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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 Off ice of Chief of Engineers , Washington, D.C. 20314. The
purpose of a Phase 1 Investigation is to identify expeditiously
those dams which may pose hazards to human life or property. The
assessment of the general condition of the darn 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 repor ted
condition of the darn is based on observations of f ield 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 Spillway Test flood is based on the estimated “Probably Maximum
Flood” f or 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 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 spiliway capacity and
serves as an aide in de termining the need for more detailed hydrologic
and hydraulic studies, considering the size of the dam, its general
condit ion and the downstream damage potential.
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PHASE 1 REPORT
NATIONAL DAM SAFETY PROGRAM

Name of Dam: Lock 3 Dam @ Mechanlcville
I.D. No. NY—215
(#1l9—IJH)

State Located: New York

County Located : Rensselaer — Saratoga

Watershed: Upper Hudson River Basin

Stream: Hudson River

Date of Inspection: October 26, 1978

ASSESSMENT

Examination of available documents and a visual inspection of
the dam did not reveal conditions which constitute an immediate
hazard to human life or property. However, additional studies
should be undertaken to further evaluate conditions affecting the
dam.

Additional data and analysis is needed to ascertain the con-
dition and stability of the wrought—iron framework supporting the
apron slabs. Also, a more detailed structural stability analysis
of the dam using the site—specific foundation material characteristics
is also recommended. Such analyses should be performed in accordance
with the Corps of Engineers Guidelines, Chapter 4, paragraph 4.4,
included in Appendix C.

All additional data gathering, investigatioi~ , and analyses
should be completed within one year of the date of this Phase 1
report. During the interim period , a detailed emergency—operation
plan and warning system should be developed and implemented.

The spillway, not having sufficient discharge capacity
for  passing one—half the Probable Maximum Flood (PMF), is
considered to be inadequate. For such a large storm event,
a high taliwater condition would most likely occur resulting
in the flooding of the downstream hazard areas. Hence, dam
failure from overtopping would not significantly increase the
hazard to loss of life downstream from that which would exist
just before overtopping failure.

Minor deficiencies found during the visual inspection were limited
to concrete surface deterioration and cracking and the overgrowth of
vegetation on the earth dike. Such deficiencies should be corrected
during normal maintenance operations before the next period of anticipated
high river flows (Spring 1980).

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



George Koch
chief, Dam Safe ty Section
New York State Department of
Env ronmental Conservation
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PHAS E 1 INSPECTION REPORT
NATIONAL DAN SAFETY PROGRAM
LOCK 3 DAN @ MECHANICVILLE

I.D. No. NY — 215
(#119 — UN)

• UPPER HUDSON RIVER BASIN
RENSSELAE R - SARATOGA 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 Dam Inspection Act , Public Law 92—367.

b. Purpose of Inspection
This inspection was conducted to evaluate the existing conditions of
the dam, to identify deficiencies and hazardous conditions, determine
if they constitute hazards to l ife and property , and recommend remedial S

• measures where necessary .

1.2 DESCRIPTION OF PROJECT

a. Description of the Dam and Appurtenant Structures
• The Lock 3 Dam at Mechanicville is a masonry gravi ty dam having a

reinforced cc,ncrete cap and a downstream precast concrete slab apron
supported by a wrought iron framework. The masonry overflow section
is 700 feet long and 19 feet high. In addition to the masonry “main dam”

S portion , easterly extensions include the 98 foot wide navigation Lock 3 and
S 

• 
a 520 foot long concrete faced earth dike. Extending westerly is a 135
foot wide gatehouse—forebay structure containing 12 gates leading to the
West Virginia Pulp and Paper Company manufacturing plant water supply

• channel.

b. Location
The dam is located on the Hudson River, northeast of the City of
Mechanicvi ].le and eas t of State Routes 4 , 32 , and 67.

c. Size Classification
• This dam is 37 feet high and impounds a reservoir of 3420 acre—feet.

It is classified as an “intermediate” size dam (storage capacity between
1000 and 50,000 acre—feet).

d. Hazard Classification

The dam is classified “high” hazard because of the immediate downstream
populations located at Hemstreet Park in the Town of Schaghticoke and the
City of Mechanicville.

—1—
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e. Ownership
The Lock 3 Dam is owned by the State of New York — Department of
Transportation (NYS—DOT), Waterways Maintenance Subdivision . It
is located in DOT—Region 1, whose ht’ .iquarters are in Albany , New
York . 

S

The original dam constructor/owner was the Hudson River Water—Power
and Paper Company (HRW—PPC). The West Virginia Pulp and Paper Company
(WVPPC), successor in title to the dam from HRW—PPC, transferred owner-
ship to New York State in January 1922. In February 1979, the property
of the Saratoga Board Mills Corporation, successor in title to the
gatehouse—forebay structure from WVPCC, was obtained in a foreclosure
sale by the City National Bank of Detroit, Michigan , one of the principal
uienholders against the Mechanicville property. More recent developments
regarding the gatehouse-forebay structure ownership is contained in a
newspaper article included in Appendix D.

Waterways Maintenance Subdivision : Region One:

New York State - DOT New York State — DOT
Main Office — State Campus 84 Holland Avenue
1220 Washington Avenue Albany , New Yo rk 12208
Albany , New York 122 32

Waterways Maintenance:
Director — Mr. Joseph Stellato Engineer — Mr. John Hulchanski

(AC — 518) 457—4420 (AC 518) 474—6715

f. Purpose of Dam
The primary purpose is for navigation through Lock 3 of the Champlain
Barge Canal. The impounded waters of the Hudson River provide a storage
pool used for gravity inflow to Lock 3. Supplementary purposes include
flood control and possible hydroelectric generation from the presently
non—operational power s tat ion located on the westerly side of the river.

g. Design and Construction History
The original dam at this site was constructed by the Hudson River Water—
Power and Paper Company about the year 1882. In 1912 , it existed as a
masonry dam with a t imber downstream apron support~ d by an iron—steel
framework. The dam was reconstructed to its present reinforced concrete
crest cap and precast concrete slab apron in 1965.

h. No rmal Operational Procedures
Water flows unregulated over the “main dam” spiliway . Flow diversions
from the storage pool occur by gravity through the intakes of the $
Lock during boat passage and minimally through the forebay gates.

1.3 PERTINENT DATA

a. Drainage Area (square miles) 4500

b . Discharges at Dam (cfs)
Top of Dam (Top of Ear th Dike) 122 ,100
Top of Lock 3 (River—side Abutment) 77,600
Hydroelectric power station existing machinery (12 units)

Design: 6,043 (max.)
Opera ting: 5 ,893

—2—
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c. Elevations (Barge Canal Datum — BCD)
Top of Dam (Top of Earth Dike) 83.0
Top of Lock 3 (River—side Abutment) 77.0
Spillway Crest 67.5
Maximum Taliwater (March 19 , 1936 ) 60.70
Minimum Tailuater (March 7 , 1944) 46.55
Reservoir Pool (USGS Datum) 66.0

(USGS Mechanicville , Ni 7.5’ Quad . — 1954)

Datum Conversion:

USGS 0.0 equals BCD 1.18

S d. Reservoir Surface Area (acres)
Top of Dam (Top of Earth Dike) Max. Pool 350
Top of Lock 3 — Maximum Normal Pool 350
Sptllway Crest — Normal Pool 260

e. Sto rage Capacity (acre—feet)
Top of Dam (Top of Ear th Dike) 8785
Top of Lock 3 6685
Spiliway Crest 3420

f. Dam
Type: Masonry , wi th a reinforced concrete cap

and a precas t concrete slab apron.• (feet)
Length: Spillway Crest 700

Lock 3 98
Earth Dike (eirbankinent) 520
Gatehouse — Foreb ay 135

Height : (feet)
Structural 37

Width @ Crest: (feet)
Spillway (radius ) 2.3
Earth Dike @ Abutment 39

Normal 60

Slopes : (V : H)
Spillway — upstream face 1:2

— downstream apron 1:1.75

Earth Dike — upstream face 1:1
— downstream face 1:1

g. Spiliway
Type: Uncontrolled , gravity masonry structure

with a rounded reinforced concrete cap and
a precast concrete slab apron .

Weir Length (f eet) 700
Crest Elevation (Barge Canal Datum) 67.5

h. Reservoir Drain
None

-3-



SECTION 2: ENGINEERING DATA

2.1 DESIGN

a. Geology
The Lock 3 Dam is located in the Hudson Valley Lowlands physiographic
province of New York State. Rock in this area was formed during the
Ordovician period. The rock in these areas is predominantly lime-
stone and dolostone. The present surf icial soils have resulted
primarily from glaciations during the Cenozoic Era; the Wisconsin
glaciation being the most recent event to affect this area, having
occurred approximately 11,000 years ago.

b. Subsurface Investigations
No records of subsurface investigations were available. Based on the
plans which were available for this structure, It appears tha t the
structure is founded on bedrock.

c. Dam and Appurtenan t Structures
R ecords indicate that the dam was constructed about the year 1882. No
information was available concerning the original design of the dam.
The dam has been reconstructed several times since first constructed.
Drawings for the latest reconstruction performed under DOT Contract
1465—6 in 1965 , are included in Appendix H.

2.2 CONSTRUCTION RECORD S
No records were available for the original dam construction. The only
records available were from the 1965 reconstruction.

2.3 OPERAT ION RECORD
The dam is visually inspected on an irregular basis by engineers from
NYS—DOT . Mean daily water levels are recorded at locations both up—
stream and downstream of the lock. These records began in 1917 and 

S

are on file at the N.Y.S. DOT Region One, Waterways Office.

2.4 EVALUATION OF DATA
The data presented in this report was obtained from the files of the
Department of Environmental Conservation , the New York State Department
of Transportation , the New York State Electric and Gas Corporation and
the Federal Energy Regulatory Commission. The information available
appears to be adequate and reliable for Phase I inspection purposes .

—4—
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SECTION 3: VISUAL INSPECTION

3. 1 FINDINGS

a. General
Visual inspection of the Lock 3 Dam at Mechanicvilj .e and the surrounding
area was conducted on October 26, 1978. The weather was cloudy and
overcast with the temperature near 50° F. Depth of flow over the spill—
way crest was approximately 1.65 feet.

b. Dam — Spillway
The “main portion” of the dam, the spillway, could not be observed
because of submergence . However , the vertical and horizontal alignment
of the crest appeared to be satisfactory.

The following deficiencies were observed :

1. Concrete spalling on the river—side face of the lock
upstream protection pier.

2. Smaller areas of spalled concrete on the outer lock walls both
upstream and downstream of the crest , in the zone of flow
aeration.

3. At the spillway—gatehouse contact, seepage through one masonry
block horizontal joint immediately adj acent to the crest was

• observed.

c. Appurtenant Structures
The navigation Lock 3 was in satisfactory condition. The functioning
of the 12 forebay gates could not be ascertained although some flow was
occurring downstream of the gatehouse.

• The ~o1lowing deficiencies were observed :

1. The concrete surfacing on the Lock—earth dike masonry abutment
was deteriorated considerably; having aggregate exposed and
surface corners well—rounded from weathering.

Earth Dike—Emb ankment:

S 2. The concrete facing on the dike embankment’s upstream
slope protection was cracked.

3. The vertical alignment of the crest was somewhat irregular
sloping downward in the upstream direction; a vehicle path
existed on the top of the dike.

4. Several large trees existed on the top of the embankment.

• 5. Small trees and b rush existed on the downstream slope of the
embankment.

—5—
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Forebay:

• 6. Seepage through the east wall was occurring in three areas which
were all in excess of 200 feet downstream of the axis of the dam.

• 7. Cracked concrete and joint separation in the masonry was evident
along much of the east wall.

d. Reservoir
A low area exists along the edge of the river due east of the north end of the
upstream protection pier , the apparent result of an excavation
made to allow vehicle access to the river edge.

There was no noticeable signs of soil instability in the reservoir area.

e. Downstream Channel
No unusual conditions were noticed in the downstream Hudson River
channel.

3.2 EVALUATION OF OBSERVATIONS
Visual observations did not reveal any problems which would affect the
immediate safety of the dam. The deficiencies observed can be corrected

S during normal maintenance operations. The functioning of the forebay
gates is an uncertainty requiring further investigation.

—6—
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SECTION 4: OPERATION AND MAINTENANCE PROCEDURES

4.1 PROCEDURE
Normal surface is at or slightly above the uncontrolled spiliway crest.
Flow diversions occur through the navigation Lock and to a lesser extent ,
through the forebay gates. Presently, the forebay diversion is minimal
since neither the paper mill nor the hydroelectric machinery is operating.

4.2 MAINTENANCE OF DAN
Maintenance of the spillway portion of the dam is minimal because of
continuous submergence of the crest. During the 1965 reconstruction
work, inspection of the iron and steel apron support framework revealed
no major structural deterioration.

4.3 MAINTENANCE OF APPURTENANT STRUCTURES 
-

Maintenance of Lock 3 is satisfactory. However, the earth dike has not
been maintained as evidenced by trees and brush growing on the
downstream slope. The concrete slope protection facing also requires some
remedial work to prevent further deterioration.

Maintenance work conducted in the gatehouse—forebay area is unknown.
However , since the paper mill has been substantially inoperative
for several years , maintenance has probably been minimal.

4.4 WARNING SYSTEM IN EFFECT
No apparen t warning system is present.

4.5 EVALUATION
Operation and maintenance of the Lock is satisfactory . Additional main-
tenance is needed to remedy the earth dike deficiencies stated above.
In addition , all masonry and concrete structures including the gatehouse—
forebay should be repaired as necessary.

—7—
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SECTION 5: HYDROLOGIC /HYDRAULIC

5.1 DRAINAG E AREA CHARACTERISTICS
The delineation of the contributing watershed to this dam is shown
on the map titled “Drainage Area — Lock 3 @ Mechanicville” (Appendix D).
With the drainage area encompassing some 4500 square miles including
portions of Vermont and Massachusetts, the Hudson River main stem
travels approximately 140 miles from its headwaters south of Lake Placid
to the Lock 3 Dam. Major tributaries to the Hudson River are the Cedar,
Indian , Boreas , Schroon , Sacandaga , and Hoosic Rivers and the Batten
Kill. Numerous lakes including Brant, Schroon, Piseco and Saratoga lie
within the basin as well as three major reservoirs; Indian Lake , the
Tomhannock , and the Sacandaga Reservoir. Approximately one—half to
two—thirds of the basin lies within the Adirondack Mountain area where
elevations rise to +5344 at Mount Marcy. Elevations at the east abutment
of the dam are near +70. Developed land use has occurred in the lower S

portion of the basin; the larger developments being the municipalities
of Warrensburg, Glens Falls, Hudson Falls, Saratoga Springs; Arlington,
Vermont; Greenwich, Schuylerville , Cambridge; Bennington , Vermont ;
Adams , North Adams , and Williams t own , Massachusetts; and Hoosick Falls.

5.2 ANALYSIS CRITERIA
No hydrologic/hydraulic information was available regarding the original
design for this dam. Therefore, the analysis of the spiliway capacity 

S

of the dam was performed using streamf low gaging station records (Appendix D)
and data contained in a Corps of Engineer report entitled “Upper Hudson
and Mohawk River Basins Hydrologic Flood Routing Models”. The methodology
described in this report employed the Corps of Engineers HEC—l computer

S program in developing a model’ that correlated well with past known major
storm events; i.e., the storms of October, 1945, December, 1948 and June, 1972.
No direct computer analysis using REC—l was performed. The spiliway design
flood selected for analysis was the PMF in accordance with recommended
guidelines of the U.S. Army Corps of Engineers.

- 5.3 SPILLWAY CAPACITY
S The single , masonry and concrete, overflow spillway acts as the dam in

forming the reservoir pool for the navigation Lock. The 700 foot long
ungated spillway has a rounded reinforced concrete cap and a sloping,

S precast concrete slab apron on the downstream face .

For computed discharges , a discharge coefficient C , of 3.8 was used,
determined from the gage readings of March 28, 1913. Computed discharges
are as follows:

STAGE DISCHARGE (cfs)

Top of Dam (Top of Earth Dike) 122,170

Top of Lock 3 (River—side Abutment) 77,670

-8-
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Maximum discharges through the hydroelectric power station existing
machinery (12 units) was determined to be 6,043 cfs.

The spillway does not have sufficient capacity for discharging the peak
outflow from one—half the PMF. For this storm event, the peak inflow
and peak outflow is 191,000 cfs, whereas the PMF peak discharge is
382,000 cfs. However, the dam has conveyed a maximum discharge of 120,000
cfs. The computed peak discharge capacity is 122 ,170 cfs.

5.4 RESERVOIR CAPACITY
The normal water surface is at or slightly above the spillway crest.
Storage capacity for that crest elevation is 3420 acre—feet. Surcharge
storage capacity to the Top—of—Lock elevation is 3265 acre—feet. The
total storage capacity to the Top—of—Dike elevation is 8785 acre—feet .
The upstream limits of the reservoir are the Lock 4 gates , the low dam
across the river approximately 700 feet south of the State Route 67
bridge , and the lower reaches of the Hoosic River.

5.5 FLOODS OF RECORD
The maximum known discharge occurred on March 28, 1913 when a flow of
120,000 cfs was recorded. The computed water surface elevation for this 

S

flow is 82.8 (BCD) (81.62 — USGS) or a flow depth to within 5 inches of
the top of the earth dike.

5.6 OVERTOPPING POTENT IAL
Analysis indicates the spillway does not have sufficient discharge S
capacity for either the PMF or one—half the PMF. The computed depths
of overtopping are 13.9 feet and 5.7 feet respectively. All storms S
exceeding approximately 32% of the PHI would result in overtopping of
the earth dike.

5.7 EVALUATION S

The spillway capacity is inadequate for the peak outflow from one—half
the PHI. For such large storm events, a high tailwater condition would
most likely occur resulting in the flooding of the downstream hazard
areas . Hence , the spillway capacity is not considered to be seriously
inadequate since dam failure from overtopping (at elevation of the top
of earth dike) would not significantly increase the hazard to loss of
life downstream from that which would exist just before overtopping
failure.

—9—

— -  — -5~~~~~~~~~~~~~~~
S - S S - —- ~~~~~-—- ~~—~~~~---— ~~~~-—

S
~~~~~~~~~~— ~~~~~~~



S 

SECTION 6: STRUCTURAL STABILITY

6.1 EVALUATION OF STRUCTU RAL STABILITY

a. Visual Observations
No direct visual observation of the spillway crest was possible because
of submergence. However, no significant irregularities in the water 

S

surface profile along the axis of the crest were observed. There were
no indications of instability at the navigation Lock , along the earth
dike , or along the riverside forebay wall.

b. Design and Construction Data
Design computations or other data for the structural stability of the
original dam or as it existed in 1912 were not available.

c. Data Review and Stability Evaluation
The NYS—DOT plans (included in Appendix H) show a cross—section of the
spiliway portion of the dam , both prior to 1965 and the reconstructed
portion as it presently exists. A stability analysis was performed
using the cross—section information shown plus certain simplifying S
assumptions made in the analysis. The resistances offered by the toe

• and the apron sections were calculated and converted to an equivalent
S passive resistance acting on the downstream face of the spillway masonry

S 
section.

Conditions analyzed were:

1) Normal conditions with the water level at the spillway
crest elevation.

2) Conditions as in 1) plus a 5000 lb/ft ice load.

3) Water level at the elevation of the maximum known flood
- (82.8 — BCD) ; a flow depth of 15.3 feet .

4) Water level at the elevation of one—half PHI (88.7 — BCD) ;
a flow depth of 2 1.2 feet.

The safety factors for  overturning and sliding obtained from the
analyses are :

FACTORS OF SAFETY
CONDITION OVERTURNING SLIDING

1) Norma]. water level 2.11 2.19

2) Ice load plus 1) 1.45 1.57

3) Maximum known flood 1.01 1.03

4) One—half PHI 0.92 0.88

—10—



The analyses indicate less than desireable factors of safety for normal
water level conditions and a critical deficiency for the occurrence of S
a large storm event. The PHI storm event (flow depth of 29.4 feet)
was not analyzed because of the results obtained during the one—half
PHI analysis. The dam did withstand the 1913 storm event flows although
the safety factors from the analysis are approximately equal to 1.00 .
Hence , the analysis is suspect due to the lack of more detailed infor-
mation necessary to perform a complete in—depth study.

The condition of and the manner in which the wrought—iron framework is
connected to the foundation could not be determined. Therefore, a
structural analysis of the framawork was not done.

d. Post—Construc t ion Changes
The spillvay apron portion of the darn was reconstructed in 1965 from
a ti~~ er plank surface to one of precast reinforced concrete slabs. In S

addition , the spillway crest was replaced with a broader and thicker S

reinforced concrete cap. Detailed plans for this work are included in
Appendix H. S

e. Seismic Stabiltiy
This dam is located in seismic Zone 1. A seismic stability analysis S

is not warranted. S

S

4 
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SECTION 7: ASSESSMENT /RECOMMENDATIONS

7.1 ASSESSMENT

a. Safety
The Phase 1 inspection of the Lock 3 Dam did not reveal conditions
which const i tute  an immediate hazard to human life or property. The
spillway, navigation Lock 3, earth dike, and gatehouse—forebay are not
considered to be unstable.

The spillway, not having sufficient discharge capacity for
passing one-half the PHI, is considered to be inadequate. Dur-
ing periods of unusually heavy precipitation , continuous sur-
veillance should be provided both at the dam and in the downstream
areas to warn of hazardous flooding conditions. Such surveil—
lance procedures and other measures should be documented in a
detailed emergency—operation plan for the dam. Also , a warning
system should be developed and placed in readiness for future use.

b. Adequacy of Information S
The information available appears to be adequate for  the Phase 1 inspection
purposes except for the following:

1) The physical condition of the wrought—iron framework supporting
S the apron slabs and the concrete surfaces of both the crest

and apron.

2) The physical condition and operational status of the forebay
gates .

c. Urgency
S Those deficiencies within the zone of water level fluctuations (below

elevation 77.0 — BCD) should be corrected prior to the next period of
anticipated high flows (Spring 1980) . All other deficiencies observed
during the visual inspection can be corrected during normal maintenance
operations.

d. Necessity for  Additional Investigations
Further structural analysis of the wrought—iron framework and a more
detailed structural stability analysis of the dam to include the foundation 

S

materials ’ characteristics is recommended.

Additional investigations are also warranted to determine the following:

1) The physical condition of the wrought—iron framework supporting 
S

the apron slabs and the concrete surfaces of both the crest and
apron. S

S

2) The actual method of anchorage between the wrought—iron framework
and the underlying foundation. S

3) The physical condition and operational status of the forebay
gates.

— 12—
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7.2  RECOMMENDED MEASURES
The following actions should be undertaken: 

S

a) Rehabilitate all deteriorated and cracked concrete
surfaces.

b) Remove the trees and brush from the earth dike embankment.

c) Regrade the top of the earth dike to provide a level embankment
crest.

d) Perform periodic maintenance of the dam and all appurtenant
structures.

e) Develop and implement a detailed emergency—operation plan
and warning system.

f)  As a result of the completed additional investigations,
remedial measures deemed necessary should be completed within
two years of the date of this report. 

S

—13—
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ENDIX C

VISUAL INSPEC~’ION CHECKLIST
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1.

S VISUAL IN SPECT I ON CHECKL I ST

1) Bask Data

a. General

Name of Dam LOCK 3 @ M E A ~~ICV~LL~
I.D. I 

— ~4’~’- QIS (1tu9~~o~~.k I4OQ5O~.1)~
Location: Town ‘~CH~~~I1T1cO%c~J7 County S~ LA~~S 

- ~~&A-co4A
Stream Name $4t~osoiu Rt .j~~
Tributary of ___________________________________

S ~ a i, . I a.
Longitude O~), Latitude ~N) 73-4 p-4p ~/ 4,~

_
~4-4~ 

p~

Hazard Category C

Date (s) of Inspection lo/~(o/7~
Weather Conditions ± ,SO°F O IER.CA6T ; R.AIiJ

b. Inspection Personne l 
~~~
. 

~~~~~~~~~~~~~~ (~~ €~~cY1 ~~IOI~.1 OI.iE -

c. Persons Contacted N~~DOT[(~)AWRJA)A ~~ €~~QriJ. - t1%Atu O9~’tCE ~jS R~L tOtJ]

M
~
. A. B. C~~~~ oii (~~&.ç~,c~& ~~~~~fl~us CoRe)

d. History:

Date Constructed ~~g~~ %I.$*JJ~~ —
o~~. v o ~~~~by EI~D 0 F ThE.\ S

Owner ~~~~-DO’~ ~~ D~’~J%~,tO~.1 ) S

Designer ~4A
~)D~Ot~ 4.

%~~.P. i4)A1EL- Ot1*.R1 “)E’51 ~4IQ~c~~IA ?ot~~ ~ ?A~EL CO.

Constructed by [OttG~ii1iAU. r.
~ 

— ~~~~ Coiitfri4’~ J”—( ~~~~~~~~ $i) fflt_E

2) Technica l Data

Type of Dam MA€ OI.~R~ ~~~~~~ ~~ t ~~~~~~ Mao~J - MA~.O~ t’~ ~
/ ii~~a. ~tac~)

S 

Dra inage Area 4500 SQ Mi~~.S

Height 37
9 

Length 700’ (+)

Upstream Slope iy~ 
Downstream Slope IA

sM1~ ~~~~~ ~~~~~~ ~~~~~ ~~PPcQ~ED 6~j A
WR~

z)
~~~T 

tQoii F E i ~.’O&~(

L S S S
SS

S S S 5 S ~~~~~~ S 5 7
55 7~~~~~~~~~~~~~~~ 7 S 5-~~~~~~~~~~~ S 7~~~~~~~~~~~~~~~~~~~~~~~~~ S_  S S ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



_ _ _ _ _ _ _ _ _ _ _  
5-

2) Technica l Da ta (Cont ’d.)

Externa l Dra ins : on Downstrea m Face N/A @ Downstrea m TO. N/A

Inter nal Components :

Impervi ous Core K~Cki~•

Drains

- 
Cutoff Type P1/A

Crout Curtain ~~~~~~~~~~~~

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ 5 5 5 - 5 5~~~5 • 44 ~~ 5 5 SS
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4-
~~~~~~~ vr- ~~~~~~ 4.45-44~~~5- 4.-5•5 5 S - 5 7 - 5 S 5 • S 5- S S 5 5  

-
~~~~

S S

3) Embankment

EAR.T~ ~ - 

~~ T °F ~~ K 3 S

a. Crest

(I) Ver tica l Alignment ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ FIWM i~~

CEk~1ER ~~~ DitE lrt.)AQj) THE. U~~,1REAI4 FACE.

(2) Horizonta l Alignment p h ~~~Q~

(3) Surface C racks ~~~~

(1i) Miscellaneous 
________________________________________________

b. Slopes

(1) Undesirable Growth or Debris, An imal Burrows ~~~~~~~~ ~ S

LA~ç~. 1R.EE~ 
>~~~ D~AM) O~.k DOL j~~.AI4 ~~~~~~ 

5
5

(2) Slough i ng , Subsidence or Depressions ~~~~~~~~~~~~

(3) Slope Protection CL~~C~.ETE F&CE.D — L j4QEAtv~ ~‘LL~M~~~

(4) Surface Cracks or Movement at Toe i.Jc~~

(5) Seepage Mcj ~.k.~

(6) Condition Aroun d Ou t le t Struc tu re ________________________________

~~~~~~~~~~~~~~~~~ _SS5SS44_ 5 5 _ S _____5_ __ -5 S~~~~~~~—S S 5- — - --’ S ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ • s SS~~~~~~~ _ _ _  _ _ _ _



5 5 - S

4

EA&1~ Ot~.E. 
- EAE’1~ Cf LOC~ 3

c. Abutments -
,

(I) Erosion at Embankment and Abutment Contact ~Q~E

(2) Seepage along Contact of Embankment and Abu tment ~~~~~~~~~~~~~

(3) Seepage at toe or along downstream face ~~~

d. Downstream Area - below embankment

(1) Subsidence, Depressions, etc. ~~~~

(2) S.~~.g., unusua l growth ~~M6~ t~,Q~iciM ~EE.D5

(3) Evidence of surface movement beyond embankment toe P.~pME. 
S

(4) MIscellaneous 
_________________________________________________

e. Drainage System

IL__ __ __ _



S _ _ _  _ _ • S 4 S S __ S 44 

4) Instrumentation S

C i ) Monumentatiori/Surveys L)&1~ER. 5~R4~AcE. 
~~~~ 

(~Ac~E1~ ~~~~ A~SNE

Aiko ~ EL~~ti) ~~~ Apc~ LC’Cs.

(2) Observation Wells ~~~~

(3) Welrs tc.~~ . S

(4) Piezometers jp~~~~~. 
S

(5) Othe r

5) Reservoir

a. Slopes 
~~~~~~ ~~~~~~~~~~~~ o~~.up.~a 

—

b. Sedimen tation 
_____________________________________________________

______-S 
•~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 5 4 4 ~~~~~~44

S S5 ~~~~~~~~~~~~~~~~~~~~~



-~~~~~~~~~~~~~~~~~~~~~~~ 
—

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

~~~ 

5- ’-

1

6) Sp i l iway(s ) ( i.nsr-1-u~i-rti t - 1  rats shianiel)

~~~~~~~~~~ 
(
~ rnM~ ~~ ~~~~~~~~~~

a. Genera l 
—

b. Pr Inc I pie Spill 
~~

y A ~~ccip~ L)AIER. ~~JR.fAC~ 4’
~

J
~ f~

I LE A1~~ ~ iHE S

O~~ p4E ~ PtLLS~)A~ C
~~~ T ~~DECA~~~ v~ q. AUC~~MEIJT S

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

c. Emergency or Aux iliary Spiliway ~~~~

~~~~~~~ d. Condition of Tn-il- rae. channel — H®~,c~ .wER

e. Stability of Channel side /slopes 
___________________________________

— -44 — -~~-~~44—-



- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

I

7) Downstream Channel
I

a. Condition (debris , etc.) ~

b. Slopes i..I/A

c. Approximate number of homes Icc(+) H~M . 2 ~T~ PAR~
or ~~~~~~~~~~~~~~ ~ °r M A ~~~ts LLE

8) Misc el l a n eous _________________________________________________________

- _____—— S 44 S S S
SSS 5 - - 5~~~~~5_5_~~~

_ _ _ _ _ _ _ _ _ _ _ _ _ _  S 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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S 
-

9) Structura

S 
a. Concrete Surfaces ‘5f~4u.E.D ~~~~~ (~ ~~~~~~~~~~~~~ ~~~ Lcc~. i~cj~j~

°~ ~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ ~r LCCK u~AU~~ .U p4E 0M6

~~f 
A~~ApL~~ 

~~ ~~

a•)  - LCx~

F~CA~ T CO~~~~ TE D~ Tt2.LOQA~ o.J

b. Structura l Crack i ng NOk~E

c. Movement - Horizontal & Vertical Ali gnment (Settlement) kpp.~ .

d. ,~Junctlons wi th Abutments or Embankments _____________________________

~‘~‘T~ ~A1~~~Ac7~Q~
-

e. Dra i ns - Founda t io n , Joint , Face _
~ / A

f. Water passages, conduits , sluices _______________________________________

t4~~. - E~A’.~ 
~ 

je~~~~ ~~~~~~

g. Seepage or Leakage EA
~T — ~~~~~~~~~~~~~ S

- 
~~~PAC~. (~ O~ E.. W~~~L 2- Jo1,~.t r ~ ~~~ I~iE ~~.OCi~L C~ (~&~jEMp E~~~CRESf

OtJjE~. RD~ .E~~A~~ U.)A~L ~..A ~
‘ AR.EA~~ (~

fi.Ac~E ~~t:~
’(+) 

~~~~~~~~~ 
C9.~ i~ °r DAM

S S
~~~ 5 5 S~~~~~~~~~ 5 -  ~~~~~~~~~~~~~~~~~~~~~~~



to

h. Joints - Construction , etc . 
•

1. Foundation APPEM~, i~r ~~~ O,~i ~~CC~ c~~ ( E~PE~JT ~&?P&Ki LOLk.. ~)A~

DBA)A1F11
~
o RcX~ /I~,H~LE. REJ.~EA~9 U~~jQEAM. DC~~~, ~~~i~~~cH

ii.) •~ AM~ 44 LOcApod A~ A~ii.i~ c~

j. Abutments 
___________________________________________________________

k. Control Gates 4r,,.I E

I. Approach & Outlet Channels i4/A

m. Energy Dissipa tors (plunge pool , etc.) ~~~~~~~~~~~~~

n. Intake Structures ~~~~~~

o. Stabi lity 
______________________________________________________

S 
p. Miscellaneous 

_______________________________________________________

s—s 

5 5.- S - s*~~~~~dI* t LL  -
- 
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ENGINEER ING_DATA AND COMP UTATIONS 



Locv. ~ ONA~~
?A~~~I%IIJ4 IC’IILLE.

CHECK LIST FOR DAMS
HYDROLOG IC AND HYDRAULIC

ENGINEERING DA TA

AREA -CAPACITY DATA :
eAI~~~E. CAMAL LmqUP~ - BCO
Elevation Surface Area Stora ge Ca pacity

( f t. )  (acres) (acre—ft.)

1) Top of Dam ~~~0 350 
_ _ _ _ _ _ _ _ _ _ _

2) Design High Water
(Max. Design Pool) 

________  ___________  ______________

3) Awuklt rT flpt l lurs yr
Qreot 109 O~ LOCK 

__
~~~_fl.0 3S0 (o(oB5

4) Pool Level with
Flashboa rds NA 

____________ ________________

5) Service Spiliwa y
Crest (,T.5 ~(o0 34~ O

I 

__________________
DISCHA RGES 

-

Volume
(cfs )

1) Average Daily NA

2) Spiflvay ~ Hsnt.~~ u1&h Uater TOP °F LOCK 71,ça~oo
3) Spiliway @ Design High Water 

____________

4) Spiliway @ Auxiliary Spiliway Crest Elevation 
____________

5) Low Level Outlet NA

6) Total (of all facilities) @ Maximum High Water 
— I~~~~Loo

7) Maximum Known Flood I~ 010O0

B) ~~~~~~~~~~~~~~~~~ ~~~~ON EA~5TI$~&c~ MACffl,~àE&%? (‘~ 
o~it~~) 

-
~ -tOo~~u4

- (D043Q&e~)S 

o~’s.&ATtP4c.~— 5895

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



S S

- a

CREST: ELEVATION: (oT.5 (~co)

Type: ~~~~~~~~~~~ ce
~

c
~~~~~ 

CAP c1~ J... ~~~ &c~C~~~; P EaA
~T C c ~~~~~A~

,
S 

Width: 3cIc~ ~~~~ Length: 70cD’(+)
S Sp 11 lover 

~~ .cp R~E. ~~ p4 °F c~~ET
Location

S SPILLWAY:

PRINC I PAL . EMERGENCY

~T.5 Elevation 
________________________________

&~tR~~D Ccs~C. CAP o~E ~~DI1~ . Type 
~4OIJSE. S

~~~~~~~~ ~~~ i~j i~~CL. ~ ‘I~c,3) Width ________________________

S
’ 

Type of Contro l S

I Uncon tro l l e d ______________________________

Control led

_______________________________ 
Type 

_________________________________

(Flashboards; gate)

________________________________ Number _________________________________

700’ 54’ue/Lerigth 
_________________________________

Invert Material 
_________________________________

Anticipated Length
of operating serv ice ____________________________

___________________________ Chute Length _______________________________

4’ Height Between Spiliwa y Crest _________________________
& Approach Chan nel Invert

(Weir Flow)

It—
. —.44 -~~~5 -~ 

S

— — —~~~~~~~——  _~~~~~~~~~~~ — 44— - -_44 - _  —— —— — c’- - — —  ~~~~~~~~~~~~~~



3

OUTLET STRUCTURES/EMERGENC Y DIWJD Ottfl r~e IL IT ItS:
Type: Gate /  Slu ice  Conduit 

_______ 
Penstoc k 

_______

Shape : LOCK 3

Size: 46’ X 410’

Elevations: Entrance invert 
~IO~MAL PGOL ~ 675+

Exit In~s r* ~ CQJ4AL RlLti)A1ER. (
~ 4~,.o±

Ta lirace Channel : Elevation 

~fr.
HYDROMETEROLOGICAL GAGES: S

Type : 
~~ FF ~~~E ~~~~~~~~~~~ co~ o~~ ~~~~~~ e

Location: o~ R~ ~~~~~ ~~~~ ~~~ ,-1g.~ .AM °r DPM L’
~f i tEA

~
k ~ LLI~~tEAM

S Records: 
( )

Date - Io/ I~?~7 i~ 9/I~95t~, / Io/l9IE.~ To

Max. Read ing - HEAt I’.(~,7
’ 3/?B/l913 / ~~~~ 7,~.4 ‘/ 1/1949 ~D$~~HAW~E I~ O~GOO Cj -b / ~t~~j$~~: (~~7 ou 3/L9/193(o

FLOOD WATER CONTROL SYSTEM : / S

Warn ing System: Noi.A.~

Method of Controlled Releases (mechanisms):

N OI.~E 

_ _ _ _  
S.

~~~~~~~ S S - -~~~ --— -S.— 5- 
4444 ~~~~~~~~~~~~ -44-44- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ S
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DRA I NAGE AREA: 4500 E~ Mu.~~

DRAINAGE BASIN RUNOFF CHARACTERISTICS:

Land Use - Type: 
~~~ 

- 
c~~ h.i~~ i~~ ADt~ IN~AOAC~~ I4b~.)k~p~iti AREA

Ter rai n - Relief: 
~.E.’1Aiio~~, U5~

4
~ 

ip +70 ~ DAM)
Surface - S o i l :  YAQIEEI

S Runoff Potential (existing or planned extensive alterations to existing
(surface or subsurface conditions) S

Potential Sed imentation problem areas (natural or man—made; present or future)

L 

Potential Backwater problem areas for levels at maximum storage capacity
including surcharge storage:

Dikes - Floodwalis  (overflow & non-overflow ) - Low reaches along the
Reservoir perimeter:

Location : @ 
~~~~~~~~ D~~ EMIT OF - ~~P 0 ~ rH~

Elevation : .w±

Reservoi r:

Length ~ Max imum P00 1 
~t (Miles)

Length of Shoreline (
~ Spiliwa y Crest) P.s/A (Miles )

44

S. S



- 
5~~5- 5 5 5 4 4 4 4  5-~~~~~~~~~~~~~~ 5~~~~~~~~~~~~~~

__________________

GA .17 ~4/ 7O) NEW YORK STATE DEPARTMENT OF ENVIRONMENTAL CONSERVATION

P R O J E C T  G R I D
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Water rights to utility3,917,
By RICHA,RD BANT~AR1 appeared to include contingencies,

Staff Writer “We re not in the paper business ” LoCkwood said , refernmz
MECHANICVII I.E — The water rights of the former to the bank’s willingness to sell otf the null property . He said

Saratoga B~ i-d ~~~. , ‘ CorDoration. dt’scnbed by a study of the he is tcntativel~ ‘chcduh’d to he in Mcchanic~ 1~~C U~ur9d,8y
New York St1ik’ Army Engineers as one of the 10 most and said the bank is “still open” to any otters from local
des irab le sources of low - cost energy fl the United States, will concerns.
be sold to the Ne’~ York State Electric & Gas Corporat ion. S

-S Robert Lo(kuood, o ’ ,ss ’l for the City National Bank of
Detroit whii 11 01’ t~ t l’ .IOt r nu ll propert y , said from Detroit
Thursday. that the bank has signed a “tentative agreement ”
with NYSE&k ;. ,;s~corulr.~ to Lockwood, the utility will pay
“less than” $2.1 million for the rights.

Neither Lockwood nor Daniel Collins, Berkshire District
Area manager for NYSE&G . would elaborate on the sate. ft
was not known if the purchase by the utility would involve the
M1fl s defunct hydroie~tric plant which includes 2Z’ • cycle
regenerative equipment.

Collins said the utility would issue a press release sometime
today or Saturday.

Lockwood said one of (he officers for NYSE&G , Larry
Sweetland. an industrial development manager based in
corporate hcl ,~~1,4r~ r~ s~ Rur,5ihamtl3n, h~s been harid~n&~negotiations with the bank since City National successfully bid
$2.000 0O1 for the rml property Feb. 19.
A spokesman for NVSE&-G in Binghamton said Sweetland

was unavailab le for comment because he was on a Buffalo
business trip.

NYSE&-G oruginal~v ( lcd a letter of intent nearly two years
(or the purchase of the mill’s water rights to former Saratoga
Board Mills Corporation President Fly Sweet. According to a S

Nov. 29 referee ’s report filed by foreclosure attorney Pat
Keniry . the utilitY w as interested in purchasing appro~tmately
1.2 acres of null LI:id together with certain easements and
water rights.

Keniry s report ii~tvd the NVSE&(~ offe r at 52,015.000.
Lockwood said the bank was auaiting finalization f iom the

utility (or the oitt’r, ,\.~kesJ uhen the sale would be made, the
attorney could af te r no date , “We ’re ready.’ he sai(l.

k The Detroit law~er said the bank has received at least three
or four offers ts ,f the a ait’r ri.~ ~ sUite SYSE&G and lhc bank
began to nege’t~.ito Sonic ot the s~u1crs, he said were as his~h as

S $3 and $1 million. But, Lockwood said, the additional otters

-_____
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INPUT TO STABILITY \NALYSIS PROGRAM

INPUT ENTRY PROGRAM No .

Unit Weight of Dam (K/ft 3) 0

Area of Segment No. 1 (ft2) 1

Distance from Center of Gravity 2
of Segment No. 1 to Downstream
Toe ( ft )

Area of Segment No. 2 (f t2) 3

Distance from Center of Gravity 4
of Segment No. 2 to Downstream
Toe (f t)

Area of Segment No. 3 (ft 2) 5

Distance from Center of Gravity 6
of Segment No. 3 to Downstream 5 5

Tow (ft)

Base Width of Dam (Total) (ft) 7

}ieight of Dam (ft) 8

Ice Loading (KIt ft.) 9

Coeff icien t of Sliding 10

Unit Weight of Soil (K/ft 3) 11

Active Soil Coefficient — [(a 12

Passive Soil Coefficient — [(p 13

Height of Water over 14
Top of Dam or Spillway (f t)

Height of Soil for Active Pressure (ft) 15

Height of Soil for Passive Pressure (ft) 16

Height of Water in Tailrace Channel (ft) 17

Weight of Wate r (K/f t 3) 18

Area of Segment No. 4 (ft2) 19

Distance from Center of Gravity of
Segment No. 4 to Downstream Toe (ft) 20

S Heigh t of Ice Load or Active Water ( f t)  46
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Normal Conditions Ice Load of
5000 psf
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Reclamation and Soil Conservation Service. Many other agencies , educa-
tional f a c i l i t i e s  and p r iva te  consu l t an t s  can also provide expert advice.
Regardless of where such expertise is based, the qualification of those
individuals offering to provide it should be carefully examined and
evaluated .

4.3.4. Freeboard Allowances. Guidelines on specific minimum freeboard
allowances are not considered appropriate because of the many factors
involved in such determinations . The investigator will have to assess
the critical parameters for  each project  and develop its minimum require-
ment. Many projects are reasonably safe without freeboard allowance

- because they are designed for overtopping, or other fac tors minimize
possible overtopping. Conversely, freeboard allowances of several feet
may be necessary to provide a safe condition. Parameters that should be
considered include the duration of high water levels in the reservoir
during the design flood; the effective wind fetch and reservoir depth
available to support wave generation; the probabil i ty of high wind speed

- occurring from a critical direction; the potential wave runup on the dam
based ott roughness and slope ; and the ability of the dam to r’~sist
erosion from overtopping waves.

4.4. Stability Investigations. The Phase II stability investigations
should be compatible with the 3uidelines of this paragraph .

4.4.1. Toundation and Material Investigations. The scope of the foundation
and materials invest igat ion snould be limited to obtaining the information
required to analyze the structura l stability and to investigate any
suspected condition which would adversely affect the safety of the dam.
Such investigations may include borings to obtain concrete , embankment,
soil foundation , and bedrock samp les; testing specimens from th~.se samp les
to determine the strength and elastic parameters of the materials , including
the soft seams, joints, fault gouge and expansive clays or other critical
materials in the foundation; determining the character of the bedrock
including joints , bedd ing p lanes , fractures , faults, voids and caverns ,
and other geological irregularities; and installing instruments for
determining movements , strains , suspected excessi”e internal seepage
pressures, seepage gradients and uplift forces. Special investigations
may be necessary where suspect rock types such as limestone , gypsum,
sal t, basalt, claystone , shales or others are involved in foundations or
abutments in order to determine the extent of cavities , piping or other
deficiencies in the rock foundation . A concrete core drilling program
should be undertaken only when the existence of significant structural
cracks is suspected or the general qualitative condition of the concrete
is in doubt. The tests of materials will be necessary only where such
data are lacking or are outdated .

4.4.2. Stability Assessment. Stability assessments should utilize in
situ properties of the structure and its foundation and pertinent geologic

D- 18
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i n f o r m a t i o n . Geologic  i n f o r mat i o n  t h at  s h ou l d  be considered inc l udes
groundw at er  and seepage c o n d i t i on s ;  litholo~zv , scrati~ rapItv , .ind gcolo~ ic
de ta i l s  d i sc losed  by bor ings , “as-built ” records , and geologic i n t e rp re -
tation; maximum past overburden at site as deduced from geologic evidence;
bedding, folding and faulting; joints and joint systems ; weathering;
slickcnsides , and field evidence relating to slides , faults , movements
and earthquake activit y . Foundations may present problems where thes’
contain adversely oriented joints , slickensides or fissured material ,
faults , seams of soft materials , or weak layers . Such defects and excess
pore water pressures may contribute to instabilit y . Special tests may S

be necessary to determine physical properties of particular materials.
The results of stability ana lyses afford a means of evaluating the
Structure ’s existing resistance to failure and also the effects of any S

proposed modifi cations . Results of stabilit y analyses should be reviewed
for cpmpatibilitv with performance experience when possible.

4.4.2.1. Seismic Stabilit y . The i~nertial forces for use i~ the convon- S

t19flal equivalent st . i  t~~~ _ force me rh~ d o 1 a n tI ysts should be oht~ m e d  
-

multip lying the wei ght  by the se i smic  c o e f f i c i e n t  and s h o u l d  be app lied
H*hori zontfll force at the_center ot  ~r a v i tv  of the  sectjon or e1o~nent
The seismic co e f f i c i e n t s  su ggested for use with such an a ly s e s  ar e  l i s t e d
in Figures 1 through 4. Seismic stabi lity investigations for all h i g h
hazard category dams located in Seismic zone 4 a nd h i g h  hazard dams of
the hy d r a u l i c  f i l l  type in Zone 3 ~hou1d include suitable dynamic pro-
cedu res and analyses . Dynamic analyses for other dams and higher seismic
coe f f i c i en t s  are appropr ia te  i f  in the jud gment of the investigating
engineer the~’ are war ran ted  because of p r o x i m i t y  to . ict ive  f a u l t s  or
other reasons . Seismic stabilit y investigations should  u t i l i z e  “ s ta te -
of - the-a r t ” procedures involving soismolegica I and geological studies to
es tabl i sh  earthquake p .irametors for use in dynamic stabilit y a na l  ses
and , where appropriate , the dynamic testing of m ateri als. Stabilit y
analy ses max’ ~e based upon either t i m e - h i s t o ry  or r esponse spect ra  tech-
niques . The results of dy namic  ana lvses s hou l d  be s~;essed on the has is
of whether or not the dam would  have s u f f i c i e n t  r e s idu a l integrity to
retain the rese rvo i r  d u r i n g  and a f t e r  the g r e a t e s t  or most adverse
earthquake which  might  occur near the p r o j e c t  l oca t ion .

4. 4 . 2 . 2 .  C lay  Sh a l e  Foundation. Clay shale is a h i g h l y  overcon solida ted
sedimentary r ock comprised  p r e d o m i n a n t ly  of c ia  minerals , with little
or no cem e n t at i o n .  Found at ions  of c lay  shales require spec ia l  measure s
in stabilit y investigations . C lay  shales . particul arl y those c o n t ai n i n g
montm eri i i  oni t o , rl.tv he h i g h lv  suscept  ible  to exp ans ion  and consequ ent
loss of strength upon u n l o a d i n g .  The shear strength and the resistance
to deform a ti on of d a y  shaics may he quite low and h i g h  pore water pres-
sures may develop tinder increase in load . The presence 0 sl ick e n s i de s
in cla y shalos is u s u a l l y an indication of low shear stength . Prediction
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of field behavior of clay shales should not be based solely on results of
conventional laboratory tests since they may be misleadin g . The use of
peak shear strengths for clay shales in stabiiit~ ana lyses may be uncon-
sarvative because of nonuniform stress distribution and possible progres-
sive failures . Thus the available shear resistance n~ y be less than if
the peak shear strength were mobilized simultaneously along the entire
failure surface. In such cases, either greater safety factors or residual
shear strength should be used.

4.4.3. Embankment Dams . .

4.4.3.1. ~4~~efaction. The phenomenon of liquefac tion of loose, 3
saturated sands and silts may occur when such materials are subjected
to shear deformation or earthquake shocks. The possibility of lique-
faction must presently be evaluated on the basis of empirical knowledge
supp lemented by special laboratory tests and engineering judgment. The
possibility of liquefaction in sands diminishes as the relative density S

increases above approximately 70 percent. Hydraulic fill dams in
Seismic Zones 3 and 4 should receive particular attention since such
dams are susceptible to liquefaction under earthquake shocks.

4.4.3.2. Shear Failure. Shear failure is one in which a portion of an
embankment or of an embankment and foundation moves by s l id ing or ro ta t ing
relative to the remainder of the mass. It is conventionally represented
as occurring along a surface and is so assumed in stability analyses ,

S although shearing may occur in a zone of substantial thickness. The -

circ ular arc or the sliding wedge method of analyzing stability , as per- S

t inen t, should be used . The circular arc method is generally applicable
to essentially homogeneous embankments and to soil foundations consisting

- of thick deposits of fine-grained soil containing no layers significantly
weaker than other strata in the foundation. The wed ge method is generally

S app licable to rockfill dams and to earth dams on foundations containing
weak layers. Other methods of analysis such as th ose emp loying comp lex
shear surfaces may be appropria te  depending on the soil and rock in the

F darn and foundation. Such methods should be in reputable usage in the
S engineering profession.

4.4.3.3. Loading Conditions. The loading conditionó for which the embank-
ulent structures should be investigated are (I) Sudden drawdown from spill-
way crest elevation or top of gates , (II) Partial pool , ( I I I )  S teady
state seepage from spilIway crest elevation or top of gate elevation ,
and (IV) Earthquake. Cases I and II apply to upstream slopes only;
Case III app lies to downstream slopes ; and Case IV applies to both up-
stream and downstream slopes . A sunmiary of suggested strengths and
safety factors are shown in Table 4.

D-20
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4.4.3.6. Seepage Anal y ses. Review and modif ica tions to ori gina l
ssspag. design analyses should consider conditions observed in the
field inspect ion and piozomecer instrumentation . A seepage analysis
should consider the permeability ratios resulting from natural deposi- S S

tion and from compaction p lacement of materials with appr opriate S

variation between horizo ntal and ver tical permeability. An under-
s.spag. analysis of the embankment should provide a criti cal gradient S

factor of safe ty for the maximum head condition of not less than 1.5
in the area downstream of the emban kment. S

F S  • ia/i. — ~~ ~~~~ 
-Yw) (2)

H/D
b

• Critical gradient

S 1. — Design gradien t

S H — Uplift head at downstream toe of dam measured above
tat iwat er S

S He • The cr i t ical  up lif t

— The thickness of the top impervious blanket at the
downs tream toe of the dam 

S

— The estimated saturated unit weight off the material ii th e
top impervious bl..anket

- The unit weight of water

Where a factor of safety less than 1.5 is obta ined th e provis ien ‘~~ in
undsrseepage control system is indicated . t~ e factor of s.a f e tv  -~f 1 . 3
is a reconsnended minimum and may be adjusted by the respons i.~~1e ~n~~.i’~ø.r
based on the competence of the engirteerin~ d.a t a .

4.4.4. Concre te Dams and .~%ppur t enan t S t ru ct u r e s .

4.4.4.1. Req~iirements Eor_Stabi~~~ ;. Concret e dams and i t ructures
appurtenant to embankment c.t ims shou l.d be capah e of r~e a L a r L m ;  .~,.r-
turning , sliding and over s t ressing  v i th  adequate fact ’r 5 ; of sa~ or - ,~ ~‘r
normal and maximum loading conditions .

S 
D-2)

- .  -



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

. I

I

4.4.4 .2 .  Loads . Loadings to be considered in stability analyses include
the water load on the upstream face of the dam; the weight of the struc-
ture; internal hydrostatic pressures (uplift) within the body of the
dam, at the base of the dam and within the foundation; earth and silt
loads; ice pressure , seismic and thermal loads, and other loads as
applicable. Where tailvater or backwater exists on the downstream side
of the structure it should be considered , and assumed up lif t pressures S
should be compatible with dra inage provisions and up lift measurements if
available. tThere app licable , ice pressure shou ld be app lied to the
Contact surface of the structure at normal pool elevation. A unit pres-
sure of not more than 5,000 pounds per square foot should be used.
Normally, ice thickness should not be assumed greater than two feet .
Earthquake forces should consist of the inertial forces due to the
horizontal acceleration of the dam itself and hydrodynamic forces
resulting from the reaction of the reservoir water against the structure.
Dynamic water pressures for use in conventional methods of ana lysis may S
be computed by means of the ‘~Westergaard Formulas’ using the parabolic
approximation ( H . M .  Westergaard, ‘~Water Pressures on Dams During Earth-
quakes ,’~’ Trans., ASCE, Vol. 98, 1933, pages 418-433), or similar method.

4.4.4.3. Stresses. The analysis of concrete stresses should be based on
in situ properties of the concrete and foundation. Computed maximum corn-
pressive stresses for normal operating conditions i-~ the order of 1/3 -

or less of in situ strengths should be satisfactory. Tensile stresses
• in unreinforced concrete should be acceptable only in locations where

cracks will not adversely affect  the overall performance and stabili ty
- of the structure. Foundation stresses should be such as to provide S

adequate safety against failure of the foundation material under all
loading conditions.

4.4.4.4. Overturning. A gravity structure should be capable of tesisting
all, overturning forces. It can be considered safe against overturning
if the resultant of all combinations of horizontal and vertical forces,

S 
excluding earthquake forces, acting above any horizontal plane through
the structure or at its base is located within the middle third of the S

section. When earthquake is included the resultant should fall, within
the limits of the p lane or base , and foundation pressures must be accept-
able. When these requirements for location of the resultant are not •

satisfied the investigating engineer should assess the importance to
stability of the deviations .

4.4.4.5. Sliding. Sliding of concre te gravity s truc tures and of abutment
and foundation rock masses for all types of concrete dams should be evaluated .
by the shear-friction resistance concept. The available sliding resis-
tance is compared with the driving force which tends to induce sliding
to arrive at a sliding stability safety factor. The investigation should
be made along all potential sliding paths. The critical path is that
plane or combination of planes which offers the least resistance.

D-24
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4.4.4.5.1. Sliding Resistance. Sliding resistance is a function of
the unit shearing strength at no normal load (cohesion) and the angle
of friction on a potential. failure surface. It is determined by
computing the maximum horizontal driving force which could be resisted
along the sliding path under investigation . The following general
formula is obtained f rom the principles of statics and may be
derived by resolving forces parallel and perpendicular to the sliding
plane: S 

S

• V tan (~ + o~,) + —~-- CA (3) - ( S
S cos~~.(L - tan 6 tan O~~S )  

-

where

• Sliding Resistance (maximum horizontal driving force which can
be resisted by the critical path)

6 Angle of internal friction of foundation material or, where
applicable, angle of sliding friction

V — Sunination of vertical forces (including uplift)

c. — Unit shearing strength at zero normal loading along potential
failure plane 

-

A — Area of potential failure plane developing unit shear strength
“ C”

• Angle between inclined p lane and horizontal (positive for uphill S

sliding)

~‘or sliding downhill the angle O~ is negative and Equation (1) becomes:

• V tan (6 - o’- )  + CA (4)
‘ COS 0~ (1 + tan 6 tan~ ’ )

When the plane of investigation is horizontal, and the angle o~ is zero
and Equation (1) reduced to the following:

RR — V tan 6 + cA (5)

- D-25
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4.4 .4 .5 .2. Downstream Resistance. When the base of a concrete structure
is embedded in rock or the po ten t ia l  fa i lu re  plane lies below the base ,
the passive resistance of the downstream layer of rock may sometimes be
utilized for sliding resistance. Rock tha t may be subjected to high
velocity water scouring should not be used. The magnitude of the
downstream resistance is the lesser of (a) the shearing resistance S
along the continuation of the potential sliding p lane until it daylights
or (b) the resistance available from the downstream rock wedge along an 

S

inclined plane. The theoretical resistance offered by the passive wedge
can be computed by a formula equivalent to formula (3):

- V tan (6+ ~~~~~) + tan p tan~~~J 
(6)

• I :

• passive resistance of rock wedge

W • weight (buoyant weight if applicable) of downstream rock wedge
above inclined plane of resistance, plus any superimposed loads 

S

6 — angle of internal friction or, if app licable, angle of sliding -1
friction S 

1 
5:1

O~. — angle between inclined failure pJ.ane and horizontal

C — unit shearing strength at zero normal load along failure
plane

A — area of inclined plane of resistance

When considering cross-bed shear through a relatively shallow , competent
rock stru t , without adverse jo in t ing  or fau l t ing,  V and~~~. may be taken
at zero and 450 , respectively , and an estimate of passive wed ge resis-
tance per unit width obtained by the following equation:

— 2 cD (7)

where

D — Thickness of the rock strut

4.4.4.5.3. Safety Factor. The shear-friction safety factor is obtained
by dividing the resistance 

~R 
by U, the summatton of horizontal service

D 2 6

S 
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loads to be applied to the structure: S

— RR (8) H

When the downstream passive wedge contributes to the sliding resistance,
the shear fruction safety factor formula becomes:

Se_ f — RR + 5 
(9)

S a

The above direct superimposition of passive wedge resistance is valid
only if shearing ri gidi ties of the foundation components are similar .  S

Also , the compressive strength and buckling resistance of the downstream
rock layer must be sufficient to develop the wedge resistance. For
example , a fo unda tion with closely spaced , near hor izonta l , relat ively
weak seams might not contain su f f i cien t  buckl ing s t r eng th  to develop
the magnitude of wedge resistance computed from the cross-bed shear
strength. In this case wedge resistance should not be assumed without
resorting to special treatment (such as installing foundation anchors). 

-

Computed sliding safety factors approximating 3 or more for all loading S

conditions without earthquake, and 1.5 including earthquake , shou ld
indicate satisfactory stability , depending upon the reliability of the - S

strength parameters used in the analyses. In some cases when the results
S of comprehensive foundation studies are available , smaller safety factors
- 

S may be acceptable. The selection of shear strength parameters should
be fully substantiated . The bases for any assumptions ; the results of
applicable testing, studies and investigations ; and all pre-existing, -pertinent data should be reported and evaluated.
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