

meability tests and grain size distribution of the materials used in the

various portions of the construction. The shear strength and permeability

characteristics used in the analyses in this report were based or assumed

primarily from the review of the soil control reports.

-2-



II. SEEPAGE ANALYSES

2-01. SEEPAGE LOSS

The flow net for a section of the dam at Station 5+0 is shown in Fig-

ure 1. In sketching the net, it was assumed, based on field control reports,

that the upstream shell and core were of the same permeability and that it

was one-tenth that of the downstream shell. For the purpose of drawing the

flow net the downstream shell and foundation were assumed to have equal

permeabilities and the stratification ratio in all parts of the dam was assumed

to be 9. Since the upstream portion of the embankment is relatively imper-

meable when compared with the foundation, seepage loss estimates may be

made by considering the effects of the foundation and embankment individually

without substantial error. This was done in all of the following analyses.

In comparing the measured manhole -iitflow with estimates from the

flow net it is necessary to make proper assumptions for permeability and

to discount flows due to rainfall and subsurface seepage that by-passes down-

stream drainage system. Available information shows that the core and

upstream shell have a permeability between 100 and 500 feet per year. The

foundation permeability varies between 3100 and 5400 feet per year. The

permeability of the downstream shell is in the vicinity of 1800 feet per year.

Permeabilities referred to are in a horizontal direction. The assumed

values of permeability for the purpose of computing quantity of flow are:

Core and upstream shell . 180 ft/yr.

Downstream shell ........ .1800 ft/yr.

Foundation ... ......... .3600 ft/yr.

As shown in the flow net, not all of the seepage loss is reflected at the weir

which measures flow out of the manhole in the rock toe. Thus apprcximately

1. 1 flow paths in the foundation must be discounted when comparing estimated

and measured flows. Also, flow measured at the manhole reflects surface

runoff after a rainfall. This fact is vividly demonstrated in the lower curves
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of Figure 3 which compare weekly rainfall with weekly measurements of

manhole outflow. Curve (a) shown connecting the low points of the plot of

manhole outflow is the best estin ate of measured seepage loss through the

darn. The remainder of the flo, should be credited to the surface infiltra-

tion of rainfall.

Calculations based upon the values of permeability assumed above,

the flow net in Figure 1 and a pool elevation of 253, with proper allowance

for the location of the measuring weir, result in an estimated seepage loss

of 275, 000 gallons per day. Fzom curve (a) in Figure 3 at a pool elevation

of 253, a reasonable estimate for measured seepage loss is 570, 000 gallons

per day. Permeability variations from field or laboratory test results by

factors of 10 or even greater in deposits, such as those considered herein,

are common. We therefore feel that the agreement between the estimated

and the measured losses is entirely reasonable. The quantity of flow in

itself does not affect stability and need only be considered from the stand-

point of function for which the dam was constructed. The various factors

that do affect stability are discussed in Part III.

In the event that the pool elevation rises to 260 and remains there

long enough to affect seepage Loss, the flow measured at the manhole may

be expected to increase by 100, 000 gallons per day over the amount of flow

measured with the pool at elevation 253, as shown in Fijure 3.

To com,)ute the estimated seepage losses it was necessary to use an

"effective length.' for the foundation and core. The "effective length" is

that length of dam of constant cross section equal in geometry and scale to

that shown in Figure I which allows seepage loss equal to the actual darn

with its varying geometry and scale. The effective length of the foundation

was obtained by means of a weighted average using the relationship between

flow per unit head drop and the ratio of base width to foundation thickness

for flow beneath impermeable dams. This relationship is plotted on page 212

-4-



of reference (1). An average value of flow per unit head loss over the length

of the dam was computed by inserting the actual ratios of base width to founda-

tion thickness into the above referenced graph and obtaining the corresponding

flow per unit head loss. Dividing this average by the value for the section on

which the flow net was drawn and multiplying by the length of the actual dam

results in the new effective length of foundation. This method yields a value

of 262 feet, which agrees with that used in the original design study. The equi-

valent length of the core was similarly obtained by use of the relation that

seepage through the core is proportional to the quantity:

z 2 1/2
(d+h) -d

where "d" is a horizontal distance which depends upon the cross section of

the darn and "hT" is the total head loss through the dam. This relationship,

given on page 178 of reference (2), results in an effective length of core of

610 feet. Both of the above methods are approximate and based upon the as-

sumption previously stated that flow beneath and through the upstream portion

of the darn may be considered independently without causing serious error.

2-02. FACTORS AFFECTING SEEPAGE LOSS

Seepage loss through and beneath the dam is dependent upon permea-

bility, boundary conditions and headwater elevation. The measured seepage

loss is affected by the surface runoff and the location of the measuring weir

as noted above.

a. Permeability: The sensitivity of seepage losses to the permea-

bility of the soils is shown by the plot contained in Figure 1. The formula for

computing flow which is also shown on Figure I indicates that fl,-,v is directlv

proportioned to permeability.

The ratios of permeabilities between the various portions of the

embankment and the foundation also affect the flow since changing ratios

changes the flow net. The ratio of the number of flow paths to the number

of equipotentials would therefore change in the formula used for computing

-5-
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flows.

The stratification ratio also affects flow by changing the flow net.

Higher stratification ratios result in higher rates of flow if the effective

permeability

(kv x k h ) 12

remains constant.

Of the three effects of permeability mentioned above, it is the

absolute values which most ,crongly affect flow. It is therefore necessary

to obtain more accurate values before refinements in seepage computations

can be made. The ratios of permeabilit do not strongly affect quantity of

flow, however they do have substantial effect on seepage forces and stability

as discussed in Part III.

b. Boundary Conditions: The bouncary conditions which are variable

and affect the rate of flow appreciably are the back pressures in the graded

filter and rock toe. If the porous pipe in the filter is plugged. or if the

filter does not operate properly, the pressure within it will rise and cause a

decrease in the rate of flow through and beneath the dam. This also holds

true for a rise in pressure in the rock toe. A more important effect of this

increased pressure in the filters is its affect on stability as shown in Part

3-OZ. Rough computations of the capacity of the porous concrete drains to

pass the seepage water through its walls indicate that no back pressure will

result from the use of the pipe as shown in the plans. A filter constructed

of the materials and in the manner as proposed in the design would, in our

opinion, result in satisfactory filter operation.

Another boundary effect is the three dimensional variation in

the foundation thickness and dam height. Consideration was given to this

effect by computing the effective lengths mentioned above, however each

cross section was analysed independently of the adjacent section. In reality,
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the three dimension~l effect causes the flow through each section to be af-

fected by its neighbor i. e., a component of the flow in a direction perpen-

dicular to the main river direction does occur in the dam. These lateral

velocities are likely to be small in the central portions of the dam and

would tend to increase at the edges where the ground and bedrock slopes

are steeper. Since the majority of the flow occurs through the central portions,

the effect on flow rates of three dimensional lateral velocities should be small.

The three dimensional effect also explains the fact that the measured free

-water surface elevation is higher near the abutments of the dam. Since the

ground elevation and gravel filter are at a higher eJeva rioneax- ire birhets

and the pool eleviron is constant across the dam, the piezometric surface

does not have to frop as rapidly to meet the tailwater elevation.

c. Headwater' Elevation: Assuming the flows through the embank-

ment and foundation to be independent of each other, the flow through the

foundation is directly proportional to headwater elevation. The flow net in

the embankment changes as headwater elevation changes. Therefore the

values of nf and nd as -well as the total head must be changed when computing

the flow through the embankment. In computing the values given above for

seepage losses with a pool elevation of 253, an estimate of the change in nf

was made. Since the change is small, little error is introduced. The change

in n d in this case is smaller and was neglected.

d. Surface Runoff: An indication of the quantity of surface ru.noif

reaching the manhole can be obtained only by considering the duration and

rate of precipitation in any storm, the drainage area and the runoff relatior.-

ships. A rough calculation shows that peak :iovs of one to 1. 5 million ga'-

Ions per day can be expected from a storm in which 4" of rainfall occurs in

8 hours if the runoff is 60% of 70% of the precipitation. These are reasonable

assumptions and the quantity checks with the peak flow of 2. 02 million gallons

per day noted in Figure 3. This latter value includes seepage losses through

and beneath the dam on the order of 0. 6 million gallons per day.
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III. STABILITY ANALYSES

3-01. RESULTS

Stability analyses using the method shown in Figure 2 on the trial

circles shown in Figure 6 result in a factor of safety of 1.45, assuming that

there is no cohesion in the embankment or foun. ation and that the friction

angle is constant at 35° . These assumptions of soil strength are considered

conservative. Inclusion of earthquake forces equal to one-tenth the accel-

eration of gravity in the horizontal direction decreases the safety factor to

1.05. Earthquake forces are not generally considered in stability studies

for earth dams in New England, however, we have included this possibility

in our study because of the cownstream occupancy. The low factor of safety

for this extreme loading condition is considered satisfactory. In all stability

calculations, the seepage forces caused by flow through the dam were in-

cluded. To obtain realistic values of these forces, the free surface of flow

was modified by tield measurements as shown in the notes of Figure 1.

Based on these prer'in-inary studies, the downstream slope thus ap-

pears to be safe. To obtain a more refined estimate of the safety of the

downstream slope it would be necessary to make I'-ld and laboratory inves-

tigations to determine the soil properties more accurately to confirm the

assumptions. The effect of each of the assumed soil properties on the

stability is dscussed in the following section.

3-02. FACTORS AFFECTING STABILITY

a. Fricticn Angle: As shown in the graph contained in Figure 2

increasing the friction angle markedly increases the factor of safety. Tl'e

normal range of friction angles for soils of the type in the downstream por-

tion of the emoankment and the foundation is between 33 and 45 degrees, with

the higher values being more prevalent.

b. Cohesion: Since the cohesive force resisting fai ure is the product

of arc length and cohesion, the factor of safety increases with increasing

-8-
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cohesion. This relation is also evident from the graph in Figure 2. The rate

of change of the factor of safety with the value of cohesion is greater for trial

circles entirely in the embankment portion of the dam. This is true since a

greater proportion of the total force resisting failure is in the cohesive strength

for those circles. The foundation soils probably have low cohesion while the

downstream materials would have only slight cohesion.

c. Seepage Forces: Seepage forces caused by the friction between

soil and water while water is flowing through the darn result in. lower safety

factors than occur in identical dry embankments. Seepage forces are in-

creased in the downstream slope and stability is therefore decreased when a)

the ratio of the permeability of the downstream shell to the core or the foun-

dation is decreased, b) the ratio of horizontal to vertical permeability is in-

creased and c) back pressures build up in the graded filter or rock toe. All

three results in a rise in the free water surface within the downstream por-

tion of the dam.

The above factors indicate that accurate measurements of the permea-

bility ratios involved and the pressure in the graded filter are required to

adequateiy analyze the embankment. If field investigations indicate that the

rock toe is clogged, it is also advisable to measure the pressure therein.

d. Unit Weight: The unit weight of soil in the embankment also

affects the stability. Except in the case of zero cohesion, an increase in

unit weight will cause a small decrease in safety factor if other variables

are held constant. Unit weight has an even smaller effect on the safety fac-

tor when no cohesion exists.

e. Earthquakes: Greenwich, Connecticut is generally considered

to be in a seismically active area although no earthquakes of consequence

have occurred there in the recent past. For the design of earth dams

earthquake forces acting horizontally on the failure mass with a magnitude

of 0.1 times its weight are sometimes used in such seismic regions. Under

these conditions a safety factor of just over one is deemed adequate since

-9-



the possibility that maximum seepage and earthquake forces will act con-

currently is rare. There are few if any well documented failures of earth

dam embankments that have been credited to earthquake forces. On the

other hand, several instances of earth dams that have withstood earthquakes

may be found in -he literature.

-10-



IV. CONCLUSIONS

Based on the stability and seepage analyses reported herein, made

using what are believed to be conservative assumptions of shear strength and

permeability of foundation and embankment soils, the conclusions are sum-

marized as follows:

1. The indicated minimum factor of safety of the downstream portion

of the dam with the reservoir at maximum level and a steady seep-

age state is 1.45. This factor of safety is lowered to 1.05 when

earthquake forces are considered. Factors of safety of these mag-

nitudes are considered adequate for the assumed conditions. The

indicated stability of the dam would decrease if the free water

surface in the downstream portion of the dam rises to a higher

level than assumed in the analyses or if the foundation and embank-

ment soils have less shear strength than assumed.

2. The stability study indicates that the factor of safety against a

relatively shallow slide within the downstream slope is 1. 61.

Thus it is believed that the apparent sloughing at the downstream

toe is due to erosion of the topsoil or material from the slope

surface prior to establishment of turf cover and possibly shallow

creep of the surface materials occurring during frost meiing

periods.

3. The measured quantity of seepage fiowing through the embankment

and foundation into the drainage system is approximately 0. 88

cu. ft. per sec as compared with an estimated quantity from flow

net analysis of 0. 42 cu. ft. per sec. These figures are in rea-

sonable agreement considering the possible variations in permea-

bility of the soils and the assumpTions of boundary conditions that

are necessary in the flow net analyses.

4. In order to make more refined analyses of the stability it will be

necessary to perform the field and laboratory test program outlined

in Part V.

-11-



V. RECOMMENDATIONS

5-01. FIELD INVESTIGATIONS

A layout of the recommended field test program is shown in Figure 4,

if it is desired to obtain a more definitive estimate of safety of the downstream

portion of the dam.

a. Test Pits: Six test pits approxin'.ately three feet square and five

feet deep should be dug where shown. Sufficient samples are to be taken to

provide for the labLrato.-, tests outlined in paragraph 5-02. Test Pit No. 5

is to penetrate t rough the qol cover and into the rock toe so that a visual

indication of whet-er or not fEnes have migrated into the toe may be obtained.

Pit No. 6 is to be excavated to determine the properties of the foundation since

the critical failure circle shown in Figure 2 is partially in the foundation ma-

terial. The other four pits are to be dug at varying elevations in the embank-

ment in an attempt to reflect the properties of material from various borrow

pits used during construction.

In the process of excavation or at adjacent locations, field densities

of the material to be laboratory tested should be taken.

b. Water Observation3: One wellpoint and two standpipes should be

installed as shown. The stanapipes will reveal the location of the free sur-

face near the toe of the dam where its elevation is very sensitive to changes

in permeability of the soil in the embankarnent and is difficult to establish

analytically. These standpipes should be driven to the elevation shown or as

governed by field condiatior.s. A minimum depth, just sufficient to reach the

free surface, should be drilled.

The wellpoint is to be installed in the graded filter in order to deter-

mine the pressure therein. As drilling proceeds, the change in material

from the downstream shell to the filter should be evident from the washings

and an elevation measurement. The wellpoint itself (see sketch in Figure 5)

should be imbedded in the filter gravel.

~-l2-



c. Displacement Stakes: -Lateral, or downward movement of the

downstream slope may be detected from continual observation of the dis-

placement stakes shown in Figure 4. A typical stake is shown in Figure 5.

d. Other: In addition to the above field measurements, a limited

number of manhole outflow, rainfall and pool el- vation records should be

made to obtain a more complete correlation of data, and to determine if

any changes in seepage quantities have occurred since the time of previous

observations.

5-02. LABORATORY TESTS

Using samples obtained from the test pits, the following laboratory

tests are recommended:

a. Triaxial tests to determine shear strength and permeability.

b. Grain size analyses.

c. Permeability tests separate from the triaxial test to obtain the

variation of permeability with void ratio.

Standard classif'cations., water content, Atterberg limits (if applicable) and

specific gravity measurements should also be made to supply the informa-

tion required for analysis.

5-03. ANALYS:S

The primary object of the analysis is to obtain proper seepage forces

and soil properties to evaluate stability. A flow net corrected on the basis

of measured water surface elevations, filter pressures and permeabilities

should first be drawn. if there is no appreciable change in seepage forces

from those used herein, then it is only necessary to insert the new shear

strength data into the stability trials already completed. Any substantial

change in seepage forces will necessitate a stability analysis using the newly

measured values of cohesion, frction, unit weight and seepage forces.

It is possible that the present variation of the downstream slope was

caused by erosion prior to establishment of the turf cover. if this is true

the grain size analyses of the upper strata of soils near the toe of the slope,

-13- J



will indicate that they are the finer components of the soils located higher on

the slope which have been washed down.

The above combined with the results of displacement stake observa-

tions will permit proper evaluation of the stability of the downstream slope.

It should be pointed out that the above recornm'tnded tests may substantiate

assumptions made herein and obviate the requirement for involved calcula-

tions over and above those completed to date.
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APPENDIX C

PHOTOGRAPHS
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PH= #1: Dmmtream Face of anankment, looking east.

PHO=O #2: Downstrean Face of Embankment, looking west.



PH=T #3: Front View of Embankm~ent.

PWMI #4: Toe of Slope, looking east.
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PHOTO #5: Looking east toward fuse plug.

PHOTO #6: Small test pit in center of fuse plug.



PWMt #7: Upstream Face of Dam, looking west.

- PHOTO #8: Emergency spillway (fuse plug) discharge channel,
.1.looking donstream.



PHOTO0 #9: Service spillway Top of the drop inlet shaft.

PHOTO0 #10: Service spillway discharge channel, looking
downstream.



PHOIM #11: Outlet of the service spillway discharge conduit,
and adjacent blow off.

PHOTO #12: Interior view of the service spillway discharge
conduit.
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APPENDIX E

INFORMATION - NATIONAL INVENTORY OF DAMS
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