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UCUNIYY CLA IIIFICATION OF T14I5 PAOE(WP,.n Vat. Snte..4)

r ~7( Additional hydrologic investigations are required t~ more
~~~ 

, --~~~ • accurately determ ine the site specific characteristics of the
• watershed. .AlsIne th~ Corp~. ineer ’s Scrccnin,g Criteria

• • 
~~~~~~~~~ or Initial review of spilivay adequacy, 4t has been determined

hat t e embankment would be overtopped for all storms cx~èeding
approximately 24% of the Probable Maximum Flood (PMF) spilivay
capacity 21,000 cfs.j A flood wave analysis was not conducted
since the location~ø.Iihe power plant near the dam was visually
determined to~,)e~~ithin any flood wave during dam failure. Also,
several h9m~~ are located along the banks of the downst~~ am
channel. ‘~The spiflway.-1s4~ t e~efore-ç~~djudgod as ~serioti$~y
‘inadequate~, ‘th~d’ the darn is assessed as unsafe, non—cmergency~ ..~~

The classification of “unsafe” applied toa dam be’cause of a
seriously inadequate spil].way is not meant to connote the same
degree of eniergency as would be associated with an “unsafe”
classification applied for a structural deficiency. It does
mean that there appears to be a serious deficiency in spiliway
capacity, and if a severe storm were to occur, overtopping and
failure of the dam could take place, significantly increasing
the hazard to loss of life downstream of the dam. A detailed

• emergency operation plan and warning system should be developed
‘and aroun d—the —clock surveillance should be provided during
periods of unusually, heavy precipitation. 

.

• 

• • . The stability analysis conducted in 1970 did not include the
condition of ice loading pressures on the dzim~~ Further, the
results of the analysis conducted iudicate- tl~at the location• of the resultant falls àutside the middle 1/3 of the base, with

a the deve1pp~Qnt of tension at the heel for all cases investigated.
• . • Therefor~ ,~y1ditiona1 investigation is required to determine the

type and ext~ nt of remedial action required :

• 
• ( 3) The reservoir drain has, not been operated since cunipict ion of

the dani. ..Thc drain should be invcstigatcd and returned to
operating conditioi~ ~~~~~~~~~

(4) An inspection of the spiliway should be conducted during no
flow conditions to assess the integrity of the spillway. ~~~~~~~~~~~~

Within 3 nionths~ these investigations must be initiated and completion
scheduled within 1 year of notification. Remedial action should then be
completed in the following year.

The following deficiencies were observed wh ich require remedial action:

1. Surface spalling observed on the downstream ,ç~ce and deterioration
of the pa~apet wal.l~ ehouj,cL,be monitored and rcpaiicd as required.

2. If erosion is initiated in the backfill at the north abutment of
• the spiliway , then repair of the training vail at the”base of

the spiliway should be completed.

3. Initiate a prog~am of periodic inspectiøn and maintenance of thedam and appurtc~ anccs. Document this inforiua~tion and develop anoperations rnant~al.
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PREFAC E

• 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. 203lL1.. The
purpose of a Phase I Investigation is to identify expeditiously
those dams which may pose hazards to human life or property. The
assessment of the general condition of the dam is based upon
available data and visual inspections. Detailed investigation,
and analyses involving topographic mapping, subsurface investigations,
testing, and detailed computational evaluations are beyond the scope
of a Phase I Investigation ; however, the investigation is intended
to identify any need for such studies.

In reviewing this report, it should be realized that the
reported condition of the dam is based on observations of field
conditions at the time of inspection along with data available to
the 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 incorrect to assume that
the present condition of the dam will continue to represent the
condition of the dam at some point in the future. Only through
frequent inspections can unsafe conditions be detected and only
through continued care and maintenance can these conditions be
prevented or corrected.

Phase I inspections are not intended to provide detailed
hydrologic and hydraulic analyses. In accordance with the established
Guidelines, the Spiliway Test flood is based on the estimated
I?probable Maximum Flood” for the region (greatest reasonably possible
storm runoff) , or fractions thereof. Because of the magnitude and
rarity of such a storm event, a finding that a spiliway 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 spiliway capacity and serves as an aide 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 1 REPORT
NATIONAL DAN SAFETY PROGRAM

Name of Dan: Inghams Dam (I.D. No. NY 183)
(formerly Lyser Lake Darn)

State Located: New York

County: Herkimer - Fulton
-• 

Stream: East Canada Creek
(tributary of the 1~ hwk River)

Date.. of Inspection : October 16, 1978 and March 21, 1979

ASSESSMENT

The ~waa1nation of documents and visual inspection of Inghams Darn and
appurtenant structures did not reveal conditions which would constitute a
hazard to life or property . The darn has a ni~~ er of problem areas which
require further investigation and remedial action. These areas are:

1. Addit ional hydrologic investigations are required to more
accurately determine the site specific characteristics of the
watershed. Using the Corps of ~ igineer ’s Screening Criteria
for initial review of spiliway adequacy, -it has been determined
that the eabm~fri~ nt would be overtopped for .1.1 -storms exceeding

• - approximately 24X of the Probable !4~~li~urn Flood (PMF) spiliway
• capacity — 21,000 cfs. A flood wave analysis was not conducted

since the location of the power plant near the dam was visually
determined to be within any flood wave during dam failure. Al so,
several homes are located along the banks of the downstream
channel. The spillway ii , theref ore, adjud ged as “seriously
inadequate”, and the darn is assessed as unsafe, non—emergency.
The classification of “unsafe” applied toe dam becaus e of a
seriously Inadequate spillmay is not meant to connote the same
degree of emergency as would be associated with an “unsafe”
classification applied for a structural def iciency. It does
mean that there appears to be a serious deficiency in spillway
capacity, and if a severe storm were to occur , overtopping and
failure of the dam could take place , significantly increasin g
the hazard to lose of life downstream of the darn. A detailed
emergency operation plan and warning system should be developed
and around-the—clock surveillance should be provided dur ing
periods of unusually heavy pr ecipitation.

2 , Th. stabili ty analysis conducted in 1970 did not include the
condition of ic. loading pressures on the darn . Further, the
results of the analysis conducted indicate that the location
of the resultant falls outs ide the middle 1/3 of the base , with
the development of teua ion at the heel for all cases investigated.
Therefore, additional investigat ion is required to determine the
type and extant of remedial action required.

- - - ~~i a ~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -
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3.- The reservoir drain has no t been opera ted since completion oft the dam. The dra in should he investi gated and returned to
- cpera t iii~ condit ion.

4. An inspection of the spiliway should be conducted during no
flow condi t ions to assess the integrity of the spillway.

Within 3 months , these investigations must be initiated and completion
scheduled within 1 year of notification. Remedial action should then be
completed in the following year.

The following deficiencies were observed which require remedial action :

1. Surface spalling observed on the downstream face and deterioration
of the parapet walls should be monitored and repaired as required.

2. If erosion is initiated In the backfill at the north abutment of
the spiliway, then repair of the training wall at the base of
the spiliway should be completed.

3. Initiate a program of periodic inspection and maintenance of the
dani and appurtenances . Document this information and deve lop an
operations manual .

• Ceorge Koch
• thief , Dam Safe ty  Section

New York State Department
of Environmental  Conservation

NY License No. 45937

Approved By: Col . Clark H. Bonn
• New York District Engineer

Date: 
___________________

-
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PHASE 1 INSPECTION REPORT
NATIONAL DAM SAFETY PROGRAM
INGHANS DAM I. D. No • NY 183

(formerly Kyser Lake Darn)
DEC #l42D—572

MOHAWK RIVER BASIN
HERKIMER—FULTON COUNTY, NEW YORK

SECTION 1: PROJECT INFORMATION

1.1 GENERAL

a. Authority
The Phase 1 inspection reported herein was authorized by the Department
of the Army, New York District, Corps of Engineers, to fulfill the
requirements of the National Darn Inspection Act, Public Law 92—367.

b. Purpose of Inspection
Evaluation of the existing conditions of the subject darn to identify
deficiencies and hazardous conditions, determine if they constitute
hazards to life and property and reco~~end remedial measures where
necessary.

1.2 DESCRIPTION OF PROJECT

a. Description of the Darn and Appurtenant Structures
• Inghams Darn consists of a 480 feet long concrete gravity non—overflow

section ~nd a 205 feet long concrete ogee spiliway. The maximum height
• of the darn is 125 feet. The upstream face of the darn is vertical. The

crest of the non—overflow sec t ion is 12.5 feet wide and consists of two
2.5 feet high parapets. The downst ream face of the dam is initially
vertical, changing to a 3.2 to 10 batter and then changing to a 6.5
to 10 batter. The structure is founded on bedrock except for a limited
section where a deep channel has been eroded in the rock (see drawing
in Appendix C). The darn is founded on glacial till at this location.

The ungated concrete spiliway is approximately 26 feet high and is also
founded on bedrock. FlaAhboards 4.5 feet in height are used to provide
additional storage capacity. The spillway crest is 8.5 feet below the
top of the non—overflow section.

b. Location
Inghams Dam is located on the East Canada Creek between Herkimer and
Fulton Counties and between the Towns of Manheim and Oppenheim, app rox-
imately 4.5 miles east of the Village of Little Falls .

c. Size Classification
The darn is 125 feet high and is classified as a “large” dam. (More
than 100 feet) . 

-
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d. Hazard Classification 
-The darn is classified as “high” hazard because of the presence of

a num~ber of homes along East Canada Creek.

e. Oimership
The darn is owned and operated by the Niagara Mohawk Power Corporation ,
300 Erie Boulevard West , Building D-2 , Syracuse New York , 13202 ,
Tel: (315) 474—1511, Ext . 1869.

f. Purpose of the Dam
The darn provides storage for power development. In addition , the
reservoir is used for recreational purposes .

g~ Design and Construction History
The darn was constructed in 1911. The dam was designed by Viele ,
Blackwell and Buck , Consulting Engineers , 49 Wall Street , New York,
NY. No engineering information pertaining to construct ion history was
available.

h. Normal Operatin g Procedures
Water stored in the reservoir is used for the generation of electricity
by the two turbines housed in the power plant approximately 600 feet
below the dam. The water f rom the reservoir passes through the intake
located in the gate house near the south abutment. Flow regulation
is provided by an electrically operated slide gate at the gate house.
Water passes through a screen to the intake chamber then to the 9 feet
diameter steel pènstock and through the surge tank to the power house.
Flow is distributed to the turbines by hydraulically operated wicket

• gates. Flow not used in the generation of electricity is allowed to
spill over the flashboards .

1.3 PERTINENT DATA

a. Drainage Area (sq. iii) 278
Height of dam (feet) 125

b. Discharge at Dam Site (cfs)
• Maximum known Flood 19,300

Spiliway at Design Pool (El . 665.5) 20,000
Spiliway at Maximum Pool (El. 665.8) 21,000

Maximum Capacity of Reservoir drains 0
Total Discharge, Max. Pool 21,000
Average Daily Discharge Unknown

c. Elevation (ft. above MSL—Datum)
Top of Dam 665.8
Design Pool 665.5
Spillway Crest 657.3
Talirace Channel 539.0
Invert Reservoir Drain Outlet 560.0

d. Reservoir
Length of maximum Pool, mile. 2.5
Length of Shoreline (Spiliway Crest) miles 5.7
Surface area (Spiliway Crest) acres 188

—2—
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e. Storage, (Acre—feet)
SpiUway Crest 3,100
Maximum Design Pool 4.500
Top of Dam 4,600

f .  Darn
• Type: Gravity Concrete

4 
Length (ft .)  480

S Upstream slope Vertical
Downstream slope 1:0.65
Impervious Core Concrete core wall

keyed to the existing
ground.

Crest elevation, ft. 665.8
Crest Width , ft.  12
Grout curtain None

g. Spillway
Type: Ogee
Length, ft. 205
Crest Elevation NSL 657.3
Upstream channel Not Visible
Downstream Channel Bedrock and in good

condition.

h. Regulating Outlet . The 9 feet diameter penstock is regulated
by an electrically operated slide gate

- 
at the upstream side of the dam. Maximum

. . S - 
- 
flow through peñstock is 700 efa . Most

- 5 

- efficient flow is 600 cfs . An adjacent
6 feet diameter penstock has been plugged
since the completion of construction.

i. Reservoir drain 2—6.5 feet diameter drains are inoperative.
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SECTION 2: ENGINEERING DATA S

- 2.1 DESIGN

a. Geology
The Inghams Darn is located in the northwestern portion of the
“Hudson—Mohawk Lowlands” physiographic province of New York State.
The province resulted from erosion along outcrop belts of weak rocks
between the Aidrondack and Catskill Mountains. Generally, the
province is of low elevation and relief. Bedrock in the vicinity
of the darn is primarily Ordovician (500—435 million years ago) shale.
and sandstones which have been exposed by the southward and westward
stripping of f of Silurian and Devonian limestone.. The present sur—
ficial soil deposits have resulted form glaciation. during the
Cenozoic Era (most recent 65 million year period), the last of which
was the Wisconsin ice sheet approximately 11,000 years ago.

b. Subsurface Investigations
The “General Soil Map of New York State” prepared by Cornell University
Agriculture Experiment Station indicates that the soils in the vicinity
of the darn are Cazenovia and Mohawk. These soils are of glacial till
origin and residuum from shale , siltstone limestone and small amounts
of sandstone. They consist generally of stony or shaley silts and
clays. Boulders are coi on. Rock outcrops in the spiliway downstream
channel and at both abutments of the darn. The internal drainage is
poor and the rate of run—off dependent upon the degree of slope.

c. Darn and Appurtenant Structures
The darn was designed by Viele, Blackwell and Buck Consulting Engineers,
49 Wall St., New York, NY. Drawjng Number R—3573, .“Plan and Elevation -

of Darn and Spiliway” is included in Appendix C. The design includes
a concrete gravity dam .and ogee spillway,founded on and keyed into bed—

• rock till.

2.2 CONSTRUCTION RECORDS
The only information available concerning the construction of the darn
is the year of construction (1911) and a newspaper report included in
Appendix c. It was noted that a field change was made during con-
struction from that shown on the drawing included in Appendix C. The
south abutment of the darn was extended 63 feet southward from the intake
structure and from that point, the concrete core wall was extended 108

• feet southward. Elevations shown on this drawing are 6.7 feet higher
than the actual U.S.G.S. elevations.

2.3 OPERATION RECORD
All information concerning discharges and maintenance is on file at the
power house. No operating manual is available.

2.4 EVALUATION OF DATA
Some of the data presented in this report has been made available by Mr.
Robert Levett of Niagara Mohawk Power Corporation . This information has
been invaluable in the preparation of this report. All information gathered
appears adequate and reliable for Phase 1 Inspection purposes.

-4-
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SECTION 3: VISUAL INSPECTION -

3.1 FINDINGS

a. General
Visual inspection of Inghams Dam and the surrounding watershed was
conducted on October 16, 1978 and March 21, 1979. The weather was

F clear and temperatures ranged in the thirties. The reservoir level
at the time of the first inspection was 662.3 (USGS) due to the
presence of 4.5 feet high flashboards and 657.8 (USGS) during the
second inspection due to the loss of the flashboards caused by spring
runoff.

b. Concrete Non—Overflow Section
The non—overflow section has n~~~been rehabilitated since its originalconstruction. There are no signs of horizontal or vertical misalignment
and no indication of distress or cracking. No seepage was evident at
any location. Some surface spalling of the concrete was evident on
the downstream face with the maximum depth estimated to be 3 inches and
the averate depth of approximately 1 inch (see photographs #4,5 & 6).
Surface spalling (see photographs #8,9 & 10) was also apparent on the
parapet walls. No internal drainage system was provided. However,
6 borings were progressed in June 1970 to determine uplift pressures

• and these holes have remained open . No flow was observed from these
holes. Boring logs for this work have been included in Appendix F
“Stability Analysis”. The intake structure for the penstock, located
near the south end of the darn is in good condition. Some minor ice
caused damage was apparen t in the concrete walls of intake structure.
(See photographs #8 & 12).

c.- Spiliway - - -

• The concrete ogee spillway section has not been repaired since its
original construction. No signs of distress or movement were observed.
Flow at the time of both inspections prohibited the complete examination
of the spillway. A section of the training wall adjacent to the toe
at the north end of the spil]way was missing (see photographs #16 & 20).
The remainder of this wall is in poor condition (see photographs #17, 18
and 21). The •riginal purpose of the wall was to protect the north slope
from erosion. Since the flow from the spillway generally does not reach
the slope (the deteriorated wall provides little protection now) repair
of the wall is not considered significant unless erosion is initiated in
the vicinity of the north abutment of the spillway. Flashboards (4.5 feet
high) observed during the first inspection were destroyed prior to the
secopd inspection during a period of high runoff (see photographs #16 & 20).
The tail race channel is exposed bedrock and appeared to be in good condition.

d. Regulating Outlets
Two penstock intakes are located iii the non—overflow section of the dam.
The 9 feet diameter penstock has one electrically operated slide gate located
in the intake structure and is operational. (See photograph #8). An ad-
ditional penstock intake was constructed for future electrical generating
capacity. However, the expansion of facilities was not undertaken and
this 6’ diameter intake remains plugged.I- 1 —5..
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e. Reservoir Drain 
-The two reservoir drains located at the center of the darn are 6 • 5feet indiaaeter. The southerly pipe has been plugged and the northerly

pipe has not bean operated since the dam was completed. A manually
operated butterfly valve is thought to control the flow of the northerly
pipe and substantial seepage was observed discharging from this pipe.
The controls for this valve have been destroyed. (See photograph #6) .

f. Downstream Channel¶ The downstream channel is primarily bedrock formed and appears in
good condition. (See photographs #19 & 22) . A bridge located below
the power house controls the flow of the ~thannel. Some debris was
observed in the downstream channel.

g. R s e rvoj
There are no visible signs of instability or sedimentation problems
in the reservoir area.

3.2 EVALUATION OF OBSERVATIONS
No def iciencies were observed which would indicate that the dam is in
imainent danger or which may develope into a hazardous condition. All
deficiencies observed are of a minor nature and may be corrected by
maintenance forces, with the exception of the inoperative reservoir
drain.

—6-
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SECTION 4: OPERATION AND MAINTENANCE PROCEDURE 

-

• 4.1 PROCEDURE
Inghaas Darn is a power darn for Niagara Mohawk Power Corporation .
A 9 feet diameter steel pipe (penstock) carries water from the
reservoir to the power plant approximately 600 feet below the dam.
Flow through the pens tock is controlled by an electrically operated
slide gate located in the intake structure near the south abutment of
the darn. Hydraulically operated wicket gates at the turbines control
the flow from the penstock. Two 6.5 feet reservoir drains, one plugged
and the other inoperative, have not been used since completion of the
darn. The inoperative drain is believed to be controlled by a leaking 

- 
-

butterfly valve, the mechanical controls of which have been destroyed.

4.2 MAINTENANCE OF DAM
There is no operation and maintenance manual for the darn. The dam is
maintained in generally good condition. Some deterioration of the
parapet walls and the downstream face of the non—overflow section was
observed. A section of the deteriorated training wall at the northern
toe of the spillway is missing.

4.3 MAINTENANCE OP OPERATING FACILITIES
The penstock intake slide gate is operational. The reservoir drain has
not been operated since 1911.

4 • 4 WARNING SYSTEM IN EFFECT
There is no warning system in effect or in preparation.

4.5 EVALUATION 
-

. The structure is in need of some maintenance. A program of periodic
inspection and maintenance of the dam and appurtenanceé should be
initiated. This information should be documented for future reference.
Also , develop an operations manual.

I
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__ ——~~~~~~ - -- - - -~~~~-- --~—-~~~~--,--- - 5,, S ~ — .
~~~~~~~~~~— 5 - - -— - - ‘~~

S-- - - -~ -
-~~~~

SECTION 5: HYDRAULIC/HYDROLOGIC 
-

5.1 DRAINAL E AREA CHARACTERISTICS
Inghams Darn is located on the East Canada Creek about 3.5 miles
northeast of Manheirn between Herkirner and Fulton Counties, New York.
The drainage area at dam site is 278 square miles. The topography
is characterized by mild to steep slopes interspersed by swamps and
lakes.

5.2 ANALYSIS CRITERIA
Information on t~e PMF for Inghams Darn and its watershed was obtained
from the UPPER HUDSON AND MOHAWK RIVER BASINS HYDROLOGIC FLOOD ROUTING
MDDELS prepared in 1976 for the New York District of the U.S. Army
Corps of Engineers by Resource Analysis, Inc. In this study, the
rainfaU-.runoff mathematical model NEC—i was used to reconstitute the
major historical floods and to simulate the Standard Project Flood (SPF) .
Probable Maximum Flood (PMF) was considered as twice the SPY .

The Ingh*-ms Darn and its watershed are located within the sub—areas 13
and 14 of the Mohawk River Basin , Little Falls , N.Y. to Mouth. The
computed outflow resulting f rom one half PuP and PMF are 45,000 cfs
and 89,000 cfs respectively (Appendix D). Since the storage is very
little compared to inflow, the outflow is about the same as inflow. S

5.3 SPILLWAY CAPACITY
The ungated concrete ogee spillvay is 205 feet long and the maximum
head possible between the crest of the spillway and the top of the
dam is 8.5 feet. The lake level is raised by 4 feet 6 inches high
collapsible f lashboards erected on the crest of the spiliway. The

- . discharge capacity (source: discharge. capacity curve supplied by Niagara
Mohawk Power Corporation — see Appendix D) of the spiliway is 21,000
cfs when the lake level is at the top of the darn (El. 665.8) . 5

5.4 RESERVOIR CAPACITY
The capacities of the Inghams Lake at spillway level and at flashboard
level are 3,100 acre—feet (Al ) and 3,900 Al respectively. These volumes
are above the intake level. The computed surcharge storage between the
crest of the spillway and top of the dam is 1,500 Al which is equivalent
to a runoff depth of .1 inch over the entire drainage area. Therefore,

• the effect of the reservoir in reducing the peak inflow is negli.ble
for all practical purposes .

5.5 FLOODS OF RECORD
The highest flow occurred on March 18, 1936. The flow was 14 ,750 cfs

• and resulted in an elevation of 663.8 at the dam site. However, the
highest f low at the darn site occurred as a result of an upstream dam
failure on or about October 4, 1945. The flow was not recorded at the
darn site but amounted to 19,300 cfs at the Dolgeruille Gaging Station
(drainage area — 261 square miles) approximately 3.5 miles upstream of
Inghams Dam and floodwaters reached the elevation of El. 666.3 at the• darn site. No records of low flows were recorded.
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5
5 5.6 OVERTOPPING P0T~~TIAL -The P~~ and ½ P~~ peak outflows are 89,000 cfs and 45,000 cfsrespectively, compared to spillway capacity of 21, 000 cis. Hence,the darn will be overtopped by 7.7 feet and 3.5 feet of water dueto P)ff and ½ ~ (P respectively.

5 • 7 EVALUATICR~The spillway is considered inadequate to pass all storms In excess
‘

S of 242 of the P~~. With regard to structural stability, the non—• overflow section doss not meet the minimum reco anded factors ofI 
safety as defined by the Corps of ~~gineers. In the event of darn

S failure, the flood wave would pose a significant danger to theresidents and workers within the power plant .

The spiliway is, therefor., adjudged as seriously inadequate , and
-

. 

the darn is assessed as unsafe, non—emergency.

.

5

- 

-

~~~~~~ -~~~~~ —~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~ -— ~~ “-~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ S ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ ~~~~~ — —~~~



- - W -

~~‘. —5 
—5— — —5-- - — 

5-
__-=5----- — -~ S.

SECTION 6: STRUCTURAL STAB ILITY

6.1 EVAWATION OP STRUCTURAL STABILITY

a. Visual (~servationsThe visual inspections did not indicate any signs of major distress
in connection with the dma.

b. Desi~~ and Construction Data
S No design coaputation.s or construction information prior to completion

of the dam in 1911. are avatl able. However, a structural stability
analysis was conducted by Uhi, Hall & Rich, Consulting Engineers, Boston,Massachusetts In 1970 • Th, results of this investigation are as follows:

I’ Case 1 — Normal. Water surface El. 663.3 Tailwater 563.3
• Case 2 — Design Flood (20,000 cfs) El. 665.3 Tailwater 563.3

Case 3 — Probable )l*v-l~ um Flood (100,000 cfs) El. 675.5 Tailwater 573.3
Case 4 — Seismic Condition — Normal Water El. 663.3 Tailvater 653.3

Earthquake Force — O.05g horizontal S

All cases assumed uplift as shown in Plate I Appendix F, Which was the
actual measured uplift conditions.

Case Shear Friction Safety Factor Locat ion of Result OverturningS 

from Toe Safety Factor

:1 1 5*75 1.9.6 1.35
2 5.60 17.8 ‘ 1.30

3 - 4.88 7.0 1.10

4 5.04 14.5 1.24

These results indicate that the structure does not meet the minimum
reco auded factors of safety for overturning and location of resultant
as defined by the Corps of Engineers “Guidelines” for all cases analyzed.
Th. middle 1/3 of the base ranges from 26.3 to 52. 7. Since all resultants
analyzed fail outside the middle 1/3, tension will result at the heel.
Also, no ice loading conditions were investigated. Further information S

S concerning the stability analysis is Included in Appendix F.

It Is r.co ended that additional structural stability investigations be
conducted and remedial measures instituted if necessary to achieve the
~~

4n1
~~~ i. requirements for stability .

c. Operat ing Records
No operational prob lems were reported which would Influence the stability

S of the struc ture .

d. Post—Construct ion (iiauges
To aid In the structural stabil ity analysI s, 6 borings wer, progressed
In June 1970 on the downstream face of the non—overflow section to do-
te~~iue the actu al uplif t pressures at the base of the darn . These boring
logs have been included In Appendix F. Analysis of the water levels in
the borings indicated that the actual up lift pressure, wer e lover than
uplift pre ssures generally assumed in design (1002 at heel to 1002
tailva ter). The reduc ed uplift considerable improve d the predict ed
factors of safety .

—~~~~~ 
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C. S~~ mic Stability
S The dan is located In Seismic Zone 2. A seismic analysis was con-

-• ducted in Case 4 described above.

S 
-‘

I
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SECTIOM 7: ASSESSM IT/REcoMM~~DATIoNs

7.1 ASSESSM~~T

a. Safety
S The Phase 1 inspection of Inghams Dam revealed that the spiliway Is

• “seriously Inadequate” and outflows from any storm in excess of 24%of the P~ff would overtop the dam, result ing in a significant increaseof the hazard to downstream residents. For this reason, the darn hasbeen assessed as unsafe, non—emergency.

In addition , the structural stability analysis of the non—overflow
section indicates that the factors of safety for all cases fall below
the minimum requirements of the Corps of Engineers .

b. Adequacy of Information
The information available is adequate for Phase 1 inspection purposes.It should be noted that the design and construction information iBextremely limited. S

c. Urgency
• The following investigat ions should be initiated within 3 months and

completed within 1 year of notification: a detailed hydraulic/hydrologicanalysis using the site specific characteristics of the watershed, Sstructural stability including ice loading condition s, and investigation S

of the reservoir drain and its return to operational status. Remedialact ion as a result of these invest igatio ns should be completed In the
following year. The remaining recommended measures described below should becompleted during the next construction season.

d. Need for Additional Investigation
Investigate the hydraulic/hydrologic character of the watershed , andthe structural stability of the dam including the case concerning iceloading pressures. Investigate the condition of the existin g reservoirdrain and Institute remedial measures to restore the drain to its proper Soperational capacity. (bserve the spillw-ay under no flow conditions. S

The NYS Department of Environmental Conservation Darn Safety Section willbe available to assist in this investigation. Teleph one : (518) 457—6310 .
7.2 RECOMMENDED MEASURES

a. Results of the required Investigations will determine the
remedial measures necessary.

b. Surface spai.ling observed on the downstream face and deterior-
ation of the parapet walls should be repaired as required.

c. Repair the spiliway training wall at the base of the spiliway
if erosion is initiated at the north abutment.

d. Initiate a program of periodic inspection and maintenance Sof the darn and appurtenances. Document this informat ion for
fu ture reference . Also, develop an operations manual.

e. A detailed emergency operation plan and warning system should
be developed. Also , around—the—clock surveillance should be
provided during periods of unusually heavy precipitation.

-12—
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APPENDIX A S

• PHOTOGRAPHS 
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Photograph #6

Non—Overflow Section viewed from top of dais
note leaking reservoir drain
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Photograph #7

Old Photograph (undated)
probably during construction
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Photograph #8

Top of Non—Overflow Section Looking South
at Intake Structure

Photograph #9

Top of Non—Overflow Section Looking South
note deterioration of parapet walls
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Photograph #10

South Abutment of Non—Overflow Section Looking South
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Photograph #11

South Abutment of Non—Overflow Section
downstream face as viewed from top
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Photograph #12

Upstream Face of Non—Overflow Section
and Intake Structure
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Photograph #13

Trash Screen at Upstream Face
of Intake Structure
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Photograph #20

S Ogee Spiliway without flashboards looking north
Note bent bars salvaged after failure of flashboards
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Photograph #21

channel Below Spiliway where it enters
Non—Overflow Section Channel S

(photo is adjacent to photo #1) 1 ~1
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Photograph #22 P

Downstream Channel
• 

• • . as viewed from downstream bridge •

• below power house-
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ENGINEERING DATA CHECKLIST 
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VI SUAL INSPECT ION CHECKL I ST

1) Basic Data

a. Genera l LL1G.~-~A M s  bAI-1 -k Name of Dam t~IcY5~e LA~ .E

S.D . I gij .’y, $13 
S

- Locat ion: Town ~~~~~~~~~~~~~ County ~~~~~~~€~~- ( F vI. -ra,4

-

S Stream Name E”.~~r C .,4r~*.bA C~R-~ E,c

Tributary of Mc 4AIA~~. 2.1 ve~..
Longitude (W) Latitude CN } 74°..45’:.59” /41 ?-4L”

Hazard Category C

Date(s) of Inspection Oc.roeeg. Sbo, ~~it’
S ~

Wea ther Cond it ions ~ Ø3 ~~~~~~
- 
b. Ins pection Personne l Ro~~~~ - ~~~~ r’t Mi~~~’-4M*D X~~~~LAM

- 
S RLop~e~ r . ~~~~~~1 E T T  ~ L~~J P~-P.rT

c. Persons Conta cted R.Dt3~~~r L~~v€.r-r ISSHAGRA ~~~~

- ~~~~~ ~~~~~~~~~~~~~~~ rE~ (~~ tqj

- - d. History:

Date Constructed 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Owner 1Jt *.‘~~a.’, I-I c~ H P

Desi gner ~~~~~~~~~ ~~~~~~~~~~~~~~~~ A~~~~ I~tic.w.~ ~~~ laJALL ~~ ,Pf.c., .
Constructed by u t,...,,

- 2) Technica l Data 
-

- - Type of Dam Co~~~~a~e r 6  ~~~~ ~~~~~ ør3Q.T .

Dra inage Area 2-l b ~~~~~~~~ ~-¼~s..Ei

He ight 12. 5 k~.t Length 48. Fee-f

Upstream S lope Vst nc 4t.. Downstream Slope I ~~~~~~

0 - 
S - 55- 5 - I~~ _ t~~~__ tS S. —- - S S~~~S t~Sr -
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2) Technical Data (Cont ’d.. )

Externa l Drains : on Downstream Face 
- 

&I e’JE @ Downstream Toe 
____________

-

. 

Interna l Components : 
-

= Impervious Core C.~. ..1L ~~~~~ ‘A ~~~~ S

Drains —

Cutoff Type —

- Grout Curtain

I: -

I 

!~

- 

. 

-
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3) Embankment S -

- I~J •A I~$.

a. Crest 
- 

-
~

-• S

(1) Vert Ica l Ali gnment 
___________________________________________

(2) Horizontal Alignment 
_________________________________________

(3) Surface Cracks __________________________________________________

(Ii) Miscellaneous 
_________________________________________________

b. Slopes

(1) Undes frable Growth or Debris , Anima l Burrows 
______________________

(2) Sloughlng , Subsidence or Depressions 
_____________________________

(3) Slope Protect ion ________________________________________________

(1,) Surface Cracks or Movemen t at Toe 
____________________________________

(5) Seepage __________________________________________________________

(6) Condi tion Around Outlet Structure 
_________________________________

0
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-~ HYDROLOGIC AND HYDRAULIC

S 
ENGINEERING DATA

AREA-CAPACITY DATA:
S 

Elevation Surface Area Stora ge Capacity
(ft.) (acres) (acre—ft.)

1) TOp of ~~~ 
(~~5.•% ~~~~~~~~~ 

_ _ _ _ _ _ _ _ _  
4~oo

2) Design High Water
(Mix. Design pool) 

_ _ _ _ _ _  _ _ _ _ _ _ _ _  
4545

3) Auxiliary Spillvay
Crest S

4) pool Level with
Flashboardg ~~~~~~ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _

5) Service Spilivay
Crest 

_ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _

DISCHARGES 
- -

Volume
- - (cfs )

1) Avera ge Daily 
__________

2) Spillway@Maximum aigh water 2 1 . O o o

3) JU ~~ y @ Design High Water 
- - 

2..O(~~~ O 
S

4) Spillwa y @ Auxiliary Spi llway Crest Elevation — 
S

5) Low Level Outlet . ~~~~~~~~

6) Total (of all facilities) @ Maximum High Water 2.1,0 0 0

7) Max imum Known Flood d~.t L0 ~~~~-w.-~4 .(.Lo~ J 14 150

~~~~~~~~ b,t.J( ~~~~~ ~~~~~~
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CREST: ELEVATION: (~(.5 %

Type : 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Width: b c~~ % 3 ~~ rr: i-oR: I 2Siter - Length: 4 ~O F —-~~~~ r

Spi llover Cô ,j
~~e-r~ o~~-s~ 2..o~ ~e-~ r ‘.~5-6 t.JC,

Location t—i0RX i~ 5IbE ~~r S

SP ILLWAY : S

PRINC IPAL. EMERGENCY
- 

~‘~~
‘ 1 3  Elevation 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

C~~jc~~&re O~~e€ Type 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

~~~~~ c€er W idth 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Type of Control

_______________________________ 
Uncontrolled 

________________________________

S Controlled :

4~5 .FE~ - ~4tC~. ~t ~~~~~~ ~O~QSOS Type 5

(Flashbo ards ; gate)

___________________________  
Number 

____________________________  
S

— Size/Length 
_______________________________

Invert Material 
_______________________________ 

S

Anticip ated Length - 

S

of opera t in g service 
____________________________

_____________________________ Chute Length _________________________________

~efc Height Between Spillwa y Crest S

& Approach Channel Invert
(We ir Flow)

—
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5-— — —

~~~~~ 

——



55 -5 55- V s 5-VS -5555~~~S5~
5 -5 5- S 5-5-5 5 

~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ 
- -~~~~~~~~~~ 5- —~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ____r ~~~~~ - 

- S 5-~~~~~~~~~~~~5-~~~~~~~ S - 5 555 5 5 5 5 ______- - - 
S

3

OUTLET STRUCTURES/EMERGENCY DRAWDOWN FACIL ITIES: 
S

Type: Gate 
______ 

Sluice  ConduIt~~-~ ’ Penstoc k 
______

S 

Shep~e : ~~~ ~g~ lAJ p 9 ~ ~~ A.~b Th6 ofl4G4~. ~~

S4.ae. ~io~ -o • ~~~~~~~~~ L~ A~% ~-~~u Q#~~ 0 ~ T~~ Pc Q€-S .

Elevations: - Entrance Invert — 
-

Exit  Invert 5(~O

Tal irace Channel: Elevation 
____________________________________

HYDROMETEROLOGICAL GAGES:

Type : 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

S Location: 
________________________________________________________

Records:

Date — 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Max. Reading -

- FLOOD WATER CONTROL S4 STEM: - 5 
-

S 
Wa rning System: 

_______________________________________________

Method of Controlled Releases (mechanisms) :

c~ iL.’~ ~-~~2~
j  PE-~ ~~~~~ P-tST~ Q~~ ~~4~~ kzU~~€ -

- 

-

-
S
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- DRA INAGE AREA: 2 7 8  ~~~~S __________________________________________________________

DRAINAGE BASIN RUNOFF CHARACTER ISTICS:

Land Use - Type: 
_____________________________________________________

Terrain — Re l i ef:
- Surface — Soil:

Runoff Potenti al (existing or p lann ed extensive al tera t ions to exis t ing 
—

(surf ace or subsurface conditions)

Potential Sedimen tation p roblem area s (natura l or man-made ; presen t or future)
-5,

V 

Potential Backwater problem areas for l evels at maximum storage capacity -Inclu d in g surchar ge storage: -

5 _______________________________________________________________________________

-
~ V

Dikes - Floodwalls (overflow S non-overflow ) - Low reaches along the
Reservoir perimeter:

S Loca t ion:

Eleva tion : —

Reservoir: 
S-

~ Leng th ~ Maximum Pool p. 9 
— 

(M iles)

S Leng th of Shoreline (e Sp lll way Crest) 5 7 (Miles)

L5 5 k  , 5 5 5 55 5- S S~~~~



- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- 

~~~~~~~~~~

-

~~~~~~~

5 55 - 5’-~~~ -5 - -

- 

ESE~ -V 0tR.. ~~~~T e 1 t 0 t 5 - J  V O L U M E  -

Mt 
~~~~~~~

(fto~~oL~.Jk. Q~~i~ C~~~~Y.J~O~-

~~~~ J’4- ~~-~‘tQ 
~~~~~~~~~~)

t

5 

EIe~~~o~~, ~t .  i~ ~~~~~~~~~ ~Jo 4e~

‘
V ,G, o-4. 

~~~~~~~~~~~~ P”P~
.

S 0 0

I - 
-

- 
t,5-g

(
~4’2. -Wa

4 ,44 4~ø-~~

‘4(0

1O O

4,c?. -

S Y24-5
S (.57.3 tG~4o 30 t~~
-
~ 

~ (oO 15co

.
~~ ~~~~~~~~~~~~~~-

~ I 4t7S 
_ _ _ _ _ _ _ _ _ _ _ _ _

~0O.0 4

~ 

~ s S~ s~~~S ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



r- .--—— _ _ ___  -

~~~~~~

-s,-5-—-5-

~~~~~~

------ 5 5 5 55 ~ 
5-
~ ~~~~~~~~~~~~~~~~~~~~~~~~~ 

•5-~~~ 5V S 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

55

~~r— 
V S  -~~~-~~~~~~~~~~~~~~~~~ : ~~~~~~~~~ 

55 5 5 ~

- 5 5 *~~~ J~~~~~~~
__

~
.____ _ 

5- 55 ~ ~_ ~~~~~~~~~~~ S 5- VS 5-V
~~~ •V ~ S ~~ 55 - ‘S 5~~~ ~~~~~~~~ S

t: ~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘ ‘ - -  

~~~~~~~~~ 
~ !:~t I ~ 

~~~~~~~ 
~~~~~

5-’
~
-5’5-

~ ~ 5— t -S _5 
~ : • —

~

~~ 

0 

~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~
I ~~~~~~ 

1
-TN 5- 

~ ‘~‘~
—— f -- T~ I : ~ ~ : ~ I 

- 

~ 
— - 

~ ~~ 

-

~~~~ ~ 

H
~~ ~~~~~~~~~~~ ~~~~~~~~~~~ 

f~ L~~~~
_ _ __ _

S 
5- :r~~~};: ~~~~~ ~~~~ ~ !1~ ~Jj~: 

~iU~i~ ~~~~~~~ ;H~jj~: ~~~~ ‘ ~~ ~! .: ~~~: ~~~~~ ~~~~~~~ L~~~IiJ~~~~~~ 
2~~~i

_ _  ~~~~~~~~~~~~~~~~~~~~~
~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -  ~ 
5 5 5 • •  5 5 : 5  I~~~~~~~~~ : ‘ ,  ~~~~~~~~~~~~~~~~~~~~~~ :~~:.

~‘, 
—5--L_~ 

~~~~

- •~~~~-5V 5-5- ,~ ~~ 555 

\ 
-5- f—S _5-.. L5-~_ 

~~~~~~~~~~~~ ~~ V. 
~~ ~ 

~~~~~~~~~~~~ ____

~~ 
V • S~~~~~ , ~ • ! :: :: . ~ ~~~~~ ~~~~~~~~~~~~~~~~~~ ‘—~ 5 : 5 : . : :::: , . - ~ • 5 5 5 • 5  ::, • •  .: — 

::: ~~:::~~~~::— :-— - : : : S V • S S S S V S  , ~~ V5S•~ ~~~~—-— --k ~~~~~~~~~~ ~- 55S~S ____ 5 ____  ____  -5-—---—-
c - r~

-
~

-’
~

- S :~~~~~ V : ,  L .:: ~~ 5;V V :‘  S V : S  [ ‘ç V V ~~ 
: V  : ‘ :  : :~ V , 5 , : ~~ : , : S . . 

V . ; : . 
:—::~ . : ; :~~~~. 

- 
: ~~~~~~~~~~~~~~~ 

- :
~ ~~~~~~ 

-f-- ±-
~~

’ -:-
~~~

-

~~~~

- 

_ _  

-
~~ 

H—~ ~~~::
_ 

~~~~~~~--
0 

: ~ ~ 
P— 

S
~~5fJ5

VSV5SS_ I 

~~~~~~~~~~~~ ~ I ~ 
— ; ~ 

~ 
~- 

~~~ ~~

t _______ ________

S 

~~~~~~~ ~ TT: ~~~~ ~~~~ ~T~1T~T: ~~~~ F~T~T~ ~~~~~ ~bi’~ ~~~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ :.~~I~~ ;~~ ~~__~~~~~ — -5-— t \ ~ 

.5- 

t 
5- 

_ _

‘El i \ ~~~~
- 4 ~ S.—V-~~— -  

~-- —--r-~- Th : — — — ~ 
_

~~~~-:T
— - I~ ~~~ -Ti t i 5 -

~~ _ _~
_;

~ ;.___ -
+~~ : i~ ~~~V S S  ~ ~~~~~~ 

- ‘ V  V 5 * 5 V 
~~~ J ~~~ 

V V . S V S  ~ S S V V ~~~ V S S V S S V S 5 S S S S S V V 5 S S V S S S S  ~~~ - S j 5 5  V~~~~~ S

~ I ~ ~ ~ •
~‘4 t I 

~ ~
: 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ T~
T5TT ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~

S 
~S:S~~~~~_;._. .______ _I_~V_ ~~~~~~~~~~~~~ ~~~~~ 

~___,_._5- 
V S S S V V S V V V , S ,  I ~~~~~ —- 

5 S
_

S V V 5 ~~~~ 5 S 5 V 5 5 V S 5 S 5 5

-t- o_ i_ -5 5- 

~~~- —L- --~~~~~~~ ~~-~~= 

I ~~~~ ~ ~~~~~~~~~~~~ 
-

~ - -~~~ ~~~~~~ ~1~~~~~ :: 
_ ,j

. :.: : : . .;~~_~
: 

~~~~ ~~~~~~~~ ~ 1~i~;~ ~~~~~~ ~~~~ ~~~~ 
~: !::~: 

~~~ ~~~ 
-
~~ 

______

- _ _  _ __ _  _ _  ± ~~~
H-t ±__ 

_ __ _

I 
_V__S_SS S5~___5_ ____  ____ ____ ____ 

t 
____

I i 
-\ I-~— — ,

_ _ _  _ _ _  _ _ _  

j ~~ ~~1 I

~~~ T ~~~~T  :-~ _ _S “- 1-- — 
~~~~

- !--- - : -- - r ~- -- - .~~~~
5- - - : -

~~~~ 
k~ 

H-- ~~~~- —-r-~-. -
-

~1~~~~~~~~~~~~~~~~~~~~~~
-
~~

E-
~~~ 

_ _ _ _ _ _
_______ 

~
. S . . :. . I _ : . .

I . ;. :. . . . S : _

5-’

:_ ; :..: . : : V S V S
~~~~

V S : : _ . . : : . . : . . : :  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_______________

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ : - : , - 
- : : : : ::: : V S ’ V V : : : - : 

- 
- 

- 
; S S . . V S , S . .... ~:: : S S~~; : :. — : ::

0 5 - _ 5 - _ r _ 1-55-
~ ~~~ - L-5. 

~~~~~~~~ r —_____

‘i : : :  - ! . :  : ;: : ; .:  V V .: V . S . !. S 
5 : : , : : : .  : : : _ : S :: :::: ’

~ - :  S V S : $ 5 S . _ : S _

- - ‘ - :  . : , . . ~~~: ; : : ~~~:. - :  1 : :j :::: .



-~ 

— ..~~ - __SSSSSS5- —
V5-5 V~5 

~~~~~
5 “r~~~ 

5-
~~ ’5-’W 

5-
~~~~~~S V s  - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~

~~~~~~~~ 
~ h-4~A.LL1~ ’

At ~ ~~~~~~~ 
6f1~~~3 Q5-..~~ FLDOJ ~~ SCi~0~~~~L C~~~*L&~~

CA~~~.V& r~ —~~~tà 
£5 1 

0j 9.~~lI MO~~GWX L~1 (a~ o’vrJ4~ -

-
~ b

~
se. .& , c.ic~c

~~~~1~~~~~ 7 S 5~~p 
~~~

- 
~~çq.0

~4 ,b- O 1’4 0 0 0

64,t o -

- 7.~~~0 04-TQP c

- 

5- 

- 

- 
~~~ C. Z-O  L ZOO 4t~~~~ Js 

-

4,4,43.o 1t coo
(.1,4-0

t~~~~OO

0~~.

I 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



55-55-V 5-55-~~~~ 5- — 55V5-5~~~5-5-VS~~~ 
5-5- -5-55-5-’~~~ 5- 5-VS5-55VS5-~-5 VS 5555555- ~~~~~~~~~~ 5--55--5S5- — - 

-~~~~~~ 

•S. 

-

-

— - V V I V S~~~~ V ’o L i 
I S-

~ 1- t I-—i I

-- 5-
~T . ~~~ -“ :::~ 

~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~ 
T ~

~~~~~~~~ 5 S S V V V V 5 . S , S , V V S j 5 5\ . , S S : 5 V~~~~~ S V i , , ~~~~~~~~~~~~~
i S~~~~~ V V 5 5 : : S •:i;• ~~~~~ V .

——+---1-\ i-4-~--H- —~~~~~~ - ~~~~~~~~-~~~-~~-- 

4
_V_S~~~~~V _ S V . . . _ I L I • S V S . 5 5 - S V S S - 5

L~~ ~~~~~~~~~~~~~~~~~~~ 
_ _  _ _ _ _I - — - 

~~ 1  1
~~~~~~-L-  T ’TT_T t : ’±~ l LriL It’ t1T~1~F :  - 

-~ ~~~~~~ V I V L.4~
’ 

V , 1 5 15 -r 5

~~~~~~~~~~~~~~
S V : V , V 5

S5 S S V , ! , . : , \ V . V 5 S~~~~~ 1
;V V S ~~~~~~~ ~~~~~~ 

• S 5 - , -5 V~~~~~~~ S . V j : :_S:~~~JS~~~~~_

- : , - - I : I~~~ , V

VS S ,  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

—~~~~~~---~--L- ! 
V S ~~~~~~~~~~~~ 

- 5 5 I V • V S V S~~~S 5 5~~~~ - 5 S 5 5  ~~~~~V 5 5 S 5 - S 5 5 4  V 5 .S V . Z 5

o ~~~~~~~~~~~~ 
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
- — r~~I i -

-~~~ 
I_ I -~--~~~ ..L SL~L. J~~-— - - —  fl — 

4 I :I L I~~~

t •

~

I — —- 
I 

- -
~~ i

~~~~~T~~~ 1TTH H - 
~~~~

L !~~7L_ _ -~~~ ~TTiJ4I~~1T. S : t , :
5

. : .  ‘ - ‘ H - I . L l L~~~~V S S ~~L.~~V • ~~~~~ V S  - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- V ‘ ‘ : - J ~ •~~~ V V

—
~
-
~
-- —--

~
---

~ 
-5 -

~
-- - -  - — 

_ _ _  
-

~
-

I~~~~~~~~~ I 
_ _  

f . . 1
~~ 

5 5~155~ ‘~~~~~~~~~ S

, 

S S ~~~_ S I_ _ j  5 V 5

:  

V t

V 5 V  - 

L : ‘ : 5 5 S~~~~~~~~~~~~S -~~ - - 5- ----- -

V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 5 — -  _ _

— 9~~Q - ff4 Q z~~~’a ~~~.LYMOY~~~J _ _ _

S ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~

U __ VS VS



5 5

• I

NJ€~ 4At~~~ ~~A M V

~D r . ...... y. ~~~~~~~ =. Z % -s~z~~’~~ ~~~~~~~ k.~ -

~~ : ~ &c L Q.~-~-~J4 C5-r~.l~t S

*4~ ~~~~ .LDJ’~W’~ ~~~~
-

~~~~~- ~oo.’~4 a...

£ Mo~ O~..Jk. 2~,4q 
~~~~~SIv~~~ J~oIoc~~ ~ ‘to04

1 LQStr~ vca ~~~.tf~s ~~~~ ~*PrgJLI~ ~ 
..ç~- Co’. & 4.

~~ ~~~~ V~to,-S, L)~i.&~ tr0 V ~~ ~~~~~~ cJ~ Q~~~a~~~ ~~~~~~~~~~~~ 
c11 — t o L .

Uø o4 I-(oka~~ ~~~~~ ~~ Ot % f %  ( t ~~~k ~~)h

+~ ~~o~~~~~~) ü.~. ~~J-~~~ ~ ~~~~~~~~~

tL~ Cko.~4 . .  ‘4 o.~~ ~~0v~ ‘~\ 
S~~~L~r*~~~I.. t4,~ ~ia~

~~~ 
~~~~~~~~~ 

- -

S - - - ~~ 5v~~~~~cL v~~ ~I l~~ L ~~ ~~~ Z 6 L ~~~~~~~~~~ -

. 

~-4 
-

A’r~a. 4 ~~~~~~~~~~~~~~~~~~~~ ~~. ~~o ~~~~~~~~~~~~~~~~~~

S Pb~9 Ir J~~~~~ ~1 ~~~~~~ ~w~~t4 4 ~~~~~~~~~~~~ i4 L~,

WZ A-~~~~~ LL~ I.

* ..J~ ?ruyii%- ~~ ~~ (.
s~ c ~~~~~ ~~~ o~oo~J ~~. 

I 
~~~ ( PM~)

~~ 9’vt P~ ~~~~~ O.~ IAS Gp~ 4 34% O •~ E~t&~~ C1~ b~~~cIA C~~ittJ~

.. ~ ~°* Qrt~~k. t4  4~~ to(p 4 ~~.4 J~(O5~t~~~~ -5S.yJ. Q1L~. ~~ Z~~~~I4~I w ~ L~.

_ _ _  * _ _ _ _ _

L At. J

S..
~~ )fih I / *4, 1-el,

~ ~~~~ ~ : 44,&4-’~ Z 44,700 c4 .

11 ~~rq~ç ~t ~~~~~~~~~~ ~~~ ~- zr44 ieo~ %q, 4oo c-I’-.,-

— 
, s~ V~~~~~~~S~~~~•5-S~~SV S 5S5-~~ ~~~~~~~~~~~~~ s5 -5 5 s V V S sS~ SS5-SAVS -5SS V5~ S 5 SS S•5SSIS_V 555-5 Sss5- ~~~~,~~~5~_55S_-55-,_5,5--5S ~~~~~~~~~~~~~~~~~ ~~~~~~~5-5S~~ 5~~ VS~~~5 5SS5 55 5 555- -- V~~~~~5-~-55-5-5~5-5-5- _ _ s ~~5-~~~~~~~ ~~~~~~~~~~~~~



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 55 ~~~~~~~V——V - 
5 5 - 5  V 5-5-55555-5_VS 555 5 - S S~5-5--55-555 - S ~

~~~~M1~~~~V S SSS~~~~_ S V S V S - S _V 55 5---5____,J-5~~5-~ 
S 5 5 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ SS S S5 SV — 5S55555 - 5S - 5V SSV SV V 5555~ S 55 - S  - ~~~~~~~ 

V

- 

-

•
~ 

4fcO ~&t
V 

~~~~~~~~~~~~~~~~~~ ~.ow~~~~t 
S

~~~. eL/1’~ C s  4/3, L,= ,/.t , 1~~~~~ec4~
9, g Lc4Le ~~~‘&..— ‘~a.~—

E U44.) S.L~~ 0”~ - tP~/614J. -

pmF r.4a/ ~~‘s.A~~ç~~U

N~~~~~~~ 

~~~~~~~~~~~~~~~~~

~ ~~~~~~ + CL~ N~I
342

- ~. A-”33 ,c 48O x M~. ÷ 4.I~ xbo?OS~~ 11a

S 

. 12.
- . I5qg4 ,~, + ~4e.6c ~~~~~~ -

]
7.7J~t

. -- ~~~~~~
. ~~~~ (A;~Qt lQ~J v~J~p~ L 

~~~~ 

1-1 4~~ 
e ç ~~ _ _  

~~~ ~
- -

~~ pmF -~~~~~

45~OOO~~ ~ g 4 1 ~, +g4~~-6s (~~~s-~~~,)
S H, : 3 ’ ~’~f*J~

-
‘-5 -,1- ~~~ ~~tt ~~ ~

GL~~~
4

~ 
k~ ~~~.

4

_ _ _ _  _  _ - S - 5 5
_VS__5_5-VS ~~~~~~~~~~~~~ -~~~ 5-5 —-5-- ~~~~~~~~~~~~~~~~~~~ _____ —



F i~r~JT1i ~~~ 
-_ 

—
~~~::: —

~~~~~~~~~~~~~
—

~~~ 
-

~~~~~ 
-
~~
.=---- 55

‘

5

S 4

V LIST OF REFERENCES S

- 5 -
- 

- -

S 

-

APPENDIX E

5~



‘ 5 -~~~~~~~~~~~~ 5- .,5-S5 ’ s_ SVy 5 - -, p ~~~I55I5-- -~ - ~~~~~~~~~~~~~ 
‘r w5- .~~5-_~~S~S S 5- _ _~~ _-5 S5VV-5IS5-SS55555 VS ___ _-5 55 V ~~~ 5V5-SSS-5SI 

S - 5

APPENDIX E

REFERENCES

1) U.S. Department of Comeerce , Technical Paper No. 40 , Rainfall
Frequency Atlas of the United States , May 1961.

2) Soil Conservation Service , National Engineering Handbook, Section
4, Hydrology , Augus t 1972 (U.S. Department of Agriculture) ,.

3) H.W. King and E.F. Brater , Handbook of Hydraulics, 5th edition, V

McGraw—Hill, 1963.

4) T.W. Lathe and R.V. Whitman, Soil Mechanics, John Wiley and Sons ,
1965.

5) W.D. Thorubury , Principles of Geomorphology, John Wiley and Sons ,
1969.

6) University of the State of Nev York, Geology of New York, Education
Leaflet 20, Reprinted 1973.

7) Cornell University Agriculture Experiment Station (compiled by M.G.
Cline and R.L . Marshall) , General Soil Map of New York State and - -

Soils of New York Lands capes, Infor mation Bufletin 119 , 1977.

8) Upper Hudson and Mohawk River Basins Hydrologic Flood Routing Models ,
New York District Corps of Engineers.

A - S ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



_ _ _ _ _  
5 — - -

APPENDIX F

STABILITY ANALYSES

S LS VS S S S~~~~~~~ S - - V S V S
~~~~~

5 - - - - 5 -5 - V-- -5 - -



5- 5-.5

~~~~~~~ S. S - 5--5-- - VS -5 S _ S S 5_~
__ 5 _

~~~~~~ - 
-t-V-5--.— - -

_____ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ S ——

UHL , HALL & RICH S

&rgineers
4 4 1  S T U A R T  S T R E E T , B O S T ON , M A S S A C H u S E T T S  0 2 1 1 6  • A R E A  C O O E  6 1 7 - 2 6 2 - 3 2 2 0
So ut h.r i, Offa ’ . :  *301 Ea.t Nor.head St r..t Ch* r Iott,, North CarolIna 26204 • Ar ea  Cod . 704-376-4336

M~y 30 , 1969 222 5—2

Subject: Inghams Dam -

Uplift Pressure System -

S 

Mr. R. J - DeStefano, System Structural Engineer
Niagara Mohawk Power Corporation V

= 126 State Street
Albany. New York 12201 

-

S Dear Mr. DeStefano: -

- In corn pliance with your request we- have reviewed the procedure
S previously outlined for drilling an exploratory hole in the talirace - - 

-
- area , to be followed by three pairs of observation holes through

the concrete V dam structure . 
V

S In answer to Mr. Clancy’s question to you regarding the need for
additional information pertaining to our proposed method of obser-
vation hole monitoring for determination of uplift pressures at the
hole locations , we feel that the explanation and description of the
planned procedure as follows would be adequate and sufficient for
the F .P.C.  to consider:

“It is planned to make an exploratory drill hole in the founda-
tion immediately downstream of the dam at a point in the tailrace
adjacent to the tallest section of darn. Cores will be taken at this
hole to a depth of 25 feet below the base of the structure . Should
this hole indicate normally sound foundation conditions, as is
anticipated, then a series of observation holes will be made through
the dam .

~~~~ _ _ _ _  _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  
SL ___________ _______ VS 

- - ——



S Mr. R.J.  DeStefano —2— May 30 , 1969

It is proposed that three sets of holes be cored through the
dam from thc downstream face. These three lines of holes will be
located at the tallest section of the dam within the original river
bed found ation. Spacing between the lines of holes will be approx-
imately 50 feet , which will allow full coverage of the foundation
at this deepest section of the structure . Each line of holes will
consist of an angle hole and a vertical hole extending into the
foundation a maximum of 3 feet . With the collar of these holes
located in the vicinity of El. 573 , whIch is above maximum
expected tailwater , the vertical hole will contact the foundation

S at a point approximately 25 feet from the toe . The angle hole
will then meet the foundation at about 60 feet from the toe or
about 25 feet from the heel of the structure . The enclosed sketch
will illustrate the location of the proposed observation holes.

S 
From these holes , a piezometric height of water can be de-

termined and translated into foundation pressure’s at the particular
- foundation contact points . It is planned to insert threaded pipe

ends at the collars of the holes in order to allow attachment of
pressure gages to be used should foundation drainage flows reach
this elevation. These holes will normally be capped to prevent

V 
- - S foreign material from entering the holes. 

-

Readings wpuld be taken at monthly intervals during the
first year of operation of the monitoring system , assuming normal
headwater - tailwater relation. Should operating conditions re—
quire a rapid or unusual drawdown of the reservoir , more frequent
readings would be taken in order to establish trends in uplift
conditions versus headwater elevations for the first year .

It is proposed that the readings at the angle holes and vertical
holes respectively , would be averaged to be applied over the length
of the base , applicable only at the deepest section of the structure.
It is intended to treat the pressure at the upstream face of the
structure as full headwater pressure , and likewise the pressure at
th~e downstream face will be taken at tailwater pressure . Utilizing
the average pressure readings determined from the observation
holes , an uplift intensity can then be determined and compared
to the extreme assumption of full headwater varying to full tail—

S water over the full base area. This calculated uplift intensity
would then be used in determining the required safety factors of
the structure against overturning under normal and flood conditions.

Should the results of these readings indicate that uplift Intensities
are still too high to provide the required minimum safety factors ,
then other remedial work would have to be considered to accomplish
this.”

_—
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Mr. R. I . DeStefano —3— May 30 , 1969

In answer to Mr . Clancy ’s request that we provide some back up to
you on the proposed procedure , we offer the following:

The principle involved here has been employed on many recent
structures in a slightly modified way and has been found to be
acceptable . The main variation in the method being that the same
approach in general is taken except that provision is made to es—
tablish these check points at the foundation contact at the time of
construction of the dam structures . A so called “ pressure cell”
is normally built in at selected points at the foundation contact
and piping is then carried to some convenient point , usually to a
grouting gallery or inspection gallery . At these locations drainage
flows , if any , are measured and observed . If deemed necessary,
pressure readings are taken . This system has been used by us - •

on several dams and powerhouse structures.

The use of the actual system of drilling holes after construction
has been used on many structures , but the maj ority of these have
foundations which have been grouted during or after construction
and also have a system of foundation drains installed downstream
of the grout curtain. This eliminates the possibility of any
qu~1itative comparison or projection of results at the Inghams site .

However , one installation of note where a syst~m of drilled holes
was installed through a dam and foundation which was not grouted
or drained , this was at Hoitwood Dam on the Susquehanna River . S

The dam is an overflow ogee spiliway about 70 feet high . The
foundation was a granitic schist containing some fault seams . S

Holes were drilled in several lines with 4 holes per line starting S

at seven feet back from the upstream face and spaced at fifteen
feet between holes. All holes were vertical . Results of readings
showed a deviation from the typical headwater to tailwater uplift
assumption.

We trust that the above will suffice for your present needs . If
further information Is required please contact us.

Very truly yours ,

UHL , HALL & RICH

JCM/mf 6” j . C. Matte
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Sou t h.rn Of f lc.: 1301 E..t Mo,&,.%d Str. .I. CI,arlott. . NortI, Carol ,.’ . 26204 - Ar.. Cod. 704-376-4336

November 16, 1970 2225—3

SU3JECT : Report of Stability Analysis
Inghaa. Dam Non—Overflow Sectiou
East Canada Creek Project No. 2648

Mr. T. J. Brosnan, Vice President and Chief Enginser
Niagara Mohawk Power Corporation
300 Erie Boulevard West -

Syracuse , New York 13202

Dear Mr. Brosnan :

We are pleased to transmit herewith our report on the stability of the non—
overflow section of Inghama Darn.

Th. report includes a si~~~ry of the corr espo ndence and discus sions with the
Federal Power Comeission relating to the question of stabil ity at this struc ture
since the time of application for license in 1967. - 

- -
As part of the stability invest igatiàn , an exploratory program was carried out -
through- the conc rete structure in order to deter mine actual uplift pressures
at th. base of the structure • It was determined by means of these exploratory
or observation holes that actual uplift conditions were less than those required
to be assumed in the absence of specific data.

ft is intended that this report shall evidence the fact that the lessening ofuplift forces employed in the stability analysis permits the sat isfying of the
minirn~~ factors of safety established for the structure. In so doing, it is
anticipated that no reinforcement of the structure will be required , as was
cons idered earlier.

S We trust that you will find this report to be complete and sat is f acto ry .
S 

Very truly you rs ,

URL , HALL & RICH
• 

S

C. Matte
S Project Engineer

- 
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- S S STABILITY ANALYSIS REPORT
S OP THE

INGHA1’~ DAM NON OVERFLOW SECTION

EAST CANAM (~1Z~~ PBflJECF *~ •

SUMMARY 
-

S The Eas t Canada Creek Proj ect enco mpasses the Beardsl.e and Inghui
- Hydro developments, located on East C*i da Creek in the towns of Manheim

and Oppenheim, New York.

In July of 1967, the Federal Power Comeission staff in reviewing the

S 
application for licens, of these developments, requested that a report on

the stability of the structures at both projects be submitted . This report
S was required to include a flood study for the purpose of determining reservoir

-- surcharge at each proj ect .
- 

- 
In complying with the F.P.C. request , Uhl, Hall & Rich was engaged by

the applicant to perform the stability analyses on the earth dam and con—
crete spi llway structures at the Beardsl.e Develop.snt, and on the concrete

spillway and non overflow darn section s at the Inghame Development . The
- required flood studies were performed by the applicant, Niagara Mohawk

Power Corporation.

• The report was prepared end submitted on Septem ber 27 , 1967.
- Further correspondence was received from the Chief of the Bureau of

Power of the Federal Power Comeission in a letter dated October 30, 1967. -
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- Essentiall y, this letter contained the following opinions and co nts:
5 3.. The F.P.C. staff was of the opinion that in the event of dam

failure there would be probable loss of life.
5 

2. Spiliway design flood should be based upon probable ~~~~~~~

precipitation rather than the 100 year flood derived by flood

frequency analysis , as proposed by the applicant.

3. Once the spillway design flood was determined , stability analyses

should be prepared fo r the normal reservoir loading condition and

for the maximum flood reservoir loading condition.

S 4. Since no drains were provided at the base of the concrete structures,

S 
- uplift pressures should be assumed as acting over 100 percent of the

base areas rather than over two thirds of the base area as previously

S assumed. Any uplift assumptions different from those noted above

S 
should be verified by tests on the structures . 

-

( 5. Information was requested as to whether soils properties as used

- in the stability analysis of the earth embankment at Beards lee Darn

- 
were based upon assumptions or soil tests .

Further studies were made by the applicant considering the statements

and opinions as stated in the above letter . Both flood analyses and stability

analyses were performed using the proposed criteria of the F.P.C.

The applicant took the position that flood analysis based on maximu m

- V • probable precipitation assumptions for these existing developments was not

appropriate. However, stability analyses were performed with uplift con—

- sidered over 100 percent of the base area of the structures , with reservoir

elevations as determined by a spillway design flood of 20,000 cfs . This

latter figure was the magnitude proposed by the applicant as appropriate to
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the developments under consideratio n.

- A meeting was arranged and held at F.P.C. offices in Washington, D.C.,

with members of the F.P.C. staff , the applicant , and Uhi, Mall & Rich on

- March 7, 1969, to discuss in total all, consideratio ns relating to flood

- analysis and stability of the project structures .

Th. essential results of this meeting ware as follows:

1. All previous questions regarding the safety and stability of the

Beards lee Development structures were satisfied .

2. Factors of safety of the Inghaas 
- 

structures were discu ssed and it

V was determ ined that the spii.lv ay structure could be considered

S 
adequate in this regard whi le the non—overflow section of the dam

S 
had safety factors which ware not satisfactory when full uplift

was applied.

I 
- 3. It was- deter mined that methods of imp roving the factor of safity

against overturning of the non—overflow section should be investigated.

S It was agreed that a satisfacto ry rang, of safety factor would be 1.23

or greater for normal conditions, including a design flood of 20,000 cfs. S

- For a check of extreme conditions a factor of safety of 1.0 would be
S 

satis factory for reservoir conditions corresponding to a maximum

probable precipitation flood of 100,000 cfs.

Studies and preliminary cost estimates ware made of various methods

- of dam reinforcement required for improvement of stability factors. Included

among these were drilled in prestrsssed rods and rockf ill emb~’~~~-’t to be

placed at the downstream face of the structure • The latter appeared to

S offer the only practical solution.
4
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In recognition of the fact that uplift forces were of significant S

influence in the determination of safety factors, it was decided to -

- investigate actual uplift conditions at the base of the structure and -

f compare these to conditions assumed.

- A proposed plan was developed to drill a total of six holes through

the structure co~~~ncing at the downstream face at an elevation above normal S

- 
expected tailwater. Three of these holes were to be vertical and thr ee were

to be angle holes inclined downward in the upstream direction. These holes, 
S

- paired off as one vertical and one angle hole at about fifty feet between pairs

- would provi4e a piezornetric measurement of uplift pressure at the points where

the drilled holes intersected bedrock at the base of the dam. It was intended

that individual pressure readings at each hole could be averaged and applied as

S 
- 

actual uplift forces at the base of the structures. If these actual pressures 
S

- 

were less than the intensities assumed on the conventional full headwater to

full tailvater gradient as ‘recomeended by t~ie F.P.C., then they would be applied

in the stability analysis. In any case uplift pressures obtained would be applied

over 100 percent of the base area.

S 
The applicant submitted the proposed plan to the F.P.C. by letter dated

July ,ll, 1969 requesting that they review and comment on the proposed procedure. S

A reply to the above request was received from the P.P.C. by letter dated

Augus t 5, 1969. The commission staff had determined that the prop osal to -deter—

mine actual uplift pressures was satisfactory to them, and stated also that the

stability analyses should include the normal water surface condition, seismic -

S 
condition, the probable maximum precipitation flood condition, and and other

loading condition which may. be critical.

4
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Specific atio ns for the drilling work were prepared and a contractor

selected for the work. It was considere d preferable not to atte mpt this

work under severe winter conditions and actual perform ance of the work was

necessarily deferred unti l spring of 1970. The work was co nced in May

and completed dur ing the latter part of June 1970. 
V

Daily wate r level readings were taken at each hole at completion and

- S S continually on a daily basis thereafter throug h July 2, 1970. Since , by that

time it could be observed that eithe r a steady state condition or a diminish ing

water level condition was eo~~~ncing in the holes , it was then decided to
V 

take reading s on a weekly basis .

The stability analysis results as included in this report utilized the

actual uplift readings from these test holes. Since actual results proved
S to be less critical than the assumed uplift loading it was possi b le to

obtain stability factors required by the F.~P.C. as minimuma, the reby alley—

Lacing the need to provide additional means of reinforcing the non—overflow

- dam section against the forces assumed in the anlaysis.

OBSERVAIION HOLES S

The six observation holes through the dam were drilled with rotary

drills of standard NX size. Cores of the concrete structure and bedrock

at the base of the structu re were obtained and e~s~(ned. All cores indicated

• sound concrete at all locations. Penetration into bedrock was limited to

- 
a maximum of about five feet at all holes. Excellent recovery of core was

S made in both concrete and bedrock at all, holes .

- The collar of all six holes was set at El. 573.0 nominally. All

- water surface elevations observed within the holes were referenced to this

elevation .

With the exception of hole V—3 , all othe r holes had flows out of the S

- 5
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collar of the hole at the time the holes were completed. Hole V—3 was a

S shallow hole which extended only 12 feet before reaching bedrock contact.

With time, the gl.e holes which extended furthest in the upstream

S 
direction , maintained water to El. 573, while two vertical holes which inter—

V 

sect*d bedrock about 18 feet upstream of the toe of the dam exhibited a

d4 4n(.Mng water level. Hole V—3 maintained a relatively constant level,

- with water observed slig htly above El. 572.

S Readweter and tai lwater elevations were read daily along with the

observation hole readings . There appeared- to be no apparent direct correlatio n

S between reservoir elevation and elevation of the water surface in the holes.

The drilled holes served another important function in that they as—

tablishsd the elevation of bedrock at the base of the structure at each

location. It was found that the average base elevation of the deep portion

of the structur e was approxi mately at El. 547 , dis regarding information from

hole V—3, which was obviouslj high locally . 
-

From the above obse rvations it was determined that it would be reason—

able to assume that the most representative base elevation for ~a~ 4~ g the

stab ility analysis would be El. 547 • Also , that a safe and conservative

value of piezometric head to be used in uplift pressure determination would
V be to El. 573 at both th. angle and vertical hole intersections at th. base

of the structures.
- Included in th. appendix of this report are :

- 1. Drille rs logs of drill holes — Plates II! through XI

2. Water Level Observation s — Plate XII

1 
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STABIL ITY ANALYSIS S

The analysis was made to include the loading conditions which were

-‘ - established for the non—overflow section. These can be si,~~ar-ized as

follows: 
S

S Case 1 — Normal Water Surface Condition

S 
Headvater El. 663.3

- V 

Tailvater El. 563.3

Uplift 
-

S 
Case 2 — Design Flood Condition (20,000 cfs Flood)

S Iteadwater El. 665.3

Tailwater El. 565.3

Uplift

- 
- 

Case 3 — Maximum Probable Flood Condition (100,000 cfs flood)

- 

- Usadwater El. 675.5 • S - - 
-

- Tailvater El. 573.0

V 

Uplift

/ - Case 4 — Seismic Conditions

Reedvater El. 663.3

Tailvater El. 563.3

Earthquake Forces 0.OSg Horizontal Direction

S Uplift

- - Uplift forces in all cases were based on the assumption of full head—

S 
- water pressure at the upstream face of the str ucture varying linearly to

S S the observ ed pressures at the intercept of the two lines of observation V S

holes, and then varying linearly from the line of vertical holes to tail—

7
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water pressure at the downstrea m face of the structure . S

In calculat ing factors of safety against sliding, it was obvious

that in many eases that the sliding factor exceeded the allowable value

V 
of friction for concrete to rock. It was therefore necessa ry to employ the

shear value in the rock end to than check the combined shear - friction

factor of safety provided.

Results of stability analys es fo r all cases considered are tabulated

on Plate I in the appendix. A tabulat ion of values and assumptions used in the

stability analysis are incl uded on Plate II in the append ix.

CONCLUSIONS

Based on the results of the upli ft observations and the ensu ing stability
S calculations it is concluded that the non—overflow structure at Inghima Dam

as analyzed satisfie s the values of the safety factors prescribed as minimt~~
in ,all cases . Inspection of the fact or of safety against overturn ing in- 

V S -

- 

- 
Case IV as calculated is so close numerically to 1.25 that for all practical

purposes it was judged sat isfactory .

S S Since the uplift forces influence to a great degree the numerical

factors of safety as calculated , we should like to point out that based on

the piezoastric readings in the obse rvation holes in the structure , it

appears that the uplift pressure diagram used still provides a somewhat

S 
lar ger factor of safety than is apparent . This results from the assumption

of full headwater pressure being applie d at the upstream face of the str ucture

and then varying linearly to the obse rved pressure at the first line of holes. S

V 
Although no observation holes were provided at or near the upstr eam

face, it would seem unlikely that the loss in head between this face and the 
-

first line of holes would be in the order of 90 feet (El. 663 — El. 373 — 90)

in a horizontal distance of 35 feet • Then rema~” , as observed at a constant

8
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value for the next 26 fact , at all three transverse lines of observatio n

holes . It seems more reasonable to assume that in actuality full head—

water pressure is not present at the line of the upstream face. Should

( this be the case, then the uplift effect would thereby be reduced in all

cases , resulting in improved factors of safe ty over tho se tabulated on S

Plate I. S

As a matter of intere st , a comparison of the effect of the uplift S

as used in the calculations and the conventional assumption of full head-

S - water at the heel varying to full tailvater at the toe was made . Head— 
S

S 

water and tailwater elevations were taken as observed on June 19, 1970 as

El. 662.5 and El. 559.7, respectively . S

- A comparison of the vertical effect showed that observed forces were

69.2 percent of the conventional assumption. This ind icates that a net
S 

. effect at this project would be the equivalent of the conventional uplift

gradient of full headwater to tailwate r app lied over two thirds of - the
-
: base area versus 100 percent of the area as normally considered at structures

V 
with no drainage provisions at the foundation.

- A compariso n of the overturnin g effect about the toe was in about

the same range , with the observed effect being about 73.5 percent of the

S conventiona l assumption .

9
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TABULATION OF VALUES & ASSUMPTIONS PLATE II

USED IN STABILITY ANALYSIS

S 

1. Unit weight of concrete — 150 lb/cu . ft ,

2. Unit weight of water — 62.4 lb/cu. ft.
F 

3. Uplift in accordance with pressure diag ram — Plate I

4. Earthquake acceleration — O.05g

5. Shear — friction factor of safety — S5.f

- - 

*S ..f — f~(v )+ r  S.&

S Where r O.5

5a” 380 p.s .i.

S A — A r e a of base 
-

- - - f — 0 . 5  5 
- -  - -

-

V 

~ -V — Sui ation of vertica l forces V

— SuDination of horizontal forces
V 

-

- * For discussion and explanation of terms see Hydroelectric Handbook

by Creager and Justin, Wiley & Sons , Inc.
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_ _  _ _ _  ~z i t  #9

30 _ _  H -

_ _  U
- - - ..2. ~~ 0’~. 3Z~.6 ’  - — ~~~~~~~~~ - 
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____  — — — - I_ ‘ - -  2Lj - B un - - - - 

-

L _ _ _  ______ #10 V

I
_ _ _  

j -  [ 5  20 
5

15 
- 

~~~~— — 
_ _ _ _ _  cTzo ’ 

-
10 C ~~~~6O ’~j7~6” — — ....22~~ 37’6’. Concrete

-- 
_ _ _  

H I _~~~ 21~~ Run
S _____ — 

- 
-

— 
20 I - #11 -

1_ _]  I — _)____ — 
2 6~~ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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G*~~~ NO SV R ’ A C E  _ .... FT . USED • C A S IN O  THEN “ CA S IN O TO ~ HOLE NO. A—2

- 0 - O A T  • :  W A S H E D  P i P i T  * l A t J f l~~ U P I U N O I $ ? U N I C D  P I S T O N  C COA*sz S

M i l  U N O I S T t .IRU(O SILL CoI C K T I T N I N V A L L  ‘V’VINE TEST

01. - O PEN (RD SAMPLER 5.5. - SP lIT YUlE SA M PLE R H. S. ~.. - NOLLOW ST EM LUSt!
PROP ORTIONS US!Di TRACE 0 .1b%. LITTLE ‘ 10-20%. SOME — 20.33%, AM~ 35.50%.
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S S Plate X
IS ~~: 

~~~~~~~~~~~~ ~ SHEET 2 OF 2
: ~~~. ~~~~~~~~~~~~~~~~~ I L i t ~ . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ HOLE NO A”Z

~~

- 120 I~icuntaIu Roz~d ~~-~~~~~~~Ji~ l3B_ -

5 - t 

- S ~~~.!
1wu

~
?P Ccu~ieoficut 

PROJ E C T NO 

%~1~~fr%~Ct:d by Engineer
E 1 •

~ 
.OR II4AN —ONI LI CI.  PaO E CT N A M E

S DH - - AM - P.S INGHA!4S HY DRO NON- OVEXPLOW_DAM 
5

IN S P E C T O R  
—5-——-

. 
T L O C A T I O I  T O WN O F MANHEIM

S ~~~~ ~ V ~~~~~~~~ 5- ~~~~~~~~~~~~~~~~~~~~~~~ Yo~~ 
OI’FSZT

S S C A S I N O  SA M PL ER COR E PAR A S 5
S ~ G ROUND W A T ER O O S E PV A T I O N S  

T Y P (  _______ i~Dc~L • Daa S}.n 6/12/7Q~j1. F.6/16/ 70
S A~ ______ FT A F T E R ______ HOU~~S $I~~~ I 0 ________ 

‘ 
________ SU~~FAt E E L E V  573.0’

5 H A M M E R  •? 
S 

SIT

~ 

AT ______ FT A F T E R  ______ HOU RS 
H A M M E R  FIt.L ~_._~:: ________ 

Dj.~._2n~!id ~ 
GROUND W A T E R  CI.CY S...~~ .5SSC ~~~SSS~fl~~~tL..... S

5
5 

~~~ Ic:~~I:5
G _ 

S A M P L E  ~~~ j 1
~ :;5A M.:L

R
E : !

‘
~~~ 

O C N S I T Y 1 S T : L T A J  
—;-

~;
-

~~ ID ENT IF I CATI O N OF SOIL

: ~ ~~ .
~~

S
~
S.1T

IIFCN 11C C 
~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~ F;~.
r
~ :r~ C::,

S
~~

T
~~

, 

D
~(:;: I - UC~~AR~~S III CL COLOR. ~:ss

:4 
____  11 

1
48,141$, 4156!( 8_ un#l1~ G’~ ’ concrete . Brown sandy

—--- —5- :~:i 
~ ~j 

- SIE:i 
~~ 

::: :::6~.~ ~ 
_41’6” ~~~~~~~~~~~~~~~~~~~~~~ betwec~i

____  — ~ ~ i_ . 

~ — — __1_~__ 
I RunJno 6tone between 41’ and 41’4’~.-

~ - 12 C 24”20” 43’6” — — -~~~~~—  _____ 
4~ ”6~’ bray/White fractured Dolomite.

45 ____ - — I
_____  — End of Boring - 43’6”

50~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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~~~~~~~~~

_
_ _ _  _ _ _  — .Nó1te ‘Water do’wn to l5’ at 4:3O PM on

- 
_____ — — — ____ ____ - - 3un~~ 15, 1970. On June 16, 1970 

-

_ _ _  — — — f- — T’  
_ _ _  

wator flowlng out of bole be,fore last
- 1 

- T t - . IL I - ____ 
24” run; after run, water advanced

- 6O~
’ 1—{ ~~~J

-
~~~~~~~

-I L 
up hole at 30”/mln.’ or better. 

-
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-
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~~S ~~NOI S I I i R S L D  SILL CHEC K ? I T N I N W A ( . L  V I V A N E  T ( 3 ?  -
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0.1. - OPEN END SAMPlER IS. . SPLIT III! SAMPLES H. S. A. - 50(10W STEM LUStS
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PRO’ ORTi ONS USSO : TRAC E = 0.10%. LITTLE = 10.20%, $014! = 20-35%, ANI) = 35 5Q4 f ? flNE
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V—- S S n ate xi

!-!- SOftT~STrJt ~, ~~~~~~~~~~~~~~~~~~~~~~~~~~ P. S HE E T S J OF 1

r ~~~~c ~~~~~~~ Road P0’#23 138 HOLE NO ~~~~~~~
k- - - - Seymour, connecticut 

P1 0 4 C C  V NO 

B 742 
5 ~~~~~~ LOCATIONS

~~~
S 

~ ~ ~~ 
, ~~~~~~~~~~~~~ 

________ ____- ~~~~~~~~~~~~~~ 
- as instructed by Engineer

~~ 
• O RCMAN — DRIL L C R • •N O J ( C T  N A M E

I - - - Dif ~ AM ~ RS - woa~Ms HYDRO NON-OVERFLOW ~AM
~~~ 

TIi .LCTOR 
— 

S ~~~~~~~~~~~~ 
L O C A T I O F ~ TOWN OF MA~~HEIM I - 

-

~ —-5
— ~

:_
~~ 

—
~~ 

V}~~~~~~ S . - ~~~~~~~CO LEYi.xoa~ 
Or7SZT

:
~

-- GROUND W A T E R  O S S ( R V A T I O N S  ~ ,
~~~Pt

S CAS IN O SAMPLE R C~~~~~ ,AN 
Dau 5~in6/SI?O_ DM, F~..6/9/?0

V ~ 
~~~ S ~~ A F T E R ______ NOUN S 

~ 
S IZ E  I 0 ~~~~~~~~~__ ~ SUR,A~~C CL CV 573.0 - S

5
5
-S S j H A M M E R  Ø T _________ _________ SIT ~ ~ — 

S

L~ AT ______ PT A F T E R  ______ NOUN S 
jJ H A M M E R  F A L L  Dia in..QndJ GRdU MO WA T ER ELEV’ BSCC flO 0 -

~~~;S 

“

~~

= 5— — 
SAM P LE 

ON $AM .L E: ~~~~~~~~~~~ 

D E N S I T Y  J s T : & T &  F I f~~~Ø ,IO ENTIF ICATI Q N OF SOIL

~ ~~~~~ 

‘o:T E: EIIEIEE ~~~ 

IFO RC E O M V T U S E )  ~~~~~~~ 
:: I$T

~~~~~~~~~

v

S I. ~~ 
C 24’~ 24” 2’O”-_ .1 0 - ZbO hs t Concrete - with large stone

~ -S -55-~~~~~ 

~~~~

555-5 ~~~~4ff f~Tt4t~ ff S :: ~~~~~ ~~~ :~f ~ 
~ 

~~~~ 
aggreg ate

S 5 ~ 
____
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- -— ::1- J 
-~~--_  — — ..6~Q_ ~ Run#3 - - - S
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~~r f 
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_____- 
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~~~~~~~~~~~~~~~~~~_ _4 16S~~~~~~~ 
-
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-

S
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_ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 32’6”
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•
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— P . — — — —  5 20

- 10 :C ~9~~p~~37’6’!. — _ ..20_. 
_____ 

3?’6’! -
- I I I I 
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‘. j_____ — Efld of Boring — 37’6” 
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——

I GPOuNO S U R F A C E  TO ______ PT , USED - - C A S I N O  THEN “ C A S I N O  10 ______ Ft HOLE NO.
0 OR’ W I  W A S H E D  - P a  PI T A l  A U S E R  U P S  U N 0 I S ? U N S C O  P ISTON C COARSI

IJ O I U N O I I T U P I E O  PA L L C HIC K T I T H I N W I L L  VI  VINE T E S T  M~~MZDILjM
-— 

0!. - OPEN INS 55MPh ! 55 . - SPLIT EASE S*~IPLES H. S. A. - WILLOW STEM SUSIE
POOPOATIONS USRO: TRAC E = 0-1 )%. UTIt! = SO.20 ’.. SOME = 20-33%. AND = 35-30%. 7’1’~~1 - 
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PLATE Xfl

NIAGARA MOHAWK POWER CORPORAT ION S

INCHAMS DAM S - S

S NON-OVERFLOW SECT I ON

S 

V WATER LEVEL OBSERVAT I ONS - ..

-

~ 
V II.W . T.L 

AIR - 

ELEVATIONS OF WATER : IN HOLES S

____________ ________ ________ 

‘F. A-I V-I A-2 Y-2 A-3 Y-3 
S

JUNE 12 657.0 68 
- 
573.0 573.0 572.29

JUNE 15 658.5 68 - - 
5 

V 573.0 573.0 571.62

JUNE 16 657.3 68 - 

- 

573.0 573.0 571.33 
5

JUNE 17 657.8 68 - - 573.3 573.0 573.0 571,33

JUNE 18 658.0 68 573. 3 570. 08 573. 0 572. 25
JUNE $9 662.5 559.7 68 573.0 573.3 573.1 573.0 572.33

JUNE 22 660. 3 555. 5 57 573.0 573.3 570.75 573.0 572. 33 - 
V

JUNE 23 659.7 555.3 60 572.17 573.3 570.50 573.0 572.25 
- 

S

JUNE 2’S 
- 

656.3 553.3 60 573.0 571.83 573.3 570.00 573.0 572.17 3
JUNE 25 655. 9 552.9 63 573.0 571.37 - 573.3 569.Oq 573.0 572.33

JUE4E 26 657.7 553.’~ 67 
- 

573.0 570:92 573.3 569.50 573.0 572.17

JUNE 29 661 0 - 552.5 65 573.0 570.08- 573. 3 570.08 573.0 572.08

JUNE 30 
- 

- 
66 1.1 553. 15 615 - 

573.0 569.83 573.3 569.83 573.0 572.33

JULY I 661.0 553.5 , 68 573.0 569.58 573.3 570.33 573.0 572.25

JULY 2 659.0 553.2 - 68 573.0 569.’52 573.3 569.92 573,0 572.33

JULY 7 660.7 
- 
553.1 72 573.0 568.67 573. 3 569. 92 573.0 572.21

JULY $3 660.7 553. I 75 
- 

573.0 568.29 573. 3 569. 67 - 573. 0 572.08

JULY 2 1 662.0 559.7 715 573.0 568.33 573. 3 573.0 573.0 572.29

JULY 27 660.9 553.1 85 573.0 568.08 573.3 571.33 573.0 572.17

AUGUST It 661.3 - 553.0 82 573.0 568.67 C73.3 570.83 573.0 572.29

AUGUST II 659.3 552.8 80 573.0 568. 33 573.3 570.50 573. 0 572.08
S 

- 

AUGUST $8 659.9 . 553.0 
- 

72 . . 
- 

573.0 
- 

568.25 513~3 570.62 573.0 ~~- 572.17 
-

SEPT. I 658. 8 552. 9 
- 

70 573.0 570.08 573.3 571.25 573.0 572.21

SEPT. 9 660.5 553.0- 61 573.0 569.83 573.3 571.50 573.0 572.25
S 

SEPT. IS 661.2 - - 553.0 52 573.0 570.00 573.3 57t.75 573.0 572.21

S 
SEPT. 21 - 661.6 553.0 69 573.0 570.17 573.3 572.00 573.0 572.17

~~~~ 

: -
-

~~~~. .  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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L.~ttle Falip . ‘~‘w. 4.——T he hog lam Johnstown Raiiropd corapaay will ilsal -

in the F.ast Canada creek at lughams use power from this plant.
IllS - 13 rapidly nearing com p1~tIofl The darn Is said to be the bigbest -

and is attr sctlng many visitors front of any In this part of the State and ii - S

all parts ot the State. The strnctnro built an a narrow gully in ill. EasE
Is being c-rectod by the East Creek Canada creek. It will flood the ~‘al1e~l -

Light and Power company and is back as far as Dolgeville. Alre*d~
three mih’s east of this city. \Vhen the dun Is half ~~l.d and all thai P
completed In about a month f t  will remains fnr Its completion a
furnish power that will be sold to the building of & small section In th~ ~-
Fonda, Jobnstown & GloversvIIlO center. The artlflclal b ite that - wiII~~

S Railroa d company and to the villages be made by this large body of w*te~ ~
In the Mohawk. valley east of this promises to become a. popular eumznei -t
~~~~ ~~The pJopos~d JA tt l. • ,FaII & resort for Little Fails. - ~~~. 
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~~~~- -

NEWSPAPER CLIPPING FROM SYRACUSE HEARLD
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