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• Honorable Hug h L. Carey
Governor of New York
Albany , New York 12224

Dear Governor Carey:

The purpose of this letter is to inform you of a clar ification o~ the guide-
lines used by this office in assessing dams undei~ the National Program of• Inspection of Darns.

Office of the Chief of Eng ineers has recently provided a clarification that
dams with seriously inadequate spiliways are to be assessed as unsafe, non-~ern~rgency , until nore detailed studies prove otherwise or corrective neasures
are completed.

The follow ing darns in your state have previously been assessed as having
seriously inadequate spiliways, with capability to pass safely only the per-
centage of the probable ~~x iit~ui~ flood as noted in each report. They are now

• to be assessed as unsafe:

I.D. NO. NNIE OF D1~LM

N.Y. 59 I~ wer Warwick Reservoir Dam
N.Y. 4 Salisbury Mills Dam
N.Y. 45 I~mawalk Dam

• N.Y. 418 Jamesville Darn
N.Y. 685 Colliersville Darn
N.Y. 6 Delta Darn
N.Y. 421 Oneida City Dam
N.Y. 39 Croton Falls Dam
N.Y. 509 Chadwick Darn (Plattenkill)
N.Y. 66 I3oyds C1)rner Dam
N.Y. 397 Cranberry Lake Darn
N .Y. 708 Seneca Falls Dam

• N.Y. 332 Lake Scbago Dam
N.Y. 338 • Indian l3rook Dam
N.Y. 33 lower(S) Wiccopee Dam ([ower

• Hudson W.S. for Pcekskill)
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Honorable h ugh I.. Carey

1.1). NO. NAME OF DAM

N.Y. 49 
• 

ft cantico Darn
• N.Y. 445 • Attica Darn .

N.Y . 658 Cork Center Darn
• • N.Y. 153 Jackson Creek Darn

• N .Y. 172 Lake Alçj onguin Darn
N.Y. 318 • Sixth Lake Darn
N. Y. 13 &~tlet Storage Darn

• • N. Y. 90 • 
• Putnam Lake (Bog Brook Dam )

• N.Y. 166 Pecks Lake Darn
N.Y. 674 Brad ford Darn
N.Y. 75 Sturg eon Pool Darn
N .Y. 414 Skaneateles Darn
N.Y. 155 Indian Lake Dam
N.Y. 472 . Newton Falls Darn
N.Y. 362 I~ickhorn Lake Dam •

The classification of “unsafe” applied to a darn because of a seriously in—
• adequate spillway is not ireant to connote the sai~a degree of cn~ rgency as

• would be associated with an “unsafe ” classification applied for a structural
deficiency. It does nean , lowever , that based on an initial screening , and
preliminary: computations, there appears to be a serious deficiency in spill—

• way capacity so that if a severe storm were to occur, overtopping and failure
of the clam would take place , significantly inci~easing the hazard to loss of
life downstream from the darn.

• Consequently, it is adv isable to implenent the recomnendations previously
furnished in the reports for the above—mentioned darns as soon as practicable.

It is requested that owners of these dams be furnished a copy of this letter
and that copies be permanently appended to all reports previously furnished
to you.

• Sincerely yours , • •

• CLARK H. BCNt~
Colonel, Corps of Engineers
District Engineer
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Phase I Report

- 

National Darn Safety Program 
-

- Name of Dam: Croton Falls Dam

State Located:. New York

County Located: Putnam County

Stream: Croton River

1 
• . Date of Inspection: May 1—2, 1978

I • 

ASSESSMENT

The inspection and evaluation of the Croton Falls Dam did not reveal any problems
which require immediate emergency action.

The test boring program currently proposed by the owner should be completed this
èummer as scheduled. Follow up stabil3.ty and seepage analysis of the dam should
be completed as soon as practical.

Results of conservative flood routing conducted for this report indicated that
• the spillway will not pass the PMF or SPF. Based on this analysis the spiliway

is termed seriously inadequate as defined by ETL 1110—2 “Reviews of Spiliway
Adequacy.”

A more detailed hydrologic analysis should be con~1ucted to determine the extent
of necessary modifications to hydrologic controls.. Should the detailed study
conclude remedial modif ications are necessary they should be completed in the
near future. • 

•

- A monitoring program to evaluate inovemenr and seepage from the major crack in
the structure should be implemented as soon as possible.

J Approved by:_________________________
• P. Jeffrey K~~~41, P.E.I L.. ROBERT KIMBALL & ASSOCIATES

Registration No. PA 26275E

.1 
Approved by: ( I~~~~~~~~%~/V’7/I CLARK H. BENN -

Colonel, Corps of Engineers
District ngincer
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PHASE I INSPECTION REPORT
NATIONAL DAN SAFETY PROGRAM
CROTON FALLS DAN ID # 39

SECTION I PROJECT INFORMATION

1.1 General

a. Authority : Authority is provided by the National Darn Inspection Act
Public Law 92—367
Contract Number: DACW51—78—C--0025

b. Purpose of Project: Evaluation of non—Federal dams to identify dams
which are a threat to life and property..

1.2 Description of Project:

a. Description of Dam and Appurtenances: The Croton Falls Dam is a
cyclopean masonry gravity dam with a total structural height of 175
feet above the cutoff and 98 feet above final grade.
The emergency spiliway is a 700 foot long broad crested weir which
flows into a sloping and diverging (width) side channel. Below the
side channel control (at the approximate darn axis) the channel is a
concrete cascading exit channel with large baffle energy dissipators.
The principal spillway and water supply lines are controlled by a
concrete intake structure and gate house. The outlet works consist
of three 48” cast iron pipes.

b. Location: The dam is located in Putnam County near Croton Falls,
Westchester County, New York. The location of the dam can be found
on the Croton Falls, New York U.S.G.S. 7.5 minute series quadrangle
(see site location map).

c. Size Classification: The dam is a large size structure.

d. Hazard Classification: The Croton Falls Dam is a high hazard
potential structure.

e. Ownership: The dam is owned by the City of New York.

f. Purpose of Dam : The dam is part of the New York City zater supply
system.

g. Design and Construction History: The dam was designed by New York
City staff engineers. Construction began in September 1906. The
darn was put in service in June 1910.
The post construction chronology is as follows:
1912 — Repairs made to spillway.
1921—22— Downstream face shows signs of deposits from seepage through
the dam. Portions of face begin to deteriorate.
1923 — Spiliway modifications recommended.
1924 — Valves in gate chamber cracked , repaired in 1929.

3
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1942 — Erosion noted on upstream of over flow weir. Repairs were
recommended in 1959 and completed in 1960.
1975 — Seepage tests conducted by owner.
1977 — Merlin Copen,.P.E. retained to evaluate the condition of
Croton Falls Dam.

h. Normal Operational Procedures: Under normal conditions water is
discharged to the water supply system on an as—needed basis.
Maintenance and inspection are conducted by city staff stationed
near the dam.
Upper gate in the intake tower is operated periodically. The
lower gate and drawdown drain are not operated because trash screens
are not in place, therefore, it may not be possible to close the gates
or trash may pass into and- block the outlet pipes.

1.3 Pertinent Data

a. Drainage Areas: The drainage area is recorded as 168.64 square miles.
Parts of the drainage area are developed and parts remain in their
natural wooded state.

b. Discharge at Damsite:

Maximum known flood at damsite: October 15, 1955 — 3.24’ above
spiliway crest.

Spillway capacity at maximum design pool elevation: 16,500 cfs top of dam

Outlet works capacity at pool elevation: 1,800 cfs

Outlet works capacity at maximum pool elevation: 1,875 cfs

Total spiliway capacity at maximum pool elevation: 18,375 cfs (Top of dam)

c. Elevation: (feet above MSL)

Top of Dam : 322

Maximum Pool Design Surcharge: Unknown

Spillway Crest; 310.0

Stream bed at Centerline of Dam: 212

Maximum Tail water: Approximately 213.5 at fountain

Upstream portal invert diversion tunnel: 215

Downstream portal invert diversion tunnel: 212

d. Reservoir:

Length of normal pool: 17,500’

Length of maximum pool: 18,500’ (Top of Dam)4



e. Storage (acre feet)

Normal Pool: 43,500

Design Surcharge: Unknown

Top of Dam: 49,760

f. Reservoir Surface (acres)

Top of Dam: 1,324

t Normal Pool: 1,166

g. Dam:

Type: Gravity structure constructed of cyclopean masonry

Length: 1,070’

Height: 175’ above cutoff , 98’ above final grade

Top Width: 23’

Side slopes: Upstream—vertical above elevation 210’, below 210’ slope
is 0.25:1
Downstream — 0.56:1 above elevation 210’, below 210’ slope is 0.75:1

Cutoff : Approximately 10’ deep in rock

Grout Curtain : None known

h. Diversion and Regulating Tunnel:

Type: Three 48” C I pipes

Length: Approximately 100’ long

Closure: Gates at gate house on upstream face.

Access: From gate house

Regulating Facilities: Flow can also be regulated at toe to by—pass
flow into turbine station. The turbine station is used to drive a
pump which forces water into the water supply tunnel.

I
_ _



I .  1. Spillway: Spiliway Weir Side Channel Weir

Type: Broad crested weir Control section

Length: 700’ 60’

Crest Elevation 310’ Approximately 297.5’

Gates: None None

Upstream Channel: 5’ long Same as spiliway weir downstream channel

Downstream Channel: Open Concrete paved cascading spiliway 450’
• - and cut in rock 700’ long, wide

23—60’ wide

3. Regulating outlets: None None

V i
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Section 2: Engineering Data

- 2.1 Design: The construction drawings were made available at the city office.
No information on hydrologic or stability calculations.

- 2.2 Construction: No construction records were available for review.

2.3 Operation: Minor amounts of information on rainfall and repairs of the
• spiliway were available.

2.4 Evaluation: Good information is available on the physical dimensions of
• the structure. However, hydrologic and stability data is lacking to perform- .  a detailed analysis of the structure.

_ 
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• Section 3; Visual Inspection

3.1 Findings:

a. General: The Croton Falls Dam was inspected by L. Robert Kimball
and Associates and personnel from the City of New York on May 1
and 2, 1978.

b. Dam: The darn appears to conform closely to the design construction
drawings in most areas. The dam appears to be well maintained. Several
cracks are visible on the upstream and downstream faces. One
significantly large crack is present on the downstream face and can
be traced through the drainage gallery to the upstream face. These
cracks show evidence of seepage and have deposits of calcium carbonate
around them making an unsightly appearance. Slabs of ornamental blocks
have fallen from the top of the dam. Spalling of both faces is present
probably from freeze—thaw action.

From inside the drainage -gallery vertical and horizontal cracks are
visible. Some of the concrete is porous. In both bastions open
cracks are visible. The dam appears to be well seated into dense
schist or gneiss.

c. Appurtenant Structure: Water was flowing over the spiliway weir, but
the weir appeared to be in good condition. Exit channels have water
flowing but the concrete appeared to be in relatively good condition
as it was repaired in 1960.

The gate house and power house were in good condition. The three
48 inch pipes are used for water supply to the Deleware Aqueduct.
The emergency drawdown sluice gate has not been opened for quite
some time due to the fact that it does not have a trash screen and
fear that it has silted up and the potential for damaging outlet works
should the pipe be opened.

d. Reservoir Area: The lake impounds the water of the Croton River.
• The overburden is relatively thin throughout the area and the s]opes

are steep and vegetated.

e. Downstream Channel: The immediate downstream channel is wide, grassed ,
and undeveloped. Further downstream some development is present.
The valley bottom is wide and contains glacial sediment with the
valley slopes consisting of hard inplace schist or gneiss.

3.2 Evaluation: Visual inspection reveals that some cracks have developed in
the structure and through these cracks some seepage and leaching is taking
place. The structure is well founded on competent rock and no seepage is
present at the toe or downstream. Some development is present beyond 1/2
mile downstream. The spillway and water drawdown facilities appear to
be in good condition. The dam and appurtenant structures appear to closely
follow the construction drawings.

8
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• . SECTION 4: OPERATIONAL PROCEDURES

4.1 Procedures: The operational procedure to control the lake level or
• outflow is based on the water supply needs of the City of New York.

When more water is needed for the City of New York water is drawn
from the reservoir.

4.2 Maintenance of Dam: The maintenance and operation of the dam is
controlled by the East of Hudson Division, Katonah, New York. Maintenance
of the dam is performed as needed.

4.3 Maintenance of Operating Facilities: The operating facilities are
operated and maintained by the staff of the East of Hudson Division.
The facilities are operated at regular intervals.

4.4 Description of any warning system in effect: No warning system is present.

4.5 Evaluation: The dam and appurtenant structures appear to be operated at
regular intervals and to be well maintained.

9 
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SECTION 5: HYDRAULIC/HYDROLO GIC

5.1 Hydrologic Evaluation of Features

a. Design Data: No design data was available on the emergency spilivay
structure .

b. Experience Record: The maximum discharge of record occurred in 1955.
The water rose to 3.24 feet above the spil.way crest, equivalent to
a discharge of approximately 11,000 cf a.

A rain gage is located downstream of the da’i.

c. Visual Observations: At the time of the i:spection approximately 0.2
feet of water was discharging over the spi lway weir.

No serious deterioration of the spiliway weir, side channel or exit
channel was noted.

The bridge over the spillway at the side &-annel control section
appeared to be influential in the discharge capacity of the spillway.

d. Overtopping Potential: Overtopping potential was investigated through
the development of the probable maximum i1:od (PMF) for the watershed
and the subsequent routing of the PMF thro~~h the reservoir system.
The PMP is that hypothetical flow induced ~y the most critical
combination of precipitation, minimum infi .tration losses, and con-
centration of run—off at a specific loca:i:n, that is considered
reasonably possible for a particular drainage area.

The drainage area contributing to the Crot:n Falls Dam is approximately
168 square miles. To develop the basic ~vjc~rologic working tool, the
unit hydrograph, Snyder Coefficients were used. A report titled
“Lower Hudson River Basin Hydrologic Flo3d Routing Model” prepared by
Water Resources Engineers, Inc., 1977 was reviewed . This report did
not model the Croton Falls River. An adja:ent watershed , Peekskill
Hollow Creek was modeled. This informatlo: was used to develop
Snyder Coeff icients. The average Cp for ?eakskill Hollow area was 0.57.
This value was selected for Croton Falls. A review and comparision of
watershed size and shape led to the selection of a value of Tp — 9.07 .

Using hydrometeorological Report No. 33, t~e P~II~ index rainfall was
determined to be 21.0 inches for a 24 hour duration, 200 square mile
basin. The percentages of the index rainfall applied to other durations
were interpolated from the plot of drainage area versus percent of 24
hour , 200 square mile. The computed PMF peak flow was 98,700 CFS.
Af ter routing the PMF through the impounded storage, the peak flow was
reduced to 92 ,890 CFS. A plot of the PMF inflow and outflow hydrographs
is included in Appendix B.

The ability of the Croton Falls Darn to discharge the standard project
flood (SPF) was also evaluated. The SPF peak flow of 48,210 CFS was
rou ted through the impounded storage and reduced to 36,320 CF’S. The
SPF outflow is indicative of a pool e1evat~on of 325.4 feet above MSL.
The darn is overtopped by 3.4 feet, the spi.lway crest by 15.4 feet.

10
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The PMF outflow is equivalent to 8.5 feet over the dam (20.5 feet
above spillway crest).

To allow inflow and outflow hydrographs to be developed and routed
several assumptions were made.

1. Numerous lakes and reservoirs are located upstream of Croton
Falls. For the purpose of this analysis the storage and discharge
characteristics of these water bodies were ignored, as they were
unknown. This assumption yields a conservative analysis if none
of the upstream structures should fail.

2. To develop a discharge rating both flow over the spillway and
in the side channel were considered. A weir coefficient of 2.8
was assumed for both the spillway and top of dam.
Critical depth at the opening under the bridge at the side channel
control was assumed and the critical flow calculated. This flow
was used as a limiting discharge once the spillway discharge exceeded
it.

Flow over the top of the dam was added to evaluate overtopping.

The hydrologic and hydraulic evaluation of the Croton Falls Dam
conducted during this study is considered to be conservative and
approximate. Because of numerous unknowns the flood routing was
performed to provide a tool for determining whether further detailed
studies would be required. The results indicate that a more
detailed analysis is necessary to quantify the need for remedial
modifications at the site.

SUMMARY OF HYDROLOLOGIC ANALYSES
CROTON FALLS DAN

Elevation Top of Dam = 322. 0

Elevation Crest of Spiliway — 310.0

PMF Routing

PMF Peak — 98 700 CFS

PMF Af ter Routing through Reservoir — 92 ,890 CFS

Elevation of Routed PMF
Corresponding to 92 ,890 cf a — 330.5 Feet above M.S.L.

Dam Overtopped — 8.5 Feet

Spillway Surcharge — 20.5 Feet above spillway, 33.0 Feet above side channel

11



SPF Routing

SPF Peak — 48,210 CFS

SPF After Routing Through Reservoir — 36,320 CFS

Elevation of Routed SPF Corresponding to 36,32Ocfs — 325.4 Feet above M . S.L .

Dam Overtopped — 3.4 Feet

Spillway Surcharge — 15.4 Feet above spillway, 27.9 Feet above side channel

5.2 Hydraulic Evaluation of Flood Wave

For the dam break analysis the flood wave for both total and partial failures
was computed to a distance of 6,500 feet downstream of the dam. Croton Falls
Darn is a cyclopean masonry gravity structure founded on rock making partial
failure the most likely of the two cases.

The reach studied extended downstream of Croton Falls to the backwaters of
the Miscoot Reservoir and the Croton River.

The calculations indicate that o’~ly minimal damage would occur in the event
of a partial breach. The calculated water depth would be below the town of
Croton Falls and St. Josephs School. The chlorination house and structures at
the junk yard would be damaged.

Total failure would result in 20 feet of water over the school and 15 to 20 feet
over the town of Croton Falls.

Calculated water depths are shown on the following pages.

12
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SECTION 6: STRUCTURAL STABILITY

6.1 Evaluation of Structural Stability:

a. Visual Observations: No misalignment or settlement of the structure
was observed. Water was flowing over the spiliway and prevented a

F close examination of the crest slab and exit channel. One large
crack is present possibly extending through the dam.

b. Design and Construction Data: Design data is not available for
review. Darn typical sections are available but do not indicate
the stability of the darn or the spillvay weir.

c. Operating Records: Little information on the operating records
was available for review. One photograph was found which shows
the large crack present one year after completion of the dam.

d. Post Construction Changes: There have been no post construction
changes other than repair of the spillway and exit channel and

• replacement of valves, which should affect the stability of the
structure.

e. Seismic Stability: Seismic stability computations are not
available. The reservoir is located in seismic zone 1 and is
assumed to present no hazard unless static conditions are un-
favorable or marginal.

I-
~
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SECTION 7: ASSESSMENT /REMEDIAL MEASURE S

7.1 Dam Assessment:

a. Safety: This darn does not appear to present an immediate danger
to life or property. However, the cracks , seepage, and leaching
of the concrete may increase with time and reduce the
stability of the structure. The dam does not appear to present
any serious operational deficiencies.

b. Adequacy of Information: The information available is inadequate
for complete analysis of the dam. The validity of the information
available appears to be good . Information on upstream structures was
not available to conduct adequate hydrology analysis of the river.
No stability analysis calculations were available.

c. Urgency: Although the dam does not have any structural stability
information and the presence of one large crack, it is considered
to be a non—emergency situation not requiring immediate action to
protect current downstream development. It cannot be overempha-
sized that the need for the test borings and laboratory testing,
initiated by the City of New York, should proceed at the earliest
possible date to obtain information on the condition of the seeps,
cracks and concrete.

d. Necessity for Additional Analyses:

1. After the proposed drilling and testing is completed , a detailed
report should be prepared to include the condition of the cracks,
seeps and concrete.

2. An analysis of the structural stability of the structure should
be conducted .

3. A more detailed hydrologic analysis of the reservoir is necessary
to determine spiliway adequacy considering upstream reservoir
storage.

7.2 Recommendations:

1. Access should be provided for easy close up viewing of the large crack.

2. Permanent reference points should be installed to monitor any move—
ment in the crack.

3. The seepage water should periodically be tested and compared with
the reservoir water.

4. An attempt should be made to install a flow measuring device to
provide a record of seepage through the major crack.

~ 
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5. The structural stability of the dam should be evaluated with the
high water level (PMF).

6. An adequate warning system should be developed to be used in the
event of potential failure or flooding.

1~ 17

IL . • . . . . -•- •-••-—----——-•-- --•-—--•-- • . .—-• - • ••——_- - - , •---—----.- ----——-•- -• .•-_-•---- ---•---—---•— ••--- •



Appendix A
Geology



•~1~

GEOLOGICAL REVIEW OF
CROTON FALLS DAN

The bedrock in the Lower Hudson River Basin Region has been severely folded
and deformed . Based on radiometric measurements the rocks near Croton Falls
Dam are of the middle Proterozoic Age. These rocks were intially deformed
during tht Grenville geotectonic cycle and were additionally deformed by the
Aoalonian , Quebician, Taconian, Acadian , and possibly by the Alleghanian
Orogenies.

Because of all this movement and stress, the rocks .ocated near the darn have
been metamorphosed into biotite granitic gneiss A specimen collected near
the dam had a mineral content of microline, plagi3clase, quartz, hornblende,
biotite, magnetite and apatite. In a large sense a crude foliation is
produced by the interlayering of the different minerals.

To the east of the dam, pyritic gneiss is found and is characterized by a
rusty, gossan-type weathering. Locally the weathering has been extreme and
the gneiss is very crumbly.

In addition to the tectonics, this area has been glaciated during the late
Cenozoic. The glaciers have eroded and deposited sediments of various thick-
nesses throughout the area, particularly in the val ey bottoms.
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Appendix C
Photographs 
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Index of Photographs

Croton Fails Darn

1. Overall view from downstream.

2. Overall view from above left abutment.

APPENDIX C

3. View of immediate downstream area from top of darn .

4. Front view of major crack in structure.

5. Close up of downstream slope showing deterioration, seepage and major
crack. 

F

6. Close up of downstream face showing deterioration, seepage and buildup
of calcium carbonate due to seepage. 

-

7. Upstream face, gate house and portions of the spiUway from left abutment
area.

8. Close up of upstream face from right abutment.

9. Emergency spilivay and side channel from bridge, looking upstream.

10. Bridge over spiliway at side channel control section and upper portion of
emergency spiliway channel.

11. Emergency spiliway exit channel, stilling basin and energy dissipa tors
in channel.
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Appendix D
Pertinent Correspondence and Reports
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CLI .I~~C ._
F .C.,I. Co~ms L,sj.~n, AIb:Iny. U

S T A T E  OF NEW Y O R K

CONSE RVATION COMMISSION
A L B A N Y  

-

DAM REP ORT - 

- 
F DESF 7 

9

CoxsEI~v.~TIox Co~IMIssiox ,

Divisiox OF INLAND WATERS.

GEx1 u:~IEx : 
- F

I have the honor to make the following report in relati-311 to the structure known as

the ~~~~~~~~~~~~~~~~~~~~~~~~ - - - - - - - - - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Dam.

This dam is situated upon the ,_~~~~~~ ~~~ n th~ Ton n of .~~~~~kz_ -3_-z.-~JaP , ~~~~~~~~~~~~~~~~~~~~~~ Ccurt~ ,

about from the Village i~t~~k~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

rhe distance stream from the chin, to the 8~~~~~~~~~~ . 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~(L p or .o..n; (u I.’~~~;

- FF.C Il- l I  p.1 UII I~~. ‘~ 
- ,‘. - ‘ : F ItS c, I t  3 F F, -S

S about 
(IOtSIl~1-) 

-The darn is ‘now owned b~- 
(4 p IFFF ’ I tF) 3.F.t ~ . F - ~

was built in or about the vcar./ 1,0 , an was c-xtensively i-cpaired or reconsti-ucted

-luring the year 

As it now stands, the spiliway portion of this clam is built of .,

ed the other portions arc built of 4~~. e  ~~~~~~~~~~~~~~~~~~~- (~ t atc l.hvtttCr 01 11t1,SlUUTV, 1- I F  Sp ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~As nearly as I can learn , the character of the foundation bed under the ~‘ptUwav p~~iion

of the darn is and under the remaining portions such

)UfldatiOfl bed is 

- 7i’1e~f
�02 3/ —74 

- — 
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-
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TI’ L’ tot:d k-i~.5~ I - f  1i~j . ; t!:~m i-~ //~ O’ . ‘ t - t  -t - ‘flie spill~i ~iv or v. -ii --

~veir portion , t~ al -( ‘~ 
,t . feet b ing, and the (-rest of the sp iliway is

about / ~ C feet below t h e  top of the (lain .

The number, sizs~ and location of discharge pipe’s, waste pipes or gates which may be used

for drawing off the water fr~in behind the darn , are as follows : ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ 

- - ‘ - - - -  

At the time of this inspection the water level above the dam was ft in.

~~~~~~the crest of the spillway.

(State briefl y, in the space below, whether , in your juL!g~wilt, this dam is in ~eod conditi on , or bad coodition , describing particularly
any ieahs er crack s which you may have observed.)

~Q/ L~~4~~ ~~~~~~ 4~ 4A4~~’

-1-y~~~~~~ ~~~ ~~ ~~~~~ 
j
~7~ ~~~~~

~~~~~~~~~~~~~~~~~
p

~~~

4 

~~~~~~~~~~_ _  ~~~~~~~G4 ~~~~~~~~~~~~~~~~~~~~ ~~
~~~Llj (42~~~ / ç A~~~~~~~~~~~~~~~~~~ ,a~~~~~~~~~~~

(~
‘~ ?7f ~~~~ çt~14 ~~~~~ G2~-tr?~4 8.-~/ ‘h~ ~~~~~~¾~

(,
~&e

F ~~~~~~~~~~~~~~ 

Reported ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

(M’Ireia—Sir~tt an’t nurnl.ci. I’~ 
()~ f l”  o R~ F. I). t~ ut c )

~t,J ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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STATE OF NEW YORK 

F - F -

F DEPARTMEN t OF

~‘tatc ~Etq~iu~~r att~i ~‘ttr u~ j nr
AL~ ANY

- 

Report of a Structure Impounding Water

To assist in carrying out the provisions of Section 22 of the Conscrvatf’n Law, being Chapter LXV of the

Consolidated Laws of New York State, relating to safeguarding life and p~o~-~ ty and the erection, reconstruction,

or maintenance of structures for impounding water, owners of such structurt~s ae requested to fill out as completely

as possible this report form for each such darn or reservoir owned within the S:ate of New York for which no plans

or reports relative thereto are on file in this Department, and to return this report fonn, together with prints or
F photographs explanatory th~~ of 

~~~~~~~~~~~~~~~ D
- 

- Thi~~ist Bránch - - Tile Croto n River
i. The structure is on flowing i:;to in the

Town of Count)’ of Putnam and ~~~L XP~ft -_ 

up steam ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .N.Y.
(Givc eaaCt distence and dir~cti -n fi nns a w~II-k-nnCn bu d ge, dam . village malo FFI. F-L~~~ dS ru mou.h of a StrcIm)

2. Is any part of the structure built upon or does its pond f lood any Sti :e lards? 

- 

~~~
. The name and address of the owner is Cit-y---.o-~ -- -~~ew---Yo rk - -j

~~
. The structure is used for I !flpoundin6 water for  water  i

~
p
~
y -

s- The material of the right bank , in the direction with the current , is ~~ . ;  at the

spiliway crest elevation this material has a top slope of Jnches vertical to a foot horizontal on the

center line of the structure, a vertical thickness at this elevation of feet, and the top sw-face extends

for a vertical height of feet above the spillway crest.
- . 6. The material of the left bank is -; I-as a top slope of inches

to a foot horizontal, a thickness of feet and a height o f . . . . ... .~ . feet

7. The natural material of the bed. on which the structure rests is (ck~ . sand, grave!, boulders, granite, shale,

slate, limestone, etc.) ~~~~~~. .~~~ 
._ 

- 8. State the character of the bed and the banks in respect to the har&~ess. perviousness, water bearing, effect

of exposure to air and to water, uniformity, etc.. - — .. 

-- - - _  -



F ___F_ _ _~ __
i 

- -
~~~~

- F -
~~

g. If the bed is in layers . are the layers horizontal or inclined’ . If inclined what is the
direction of the horizontal outcropping relative to the axis of the main structure and the inclination and direction

( ,f the layers in a plane perpendicular to the horizontal outcropping’ - 

‘0. What is the thickness of the layers? . _... _ . 

ii. Are there any porous seams or fissurcs~ -. 

12. The watershed at the above structure and draining into the pond formed thereby is.~ ~~~~ iquare miles.

13 The pond area at the spillsvay crest elevation is acres and the pond irnpounds~~~~~~).~i.11 )fl

cubic feet of water. -

14. The maximum known flow of th~ stream at the structure was cubic feet per second on

(Date) F

‘s - Has the spiliway capacity ever been exceeded by a high now? -no 

can any possible flood flow from the pond otherwise than through the wastes noted under 17 and iS of this

report? 110 If so, give the location , the length and the elevation relative to the spillway crest and the

character and slopes of the ground of such po~sibl e wastes 

( -.--.-.-
~~

-- 

i6. State if any dam age to life or to any buildings, roads or other property could be caused by any possible
failure of the above structure. Describe the location , the character and the use of buildi ngs below the structure
which might be damaged by any failure of the structure; of roads adjacent to or crossing the stream below the
structure, giving the lowest elevation of the roadway above the stream bed and giving the shape, the height and the
width of stream openings; and of any embankrnents or steep slopes that any flood could pass over. Also indicate

the character and use made of the ground below the structure 
I Sc the am should  fai l, the water from the .Re s.ervoir. wo~~1d...f1ow.~j n -
the le w  Cr0 ton Reservo ir located abo t a mi le  down st ~’e~x~,, Some . ro ad~.

w u]4 be wask~ed out bu t  neit he r t h e F d~~~a~ e nor .posaj ~ 1e 1o~~~~~f 1j fC
Would be grea

17. WASTES. The spil tway of the above structure is ...7.QO.. feet long in the clear; the waters arc

held at the right end by a — . the top of which is feet above the spillway
crest, and has a top width of feet; and at the left end by a .. .. .. , the

top of which is.. _..~. .....fcet above the spiliway crest, and has a top width of _......feet.

i8. Thero is also for flood discharge ~ pipc2 inches inside diameter and the bottom is f5 

( 
~cet below the spiliway crest; and a (sluice, gate outlet) feet wide in the clear by 

feet high, and the bottom is .. feet below the spiliway crest.
-The opill~iay is bui l t  along the south hill side. It~ center  l ine ~~~~~~with the center-line of the main d c’i an included angle of about 11~ de~~r

- - - F -- -— , ,~~~~~~~~ 



F 

F1~~~~~T~~~ 
-

- no -

19. Apao~. Below the spiliway there is ~~ apron l i t~c~C . .
-a- : ~~,fiJ!) 

irzt~cthidc 5~~ i~~~~~ ~~~~~~~~~~~~~~~~ 

20. Has the structure any weaknesses which are liable to cause i:s iaiiu e in high flows? ...~~~~~~~.  

— _ ._ _ _ _ 
— —- —— — —..— .- ——

21. SKETCHES. On the back of this report make a sketch to scz.e each different cross-section of the above -
structure at the greatest depth; giving the height and the depth from the ~~-f:ce of the foundation, the bottom width,
the top width (for a concrete or masonry spiliway at two feet below the c~st~. the elevation of the top in reference
to the spiiway crest , the length of the section , and the material of ~-- ic- the saction is constructed ; on the spiliway
section show a cross section of the apron , giving its width, thickness c~a.: niaterial , and show the abutment or wash
wall at the end of the spiliway, giving its heights and thickness. ~ia:~ each section with a capital letter. Also
sketch a plan; show the above sections by their top lines, giving the m~~k aad the length of each ; the openings by
their horizontal dimensions; the abutments by their top width and tcp ~~-~ t~-s from the upstream face of the spill.
way section; and outline the apron. Also sketch an elevation of each ci the structure with a cross section of
the banks, giving the depth and width excavated into the banks.

22. WATER SUPPLY. The waters impounded by the above str.ct~rc have (r~~) been used for a public water

supply since ~!11 by The---C-i-tT-o-f----New - --y-~~~ --------- - 
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In troduction

Croton Falls Dam is locotod on tho worst branch of tho Croton River
in Putnam County, ~1ow York. Tho dam is a gravity structuro hcvin~o r~o~~~rnurn h-~- ± ~ h t  of 173 f o o t , a top thicknos~ of 23 ~‘oot and a mc~ —
ir~uri base thickn~s~ 0f 123 foot. It wars constr uctod in 1906-1910
of cyclopaor masonry faced wjth procast concre~ o blacks.

Lo:kcg3 thrcugh the darn opporontly began soon of t ar  its completion
has continued to sorn~ o~ tont throughout tho lila of tho struc—

tu~ 3. This hc~ rosu~’tod in an unsightly and detoriorotod oppooronce
On the downstrocm foco,

The purpose a-f this report is to prosont the ~~ir~ dings  of on indopon—
dent C suiting cngin3-o r regarding the prosont condition a? the darn ,
need for additional invo~ tigctions and csuras required -to reduce
lcc~ c~ a and cssuro the so?oty of the darn in the futuro .

The wri-tor t~ias occomponiod by ~~~ Carl Picho , D~ ’,~ sion Eng~ noer ,throughout oil of his inspection of t he  dam . D~~ u t y  C h i o P  En gine er
(~I3tcrrshod5) , ~~~ Coorgo ~okenian , was a1~o nt during port of
the in~poction when his other duties would pe-~ iz. Tho many acts of
kindnoss and considoration of those gentlemen -.-or o greatly opprociatod.

Conclusions and Rocorrn~andatio-~s

1 . To ovoluoto tho safety of the darn and its stcbility, a stress
analysis based on modern principlos should be made at the earliest
possible opportunity .

2. To properly o~zoss tho internal Condition (quality of the material)
of tho dam , the drilling progrcrn discussed in tho body of this
report is ossontial .

3. ~c~ od on tho surfaco o~cminotjon but contin~ ont on the results of
r in g s , a grouting program will likoly be required to ±nsuro a

continued ~ofo lifo fork this darn.

4. ~;‘hilo caulking the crocks in tho upstrocrn T~ co may temporarily
reduce tho lccks’~ a through the dom , a more permonont ropoir wifl
be noc-erseary to properly oliminoto this rrobl~’m ,

I
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5. The downstraorn coca oP thc ~~~ is very unsightly but th e
carbonate deposits and do~~~ iarotod -Tcco bloc~ n hcv o v e ry  littlo
o? oct on t.~o sofoty and contir-~od u:o?ulnass of Crcton ~allz Darn.
Cio~ ning and r~ pairir.g this lcco wou ld be 2r~narily or c~ thotic
rocsons. -

C) . Beccus~ of the proscnco of detrimental forces and aging fcctor~
on ~ ote r  rot ,~n tj on st ructuros , it is very :rnportant , a~ su c h
structures cg~~, thz~t -thorough o~ cmincticn by o~~ orioncod persons
be ccnductod to cscortain their physical condition. Such eiorn—
ineticn and the necessary rehabilitation rosulting thero-irorn will
not only result in o~ tonded lifo of tho structuros but may also
provont future destruction of lifo and property because of poton-
tiol failure .

Surficial Examination

Croton ~alls Reservoir hod boon loworod about 50 foot at the time of
this e~ cminotion , thus permitt ing a caroful o~ crninotion of tho upstream
cs weil os the dc-,-nstrocm fcco , With the use of a crane and ecskot th

~estrocrn lace was o~ cm~.nod from the top of the darn to the rcsorvo~ r
surface along three vertical crocks, opprc;~i~ atoly stations I + 93 ,
5 -

~~ 62 and ~ + 90. The entire upstream fcco was also carefully ir.spec---
tad fr om ~h-c surface of the ice on the reservoir,

~-Iith the o~ ccption of the cbovo montionod major crcck~ and concrotoseell:r.g cszociatod wi-th thorn, the upstream face is in generally good
csn-dition . Several short cracks cr-n visiblo cn the face m d  many sma’.~
croas of concrete apalling. The mortar be-~::aan concrete blocks is in
generally good condition. Tho vertical crocks and attendant spelling
ore bol iovod to be ~~~ r esu l t  of concrete thr inscgo. The other visiblc
concroto spoiling is prcb~.bly Cou~od by frca:o—thc- -i cctio ,~ on weak or
dafoctivo concroto face blocks.

One major vertical crock and sovoral short vertical crocks are visible
on the downstrccrn ?cco of the dcrn. Tho major crack is prcbcbly on
o;~tonsian of the crcc~ on the upstrocrn lace at station $ .

~~ 90. Calc~ u~
carbonate deposits cnd doteriorotod foco blocks givo the ~-ntiro down-stream a vory bod c’ppoorcnco. The deposits cro a result cf water
filtering through the upstrccm fcco and leaching ccr~~nt f -em -t:- n con—
cr to in the inter ior of the darn. Tho detorior~ tod condit~ on nf the
feco blocks is prchcbly the rozult of l’roozo—thaw action.

Extonsiv-~ calcium ccrbonct~ deposits are vj~ ib1 o on the capir.gs near
tho tap of the dam . These oro prcbcbly the result of inadequate or
i-n~ rc-pcr drainage of -the rcadwoy. Se~.e of the ornamental blocks ot
the top of the dam appear to be cc the verge of foiling cc a result
of concro-t o detoriorotion (These blodks cro thown as course Fl on
D - cw i n g  J.i-~3—X) .
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The only view of -the intorior concroto in the dam wcs obtained by
o~ amining the g~ llory near the top of the d~~ . The con c re te in the
gollory was qu~~o porous with many arocs of honeycomb . Several
vortical crocks were found on both focos. In addition . open han —

- zontol crocks were found in the gallery. The generally porous con-
dition of the concrote was probably the r~ :ult of ino~ oquato consoli-
dation. The vortical cracks woro probably caused by cor.croto shrink—
ago. The horizontal crcck~ ore probab.ly the rosult of o~ ponsiveforcos such as those produced by the chemical reaction of come aggro—
gates with cornant .

Additional Inventic~atiors

To establish a basis for ovalucting the s:foty of Croton Foils Darn,
stress and stcb~ lity CflOi~~535 should be mode cc soon cc po~ siblo.
Those studios should include all forc’~s expected to cot on the darn,
i.e. concrete weight , water load , earth proccuros on both foe -es,
uplift prossure under and throughout the de~~, and ar t ’  other leads
appropriato to this structure. 6ocous~ it is possible that the in—
torior concrete may have shrunk a’.-icy frors the face blocks , a-n ceolysis
should be made assuming only th3 concrete between the face blo:~ s con
resist stress , as wall as a study using the ontiro section .

Borings should be made to determine the strength and pormecbi .ity of
the concrete in the darn. A minimum of four borings will be necessary
from the top complotoly through the darn into the fourdotion . The
approximate locations and diroctior .s of those borings might be:
(1) a vortical hole at station ~ + 00; (2) c hole at station 5 + 50
inclined slightly to cross the crcc~ which is vi~ iblo on the upstrocrn
face at station 5 + 62; (3) a hole at st:-tion 7 ~ 25 inclined to
cross the vertical crock at station 6 + 9C) in the vicinity of the
major spoiling; (4) a vertical ho .e at station 9 + 00. Water losses
should be rocordad during drilling cnd pcc~~er water prossuro t~ st~
performed in the  drill -holo~ to help ovalucto the porosity of the con-crete. Cores should be o~ tractod from c1. holes and tests performed
on both mortar and composite cores to determine cornpros5ive , tensile
cnd nhoar strongths. If dosirod , these borings ccc be utilized for
piozomator gougings.

Ronoi~~
Based on the rosults of the borings a determination ccc be mode
r og a r d i r . g  the nec osci ty an d o~ tont of roquirod grouting . It appears
cert ain that grouting will be required jr th’ known vertical crocks.
If most of the con~ roto is porous and the strongth is low because of
leaching, a mu ch mon o o~ tonsive grouting prcgrcm should be con~~iderod.

3
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Either a rigid or fioxible grout would probobly be satisfactory.
Cement grout (ri~gid) is mono compatible with the material in the
darn and is usually loss expensive . It will shrink , however , and
because of its low strongth may crack. Floxiblo grout (such cc
44—9) will adequately fi ll, the crocks and holos but has no struc—
tura .L value and is expensive. Grouting should be p er formed from
the center of the dcm toward the surfaces. As grouting approaches
the faces , caulking will probably be requirod in major cracks.

~s a final trootment for the upstrocm face , loose and deterioratedmaterial should be removed from the major spelled areas and be re-
placed with epoxy concrete or similar product. The cracks should
be opened in a V—shape and fille~.i with a simi lar material. The
entire upstream face should then be lightly sand blastod and secled
with epoxy paint or some similar material .

Th-~ reed for ony or all of these repairs must be determined from the
results of the suggested investigations.

While the downstream face ha~ a bad appearance , any cleaning , ropoir
ing or sealing should be performed for esthetic reasons since little
structural benefit would rosult.

The cost and t i rn~ roquirod for the indicatod investigations ond
repairs is approcicblo . However , delay in making thorn will on~.y re-
sult in more serious detorioration with moro oxpensiva ropairs ,
replacements or oven possible ovantuol failure of the darn.

Other Observations

Cross River and Boyds Corner Dame ware also vi~~itod. Cross River Dom
has problems vary similar to those found at Croton ‘Falls but not so
severe . Appropriato investigations and repairs , where necessary , mc
prevent these conditions from becoming more serious.

Boyds Corner Darn appears to be in good condition but has considarob i
growth on the downstream face , especially near the base. App1icotio1~
of on herbicide , when roquirod , to eliminate this vegetation may
prevent more serious problom3 in -the future. Seopc;e water wr’~ich
accumulates cit the toe of the dam should also be channeled and drain d
away.

4
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Construction Drawings
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Engineering Data Check List
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CHECK LIST
HYDROLOGIC AND HYDRAULIC

ENGINEERING DATA

DRAINAGE AREA CHARACTERISTICS: 168.64 acres mostly forested and developed

ELEVAT ION TOP NORMAL POOL (STORAGE CAPACITY): 310.0 ’— 14.189 billion gal.

ELEVAT I ON TOP FLOOD CONTROL POOL (STORAGE CAPAC I TY): N/A 
—

ELEVATION MAX IMUM DESIGN POOL: unknown

ELEVATION TOP DAM: 322.0

CREST :
SPILLWAY WEIR SIDE CHANNEL WEIR

a. Eleva tion 310.0 Approx. 297.5
b. Type broad crested weir concrete paved control section
c. Wldth 2 feet —

d. Leng th 700’ 60’
e. Location Spfllover left abutment along crest near left abutment
f. Number and Type of Gates none none

OUTLET WORKS :

a• Type three 48” cast iron pipes
b. Location center of dam
c. Entrance inverts 215,249 and 282
d. Exit inverts 212
e. Emergency dra i ndown facilities throu&h 212 invert — m a y  not work

HYDROMETEOROLOG I CAL GAGES:

a. Type Rain gage
b. Locat ion ChlorinatiojLhouse near toe
c Records daily ..and monthly records

-• MAX IMUM NON-DAMAGING DISCHARGE Elev. 313.24’ — October 15, 1955

• • ~~~~~~• - — • •~~~ ~~~~~~~~ • - - ~ -• • - • -~~~ •• ~~~~~-~~~~~~~ -- - -~~~~~~
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