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_PREFAC E

This report is prepared under guidance contained in the
Recommended Guidelines for Safety Inspection of Dams, for Phase I
Investigations. Copies of these guidelines may be obtained from
the Office of Chief of Engineers, Washington , D.C. 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 dam will continue to represent the
condition of the dam at some point in the future . Only t~ro’agh frequent
inspections can unsafe conditions be detected and only through continued
care and maintenance can these conditions be prevented or corrected.

Phase I inspections are not intended to provide detailed hydrologic
and hydraulic analyses. In accordance with the established Guidelines,
the Spiliway Test flood is based on the estimated “Probably Maximum
Flood” for the region (greatest reasonably possible storm runoff), or
fractions thereof. Because of the magnitude and rarity of such a storm
event, a finding that a spiliway will not pass the test flood should
not be interpreted as necessarily posing a highly inadequate condition.
The test flood provides a measure of relative spiliway capacity and
serves as an aide in determining the need for more detailed hydrologic
and hydraulic studies, considering the size of the dam, its general
condition and the downstream damage potential.

£aes*ictiIb~
NDIS G~*&I

J ua t if l as t i .n  
— ______

By____________________
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PHAS E 1 REPORT
NATIONAL DAM SAFETY PROGRAM

Name of Darn: Ephratah Dam ( I .D .  No. NY 178)

State Located: New York

C~untv Located: Fulton

Stream: Caroga Creek (tributary of Mohawk River)

Dates ~)f Inspection: October 16 & November 3, 1978

ASSESSMENT

The Ephracah Dam is a buttressed concrete and cyclopean masonry structure.
The visual inspection revealed the following deficiencies :

1. 
- 
The concrete portions of the dam exhibit signs of major deterioration
as indicated by the extensi~~ seepage which appears on the down-
stream face. Gunite and epoxy injection treatments have failed
to control the flow. Cold joints formed during the concrete pouring
operations are believed to be the primary path for this seepage.
This deterioration may diminish the structural integrity of the
dam. Therefore, seepage and stability investigations are required
to determine the type and extent of remedial measures needed.

2. Repair the erosion on the upstream face of the earth embankment
near the north spillway buttress and place erosion protection
material. Monitor periodically the void observed at the toe of the
north spil1wa~ buttress on the downstream face to determine if
further movement is occurring.

3. Remove debris and silt which has accumulated in the outlet channel
of the reservoir drain.

4. Periodically monitor the steep slopes of the earth embankment to
determine if remedial measures are required to prevent erosion or
sloughing.

An engineering study should be initiated immediately and completed within
1 year concerning the seepage and stability investigations . The remaining
deficiencies require remedial work which should be completed within the next
construction season.

~
- The discharge capacity of the spillway is inadequate for all flow in

excess of 17% of the Probable Maximum Flood (PMF). The spiliway is not con—
sidered seriously inadequate, based on the Corps of Engineer ’s Screening
Criter ia , since the dam is a gravity structure and the stability analyses
indicate that the dam is not unstable during a PM? event.

_ _ _ _ _ _ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~ 
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Addi tional spiliway capacity rnay be achieved by permitting f low over
the arched s~etions of the darn , in which case the spiliway capacity would
approx .iaat. (.4% of the PMF.

George Koch
C~- t i ef , Dam Safety Section
New York State Department

o~ Environmental Conservation
NY License No. 45937

Approved By: L L —

Col. Clark H. Benn
New York District Engineer

/
Date: f
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~‘H ASE 1 IN SPECT I )N REPORT

~AT )NA L )A’~! SAFETY PRO ;RAM
E~’UR.\rAJ{ DAM L .D. No . NY 178

DEC : 4 5 ~
~!OHAWK RIVER BAS I N

)N /OUN T’.’ , NEW YORK

~ECT I~)N 1: P R O J E C T  R~L~ T I O N

1.1.

~~

The ~h i s~ I inspect i o n  r ep or : o -~ here in was a u t h o r i z e d  by t h e  De irtmen t
~f the Ar -nv , New Y or k  D i s t r i c t , Corps of Engineers , to  f u l f i l l  the
requirements of the National Dam Inspection Act , Public Law 92—367..

~ Purpose of Inspect ion
The purpose of this  inspect ion and report  is to investigate and
evaluate the existing conditions of the subject dam in order to
i d e n t i fy  J e ff c i en c i e s  and hazardous  c o n d i t i o n s ; determine i f  the’i
constitute hazards to human l i :e  or  p r o p e r t y  and recou~~end remedial
-nt~isures where riecossjry .

1. 2 :)~-:s 2i~r P T IoN OF PROJECT

i. D e s c r i p t i o n  of Dam and Ap p u r t e n a n t  S t r u c tu r e s
The E p h r at a h  Dam is ,i 760 f e e t  l o n g ,  b u t t r e s s e d  concre te  and cvclopean
masonry dam containing an ogee spillway , 3 arched sections , a concrete

~ravitv section and an earth embankment section. The maximum h-~ight

~r the dam is 65 feet. The ogee spiliway is 251 feet long and h3s a
crest elevation of 974 .15. The three buttressed arch sections i~ nediatelv
sou th of  the sp i l iway  are each 60 feet wide and have a cres t  e levat ion

~f 977 .13. The north buttress forms the  no r th  ed ge of the  spi l lwa~
m d  has a top elevation of 979.15, 5 feet above the spillwav crest. An
earth ethanktnent with a concrete core wall extends northward from the
north buttress a distance of 2 45  f e e t .  The top of the core wal l  is
at elevation 978 ± and the top of the earth embankment is at e levat ion
979±~ The top wid th  of the core wall  is 2 f e e t  and is sloped w i t h  a
b a t t e r  of  1/2 inch per f o o t .  A 3 f e e t  d iameter  reservoir  drain is
located at the base of the middle arched section. The flow of the drain
is controlled by a manuall’.- operated butterfly valve located in the
building at the toe of the dam. The power generation intake system is
located on the upstream face of the south abutment. A 6.5 feet diameter
wood stave pipe carries water from the intake 2 miles to the power plant.
All regulating outlets are operational.

b. Location
The E p h r a tah  dam is loca ted  on the Caroga Creek , a t r i b u t a r y  of t he
Mohawk River , at about 3/4 miles south of the Village of Ephratah .

c. Size Classification
The dam is 65 feet high and is classified as an “intermediate ” dam
(between ~O and 100 feet high).

—1— ~- - 
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d . Hazard Classification
The dam is classified as high hazard because of its location ,
about 3/3 miles upstream of the Village of Ephratah.

e. ~~nership
The dam is owned by Niagara Mohawk Power Corporation , 300 Erie
Boulevard West , Bui ld ing  D—2 , Syracuse , New York , 13202 , Tel:
(315) - .74—1 5 11 .

f. Purpose of the Dam
The dam provides storage for powe r development.

~~~~~ 
)esi gn and Construction History - -

The dam was designed by Barclay Parsons & Clapp, Consulting
Engineers, 60 Wall Street , New York for Mohawk Hydro—Electric
Company , 60 Wall Street , New York and was constructed by Empire
Eng ineering Corporation in the su~~er and fall of 1910.

h. Norma l Operat ing Procedure
W ater releases from the Ephr atah Reservoir are passed through the
intake located in the gate house on the southeastern side of the dam.
Flow regulation is provided by electrically operated inlet regulating
valves at the entrance to the inlet chamber. Water passes through
-i screen to the inlet chamber then to the penstock and through the -

~~

surge tank to the power house. Quantity of flow through the penstock ,
used for generation of hydroe lec t r i c i ty  depends on the water  level in - 

-

th e  reservoir .

1.3 PERTINENT DATA

a. Drainage Area (sq. mi) 52

b. Discharge at Dam Site (cfs)
Maximum known Flood: March 18, 1936 1,870

(El . 97 5 . 6 )
Spillwav at Design Pool (El. 977.15) 4,280

Ma ximum Capacity of Reservoir Drain 260
Maximum Capacity of Penstock 320
Total Discha r ge , Max. Pool 4 , 860
Average Daily Discharge Unknown

c. E levation ( f t .  above MSL—Datum)
Top o f Dam 979 .15
Max. Design Pool 977.15
Spillway Crest 974.15

-1. Reservoir
Length of maximum pool, miles 0.8
Length of Shoreline (Spillway Crest) miles 1.5
Surface area (Spillway Crest)  acres 30

e. Sto rage , (Ac re—fee t )
Spillway Crest 600
Maximum Design Pool 690
Top of Dam 750
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f .  Dam
Embankment Typ o :  Earth
Length ( f t . )  330

Butt ress Dam 3 arches @ 60 ft. l80 ft.

tmpervions Core Concrete Core Wall

Crest Elevation 979.15

Crest Width , ft. 12.00

Grout curtain None

g. Spil~~~~
Type: Ogee
Length , f t .  251

Crest Elevation MSL 974.15

Upstream Channel Not visible
Downstream Channel Slate bottom

h. Regulating Outlet
Upstream — 1. Inlet of reservoir drain

2. Inlet of penstock

Downstream — None

Penstock
Diameter (feet) 6 .5
Elevation, MSL 949.0
Capacity (cfs)  320

Reservoir Drain
Diameter (feet) 3
Elevation, MSL Unknown
Capacity (cfs) 260

—
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SECT I ON 2: E N G I N E E R I N C  DATA

2 . 1  DES IGN

a. Ceo logy
rhe E p h r a t a h  Dam is loca ted  In the  n o r th w e s t or n  p o r t ion  of the
“Hudson—Mohawk Low l ands ” physiograph ic provin ce of New York  Slate .
The p r o v i n c e  r e s u l t e d  I rum eros Ion a lon g  outcrop b e l t s  ot  weak
rocks between the  A d i r o n d a c k  and Cat  s k i l l  M~ un t a Ins  • en t  rally, the
p r o v i n c e  is of  low e l e v a t i o n  and rd i d .  Bedrock In  t he  v i c i n i t y
of  the dam is primarily Ordovic ian 500—4 35 ml 1 lIon v e . t r 5  a g o)  sk a te s
and sands tones  w h i ch  have been exposed 1w the  southward and wes tward
st r i p p i n g  ott of S i l u r ia n  and Devonian l imest on es . The p re sen t  s ur —
f i c i a l  soi l  depos i t s  have resul ted  f r o m  glac iat ions  d u r i n g  the
Cenozoic  Era (most recent 65 million year period) , the last of w h i c h
was the  Wisconsin ice sheet approximately 11,000 years  ago.

b. Subsu r face  Inves t iga tions
The ~Cenera1 Soil  Map of New York S t a t e ” prepared by Co rnel l  U n i v e r s i t y
A g r i c u l t u r e  Exper imen t  S t a t i o n  i n d ic at e s  t ha t  the  soil In t he  v i c i n i ty
of the  dam is C h a rlt o n .  Ch a r lt on  soils  ar e of g l ac ia l  t i l l  o r i g i n  and
res iduum f r o m  ch i st , gneiss , and g r a n i te .  This  soil Is .i s tony s i l t
and -~and w i t h  a t r a c e  of clay . Boulders  are numerous. Rock ou tcrops
occur  f r e q u e n t l y .  However , the  depth to b e d r o c k  Is ex t r e m e ly  v a r i a b l e .
rhe o v e r a l l  d ra inage  is good w i t h  a rate at  runot f dependent  upon the
degree of slope.  In t e r n a l  d r a i n a g e  i~m moderate.

c. Darn and Ap p u r t e n a n t  Structures
The da rn was designed by Barclay , Parsons ~ Klapp  Con s u l t i ng  Engineers ,
60 . Wal l  S t r ee t . New York , NY . All  d r a w i n g s  a v a i lab l e  have been included
in Appendix F. The desi gn ot  t h i s  dam inc ludes  a cvclopean masonr
sp i l l w a v  which is buttressed at both ends , three reinfor ced concrete
buttressed arch sections a g r a v i ty  dam se ct i on , and an emb ankment section
w i t h  a concre te  cure wall. All concrete elements are t ounded on and keyed
In to  the shale bedrock or hardpan . A r e s er v o i r  d r a i n  Is loca ted  at the toe
of the center  arch.  An in take  Is l o c at e d  at the s ou t h  end of the  ups t ream
face .  l~at er  is d rawn—off  f r o m  the  r e s e r v o i r  and t r an sm i t t e d  to the  power
house via a 78 inch d iamete r  wood s tave  p i p e .

2 . 2  CONSTRUCTION RECORD S
Na i n f o rm a t i o n  regarding the c o n s t r u c t i o n  of the dam was .- iv . i i  l ab le
o the r  than  the year  of cons t ruc t i on  and the c o n t r a c tor , t h a t  b e i n g
19 10—1 1 and Empire Engineering Corporation.

2 . 3  OPERATION RECORD
The reservoir  level Is recorded cont inuously  at the intake. Any o the r
information concerning discharges and maintenance is on f i l e  at  the
power house. No operating manual is available.

2 . 4  EVALUATION OF DATA
Some of the da ta  presented in thi s repor t  has been made ~t V a i  labl’ by
Mr .  Robert  Levet t  of N i a g a r a  Mohaw k Power Co r p o r a t i o n .  This information
has been invaluable  in the  p repa ra t ion  of th is repor t .  A l l  i n f o r m a t i o n
gathered appears adequate and reliable for Phase 1 Inspection purposes .

—4—
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SECTiON 3: VISUAL INSPECTION

3.1 FI NDINGS

a. General
Visual inspection of Ephra tah  Dam and the surrounding watershed was
conducted on October 16 and November 3, 1978. The weather was clear and the tem-
perature ranged in the thirties. The reservoir level at the time of
inspection was 973.0 or 1.15 feet below spillway crest.

b. Concrete Structure including Spiliway
The concrete port ion of the dam was gunited between 1969 and 1971
on the upstream face of the arched sections and on the entire down-
stream face. Considerable cracking and spalling of the gunite surfaces
were observed. Extensive seepage was also evident coining through and
under the gunite. Some downstream face drains placed through the
gunite to re1iev~ the seepage pressure were flowing full. Cracking
of structural concrete was observed at the crest of the arches. Cracking
extended completely through the top of the dam, but the gunite covering
masked the depth of the crack. Cracks were previously repaired and
have cracked again. Photographs taken by Mr. Levett during the reservoir
drawdown in October 1978 were viewed. They indicated that the upstream
face of the spiliway is experiencing separation along horizontal planes
which are assumed to be the location of cold joints during the pouring
operations. The separations are considered the potential source of ¶
the seepage observed on the downstream face. The structure is founded —

on shale bedrock which also provides energy dissipation at the toe of
the spiliway. The seepage and cracking noted above may be adversely
a f f e c t i n g  the s tabi l i ty  of the structure.

c. Earth Embankment Sections
The earth embankment portions show no signs of major distress. However,
the following problem areas were observed: Erosion of the upstream face
near the north buttress of the spiliway is probably due to wave acti9n
and the lack of energy dissipating material such as riprap. The void
and seepage observed near the toe of the spillway at the north buttress
may be related to seepage along the earth—concrete interface or related
to seepage from the jointed shale bedrock. The embankment slopes appear
to be excessively steep.

d. Regulating Outlets
The 36 inch reservoir drain is operational, but was unobserved due to
siltation of the outlet channel during the previous drawdown. The
hydro—electric generation intake and transmission system is operational.

e, Downstream Channel
The downstream channel is primarily shale bedrock and appears to be
in good condition. The reservoir drain channel has silted—in and requires
cleaning.

_____________ ____  -~~ -



f. Reservoir
rhere are no visible s igns of i n s t a b i l i ty  or s e d i m e n t a t i o n  i ’roblema
in the reeervoir area .

3.2 EVALUATION OF OBSERVATIONS
Serious deficiencies were observed which should be investigated
Immediately to  determine what corrective action is required , these
are the  seepage and development of structural concrete deteriorat ion ,
and ero sion  of the  ear th  embankment slopes near  the  n or t h  b u t t re s s  of
the  sp i l i way  near the rese rvoir  leve l on the  up sr  ream t a c o  and at  the
toe of the dam on the  downstream face. These dci I c i e n c  los  do not
represent conditions at in~~lnent  dange r, however , remedial a c t  Ion must
be undertaken as soon as possib le .  The mino r ~1et tclt !nc I ~; may be cor-
rected or monitored by maintenance fo rces .

I
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SECTION 4: OPERATION AND MAINTENANCE PROCEDURE

4.]. PROCEDURE
The Ephratah Dam is a power dam for Niagara Mohawk Power Corporation.
A 6,5 feet diameter wood stave pipe (penstock) carries water from
the reservoir to the power plant. The penstock is connected to a
surge tank before it reaches the power plant. The flow through
the penstock is controlled by a valve connected to an electrically operated
control mechanism located on the south—eastern side of the dam. A 3 feet
diameter reservoir drain located below the middle arch is operational. The
f low through the drain is controlled by a manually operated butterfly valve,
located in the control building at the base of the middle arch.

4.2  MAINTENANCE OF DAN
There is no operation and maintenance manual for the project. The
embankmen t is in good condition. The ogee spillway was treated with
gunite and f ace drains were installed about 8 years ago. The gunite
deteriorated and spalled in many places exposing wire mesh. There are
voids underneath the spillway toe and near the base of the north buttress.
There are cracks in the three arches and some calcification is evident.
Seepage was observed through spillway and arches.

4.3 MAINTENANCE OF OPERATING FACILITIES
The valves in the reservoir drain and in penstock are operational.

4.4 WARNING SYSTEM IN EFFECT
There is no warning system in e f f e c t  or in preparation.

- 

4 .5  EVALUAT ION
The spillway arid arches need repairs.

I
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SECTiON 5: HYDRAULIC/HYDROLOGIC

~~ • I DR A INA G E AREA CIIARACTER I STI CS
The Eptiratah Dam is located on the  C.iruga Creek , a tribut irv of t h e
Nohawk R i v e r .  The drainage aro.i at dam s i t e  is 52 square  m i l e s .  Th e
topogranhv Is c h a r a c ter i z e d  by s teep slopes i n ter s p er s e d  by nume rous
Likes and swamps.

ANALYSIS C R I T E R I A
Informati on on the  PMF f a r  Ep h r a t ah  Dam and its watershed was obtained
f r o m  the  UPPER HUDSON AND MOHAWK R I V E R  BASINS HYDROLOGIC FLOOD ROUTING

1~l-: L~ pr epar ed in l97f ~ f e r  t he  New York  D i s t r i c t  of the  U .S. Army
Corps of Enginee rs by Resource A n a ly s i s , In c .  In this s t u dy ,  the
r .ijnfjll—r unoff mathematic al model HEC— l was used to reconstitute the
ma jor historical floods and to simulate the Standard Project Flood (SPF).
Probable Maximum Flood (PMF) was considered as twice the SPF.

The Ephratah Dam and its watershed are located within the sub—area 16
or ~ho Mohawk Rive r Basin , Little Falls , N.Y. to Mouth. The computed outflow
resulting L rom one half PMF and P~~ are 12 ,500 cfs and 25 ,000 cfs respectively
(Appen-iix D).

S . I ~ ‘~ LLUAY CAPACITY
The t in gat ed  ogee spillwav is 251 feet long and the maximum
head pos ;ibLe between the  crest of the  sp i llway  and the top  of the  arches
is 3 feet. The top of the dam is 2 feet above the top of the arches.
The computed maximum capacity of the spiliway is 4280 cfs.

5.  -4 RESERVOIR CAPACITY -

rhe reservoir capacities at the crest of the spiliway and at the top of
the arches are 600 acre—feet and 690 acre—feet respectively. The storage
capacity curve is shown in Appendix D. The curve indicates a surcharge
storage above the spillwav crest of 91 a c r e — f e e t  which Ls equivalent  to
a runoff depth of .033 inches over the drainage area.

5.5 FLOODS OF RECORD
The hi ghest and lowest water levels recorded since completion of Ephratah
Dam are is fo l l ows :

Date Elevation Discharge

~f e e t )  ( c f s )

Highest 3/18/36 975 .6 1550 over spillwav
320 thru penstock

Lowest 10/5 /7 8 - ) 2 3 . O  0

5.6 OVERTOPPIN G POTENT iAL
The maximum capacities of the  sp i l lw av , penstock and reservoir drain are
4,280 cfs , 320 cfs and 260 c fs  r e s p e c t i v e ly .  The PMF outflow being 25 ,000
cfs , the sp iliway can pass only 17 .  of PMF and the spillwav coupled w i t h  the
penstock and reservoir drain can pass l9~ of PMF. Again , the spiliway

—8—
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alone can p ass  l~ a I one 11 alt l’MF c, 12 , ~0t)  c i  s ) and t he  s pt1 lwav coup led
w i t h  he pens t a ck  and l aw — l e v e l d rot ii can pass 39~ of one ha if PMF.

The dam , t e r etore , viii be overtopped b y  .‘ indies  and -, Indies of water
due t o  PMF and one half PMF respect iv e lv  .

E v A LUA r ION
p1 1 lwav s inadequat ‘ t o  p a s s  ~‘iie ha I I P M l -  . However , ha sod an

the Corps at  Fog b e e  r s Sc roen i ug Cr i t  a r i o , i t  is oat cons Ide red
s~’r ions lv i na dequ at e , s in c e  t h e  utah I l i t  v an .t  l v scs  conduc ted  (see

~ ec t ton C’ Icl i  i eyed adt ~qua te t i (  t ar s  at  s i t  a t  v during ave r t  ‘pp log

~~F oV ’t l t

t
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SECTION 6: STRUCTURAL STABILITY

6.1 EVALUATION OF STRUCTURAL STABILITY

a. Visual Observations
The visual observations did not indicate any signs of major distress
in connection with the earth embankment. The concrete structure ,
however, exhibits signs of major deterioration as indicated by the
excessive seepage which appears on the downstream face. Gunite and
epoxy injection treatments have failed to control this flow of seepage.
Cold joints formed during the concrete pouring operations are believed
to be the primary path for this seepage . Extensive engineering study
and rehabilitation will be required to control the flow of seepage.

b. De sign and Construction Data
No design computations or construciton information regarding the structural
stability of the darn are avAilable. A structural stabi1ity analysis was
conducted by Mr. Ralph J. DeStefano of Niagara Mohawk dated July 16, 1971.
The results of this investigation are as follows:

Case 1 — Water at normal pool: Elevation 974.15
Case 2 — Water at 100 year storm level (3,000 cfs): Elevation 976.2
Case 3 — Water at PNF level (46,000 cfs): Elevation 984.6
Case 4 — Same as Case 1 and includes ice pressure (5,000 lb/lf)
Case 5 — Same as Case 1 and includes Seismic analysis (Zone 2)

All cases assumed up l i f t  pressure at 100%.

Case Safety Factor Against Base Shear (Sliding)
Overturning Safety Factor

1 2.26 5.80

2 2.05 5.48

3 1.46 4.38

4 1.99 5.62

5 1.59 5.36
These results indicate that the structure is safe for all loading cases.
However, the potential failure planes located along cold joints have not
been evaluated. A stability analysis including this factor must be con—
duc ted as soon as possible, Further information concerning the stability
analysis is included in Appendix F.

c. Operating Records
No operational problems were reported which would influence the stability
of the structure.

—10—



I- -

~~ 
— ,-- ---- 

-~.-- —

d. Post—Construction Changes
The conc rete portion of the dam was gunited between 1969 and 1971,
first ott the upstream face of the arched sections and then on the
entire downstream face. Epoxy injection of the southern most arch
was started in the fall of 1976 and the spring of 1977, but discon’-
tinned due to budgetary conditions . The injection attempted to bond
the gunice to the structure without success.

e. Seismic S t a b i l i t y
The dam is located in Seismic Zone 2. A seismic analysis was conducted
in Case S described above.

~

/
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SF.C T t I~N :~ .\ SSE SSMENT/REC O~~1ENDAl ’IONS

‘.1 ASSESS MENT

a. Safety
The Phase I Ins pec t ion  of Eph r a tah Dam d id  not i n d ic a t e  cond it ions
w h i c h  con s t i t ute an i~~ e d i at e  h azard  to h uman l i f e  or p r o p e r t y . The
embankment Is not cons idered  to he u n st ab l e .  However , the  conc re te
porti on of the dam requi res  inune d ia te  [nv est i ~ at i on  and remedial
act io n t o  prevent  the development  a t  ha zardous  c on d i t i on s .

b. Ade~~iacv of I n fo rm a t i o n
I n f o rmat i on reviewed fu r  th e  purposes a t  the Ph a se 1 InspectIon report
is considered adequate.

c. Urgency
The seepage and stability investigations of the concrete portions of
the dam should be initiated i~~iediatelv , and completed within 1 year
f r o m  motification. Upon completion of these investi~ athrns, construction
should co~~ en ce i~~ ediate1v and the remedial work should be completed
w i t h i n 2 yea rs of n o t i f i c a t i o n .  The reconmiended measures l i s ted  in
sect ion ~~. 2 should be completed withrn the next  cons t ruc t  ion season.

~i. Need fo r A d d i t i o n a l  1nvesti~ at ion
~ o ~revenc the development at ’ po t e n t i a l  Lv h a z a r do u s  condi t ions , i n v e st i—
~ot ions  should be unde r taken to determine the  i n f l u e n c e  of the observed
seepage upo n the  s t a b i l i ty  at  th e  concre t e  s t r u c t u r e .

2 RFCO~~tENDED MEASUR ES

i.  R esu l t s  of the  afo rement ioned  i n v e s t i g a t ion s  w i l l  determine the
remedial  measures requ i red  fo r  the observed seepage and i t s  affect
up on the stab i l i ty .

The f o l l o w ing improvements can he accomplished by the maintenance  forces :

h .  E rosion of the upst ream face near the nor th  bu t t r e s s  of the sp i l lwav
requires  repai r  and place ment of erosion p r ot e c t i o n  m a t e r i a l .  The
~‘old obse rved at the toe of the n or th  bu t t r e s s  of the sp i l l w a v
(downstream face)  mus t be periodicall y monitored to aet ermine  if
f u r t he r  movement is occurr ing .

a .  Remove debris and s i l t  which has accumulated in the outlet channel
of the 36 inch reservoir drain .

d. Periodically monitor the steep slopes of the earth embankment to
determine If remedial measures are required to prevent  eros i on  or
sloug hing of these slopes .

e. I n i t i a t e  a program of per iodic  inspection and maintenance of the darn
and appurtenances.  Document t h i s  in format ion  far  f u t u r e  r e f er en ce .
.\lso , develop an operat ions  manual .

____ __ 
-
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Downstream Face of Dam and Embankment ILooking South
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North Wall of Third Arch (Northe rn most) Spiliway Crest Look ing North
note cracked and epa lled gunite and seepage
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Second Arch and low—leve l Outlet Control Building
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Top of Dam - Arched Section
Note Crack
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Penstock Control Mechanism
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CHECK LIST FOR DAMS
H YD ROL OGIC A N D  HYDRJUJ LLC

ENGINEERING DATA

A R A- CA P A CZTY DA TA :
- 

Elevation Surface Area Storace Capacity
(ft.) (acres) ~.acre—ft. )

1) Top of Dam c11~~.~ S ~ o -~~ 4 150

2) Design High Water I
( M a x .  Design pool) 

_ _ _ _ _ _ _  ~ o~~5(~ t ø R O

3) A u x il i a r y  Sp il iway
Crest 

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

4) Pool Level with -

F~ashboards _________ — 

—

5) Service Spiliway
Crest 

_ _ _ _ _ _ _  ~~~~~ ‘ O O  
_ _ _ _ _ _ _ _ _ _ _ _

‘4
DISCHARGES

Volume
(cfs)

1) Average Dail y

2) Sp i liway  @ Maximum Hig h Water __________

3) Spil lway I~~ Design High Wa ter 4 2~ SO

~
.) ~3pillway ~ Auxiliary Cp illw~y Cre-s-t Elavo t-fen ~ 2.~~

5) ~ev ~~vel Ou~ L t  ~~~“~~ ø u Drc~~ ___________

6) Total (of all facilities) @ Maximum High Water - ~~~~~
7)  Maximum Known Flood ~ ~~~ (~ 

S 1 5S ~~~~~~~ 
I, ~1O
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CREST : ELE V A T I O N :  
______________

Type : Cç~~~~~’r~ ~~~~“r rR~~~~S ~~~-‘.M

Width: 
~~~~~~~~~~~~~ ~~~~~~~~~~ ~~~~~~~~~~ Leng th : i~~o F E~~~ ~ i N C~~~~~ DUJ~~~ S P t L L~~~A’~

. 4 T~~~ ~~~~fr,,nJ~~~M~~ ssfr -

S p i l l o v e r  C~~~ E&  
-‘

Location ~jc~~~~~-~E s-r ~v

SP I LL W A Y :

PR I NC I PAL EMERGENCY

9 7 4’  % s  — E leva t ion  
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

____________________________  
Type ____________________________

__________________________________ 
Widt h __________________________________

Type of Contro l

__________________________  
U ncont r o l l e d  

____________________________

Con tr o l l e d :

____________________________  
Type I

(F lashboards; gate)

— N umber 
__________________________________

- Size/Length 
________________________________

I nvert Mater ia l 
___________________________________

Ant i ci pated Length
~~f operating service 

_____________________________

— Chute Length ___________________________________

~~~4 F.r .f - r Height  Be tween Sp il iwa y Crest  
____________________

& Approac’i Channel thvert
(Weir F J.o~ )

L :~~ 
- - - _________ —
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OUTLET STRUCT URES/EMERGENCY DRAWDOWN FACILITIES:

Type : Ga t e  
_______ 

S lu ice  - C o n d u i t  Y~ c Penstock ‘1~~~S

Shape :

S i z e : ( o S’ 
~~~~~~~~

Eleva t ions : Ent rance  Invert EL. 
~~~~ Pe-~~r~~.~

Exit Invert 
~~L- (~(~4

Tail race Channel: Elevation 
~~L ~ 1O

HYDROMETERO LOG ICAL GAGES:

Type : 
~~O’~J€

Location:

Records:

Date — ____________________ ________________
Max. Readi ng -

FLOOD WAT ER CONTROL SYSTEM :

Wa rn i ng System : ___________________________________________________

Method of Control led Re l eases (mechanisms) :

O I’J L”( 1~~~~~~O U C~~~t ~~~~~~~~~~ , ~~ A.1 E ~~~J ~~~~~~~~~~~

o~~~~~~~~~~re-~~ ~~~E-c-r Z c~~ ..L’c .

~

- T L

~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~ 
___

~~~~~~~~~~~~~~~~~‘-~~~~ “ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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DRA i NAGE AREA : ~~ 2.

DRA I NAGE BASI N RUNOFF CHARA CTER IST1CS:

Lan d Use - Type: 
____________________________________________________

Ter ra i n - R e l i e f :  
________________________________________________

Su rface - So i l : 
__________________________________________________

Runoff Potentia l (existing or planned extensive alterations to existing
(surface or subsurface conditions)

Potent ial Sed i mentation prob l em areas (~atura I or man—made ; present or future)

Poten tial Backwater prob l em areas For  l evels at maximum storage capacity
inc l ud i ng surcharge storage :

‘cC ~~ C:

I

Dikes - Floodwalls (.overflow & non—overflow ) - Low reaches along tne
Reservoir perimeter:

Location: __________________________________________________

Eleva t ion : 
_________________________________________________________

Reservoi r :

Length ~ Maxim um Poo l ___________________________________ (Mil es)

Leng th of Shoreline (
~ Spi li way Crest) -~~ ~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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FAOM R. J. DeStefano OAT L..1_G, 1971 FILE CODE______

TO Mr. R. C. Clancy SUBJECT Ephratah Hydro

Multiple Arch-Non-Overflow Darn
Stability Analysis

p

My stabili ty analysis of the multiple arch non-overflow darn,
Ephra tah Hydro , F .P .C.  Project No. 2706 , based on ou r r er~~nt field
dim en sions of the dam , indicate that all of the F .P .C.  criterias ’ are
satisfied, and the structure is stable ar~ainst all reasonable expected
1oadinr~s as azsu.rncd. Uplif t  is not usually considered in an arch
structure of thic tyDe and therefore was rJot included in the study .
Stability summary, Ske tch B , is included in the Appendix .

The five conditions analysed , using rock base at elevation
9114. 15, are as follows :

Case 1 - Water line at normal pond elevation of 9714.15.

Case 2 - Water line at maximum high water elevation of
j7~~.2 , which is our computed 100 year flood of
3,000 cfs.

Case 3 - Water line at maximu m probable flood elevation
of ~~~~~~~~ which was determined by F.P.C.
corresponding to a flow of L~6,oOo cfs.

Case ~4 - Same as Case 1 and includes ice.

Case 5 - Same as Case 1 and includes earthquake.

The full arch span of 60 feet was used for the water face
pressure acting on the buttress and only one-quarter of the arch span on
each side of the buttress together with the buttress section was considered
for base shear and overturning.

The usual allowable limits in the design of dams as determined
from F.P.C. discussions are as follows:

Factor of safety against overturning

1~inimum Preferred

Normal pond 1.50 2.00
Design high water - 1.25 1.50
Maximum probable flood 1.00 1.25

-~ ~~~
:-::--
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F;phratah I~~dro 
- Page -2-

Un i i  c11 1  ‘I \ I U 1 : 1 -  • a maXi num of I J~) 1  pounds per square inch
un l - -c~; ta ;ed on actual rock shear tests

R e sh~ 1 ! —  ~n f aU ’ t cr  c-f - - i t t y , usuall y 5, except for
t~ ie n~: i : :a :~ I~~’ uoaL U i t  l ’loed cc:id i t ion  when t4 is permissible.

The eer~~ut ~ ~I s t ab i l i ty  results:

~ .F. ’aira~t Base  Uni t  Base shear—fr ic t ion
c-U.’ - ~~~ a rn  U. :1’ shear , psi F. S.

Case 1 ~ .2tc 325 5.80 
—

C~sc 2 2.05 360 5. 148
I . I~~2 14 38

L:i S. - 1 .~~~ ? 351 5.62
case 5 ~~~~ 371 5.36

~ct Sa t  ~ 11 c-I . t ~~~U c - V  c- cc-~:p u t t  i vs I ucs are w i t h i n  the
F .P . C .  h a l  t.s :eaI t~. -r ~ for e  s h c - u l - i  sat isf y t h e  F . F . C .  requirements.

t~i scuss ions:

On D e J I -abt  r ~~ lai c -, t -h . P. 11 . lucker  u:~ t i:~tor aally with
~~~~~~~~~~~ c-sr i  M:~:’ ~a t an _ i Jack ~~‘ J ~ ~~U 1~~~~V c-I t h e  F .P . C .  i~arcau of Power in

~- a s I 1 i n C ten , D.C .  to ~iI s cus s  the stab ih i~ y a n al y si s  c-I the Ephratah ~~m .

~1r. ~s~~rlat sad detc~a~ised a :~a~~ir ~ Jn: probable flood of 146,000 c~~
w i t h  ht-ada -at ~~- r c-1eva~ ic -n of ~)‘d~ .0 af l a  m d i  (‘atud that our computed rock _ 

-

base un i t  s:IU -al’ va lse  c-I’ ‘-‘Os pc- i for  the 14~~,OOC e f s  flood condition was
tan t :i ~ - ~~~~ p si  that t h e  F .F.C. allows when no de t a i l ed  exploratory

information is available. U

Messrs. Marl att - and Slieple’,’ cc -nd us ied  t ha t -  t h e  best mea ns of
r s o 1 v U . s~ t h e  r och as i  t shear va1u~ would be to t a k e  b c-r ings  in the bed U

a a c-st t he ro -L cores for t :c actual U~~U~~U r va lu t - and if the unit
sac-u5 vsiuc y i .  id  -J a 5 : l t  a r — f r i c t i o n  f act or  c-I safety of ~4 t h t y felt the
darn s t a b i l ity  .~ouid be adequate.

Conclusions:

My ori~tinal computations that noted the ‘308 psi unit shear value
were based on our f i l ed  drawings that wer e not-ed “as bu i l t ” ; and these
same dia nsions are n o t e - I  in the F .P.C.  application drawing .  ~~ f ield
inspection colored photor~raphs indicated a much th icker  wall near top so
it sas decided to take actual field dimensions.

The actual fiEld dimension of the arch and buttress section were
taken April 20. 1971. The field dimension show the arch wall thickness near
the base of 7 feet inches compared to the 5 feet  0 inches as was noted
on the “as built” drawing.
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~7 .  H
1 ’ t : s i t a h  Itydro Pace — 3—

It x- : OL noluat - Ul therefore :

1 — Ras*’ c-n - - : ic ~ i .  t n - h  d i n - , - a s i c - : t . ; . t he  ‘ -
~~~ y ea r  old m u l t i p l e  arch

n c - n — c . . r ‘ I t s  ian ~~~~ a ‘i t d i i ’ - F .  I’ .C. c-ri tt- ria and is stable against
a l l  r - a a c t i t i  Ic ‘x l I~ U t  ~-d l a t ln c- s  as assumed.

2 — :n~ c - I U  1 5  c-a • is ~‘~a’ ’r , I’ h e . tr  a t  as r ( -qu ~-ct - ed by t h e  F .P. C. are
Ut ’ !‘ - - I U L r U I a s  5 - - o n , ; ’ at t  a uni t si c-ax v a l u e  is below the F.P.C.
. I I o-.~at Ic value .

3 — 1’s~’ F. 1’ .C. :a-p i ~‘c -  1011 t1t ’ ’s’i !l~~. Sbc-sI t n  ar c h  s t - e t  ion , should
be r v  i:a 1 t o  :t~~r t -c -  wjtn t~~e f i e l a  ~ii:::, -nc ie!u : and resubmitted to
t h e  F . P . C.

— fin s s ,h ’ct -..~~L [  1- U qu i r t - a c ’ r t i t ’ i~-d ia i~ ia~ ~n a a - c t  ion report to
1 -  s~ b~~~t t  U - .1 t o  t S t  F.IU . c- . w~ t n  ~ ‘ y t  a r c  r i f t t’r is’ date c-f the
I s r ; a l a c e  c I ’ I a Ii ~~~ ace . l’Sc- 1- ’. 1.  C. are  .auail ’ I ~ o-~’ requires  that

i U i t~~r ’. I. I sane  cI ion !a- crt. a .;o co n t a i n  an a n a l y  ci S c-f sp iliway
‘H’ IIUS ‘

~~ • U - ~~ c - v c r t - s n p i  nc- .  shou’d i t  occur , and stability of
• U r c t e L .~~~ ct rJ c tu re s

5 — As 1-n V i c -U S I v  not d , ou r ct ‘ it’ ill t y a na ly s i s  I c - n  t he mul t ip le arch
c-: — e v e r :  I c - -  a t  rn ct u nc - is n ’t ii - I c  a,~~tj  ac t  a as x hrn u nn lUrobal U Ic flood

I , U~~U U U . 1’ . i ‘-a1u ~ -,:as c - :v -a t c -  us by t h e  F .F .C .  and not
VU n i t  i -1 l’~ ins  Hit . ‘i’~a- rt fct’ n ’ , t is cu. - e c ~ id that t h e  final

1 - ‘nj  us ’ 1 e: - 01’ t t ’ ::s~ I :nni a r ’i ’nai- I U - c-~ U~ U. c-c-i ’ t l i t - n  wi t  a the spill— 
t e q u n n c v  , e f t ’~ c~ 01 c-’. I rt  c-c-nina and S t r i t U i l i  t v  ci ’ s t r uct u r e s  be

H I t’:’nira’J lv our Consult-ant- at tue t ine we art’ cctluircd to do so by ‘I

t h e  F.P.C.

— ‘T h e  revi a’. d st  :~b I t I t  y s  any for t t ie  mu l t ip i e arch non—overflow
san chculd be I I I U 2  bas is  t e n  our utur’.- in fo rmal  discussions with the
~

t .P.C.

4 , - i  ~~~~ c- is a cc-nv c-f t he  actual  fi  i l  J d i :nc -tns i  ons of the
:ir t’L J:e-i “c-H-I c i  A ” , -sa l a cc-U.’y c: :2 st a b i l i t y s~ca::nnu’y c-I ’ t h e  Ephratah
:nul I i ‘‘1 e n c - i n  t - s n — c ’.’ e :‘x ’Ic-w darn , ‘ Ske t ch B ’

Ri -c - er -nec Let  t e r :  ~r. R. C. Ch ancy t o  I i .  D. Phil ip,  dated
December it ,.~, l~~ ’(C , f u n - , r c - c t - —F .F .  C.  Project No .  c- 1-’Cc-—Ephratah.

If you need additional information , kindly advise.

Ralph DeStefano

RJD:cg
Attach.
cc: ,1 .W.K ej b

L.~iartin
J.J.Miller
}LD.Philip
P.D.R ay mond
W .L .Stahlka
P.H.Tucker
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LIST OF DRAWINGS: EPHRATAH DAN

1. Genera l plan of development

2. Elevation and sections of dam

3. Penstock connecting intake , surge tank and power house
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