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PRE FACE

This report is prepared under guidance contained in the
Recommended Guidelines for Safety Inspection of Dams, for Phase I
Investigations. Copies of these guidelines may be obtained from
the Office of Chief of Engineers, Washington , D.C. 20314. The
purpose of a Phase I Investigation is to identify expeditiously
those dams which may pose hazards to human life or property. The
assessment of the general 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 darn will continue to represent the
condition of the darn 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 “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 spillway will not pass the test flood should
not be interpreted as necessarily posing a highly inadequate condition .
The test flood provides a measure of relative spillway capacity and
serves as an 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.

\ DDC TJU~
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PHASE 1 REPORT
NATIONAL DM1 SAFETY PROGRAM

Name of Darn: Dashville Darn
I.D. No. NY- 76
(#759—Lu)

State Located: New York

County Located: Ulster

Watershed: Lower Hudson River Basin

Stream: Wailk ill River

Date of Inspection: November 13, 1978

AS S ES S ~1E NT

Examination of available documents and a visual inspection of the
darn did not reveal conditions which constitute an immediate hazard to
human life or property. However, additional studies are recommended
to further evaluate conditions affecting the dam. Additional detailed
structural stability analyses should be commenced within six months and
completed within one year of the date of this report. Such analyses - 

-

should be performed in adcôfdance with the Corps of Engineers Guidelines ,
included in Appendix C. Aporopriate remedial measures deemed necessary
should be comp leted within two years of the date of this report. Minor
deficiencies found during the visual inspection were limited to concrete
surface deterioration and cracking. Such deficiencies should be corrected
during normal maintenance operations.

The spiliway, not having sufficient dl3charge capacity for passing
one—half the Probable Maximum Flood (PMF), is considered to be inadequate.
Because of relatively insignificant reservoir storage capacity at the dam , J
both dais non—failure and failure discharges routed over the spiliway at—
tam similar water surface elevations in the downstream areas. Hence , darn
failure from overtopping would not significantly increase the hazard to
loss of life downstream from that which would exist just before overtopping
failure.

_~~~~~~~~~~~~//2~~~
Geor ge Koch
Chief , Dam Safety Section
New York State Department of

Envtronmental Conservation
NY L~èens N~. 4 937

/ I
I //

Approved By: 
— 

- I
Col. Clark IL Benn
New ‘fork District Engineer-

Date: c2~? S~~;-~L~ ~
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I
DASHVILLE DA~M
I.D. No. NY—~~
(~t759 L.H.~

LOWER HUDSON RIVER !~ASIN
ULSTER COUNTY. NF’~ YORK

SECTION 1: PROJECT INFORMATION

1.1 GENERAL

a. Authorit y
The Phase 1 inspection reported herein was authorized by the Depart-
ment 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
This inspection was c ujucted to evaluate the existing conditions of
the darn, to identify ~1eflclencies and hazardous conditions , to  determine
if these deficiencies constitute hazards to life and property, and to
reco end remedial measures where required.

1.2 r~ESCRIPTION OF PROJECT

-i. Description of Darn and Appurtenant Structures
The Dashville Dam is ~i run—of_river, concrete gravity structure part
of which forms an ogee section. The dam is 370 feet long and varies
in height from 3 feet at the northwestern end to 38 feet at the south-
eastern end . There are flashboards , 3.5 feet in height , across the
spillwav crest. An operating hydroelectric power station is located
on the southeostern end of the darn. Four gates in the power house
control the flow into the hvdromachinerv units.

b. Location
The darn is located on the Wailkil l River , approximately one quarter
mile west of the hamlet of Dashville along State Route 21).

e. Si:e Classification
the dam is 38 feet high and the reservoir has a storage capacity of ~
acre—feet . Therefore, the darn is in the small size categorY as defined
by the Recon~ ended Guidelines for Safety Inspection of Darns.

d. Hazard Classification
The darn is classified as ‘significant ” hazard due to the presence of
several houses and the Sturgeon Pool Dam downstream of this structure . - 

-

e. Ownership
This dam is owned by the Central Hudson Gas and Electric Corporation
of Poughkeepsie , New York . Mr. Donald Otis (~ l~~ 452—2000 is the repre-
sentative of the utility who was contacted.

f. Purpose of Dam
The dais provides a storage pooi for the hydroelectric power station .

—1—
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g0 Design and Construction History
The dam was designed in 1919 by the J. C.. White Engineering Cor-
poration of New York and constructed between 1920 and 1922.

h. Normal Operating Procedures
Water is discharged primarily through the power house . According
to data provided by Central Hudson Gas and Electric , the average
discharge is 60 cfs during the su er and 203 cfs during the winter.

1.3 PERTINENT DATA 
_
: -

a. Drainage Area (square miles) 765

b. Discharge at Darn (cfs)
Top of Dam (without flashboards) 14,685

(with flashboards) 2,243

c. Elevations
Top of Darn — Northwest Abutment 174.0
Top of Flashboards 172.5
Spillwav Crest 169.0

4
d. Reservoir Surface Area (acres)

Top of Dam 300
Top of Flashboards 300
Spiliway Crest 9.6

\
e. Storage Capacitjr (acre—feet)

Top of Dam 965
Top of Flashboards 515
Spillway Crest 92

f. Darn
Type: Concrete gravity with appurtenant

structures

Length (feet) 370
Height Varies from 3 feet (Northwest End)

to 38 feet (Southeast End)

g. Spi11w~y
Type : Uncontrolled , gravity structure with

ogee and non—ogee sections and 3.5 foot
flashboards.

QSS.~. 
Non—Ogee

Weir Length (feet): 140 215
Crest Elevation : 169.0 169.0
Width ~ Crest (feet): 1.5

Upstream radius 3.0 —

Downstream radius 33.8
Slopes (V : H)
Upstream Vertical 1:1.25
Downstream 1:0.64 1:1

_ 1~~

I~
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_ _ _  

_ _ _ _ _ _ _ _

h. Reservoir Drain
None

1. Appurtenant Structures — hydroelectric Power Station
4 bays — each opening 10 feet wide

2 hvdromachinery units — ~ctal capacity of 2 megawatts

—3— 
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SECTION 2: ENGINEERING DATA

2. 1 DES IG;~

a. Geology

~he Dashvilje Darn ts located Lfl the .~al1K1ll ~allev segment o:
the Hudson—Mohawk lowlands phvsiograph ic prov ince  of New York
State. The valley is broad and covered with ~1~~cial d r i f t .  Tho

- - bedrock in the area was formed during the Ordovician era and con-
sists of interbedded greywacke , siltstone and shale. Fbe rock
strata has undergone significant folding.

b. Subsurface Information
No records of any subsurface investigations in the vicinit y ~f
this darn were available. The only information available was the
data submitted with the application to  construct the dam. This
data indicates that the foundation for the dam is bedrock which is
free of objectionable faults and seams .

c. Darn and Appurtenant Structures
The darn and power house were designed by the J.G. White Eng inee r ing
Corporation. Copies of several drawi.ngs from the project have been
included in Appendix H.

2 . 2  CONSTR UCTION RECORD S
Const ruc t ion  p lans  and some co r re spondence  f r o m  1) 19 are the  on ly
cons t ruc t ion  records  ava i lab le .  The records  ir. ’ica te  tha t  the dam
was c o n s t r u c t e d  in 1920—1922 under  the  supervision of the .C. Whi te
Eng ineer ing  Corpo rat i on .

OPERATI ~c RECORDS
There were no o p e r a t i n g  or w a t e r  level  r eco rds  ava i l ab le  f o r  th is
s t r u c t u r e .

2. 4 EVALUATION OF DATA
The data presented in t h i s  report was ob ta ined  from the  f i l e s  of
the Department of Environmental Conservation and from the Central
Hudson Gas and Electric Corporation. The information available ap—
pears to be adequate and reliable for Phase 1 inspection ~‘urposes.

t



SECTION 3: VISUAL INSPECTION

3.1 FINDINGS

a. General
Visual inspection of the Dashville Darn was conducted on November 13,
1978. The weather was overcast with the temperature near 350 F.
The water surface at the time of inspection was several inches
above the crest of the spiliway . Approximately 75 feet of flash—
boards on the nor thwes tern end of the structure had been opened
allowing flow over this part of the dam .

b. Darn — Spillway
Inspection of the main portion of the darn did not reveal any major
deficiencies. There were several small areas of spalling , surface
cracking and separation of the gunite near the downstream roe . Small
sections of the gunite had been removed , exposing por tions of the
steel reinforcing mesh. Near the midpoint of the darn, water flowing
along the bedrock foundation at the toe had scoured a channel in the
concrete. A triangular section approximately 3 inches high and 3
inches deep had been removed.

With the exception of the minor spalling and cracking of the gunite ,
the downstream face of the darn appeared to be in satisfactory con-
dition. However , since the face had been treated with gunite , the
condition of the concrete could not be observed.

Water flowing over the spillway in the area where the fl ashboards
were opened had scoured some of the backfill from beneath the north—
West abutment forming a small void. The abutment is founded on rock,
so this hole does not appear to be serious .

c. Appurtenant Structures — Powerhouse
Concrete surfaces on the powerhouse were spallirtg and deteriorated .
The intake structure has been repaired several times in the past 50
years. At the time of the inspection , divers were repairing the trash
racks .

The bedrock at the southeastern abutment was decomposed and fractured.
Howeve r , the concrete abutment appeared to extend far enough into
the rock to provide an adequate cutoff.

d. Downstream Channel
Water flowing over the spillway is carried away from the dam in the
natural channel of the Wailkill River. The channel is cut into bed—
rock and appeared to be capable of carrying all flows satisfactorily .

—5—

t



3.2 EVALUATION OF OBSERVATIONS
Visual observations did not reveal any serious problems which
would affect the immediate safety of the dam. However, the fol-
lowing minor deficiencies were noted.

• 1. Spalling, surface cracking and separation of the
gunite on portions of the downstream face of the dam.

- 2. The small tr iangular section of concrete which has been
scoured away at the downstream toe.

3. The minor void under the northwest abutment.

-
~~~ 4. The spalled concrete surfaces on the powerhouse.

I:

\

- t
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SECTION 4: OPERATION AND MAINTENANCE PROCE DU RES

4.1 PROCEDURE
Normal water surface is at or slightly above the sp iliway crest.
Flow is diverted through the power house for power generation.

4.2  MAINT ENANCE OF DAN
The downstream face of the darn was replaced in 1942 and 1952
using a gunite process. Maintenance of the flashboards occurs
annually.

4. 3 MAINTENANCE OF APPURTENANT STRUCTURES
The racks and assoc~Tated equipment on the power house intake structure
have been repaired or replaced several times in the pas t fifty years.
Other maintenance has been performed on the power house as necessary .

4.4 WARNING SYSTEM IN EFFECT
No apparent warning system is in effect.

4.5 EVALUAT T ON
Operation and maintenance of the darn is generally satisfactory ;
however , additional effort should be placed on m a i n t a i n i n g  the dam ,
to correct some of the minor deficiencies which now exist.

•

—7-i
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SECTION 5: HYDROLOGIC/HYDRAULIC

5.1 DRAINAGE AREA CHARACTERISTICS
The delineation of the contributing watershed to this dam is shown
on the maps t i t led “Drainage Area — Das hville Dam” (Appe ndix D ) .
With  the d rainage area encompassing some 765 square miles , the
Wailki ll River main stern travels approximately 89 miles from its
headwaters near Lake Mohawk in the Sparta Mountains of Sussex
County , New Jersey to the Dashville Darn s i te.  Major t r ibutaries
to the Wailkill River which have been gaged (US Geological Survey

• streamgages) include Rutgers Creek , Pochuck Creek, Quaker Creek,
and the Shawangunk Kill. Although there are no major lakes or
reservoirs within the basin , an area of some 25 square miles near
Pellets Island Mountain (Middletown , NY) significantly attenuates
flood flows on the Wallkill because of its flat and swampy terrain.
Much of the entire basin lies within the steep terrain of the Catskill
Mountain area, where large population centers relative to the size
of the drainage basin are minimal.

5.2 ANALYSIS CRITERIA
A limited amount of hyd rologic/hydraulic information was contained
in a Conservation Commission review of the application for construction
(October 23, 1919) plus a memorandum dated 11/3/1919 summarizing the
basic engineering data known about the proposed darn site. This data
concerned itself with the drainage area and the maximum flood of
record (Basis — 10 years of record), the design spillway capacity,
and the use of flashboards on the spiliway crest.

A second information source reviewed was a 1973 C.T. Main Inc. report
(7) completed for the present owner. The hydrology and flood study
portion (Appendix D) established a value for the standard project flood
(SPF) for use in determining if the spillway discharge capacity is
adequate. A review of a 1978 Phase 1 inspection report (5)for Sturgeon
Pool Dam (I.D. No. N Y—75) ,  located approximately two miles downstream
of Dashville Dani, established a value for the SPF peak inflow. This
SPF peak inflow can be considered indicative of the routed SPF peak
outflow from Dashville Dam, allowing for the increased drainage area
at Sturgeon Pool Darn.

A report (4, prepared in 1977 by Water Resources Engineers , Inc . ,  for
the Corps of Engineers established values for the SPF along certain
t r ibutar ies of the Lower Hudson River. The methodology described in.
this report employed the HEC—l computer program in developing a model
that correlated well with past known majo r sto rm events , i . e . ,  the
storms of Augus t 17—20 , 1955 and October 14—18 , 1955.

The analysis of the spillway capacity of this darn was performed using
streamf low gaging station records (Appendix D) and data contained in
the 1977 report for the Corps of Engineers . Using the HEC—l program ,
unit hydrographs were developed and routed through the Walikill River
valley and over the Dashville spillway . The spiliway design flood
selected for analysis was the Probable Maximum Flood (PMF ; approximately
twice the SPF) in accordance with the recommended guidelines of the
U.S. Army Corps of Engineers.

—8—
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5.3 SPILLWAY CAPACITY
The concrete gravity ogee and non—ogee sections with the flash—
boards act as the dam in forming the reservoir pool for the hydro— - -

electric power station. The ogee section is 140 feet long and the
non—ogee section, 215 feet long .

Discharges over the spillway were computed using weir flow relation—
ships for the representative water surface elevations analyzed. The
flashboards were designed originally, to fail when the head reached
approximately 10 feet above the spillway crest. Hence, all of the
analyses performed assumes no flashboards exist. Maximum theoretical
discharges through the hydroelectric power station existing machinery
(2 units ) was determined to be 2800 cfs.

The spiliway does not have sufficient capacity for discharging the
peak outflow from one—half the PMF. For this storm event, the peak
inflow is 68,735 cfs and the peak outflow is 68, 735 cfs, whereas
the PMF peak discharge is 147,100 cfs. The computed spillway capacity
is 14, 685 cfs.

5.4 RESERVOIR CAPACITY
The normal water surface is at or slightly above the spiliway crest.
Sto rage capacity for that water surface elevation is 92 acre—feet
and is obtained within 2378 feet upstream of the dam. Little flood
flow attenuation is achieved in the shallow—depth reservo ir . With
3.5 foot high flashboards in place, the storage capacity increases
to 515 acre—feet with the reservoir extending some 9 river miles
upstream toward New Paltz. At the top—of—dam elevation (top of the
North abutment), the storage is 965 acre—feet.

5.5 FLOODS OF RECORD
The maximum known discharge on the Walikill River was recorded upstream
at Gardiner, NY (DA of 711 sq. miles) on October 16 , 1955 when a gaged
flow of 30,800 cfs was measured.

5.6 OVERTOPPING POTENTIAL
Analysis indicates the spillway does not have sufficient discharge
capacity for either the PMF or one—half the PMF. The computed depths
of overtopping are 17.79 feet and 8.79 feet respectively. All storms
exceeding approximately 1OZ of the PMF would result in overtopping of
the darn, i.e. above the elevation of the top of the North abutment.

5. 7 EVALUATION
The sp illway capacity is inadequate for the peak outflow from one—half
the PMF. Because of the relatively insignificant storage capacity

— - available during these large storm events , bot h failure and non—failure
discharges routed over the spiliway attain similar water surface elevat—
ions in the downstream areas. Also , for such large storm events, high
water created by the Sturgeon Pool Dam reservoir would most likely occur
in the downstream areas. Therefore, the spillway capacity is considered
to be inadequate since darn failure from overtopping would not significantly
increase the hazard to loss of life downstream from that which would exist
just before overtopping failure.

—9—
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SECTION 6: STRUCTURAL STABILITY

6.1 EVALUATION OF STRU CTURAL STABILITY

a. Visual Observations
Visual observations of the dam did not reveal any sign s of major
distress. Minor spalling and surface cracking was noted in several
spots and water flowing along the downstream toe of the dam had
scoured a triangular area in the concrete approximately 3 inches high
and 3 inches deep. However, these deficiencies were not serious enough
to affect the stability of the structure .

b. Design and Construction Data
No design computations were available concerning the structural stability
of this dam. A stability analysis for this structure was performed in
1973 by Chas. T. Main of New York. The only construction records
available were plans for the structure prepared by the J.G. White
Engineering Corporation. - -

c. Data Review and Stability Evaluation
Structural and subsurface information was obtained from the 1919 con—
struction plans prepared by the J.C. White Engineering Corporation and
from the stability analysis which had been performed by Chas. T. Main.

A structural stability analysis was performed for this report since the
Main study did not analyze several of the conditions which are required
(ice loading, 1/2 PMF, PMF). The analysis was performed based on the
cross sections of the dam shown on the plans . Analvs~ were made of both
the high section on the southeastern end of the dam and the low section
on the northwestern end . 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 one—half PMF; a flow depth
of 13.8 feet over the spillway crest.

4) Water level at the elevation of the PMF; a flow depth of
22.8 feet over the spillway crest.

The analyses were performed assuming full uplift at the upstream toe
decreasing to a value equal to the hydrostatic pressure due to tailwater H
at the downstream toe.

The analyses performed (Appendix E) indicate that the factors of
safety against overturning and sliding for the high section on the south-
eastern end of the dam are as follows :

- FACTORS OF SAFETY
Case — (For 38 ft. high section) Overturning Sliding

1) Norma l Conditions 1.47 15.88
2) Ice load plus 1) 1.36 1.4.68
3) One—half PMF — Flow 13.8 feet 1.06 10.31

over spillway
4) PMF — Flow 22.8 feet over spiliway 0.93 8.40

-10-
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The factors of safety against overturning and sliding for the low
section on the northwestern end of the dam are as follows :

FACTORS OF SAFETY
Case — (For 5 ft. high section) Overturning Sliding

1) Normal Conditions 1.72 266
2) Ice load plus 1) 0.78 46
3) One—half PMF — Flow 13.8 feet 1.13 52

over spillway
4) PMF — Flow 22.8 feet over spillway 0.93 - 34

The stability analyses indicate a serious deficiency in the safety factors
against overturning for both the high and low sections of the darn. The
resultant force fell outside the middle third of the base for each of
the conditions studied. In several cases, the resultant force acted out-
side the Limits of the base.

The analysis which was performed for the structure under normal conditions
agrees reasonably well with the Chas. T. Main analysis . The other analyses
were performed for more critical conditions than those which were assumed
in the Main study and as a result , the safety factors are substantially
less than those listed in the Main report .

,d. Post Construction Changes
The downstream face of the darn was replaced in 1942 and 1952 using a gunite
process. This has been the only major post construction change.

e. Seismic Stabilicjr
This dam is located in Seismic Zone 1. Therefore , since the seismic coeff ic ient
is relatively small , a seismic s tab i l i ty  analysis is not warranted.

~
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SECTION 7: ASSESSMENT/RE COMMENDATIONS

7.1 ASSESSMENT

a. Safety
The Phase 1 inspection of Dashville Dam did not reveal conditions
which constitute an immediate hazard to human life or property.
The structure is not considered to be unsafe.

The spiliway , although not having sufficient discharge capacity for
passing one—half the PNF , is considered to be inadequate. A warning
system should be developed and placed in readiness for future use
during the occurrence of large storm events.

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

1) The physical condition of the mass concrete beneath
the gunited downstream surface of the spiliway .

c. Urgenqy
All of the deficiencies observed during the visual inspection can be
corrected during normal, continued maintenance operations.

d. Necessity for Additional Investigations
Because of the results of the Phase 1 structural stability analyses
obtained for the darn, a more detailed structural stability analysis
is recommended.

7.2 RECOMMENDED MEASURES

a) As a result of the detailed structural stability analysis to be
completed within one year of the date of this report, remedial
measures deemed necessary should be completed within two years
of the date of this report.

b) Ascertain the physical condition and integrity of the mass
concrete in the spiliway beneath the gunited surfaces, prefer—
ably through a coring program.

c) Correct the minor deficiencies occurring on the concrete
surfaces.

d) Develop and implement a warning system.

—12—
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VISUAL IN SPE CT ION CHECKL I ST

I) Basic Data

a. Genera l

Name -o f Dam f~As/l y/L~~ O~ I’~ —

I.D. I NY. 7~ ~ 7~~ L ‘~ ~

Location : Town ~~So PUS  County _______________

Stream Name L)A~~..r ~~~~~~ ~~~~~
Tributary of RoIjN4 Our

Longitude (W) , Lat i tude N

Hazard Category ~~~~~~~~

Date(s) of Inspection II/j~~/7f

Weat her Condit ions ~~~~~ ~~~~~~~~~~~~~~~
b. Inspection Personne l L) L_YAUC.~

c. Persons Contacted ~~~~~~~ OT ,~~ ~~ 
UICk 

~~~~~~~~~~~~~~~~~~~ C.H. G~~~~~~~c’~q,c..

d. History :

Date Constructed 1~~~I~~ 
‘
~~~~Z.

-Owner (~~~ 4~~~ .-4 . ~4J 4~~oAj (~~ ~
Des igner J. G (~J #,r ~ ~~~~~~~~~~~~~~~~~~~~ (~j~~~p

Constructed by -

2) TechnIca l Da ta

Type of Dam (QNC~~~T~ ~~~~~~~~~~~ ~ /OG~~ ~~~~~~

Dra inage Area 7(a5 ~G

Hei ght 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Length 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Upstrea m Slope ~~~~~ Downstream Slope ~AR. t ES



r
- 
1,) Instrumentation

( I )  Monumentatfon/Surveys NoA1~~

(2) Observation We lls ~~~

(3) Weirs N0~ �

(se) Piezometers s1~~~

(5) Other

5) Reservoir

a. Slopes Vi.~ -r, cAL (~.-i cey~RA~ Sp~~r~ — t~j c~~ Poc~ 4

b. Sedimen tation frsiON~~ ~~~~~~~~~~~~~

- —~~~~~~~~~~~~~~~~~~~ —-.---- ~--, — -- i— 

-- —----~~~



r ~~ 

- - -  - - - _ 
--- - --—-— 

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

6) Sp i f lw ay (s )  (inc ludinn ta i l  race channefl

a. Genera l ~~~~ ~~~/~ ‘r,~i ~~~~~~ 
- 

qiQ ,~~5

4çP~ozS ~4 L ~~ ~~~u r  ~~~~ SEC_ 7?oAi /~~~4ur 10 ~~~~~

~~E~~RE~~~ 
I /4E ~~~~~~~~~~~~ / -~~~~LS<~~

b. Princip le Sp i l lwa y O R . . c ~L~ ~ AA~ ~~ij T-M ~~~~~~~~~~~~~
, T  7lN ~E ~~~ 1 M~~~~E~~- T, Q M 4 PP~~~~~~,MA-’-’~~~~

~~ ~~~ ~~~~~~~~~~ ~~~~~ ~~~~ ~~~~
~~~ T/i~ oo~ g,

c. Emergency or Auxi l iary  Spi l iway Wo,¼I~E

d. Condition of ~~~I -r~~e channe l ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~E i~~~c~cfr C~~~~~e~

e. Stability of Channel side/slopes S 7ISFA C TÔk ’ t~’

- -

—~~~~~~ .— - -- ~~~~ - -



.— -- 
— - -~~~. --~~~~~~~~~ -

-

7) Downstream Channel

a. Cond tion (debris , etc.) ~/c~ j~

b. Slopes P44rL.~
,
~ kT(c~4L

c. Approximate number of homes ~~~~~ _~ P~~~~~~~& r ~~~ /N lM~~L~~rn~-~~

~~qMGE.~ 
(J,y’~-,.~ TH~~~~ fMP OuN 6ft\~~ tr F~~ 7

~~ c .Sr~~~~~~j

8) Miscellaneous

- 
. 

-

_ _ _  

A .
—.-—----—— 

- -

_ _ _ _ _ _ _  - k - -  - -  
- -.- _ _~~ -— ------ --- -~~ - - -~--~~~~-~~~~~ a---—-- -



9) Structura l

a. Concrete Surfaces 
~Pf.l ~~~ ‘-vc  7— o~ ~~~~ Wou�~~ (A ~~

8ci 7RE.c~S L)i~i_~.
Z 4 R GA S 

~~~~çAc ~~ S ~~~ ~~ E vr,,~ W~,~qr

b. Structura l Cracking 
~~~~~~~ 

- -
~

S.o l)\ .~ fu~~~ACE ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ /t1~~~ I~~ ~~~~~ 7~ ~~~~~~~~~

c. Movement - Horizontal & Vertical A li gnment (Settlement) ~~~~ IlI~vgai,~AJr

- -

d. Junctions with Abutments or Embankments Pu 074 C~J~~-~ - ~~~~ ~ kA~
No ArR EA~~~~~T ENA- V k/ .~~I-~ 0

~~~~~~~~~~~ IG 4r- E,y4 CR€sr ~~~

~~~~~~~~~ ~~~~ CoNrM ci- ~~~~~~ uT
~ i~T,~ 7-. ~~~srs ~ v

- ~~~~~~~~~ A1~o~~- -

e. Drains — -  Foundation , Joint , Face .I
~~ y1~~

f. Water passages , condu i ts, sluIces W0k.j~~

g. Seepage or Leakage AJE~~~ #~l’A&~c - 4p.i-~ ~~~~~~ W,~ rEk -ouJ.~
1AII~e-P,~ ~~~~~ ~~~~~~~~~ e€N~~4~

-N 
~ Go~vir~z- (‘- -~ <~i-~

7/1~ ~~~~~~~~~~~~~~~~ T h - R~~~
t A ~~~~~~~~~ ~~~~c 7 tcj, v 

~~~ ~~~~~~~ ~~~~~~~~ 3” kA’~
I 

- ~~~d’i4~~ AtI GA” 4~ ~~~~~~~~~~~~~~~ 
/~ ~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~ ~~~~~~~~• t u ~~~ ,~~ ~~~~~~~~~~~~~ A .. - -

~~~~ o ic ~~ (~~~~
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- - _ _ _ _ _ _ _

h. Joints — Construction , etc. ________________________________________

1. Found~tion 
~~~cs c~~r — G ~~~Q,~~ 

C~A,r~, - r ’c~AJ

J. Abutments ~ CT5~~
(
~~Ik1q r,,~JC , Rc~c~

k. Control Gates ~~~j L~r G1qr~~~.s ~~~~~~~~ ~~~~~~~~ Poujg~ /~ oo g~

1. Approach & Outlet Channels 
~~WA V

m. Energy Dissi pators (plunge pool , etc.) - — ‘k~~~~~M~ ~~~
EAI

~~~~C.k

n. Intake Structures ~ EP14,’~~~ ~~~~ ~~~~~~ M~A~ OAt

- ~~~~~ ~~~~~ ~~~~ 
(
~~r,q~r~ *r 7,,~~ ~~

- c I ~~TRUQ T ~~AJ -

o. Stability ~~~~~~~~~ Th S~7-1q~~ c

p. MIscellaneous 
_______________________________________________________
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DASH’J ILLE.
CHECK LIST FOR DAMS DAtv\

HY DROLOGIC A N D  HYDRAULIC
ENGINEERING aATA

AREA-CAPACITY DATA :

Eleva t ion  Surface  Area Storage Capac i ty
( f t . )  (acres) ( a c r e— t t . )

1) Top of ~~m~ Nj~ g~~ A~u1)~~~ 174.0 300 9~Q5 F
2) Design High Water

(Max. Design pool) 
_________ ____________ ________________

3) Auxiliary Sp iliway
Crest 

_________ ___________ —

4) Pool Level with
Flashboards I7~~.5 30Q G15

5) Service Spill.way
Crest 

_ _ _ _ _ _  
9.(a 9c~

DISCHARGES
Volume
(cfs)

- (cO
1) Average Daily (i94~ - l%I) ~~~~~~~~~~~~~~~ —

2) Spillway @ Maximum Hi gh Water ~~~~ m.o’
~ ~qooo

3) Spiliway @ Design High Wa te r - ~.IA

4) Spillway @ Auxiliary Spi l iway  Crest Elevat ion  
— ~4A

5) Low Level Ou t l e t  ___________

6) Total (of all facilities) @ Maximum High Wa ter 
____________

7) Maximum Known Flood 30 ~OO

e) ~~~ R - y R~c. c~~poP.~ ~~11~~Cj 
~~~~~~~~~~ ~~iq’~) ~ BO0 %?2pe~&L MAL.)

________ - ______ S 
- -- -- - -~~~~~~~~ - -



- -  

7
2

CREST : ELEVATION: 1T4 0

Type: cc~~c~
p

~~ ~ QA-~r~~ (cc ~~~ & ~~~ iL~ - ~~~~~

Width:  
_________________________  

Length: 5~ ,LLu~A~ + ~~~~ AP
~

jMELrl (.?5
’)

Sp i l lover  ~~rp~~~ LE~~C~Th ~ F CQ~€~T
Location

SPILLWAY :

PR INC IPAL EMERGENCY

______________________________ Elevation ~4Oi~J~ .

~~~~ -0~ EE Type _________________________

— 1.5 Wid th __________________________________

Type of Control

____________________________ Uncont rol led 
—

Controlled:

3.5’ F~~~~~~~AQ.D5 Type __________________________
(Flashboards; ) .

ACRD&6 
~~~~~ CREST 

Number ____________________________

355 /Length ____________________________________

I nvert Material

Antici pated Length
of operating service 

______________________________

______________________________ Chute Length ___________________________________

‘LAR.l,~~ 3 r~ Height Between Spillway Crest 
________________________

• 
- & .A pproach Channel Invert

(Weir Flow)

-L 

_ _ _ _ _ _ _ _ _  

-A ’
;

_ 
~~~ r~

_ _~ . .L_ _ _~ - 

- --— •——--
~~~~~~~

— - - - -  

-- -~



3

OUTLET STRUCTURES/Ej1ERGE~1Cy DRAW DOW ~J FACILITIES:

Type: Gate _______ Sluice 
_______ 

Conduit 
_______ 

Penstock 
_______

Shape : - cDi~iL~ THRtJ ~~~DRD~ 1’4CH~~~EQ.~ ~~~~ - - 
-

Size: -

Elevations: Entrance invert 153- 0

- Exit Invert

Tailrace Channel : Elevation 
~~ AILL.)A)~~~~ i~eo -

HYDRO1-IETEROLOG I CAL GAGES:

~~ C~SType : - 

~-j~~E REQo9.DE~.. ~ 37(5
Up

Location: C~ARDuJE~. ~~~ 4MILE~(I) ~~~~
- 
Records:

Date - SEPT t9~4~ i~ P~E~aJ~~

Max. Reading - 3o oOcf E~ o~ Oçç- ((~,~~I955

FLOOD WATER CONTROL SYSTEM :

Warni ng System: LkDi~4~

Method of Controlled Releases (mechanisms) : -

4?~~~~~~~~4~P.iE~ 1-? 
~-~‘T~’ 

_
~~~~~~~~

,.. - - :~~~~ ~:T~T~ ~~~~



_ _ _ _ _ _ _ _ _ _ _ _ _  --_ _ _  --_ _

4

DRA INAGE AREA : 7(c~ ‘~~~ MILE’~

DRAINAGE BASIN RUNOFF CHARACTERISTICS :

Land Use - Type: - A 1CuL 11J1~AL

Terrain - Re l ie f :  CA~~~KILL Mo~~~~i~~~ — 

-

Surface - Soil : ‘~~w~
-
~~~~~~ E’J~D~~jJCE °F ~~~I~~~7~T1~~ 

1~ I ~ I~8Z ear’
Runoff Potential (existing or planned extensive alterat ions to existing

(surface or subsurface conditions)

_
~~~/A 

-

Potential Sedimentation prob l em areas (natura l or man—made ; present or future)

p4/A —

Potential Backwater prob l em areas for l evels at maximum storage capacity
inc l uding surcharge storage:

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

Location: 
________________________________________________________

Elevation : - -

Reservoir: -

~ORJ4AL 
LE’I. rW.b

Length ~ Pool ELE~J. I(D9 O.4S (Miles)

Length of Shoreline (
~ Spil iway Crest) k3/A (Miles)

• - 

-

I_ __ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — - - -  ~1~~ - —-----
~~~~~~~~ 

- - 

- - - - - - —
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Dashvill e Dam NY—76

Dam Breaching — Downstream Flood Wave Analy sis

1) HEC —l DB requires the breached section to not be located at 4
an overflow section . At this site , the entire dam is an over-
flow section .

2) Initial analysis using suggested breach parameters resulted in
large errors between the computed and interpolated breach hydro—
graphs.

-I

3) Secause of the extremely short  time intervals  used in the breach
hvdrograph generat ion and the  re la t ively  long storm un i t  hydrograph
time interval , the TFAIL variable selected exceeded the upper limi t
of the suggested parameter  for  a concrete gravi ty  dam f a i l u r e  time
of 0.5 hours.

!+) Since both Q (sp il lwav) and Q (breach)  are assumed to + ccur  m dc—
pendently at the s ite in HEC —l DB analys is , the BRW ID value was
selected on the smaller side to min imize  dup l ication of the discharges .
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WALLKILL RIVER/SPILLWAY FLOODS

Results of previous analyses :

1) Original Desi gn (1919): 10 fee t  of overtopping @ 50,000 cfs

2) C T .  Main report (1973):  SPF inf low — 62 ,000 cfs
SPF routed out f low — 38 ,000 cfs

Unit  hydrograph derived from a September , 1960 storm

3) Corps of Engineers report (1977) :

(computer simulation @ New P a l t z )  SPF — 79948 cfs

Comparison of j~~wn recorded flood~~vs ~simulated floods1:

@

August 1955 30 , 300 cfs  30 , 255 cfs

October 1955 30 , 800 cfs  30 ,620 cfs

4) Phase I inspection report (1978) for  Sturgeon Pool Dam :

SPF inflow — 85 ,800 cfs

_ 
_ _  
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HYDROLOGY & FLOOD STUDY

-
~~~~~~~ The Dashvi lle Hydro Generating Plant , located on the Wa ilkit I ~~ver , commands an area of

J 
about 789 square miles and has been subject to many flood situations. - -

- The closest US.  stream gaging station is at Gardiner and commands an area of 7 1 1  square

~~~ miles and has a period of record extending from 1924, A return period analysis of the
annual peak flows was made and the results of this analysis are presented in Table I.

TABLE!
FLOOD FREQUEN CY

Return Period - Years Annual Peaks - cfs

2 9,100
5 14 ,300

10 18 ,000

“1 20 21.800
So 27 ,000
100 31300
500 - 41 ,900

1000 47 ,200

:i The flood of September 1960 was analyzed and adopted for use in the derivation of a unit
hydrograph for the Wailkill River at the Gardiner gaging site. To this wut hydrograph were

- 
applied the appropriate 1 2-hour rainfall excess va lues for the Probable Maximum
Precipitation (PMP ) , as taken from the Joint U.S. ~Veather Bureau - Corps of Engineers
Hydrome t eorolog ical Repor t No. 33 , and corrected for infiltration losses to obtain a
Probable Maximum Flood (PMF) at Gardinei-.

- 
A comparison of several major flood peaks showed a significant reduction in these peaks
from the Gar’diner gage to the Dashville Project. This observation led to the conclusion that
valley storage , a very common phenomenon in northerly or northeasterl y flowing streams in

I 
this area , was the cause for this reduction and so it was investigated further. Profiles of the

- 

- 1955 storms showed that this storage probably occurred upstream of Perrines ’ Bridge and

2

_ _ _ _ _
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the U S C & C S maps confirmed this hypothesis The hydrograph comparison between
- —‘i Gardiner and the project for the two floods of 1955 served to establish the intervening

~ — ..al valley storage quantitiatively so that a storage curve was derived.

- 
It is current practice to reduce the Probable Maximum Flood by 40 percent to 50 percent to

— - give a Standard Project Flood (SPF) for use in assessing spillway adequacy.

~i J Therefore, the PMF discharge ordinates were reduced 40 percent to obtain the SPF inflow

- - 
hydrographs which were in turn increased by a factor of 1.1 to compensate for the increase

- 

~ 
in drainage area between the Gardiner gage and assumed point of valley storage . This SPF
hydrograph was routed through the valley storage and over the Dashville Project spiflway.(

~ The peak SPF inflow into the natural storage was 62,000 cfs which was reduced by this
- 

storage to a peak outflow of 38,000 cfs. This outflow hydrograph was then routed over the
- project spillway with a peak discharge of 38 ,000 cfs and a maximum headwater surface

- elevation of 179.0 and a maximum tai lwater elevation of 142.0. Predicated upon the
- foregoing data , the SPF has a theoretical return period as an annual flood of about 500
- years. - 

-

- 
-
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INPUT TO STABILITY AN ALYSIS PROGRAM

INPUT ENTRY PROGRAM No.

Unit Weight of Dam (K/fr 3) 0

Area of Segment No. 1 (ft 2) 1

Distance from Center of Gravi ty 2
of Segment No. 1 to Downstream
Toe ( f t )

Area of Segment No. 2 ( f t 2) 3

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

Area of Segment No. 3 ( f t 2) 5

Distance from Center of Gravity 6
of Segment No. 3 to Downstream
Tow ( f t )

Base Width of Dam (Total) (ft) 7

Heigh t of Dam (f t) 8

Ice Loadin g (K/L f t .)  9

Coefficient of Sliding 10

Unit Weigh t of Soil (K/f t3) 11

Active Soil Coef f ic ient  — Ka 12

Passive Soil Coefficient — Kp 13

Hei ght of Water over 14
Top of Dais or Spillway (ft)

Hei ght of Soil for Active Pressure ( f t)  15

Height of Soil for Passive Pressure (ft) 16

Height of Water in Tailrace Channel (ft) 17

Weight of Water (K/fr 3) 18

Area of Segment ~~~‘. 4 (ft~) 19

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

Height of Ice Load or Active Water (fe) 46
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STRUCTURALSTABILITY ANALYSI S -

A structural stabili ty analysis of all wa ter retain ing structures in the ir flnal altered condition

was performed to veri fy that the structures would be stable under the assumed loadings as

presented in Table Ii. The results of the analysis , as presented in Table IV , indicate that  the

structure s are stable under the loadings as assumed . Tables II and III  list the loading cases

checked and values and assumptions used in the above analysis.

The safety factors of the structures were checked with respect to OVertU! ’fling and sliding at
-
~~~~ their bases , and computations were made to check the foundation pressures at this

elevation.

The sa fety factor with respect to overturning is the ratio of the forces (the weight of

structure) times their lever arms (moments) tending to prevent the structure from tipping to •

the forces (moments) tending to tip the structure (the water pressure exerted on the

upstream face and beneath the structure). Any safety factor that is equal to 1 .0 would

theoretically indicate that the structure is stable , with any lesser value placing it at the verge

of being unstab le . By re fering tO Table IV . under the column headed Z M r ; Z  Mo , for all

cases considered , the structures are stable with respect to overturning.

3

~~~~~~~~~~~~ - - -  L. - ~~~~~
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Th e safety factor with respect to sliding including shear-friction resistance is the ratio of the

~~ forces tending to resist sliding; namely, the frictional resistance due to the net weight of the
structure sliding along its -base and the resistance due to the shearing strength developed
between the structure and its rock foundation , and the forces tending to promote sliding ;
namely, the water pressure at t he upstream face. It is normal ly accepted that this ratio be as
a minimum 5.0. By refering to Table IV . under the column headed Ss f  for all cases

~~ considered , the structures are stable with respect to sliding.

During the last field inspection it was noted that silt had accumulated to within 1-1/2 feet
~~~ from the top of the flashboards at the left abutment and was impeding their removal , it was

decided that  the addi t ional  pressure resulting from the silt  should be incorporated into the
-
~~~ stability analysis to reflect this observed condition.

I .

I TABLE JI -

CASES USED
- STABILITY ANALYSIS

- Case I Normal Levels (proposed)
H. W..L. = 170 .0 T.W .L. = 133 . 75
Up lift Included

Case II Standard Project Flood Water Levels
H.W.L. = 179.0 T.W .L. = 142.0
Uplift Included
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TABLE III

~! 
VALUES AND ASSUMPTIONS

- 
. - STABILITY ANALYSIS

~~ 

CONCRETE SECTIONS

I . Nomenclature

~~~~~~~~~

a z H = Summation of Horizontal Forces

I z v = Sum mation of Vertical Forces

z 
~‘1R = Summation of Resisting Moments

Z M0 = Summation of Overturning Moments

I = Factor of Safety Against Overturning
Z

“I Z H = Coefficient of Sliding .

T
2. Unit weight of concrete - 150 lbs/cu. ft.

• 3. Unit weight of water - 62.4 lbs/cu. ft. -

~~ 4. Silt pressure : The horiz ontal silt pressure was assumed to be equal to 1 4(h 5)2 lbs.
- where h~ 

= hei ght of silt . Unit weight of silt -90 lbs/cu. ft.

- [ 5. Uplift Pressure : The pressure was assumed to vary linearly from full h eadwater pressure
at the upstrea m side to full tailwater pressure at the downstream side taken over 100%

T 
of the base area.

6. Sliding (Shear included ) For a discussion and explanation of terms. see Hydr oelectric
- i [ - 

Handbook by Creager and Justin .  John Wiley & Sons , Inc. , Second Edition - Page 34 1.

s f Z V + r S a A
Z H

— 
Wh ere:

- 
é.. Ss.f Shear Friction Factor of Safety

I 0.75; r 0.5; Sa 380 psi : A Area ol hase I 
-

b- 
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Reclamation and Soil Conservation Service. Many other agencies , educa-
tional facilities and private consultants 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 paran’.eters 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 factors minimize
possible overtopping. Conversely, freeboard allowances of several feet
may be necessary to provide a safe condition . Parameters tha t 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 probability of high wind speed
occurring from a critical direction ; the potential wave runup on the dam . 

4

based on roughness and slope; and the ability of the dam to resist
erosion fr om over topp ing waves.

4.4. Stability Investigations . The Phase II stability investigations ~ 1
should be compatible with the guidelines of this paragraph.

4.4.1. Foundation and Material Investi2ations. The scope of the foundation
and mate rials inves t iga t ion  should be l imited to obtaining the informat ion
required to analyze the structural stability and to investigate any
suspected condition which would adversely affec t the safety of the dam. - -

Such investigations may include borings to obtain concrete , embankment ,
soil foundation , and bedrock samples; testing specimens from these samples
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 , bedding planes, fractures , faults , voids and caverns ,
and other geological irregularities; and installing instruments for
determining movements , strains , suspected excessive 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. Stabil~~,~_Assessment. Stability assessments should utilize in
situ properties of the structure and its foundation and pertinent geologic

D-l8
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information. Geologic information that should be considered includes
groundwater and seepage conditions; lithology , stratigrap hy, and geologic
details disclosed by borings , “as-built ” records , and gealogic interpre-
tation ; maximum past overburden at site as deduced from geologic evidence;
bedding, folding and faulting; joints and joint systems ; weathering;
slickensides , and field evidence relating tc slides , faults , movements
and earthquake activity . Foundations may present problems where they
contain adversely oriented joints , slickensides or fissured material ,

- 
e faults , seams of soft materials , or weak layers . Such defects and excess

pore water pressures may contribute to instability . Special tests may
be necessary to determine physical properties of particular materials.
The results of stability anal yses afford a means of evaluating the
structure ’s existing resistance to failure and also the effects of any
proposed modifications . Results of stability analyses should be reviewed
for c,ornpatibilit y with performance experience when possible.

4.4.2.1. Seismic Stability . The inertial forces for use in the conven-
tional eguivalent static force method of analysis should be obtained bv
mu l tip lv ing~~ he wei ght  by the seismic c o e f fi c i e n t  and should h e a ~ p~ ied
as a horizontal force at the center of gravity of the section or element.
The seismic coefficients suggested for use with such analyses are listed
in Figures 1 through 4. Seismic s t a b i l i t y  inves t iga t ions  for  all  high
hazard category dam s located in Seismic Zone 4 and h igh  hazard  dams of
the hydraul ic  f i l l  type in Zone 3 should 5 r ~clude s u i t a b l e  dynamic pro-
cedures and anal yses . Dynamic anal ys es for  other dams and higher  seismic
coefficients are appropriate if in the judgment of the investigatin g
engineer they are warranted because of proximi ty  to ac t i ve  fa u l t s  or
other reasons . Seismic s t ab i l i t y  inves t iga t ions  should u t i l i ze  “ s t a t e-
of - the-ar t” p rocedures involving seismological  and geological s tudies to
establish earthquake parameters for use in dynamic s t ab i l i t y  analyses
and , where appropriate , the d ynamic tes t ing  of materials. Stability
analyses may be based upon either time-history or response spectra tech-
niques. The results of dynamic anal yses should be assessed on the basis
of whether or not the dam would have s u f f i c i e n t  residual integrity to
retain the reservoir during and after the greatest or most adverse
earthquake which might occur near the project location.

4.4.2.2. Clay Shale Foundation. Clay shale is a highly overcon~olidated
sedimentary rock comprised predominant ly  of clay minerals , with little
or no cementation. Foundations of clay shales require special measures
in stability investigations . Clay shales , particularl y those containing
inontmorillonite , may be high ly susceptible to expansion and consequent
loss of strength upon unloading. The shear strength and the resistance
to deformation of clay shales may be quite low and high pore water pres-
sures may develop under increase in load. The presence of slickensides
in clay shal es is usuall 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 misleading. The use of
peak shear strengths for clay shales in stability analyses may be uncon-
servative because of nonuniform stress distribution and possible progres-
sive failures. Thus the available shear resistance may be less than if
the peak shear strength were mobilized simultaneously along the entire
failure surface. In sucri cases, either greater safety factors or residual
shear strength should be used.

• 4 .4 .3 .  Embankment Dams.

• 4.4.3.1. Liquefaction. The phenomenon of liquefaction of loose,
saturated sands arid 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
supplemented by special laboratory tests and engineering judgment. The
possibility of liquefaction in sands diminishes as the relative density
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 . I
embankment or of an embankment and foundation moves by sliding or rotating
relative to the remainder of the mass. It is conventionally represented
as occurring along a surface and is so assumed in stability analyses,
although shearing may occur in a zone of substantial thickness. The
circular arc or the sliding wedge method of analyzing stability, as per-
tinent, 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
veaker than other strata in the foundation. The wedge method is generally
applicable to rockfill dams and to earth dams on foundations containing
weak layers. Other methods of analysis such as those employing comp lex
shear surfaces may be appropriate depending on the soil and rock in the
dam and foundation. Such methods should be in reputable usage in the
engineering profession. 

-

• 4.4.3.3. Loading Conditions. The loading conditioni for which the embank-
sient structures should be investigated are (I) Sudden drawdown from spill-
way crest elevation or top of gates , (II) Par tial pool , (III) Steady
state seepage from spillway crest elevation or top of gate elevation,
and (I V) Earthquake . Cas es I and II app ly to upstream slopes only;
Case III applies to downstream slopes; and Case IV applies to both up-
stream and downstream slopes. A suusnary of suggested strengths and
safety factors are shown in Table 4.
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4.4.3.6. Seepage Analyses. Review and modifications to original
seepage design analyses should consider conditions observed in the
field inspection and piezometer instrumentation. A seepage analysis
should consider the permeability ratios resulting from natural deposi-
tion and from compaction placement of materials with appropriate
variation between horizontal and vertical permeability. An under-

S seepage analysis of the embankment should provide a critical gradient
factor of safety for the maximum head condition of not less than 1.5

• in the area downstream of the embankment.

P.S ic/i Rc/Db ~ (Tm - Yw) (2)

RID1,

— 
— Critical gradient

• I Design gradient

N — Uplift head at downstream toe of dam measured above
tailwater

— The critical uplift

Db — The thickness of the top impervious blanket at the
downstream toe of the dam

— The estimated saturated unit weight of the material in the
top impervious blanket

- The unit weight of water

Where a factor of safety less than 1.5 is obtained the provision of an
underseepage control system is indicated . The factor of safety of 1.5
is a recomm ended minimum and may be adjusted by the responsible engineer

• based on the competence of the engineering data.

4.4.4. Concrete Dams an~~~ppurtenant Structures.

4.4.4.1. Reauiremerits for Stability. Concrete dams and structures
• appurtenant to embankment dams should be capable of resisting over-

• turning, sliding and overstressing with adequate factors of safety for
normal and maximum loading conditions.
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4 4 4 2 Loads Loadings to be considered in stabihtv ana l~ ses include
the water load on the upstream face of the dam , the wei~,ht 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 arid silt
loads; ice pressure , seismic and thermal loads , and other loads as
app licable. Where tailwater or backwater exists on the downstream side
of the structure it should be considered , and assumed uplift pressures
should be compatible with drainage provisions and uplift measurements if
available . Where applicable , ice pressure should be applied 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 agains t the structure .
Dynamic water pressures for use in conventiona l methods of analysis may
be computed by means o f the “Westergaard Formula ” usi ng the pa raboli c
approximation (H.M .  Wescergaard , “Water Pressures on Dams During Earth-
quakes ,” Trans., ASCE , Vol 98, 1933 , pages 4 18-433) , 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 com-

pressive stresses for normal operating conditions in the order of 1/3
or less of in situ strengths should be satisfactory . Tensile stresses
in unreinforced concrete should be accep table only in locations where

• cracks will not adversely affect the overall performance and stability
of the structure . Foundation stresses should be such as to provide
adequate safety against failure of the foundation material under all
loading conditions .

4.4.4.4. Overturning. A gravity structure should be capable of resisting
all overturning forces. It can be considered safe against overturning
if the resultant of all combinations of horizontal and vertica l forces,
excluding earthquake forces, acting above any horizontal plane through
the structure or at its base is located within the middle third of the
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. Slidin~ . Sliding of concrete gravity structures 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
p lane or combination of planes which offers the least resistance. •
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4.4.4.5.1. S Hd in g  Resistance. Sliding resistance is a function of
the unit shearing strength at no normal load (cohesion) and the angle
of friction on a potentia l failure surface. It is -determined by
computing the maximum hor izonta l  dr iv ing  force which could be resisted
along the sliding path under investigation . The following general
formula is obtained from the princip les of stat ics and may be
derived by resolving forces parallel and perpendicular to the sliding
plane:

• V tan (6 + ~.) + 
CosOL(l - tan ô tin o~. )

where

RR 
• Sliding Resistance (maximum horizontal driving force which can

be resis ted by the critical path)

6 — Angle of internal friction of foundation material or, where
app licable , angle of slid ing friction

V — Sunasatiori of vertical forces (including uplift)

c — Uni t shearing strength at zero norma l load ing along po tential
• failure p lane I I

A Area of potential fa ilure p lane developing unit shear strength
“c’s

— Angle between inclined p lane and hor izontal (positive for uphill
sliding)

b r  sliding downhill the angle 0 is nega tive and Equa tion (1) becomes:

R~ 
• V tan (6 - a’ ) + cA (4)

Cos O~ (1 + tan ~ tana’ ) 
-

When the p lane of investiga t ion is horizontal , and the angle o( is zero
and Equa tion (1) reduced to the following:

— V t a n ô + c A  (5)
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4.4.4.5.2. Downstream Resistance. When the base of a concrete structure
is embedded in rock or the potential failure p lane lies below the base,
the passive resistance of the downstream layer of rock may sometimes be
utilized for sliding resistance. Rock that may be subjected to hi gh
velocity water scouring should not be used. The magnitude of the
downstream resistance is the lesser of (a) the shearing resistance
along the continuation of the potential sliding plane until it daylights
or (b) the resistance available from the downstream rock wedge along an
inclined plane. The theoretical resistance offered by the passive wedge
can be computed by a formula equivalent to formula (3):

— W tan (6 + a ( ) + 
~~~~~ ~ tano~ j 

(6)

- passive resistance of rock wedge

V — weight (buoyant weight if applicable) of downstream rock wedge
above inclined p lane of resistance, plus any superimposed loads

6 • angle of internal friction or, if app licable, angle of sliding
friction 

. I ‘

— angle between inclined failure plane 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 strut, without adverse jointing or faulting, W and auc may be taken
at zero and 450, respectively, and an estimate of passive wedge resis-
tance per unit width obtained by the following equation:

— 2cD 
• 

(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 RR by H, the sununation of horizontal service
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loads to be app lied to the structure :

S5_ f — (8)

4
When the downstream passive wedge contributes to the sliding resistance,j , the shear f ruc t ion  safety factor formula becomes:

S5.f • RR + Pp (9)
H

The above direct superimposition of passive wedge resistance is valid
only if shearing rigidities of the foundation components are similar.
Also, the compressive strength and buckling resistance of the downstream
rock layer must be sufficient to deve lop the wed ge resistance. For
examp le, a foundation with closely spaced , near horizontal , relativel y
weak seams might not contain sufficient buckling strength to develop

t 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
conditions without earthquake, and 1.5 including earthquake , should :
indicate satisfactory stability, depending upon the reliability of the
strength parameters used in the analyses. In some cases when the results
of comprehensive foundation studies are available , smaller safety factors
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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