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PHASE I REPORT
NATIONAL DAM SAFETY PROGRAM

1~. Name of Dam: TITICU~ DAM (I. D. No. 50)

State Located: NEW YORK STATE

1.. County Located: WESTCHESTER COUNTY

• Stream: TITICUS RIVER
I • Date of Inspection: 24 APRIL 1978

] 
- 

. 
- 

ASSESSMENT

Examination of available document s and visual inspection of the
• 

• • Titicus Dam and appurtenant structures did not reveal conditions which are
considered to be unsafe . Some existing inadequacies regarding maintenance

-. 
- and operation of the project features were observed .

The total discharge capacity of the spiliway and regulating gates
without overtopping of the dam is approximately 19 ,200 cfs . This is less

j  • than the estimated probable maximum flood (PMF) of 40 ,000 cfs but greater
than the standard project flood of 14 , 800 cfs , both as determined using

I the Corps of Engineer’s screening criteria . The proj ect discharge capacity
j  Is therefore adequate in accordance with the Corps of Engineers adopted

general princip le that structures be designed for the maximum flood rea—
sonably characteristic of the region , which Is , in practice , the Standard

• . Proj ect Flood.

No remedial measures are required at the present time. Certain
J measures , however , are recommended regarding :

- Monitoring movement of riprap
1 — Maintenance of the earth embankment

- Improvement of seepage condition at the toe of the south embankment

I - Repair of a regulating gate va lve
• — Programs for , maintenance and inspection

— Monitoring plezometers already installeq

4
~~~ rien , P.E.

New ork No. 29823

I Approved By: ~~~~~~~~~~~~~~~~~~~
New York District Engineer

I Date: 
~~~~~~~
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- —• -  ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ • • - - •  -



1
I
1
I
I

>-4

I - - ..

I 
I—I

Co

I :~
-;••

~~

I I

I • Co

—II •~~ 

,

• •

~~

_ 

0I . ~~~~~~~~~
-

I 
-•1

0I 4’ -

I 
•

-

I
I
I
I

—I
. -

~~~~~~~~ • 
• 

— —
~ 

- —
~~~~

--



• - • -~~~~~~ - -

- PHASE I INSPECTION REPORT
NATIO NAL DAM SAFETY PROGRAM
TITICUS DAM , INVENTORY NO. 50

- CROTON RIVER BASIN
- • WESTCHESTER , NEW YORK

SECTION I PROJECT INFORMATION

1.1 GENERAL

a. Authority
The Phase I Inspection reported herein was authorized by the

• DEPAR TMENT OF THE AR MY , NEW YORK DISTRICT , CORPS OF ENGINEERS by
letter dated 31 March 1S78 , in fulfillment of the requirements of the National
Dam Inspection Act, Public Law 92-367, 8 August 1972.

b , Purpose of Inspection
The purpose of this inspection and report Is to investigate and

evaluate the existing conditions of subject dam in order to: identify defic-
iencies and hazardous conditions; determine if they constitute hazards to
human life or property; and notify the State of New York of these results along

- .  with recommendations for remedial measures where necessary .

1.2 DESCRIPTION OF THE PRO JECT

a. Description of the Dam
The Titicus Dam consists of a central cyclopean masonry gravity

• section extended on each side by earth embarikments . The central masonry
structure , which includes a 200-ft long ungated stepped (or ladder) spill—

• way, is 534 ft long , The lengths of the north and south embankment sections
are 732 ft and 253 ft respectively . The masonry section is reportedly (1)
founded entirely on rock and was constructed of rubble , faced upstream and
downstream with cut stone lain in regular courses. The principal dimensions
of the masonry dam are:

Width under coping 20.7 ft
Width about 109 feet under coping 75.2 ft
Maximum height above foundatIon 135.0 ft
Maximum height above surface 109.0 ft

~
1
~Wegmann , The Design and Construction of Dams, pubs . John Wiley and

I .  Sons , 1918.

• 
-1-
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The embankment section constructed on both sides of the masonry
structure has a crest width of 30 feet and upstream and downstream slopes of
1 (V) : 2.5 (H) . The upstream face below El 330 is covered with paving stones
(18 inches deep placed on 12 inches of broken stone) . The rubble masonry
core wall is 5 feet wide at the top (El 330) and 17 feet wide at a depth of 98
feet , both faces being evenly battered . The core wall has a maximum height
of 124 feet above the foundation .

Flow from the reservoir is regulated by multilevel gates at a
gate house on the upstream face of the masonry dam . A central wall (per-
pendicular to the dam) divides the gate house; each division has an tnl~t
and outlet chamber. Each inlet chamber has three opening s to the reservoir

- (6 ft wide x 8 to 9 .5  ft high); one at high level (sill El 319) , one at mid—
depth (sill El 285) and one near the bottom (sill El 250)- .

• According to the documents reviewed (See Section 2), the walls
separating the inlet and outlet chambers each have two opening s, one at
mid—depth (sill El 285) and one at the bottom (sill El 250) , which are con-
trolled by 2 x 5 ft sluice gates operated from the gate house floor. The top
of the separating wall (El 319) can be used as an overflow weir which can be
raised by the use of stop-plank s set in grooves. In actuality , there are
three gate opera ting stands and stems for each division of the gate house ,
rather than the two Indicated by the documents . The extra gate operating
stands and stems are located upstream of the two which are indicated on
the documents. There is no record of the modification and no indication to
the purpose of the two additional gate stands and stems.

Two 48-inch outlet pipes (one for each division of the gate
house) convey water from the outlet chamber to the old channel of the Titicus
River , which was excavated to rock for a short distance . Each of the outlet
pipes is controlled by a 48-inch gate valve located In an underground vault
approximately 80 feet downstream of the masonry dam .

It is reported that in addition to these pipes , a 24-Inch dia-
meter drainage pipe that was used during construction of the reservoir ,
passes through the dam. The upstream end of the pipe is reported to be
closed by a flap valve .

b. Location
The dam is located on the Titicus River , a tributary of the Croton

River , and is approximately one half mile upstream of the Croton Reservoir.
The nearest downstream community , Pur dy ’s Station , is less one half mile
downstream of the dam .

c. Size Classification
• The dam Is more than 100 feet high and is therefore considered

• to be a “large” dam .

—2—
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d. Hazard Classification
The dam is in the “high” hazard potential category .

e. Ownership
Titicus Dam is owned and operated by the New York City Bureau

of Water Supply (BOWS) ; day-to-day operation and maintenance Is managed
from the j atonah Section of the East-of-Hudson Division of the BOWS.

f.. Use of Dam
The impoundment provided by the dam is a water storage re-

servoir for the City of New York .

g. Design and Construction Histqry
The dam and appurtenances were designed by the Aqueduct

Commission of New York . The contract for the Titicus Reservoir was let on
February 18, 1890 to Washburn , Shaler and Washburn; construction was com-
pleted by January 1, 1895.

h . Normal Operating Procedures
Water relea ses from the Titicus Reservoir , either from the re-

gulating gates or over the service spiliway , flow into the Titicus River and
down to the Croton Reservoir . BOWS personnel report that water is normally
removed from the middle level of the reservoir using the sluice gates at the
gate house; two 48-inch regulating gates are cracked open to permit a con-
stant flow of approximately 5 mgd into the Titicus River.

-3—



1.3 PERTINENT DATA

a. Drainage Area , sq. miles 23.35

b . Discharge at Dam Site , cfs
Maximum known flood at site (Oct . 16 , 1955) 6 , 240

- Maximum regulating gate outlet , (Estimated) 1,200
Ungated spillway at pool elevation , El 330 6 , 240
Ungated spiliway at maximum pool , El 334 18 ,000
Total discharge capacity at maximum pool 19 ,200

c. Elevation (feet above M .S.L., Croton Datum )
Top of dam 334.0

-. Maximum design pool (Top of riprap and core) 330.0
• Spillway crest 325.0

Stream bed at centerline of dam 225.0

d. Reservoir
Length of Max . design pool , mi les 2. 6

• - Length of shoreline at El 325 , miles 8.1

- 

Surface area at El 325 , acres 669.4

e. Storage, acre—feet
Top of spillway crest (El 325) 22 ,000
Maximum design pool (El 330) 25 ,500
Top of dam (El 334) 30 ,100

f. Dam
Masonry Section
Type: Cyclopean masonry with cut stone facing
Length: 534 ft including spiliway
Height: 135 ft above foundation
Top width: 20 . 7 ft

- - Embankment Section
• - 

Type: Earth Embankment with rubble masonry
central core

Length: 732 ft , north embankment
- 

253 ft, south embankment
Crest Width: 30 ft
Side Slopes: 2 • 5 (H) on 1 .0 (V) upstream and downstream

• 
Impervious core: Rubble masonry 5 ft wide at top and 18 ft

wide at base
Grout Curtain: None

• 

L 

-:i

. 
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g. Spillway

Type: Stepped (or ladder)
• - Length: 200 ft

Crest Elevation: 325 ft above MSL - Croton Datum
-• 324.5 ft above MSL - Sandy Hook

• - - Gates: Ungated
- 

Upstream Channel: None
Downstream Channel: 200 ft long channel excavated in rock ,- . joins Titicus River bed

- - h. RegulatiflQOutlets
The weirs and multilevel sluice gates in the Inlet tower control

• - - the water level sources to the two 4 8-Inch discharg e lines. Flow is regula-
• ted by the two gate valves in these lines. Each channel in the intake tower

has a weir at invert El 319.0 and , according to available drawings, a 2—ft x
5—ft sluice gate at invert El 285. 0 and El 250.0.

I

—5—
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- SECTIO N 2: ENGINEERING DATA

- 2.1 DESIGN

The design of the dam was made by the Aqueduct Commission of
- New York prior to 1890. There are no design data or specific design mem-

- - 
oranda available for the proj ect features.

The available information on the dam consists of:
- 

a. Contract Drawings , Dam and Appurtenances for “Reservoir M”
on Titicus River near Purdy ’ s Station , prepared by the Aqueduct Commission ,

• -- dated September 11, 1889.

‘ b . The Aqueduct Commission ’ s Reports on the New Croton Aque-
- .  

duct Dams and Reservoir s ,

• 1887—1895
1895—1 907

c. Edward Wegmann , The Design and Construction of Dams,
Sixth Edition , 1918 (John Wiley & Sons , Inc.)

Drawings found in (b) and (c) are the same and reflect changes made to the
drawings contained in (a) . There is no information on subsurface conditions
contained In the above documents.

2. 2 CONSTRUCTION R ECORDS

No detailed construction records are available; however , there are
brief narratives pertaining to the construction of the dam in Wegmann’ s text
and also in the Aqueduct Commission ’s Reports.

• • 2 .3 OPERATION RECORDS

There exists a written record of operation of the gates at the dam ,
• and also records of maintenance and repair work orders . There does not

• 
- 

exist a formal operation and maintenance manual for the project .

• - There is a record of pool elevation and rainfall on a daily basis.
• 

2.4 EVALUATION OF DATA

Existing information was made readily available either at the BOWS ’
4 New York City Offices as at the Katonah Section Office .

—6—
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, The available data reviewed is considered adequate for this Phase I
inspection and evaluation of safety .

i 1.

• 
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SECTION 3: VISUAL INSPECTION

3.1 FINDINGS

a. General
A visual inspection of Titicus Dam was made on Monday ,

April 24 , 1978. At the time of the Inspection the reservoir level was at
El 525. 16.

b. Embankment Dam•
There were no visible signs of sloughing , erosion , cracking

or other distress on the crest and downstream slopes of the embankments
except for some ruts and other depression s caused by traffic .

There was no sign of sloughing, erosion , cra cking or other
• distress on the upstream slope and visible portion of the riprap of the north

embankment . There are indications of minor downslope movement of the
riprap , below the top course of stone , on the south embankment near the
spiliway approach wall. The affected area is limited to a section from the
wall to a distance 25 ft south of the wall , with the maximum downslope
movement of 1 • 0 to 1.5 ft occuring at a location approximately 15 ft south
of the wall . There appears to be a 4 to 9 inch separation between the north
edge of the ripra p paving stones and the south face of the south spiilway
approach wall.

The crest and downstream slope of the north embankment are
grass covered and free of bushes or shrubs . There are some brush and
shrubs at the level of the top ri pra p paving stones in the upstream slope .

There are some shrubs and small saplings on the grass covered
crest of the south embankment . The downstream slope of the south embank—

• ment Is covered with heavy brush , shrubs and saplings. There are brush
and shrubs at the top paving stones on the upstream slope of the south em-
bankment also.

There is no visible evidence of seepage emerging from the
slopes or toe of the north embankment .

A zone of seepage exists at the toe of the south embankment . The
affected area , which extends for a distance of 8 to 10 ft (mea sured along
the slope from the toe) up the slope , was soft and muddy; however , there
were no signs of sloughing or other distress. Seepage was noted emerging
from the contact between the toe and the abutment for a distance of approxi-
mately 42 ft (measured along the toe , from the Intersection of the down-
stream wingwall and the toe) . The quantity of seepage was extremely small

—8—
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(not measurable) . The ground surface below the toe in this area was wet
within a radius of 20 to 30 ft downstream of the intersection of the wingwall
and the toe of the south embankment . This wet area correspond s to an old
stream channel which is indicated on the Contract Drawings (circa 1889) .
The drawing s in Wegmann ’s text show a toe drain at this location .

The top portions of plezometer standpipes were observed pro-
truding from both embankment sections of the dam (numbering at least 9 at
the north embankment and 3 at the south embankment) . Most of the stand-
pipes were capped and the caps “frozen ” to the pipes by rust ; some of the
pipes were bent j ust below the embankment surface . These piezometers have
been installed circa 19 10-1920; no record s were found of any of the readings.

c. Masonry Dam
The downstream surfaces of the masonry dam were wet in sever-

al areas as a result of slight seepage through the joints. There were no vis-
ible signs of distress or movement.

d. $pillway
At the time of the inspection water was spilling over the spill-

way section of the masonry dam . Except for some downstream movement of
the top row of stones which forms the sill of the spillway , there was no evi-

• dence of distress or movement . Inspection of the base of the downstream toe
of spillway indicated no signs of scour or other erosion of the rock . There
was no evidence of erosion or other sign of distress along the spillwa y
tailrace channel .

e. Appurtenant Structures
There was evidence of cracking at two location s on the face of

the retaining wall between the north embankment and the masonry dam. One
diagonally trending crack , which traces its way along the j oints in the dimen-
sion stone fa cing , is near the low end of the northern leg; the other crack is
loca ted near the high end of this north leg . The latter crack is nearly verti-
cal , has a maximum opening of 1/8 inch and traces its way along vertical
crack s in the stone blocks as well as along vertical j oints; some seepage 

•

emerges from the wall at and near the crack .

Some minor seepage was observed In the form of moss covered
wet areas below the j oints of the lowest courses of stone In the downstream
retaining wall for a distance of approximately 25 ft north of the low end of
the wall .

- There was no evidence of distress or movement of the headwall
• for the 48 inch outlet pipes below the toe of the dam . In addition to the 48-

inch outlets , the headwall contains outlets for a 6-inch pipe which drains

—9—
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the gate valve vault and also a fourth pipe (approximately 24-inch diameter) .
The fourth pipe may be that which was reportedly used during construction;
it Is reported to be closed now by a flap valve .

f .  Regul ating Gates
As described under SEC TION 1, there were two additiona l gate

operating stands , one for each channel , which were not shown on available
drawings and that could not be explained by the BOWS Staff . Further , the
sluice gate operating stands were labeled contrary to the drawings , with the
downstream units marked “bottom ” , and those immediately upstream pencil
marked “top ” , the reverse order of what was shown on drawings. Again ,
this contradiction could not be explained by the BOWS staff . Regarding stem
positions of the six operating stands , the stem at the middle stand at the

• left channel was raised (open) 32 inches; the stem at the right upstream stand
was raised 5 inches; the stem at the right middle stand was raised 9 inches ,
and the stems at all other stands were at or near closure.

In the regulating valve vault , the left hand gate valve was in
a “ cracked” open position , and was inoperable . One connecting post was
disengaged from the operating gear cap and the stem packing was leaking
appreciably . The right valve was opened enough to discharg e minimum flow
and was said to be operable . The stem packing was not leaking and no evi-
dence of malfunction was visible .

g. Abutments
There were no signs of seepage or other unusual conditions on

the north abutment downstream of the dam. Seepage (5 gpm±) was observed
emerging from the ground above the spillway south training wall at a location
40 ft downstream of the spiliway and 10 ft south of the wall. This seepage
is at the same location as the old stream bed which passes near the toe of
the south embankment .

h . Downstream Channel
The channel downstream of the spiliway talirace is the Titicus

River . Although the dyer channel contained trees and heavy bushes , its
present condition would not impede discharges from the dam

i. Reservoir Area
In the vicinity of the dams , there was no evidence of sloughing ,

• 
- 

potentially unstable slopes or other unusual conditions which would adversely
affect the dam .

3 • 2 EVALUATION OF OBSERVATIONS

Visual observation s made during the course of the inspection did
not indicate any serious problems which would adversely affect the safety

-10-
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• of the dam and require either immediate investigation or Immediate remedial
• action .

a. The downslope movement of the ripra p on the south embankment
appears to have resulted from either wave or Ice action which may be amplified
at tha t corner location . The riprap should be monitored on a regular basis ,

• after heavy storms and at the end of each winter season .

b. The growth of heavy unmanaged vegetation , especially trees ,
on the crest and slopes of the embankment should be discouraged .

c. The seepage emerging from the toe of the south embankment is
considered to be partly caused by the high ground water level at the old stream

• bed which passes Immediately adjacent to the toe . The toe drain , if one were
- .  

installed in the original construction , would have lowered the ground water
level and the phreatic level in the embankment toe . Clogging of the drain by

- - fine material carried by the stream would cause the phreatic surface to become
- 

elevated until It emerged on the toe of the dam . Although this condition is
not considered to represent a danger to the dam , measures to improve the wet
condition of the toe and to manage the flow of water should be undertaken , as
recommended in Section 7.

d. Cracking of the unreinforced masonry retaining walls are not
considered to represent a danger to the safety of the dam . The cracks should
be monitored on regular basis to determine whether they open further.

e. The inoperable 48-inch gate valve does not , for all practical
purposes , reduce the maximum discharge capacity of the facility during high
floods. The valve is considered not serviceable and could not be relied on
if the reservoir had to be lowered .
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- • SECTION 4: OPERATIONAL AND MAINTENANCE PRO CEDURES

- 4.1 PROCEDURES

The minimum water release at Titicus Dam to satisfy downstream
- - environmental conditions in the river in the short reach between the dam and

• the Croton Reservoir is 5 mgd. This release Is made using the multi—level
sluice gates to control which level of the pond the water comes from, and the

- 48-inch gate valves to control the quantity . It was reported that usually water
- is taken from mid—level of the reservoir and that the 48-inch gates are always

“ cracked open ” to provide 5 mgd .

- - 4.2 MAINTENANCE OF THE DAM

- There is no operation and maintenance manual for the project. The
• reservoir is visited daily by the watershed Inspector who does not necessarily

examine the dam or other project features. There is no formally established
program of inspection visits by other BOWS personnel.

The embankment dam is maintained only by periodic (yearly , more
or less) mowing of the grass slope protection . Maintenance of the north
earth embankment appears to be adequate except for the growth of brush at
the top of the riprap. Maintenance of the south embankment , which is not
as easily accessible , is less than adequate .

No regular maintenance procedures are established for the masonry
structure and spiliway . The loose top row of stones forming the sill of the
spiliway should be reset and fixed Into position.

4 , 3 MAINTENANCE OF OPERATING FACILITIES

With the exception of the left regulating valve , the sluice gates
- and right gate valve appeared operable insofar as equipment was visible .
- There was confusion , however , regarding which sluice gates would be oper-
- • 

ated by the various stands in the gate house. All sluice gates , and all
gate valves are manually operated .

- 
It was reported that the gates and valves were periodically exer-

cised at approximately yearly intervals until March 1976 when the gate valve
- was reported broken. The 1973 Annual Report disclosed that “the blow—off

gates were closed in January ” after the reservoir was drawn down 17 feet
to expose aquatic weeds .

4.4 WARNING SYSTEMS IN EFFEC T

• There is no warning system in effect or In preparation .

—12— 
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- 4.5 EVALUATION

The maintenance of the Titicus River Dam is considered less than
adequate in the following areas:

a. Control of heavy brushand saplings on the surface of the dam .

- b . Disrepair of a 48—inch regulating gate .

c. Disrepair of the spillway sill .

In order to clarify the service gate operating procedures , the nature
and purpose of all six sluice gate operating stands should be determined by

-. a detailed inspection .

• F
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SEC TION 5 - HYDRAULIC/HYDROLOGIC

• 5.1 DRAINAGE AREA CHARAC TERISTICS

The drainage areas contributing to the Titicus Reservoir totals
23.35 square miles and is undeveloped except for scattered vacation-type
or suburban developments . The physical features , consisting of steep hills
and ridges , interspersed with swamps and natural lakes , are typical of a
glaciated region . The lakes and swamps are believed to provide substantial

- • natural storage , which in turn would modify peak flood runoff . The elongated
shape of the basin , with a length to width ratio of about 2 . 7 can be expected
to cause elongated flood hydrographs with relatively small flood peaks.

5.2 SPILLWAY CAPACITY

• • The spiliway is uncontrolled and 200 feet in length . In shape it
consists of a flat crest about 5 feet in width followed by a stepped down-
stream face . No head—discharge relation was available , so it was necessary
to estimate the discharge characteristics. It was assumed that the spiliway
would act as a broad-crested weir with coefficient increasing from 2 .34 to
3.01 between heads of 1 and 8 feet and above 8 feet it would act as a sharp -
crested weir with a coefficient of 3 .33. The computed spiliway rating curve
is shown on Figure 1. The computed spiliway capacity at a head of 9 .0  feet ,
corresponding to the top of the dam , is 18 ,000 cfs (789 cfs/sq . m l . ) .

5.3 RESERV OIR CAPACITY

The total reservoir capacity at the spiliway crest is 7 , 167 million
gals (22 , 000 acre-feet) . The storage capacity curve , based on a table fur-
nished by the Department of Water Supply , is shown in the Appendix on Figure
2. The capacity curve has been extrapolated to an elevation corresponding to
the top of the dam and indicates a surcharge storage above the spiliway crest
of 7 , 160 acre-feet which is equivalent to a runoff depth of 5.89 inche s over the
drainage area . This is an important factor in considering the adequacy of the

• spiliway capacity to pass design floods.

5.4 FLOODS OF RECORD

Historic data in the Croton River Basin indicate that the greatest
• floods since the completion of the New Croton Dam in 1905 , and probably

since completion of the Titicus Dam in 1893 were in August and October 1955.
Daily readings of the head on the spiliway crest gave the following data on
these floods:

—14-
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Date Elev. Head Discharge
(feet) (feet) (cfs) (cfs/sq. ml.)

Aug. 19, 1955 328.23 3.23 3,100 136

Oct. 16, 1955 330.00 5.00 6,240 274

The flood in August was caused by 7.85 inches of precipitation on August 11-
• 13, inclusive 1 followed four days later by 5.84 inches on August 17 and 18.

The eight day total was 13 .73 inches. The October storm was much more con-
centrated , with 10.20 inches in three day s , cf  which 9.70 inches fell In two

- - days . The discharges per square mile resulting from these extraordinary storms
• appear to be relatively low and may reflect the retarding effe ct of the natural

and artificial storage.

5.5 OVERTOPPING POTENTIAL

The estimated maximum spillway discharge capacity of 18 ,000 cfs
has been compared with generalized design flood criteria as explained below .
The Probable Maximum Flood for the 23.35 mile drainage area has been ex-
trapolated from maps of Probable Maximum Flood potential for selected sizes
of drainage area. (2) The smallest drainage area for which floods have been
computed was 100 sq. ml. The extrapolation to 23.35 ml . must  be considered
approximate but indicates a Probable Maximum Flood peak inflow of about
40 , 000 cfs . or about 2 . 2  times the spiliway di scharg e capacity .

A second criteria for evaluating a design flood is the Standard Proj ect
Flood which is usually about one half of the Probable Maximum Flood . Devi-
ations of Standard Proj ect Floods in the Lower Hudson River Basin are available
in a report made for the Corp s of Engineers . (3) Data In this repor t permitted
interpolation of the Standard Proj ect Flood for an area of 23 . 35 square miles
and indicated a flood potential of 650 cfs per sq. m i .  or a total discharge of
14 ,800 cfs , or 82 percent of the spiliway capacity .

5.6 EVALUATION

The estimated Probable Maximum Flood Inflow of 40 ,000 cfs and the
Standard Proje ct Flood inflow of 14 , 800 cfs must be considere d as representing
potential inflow to a reservoir from a drainage area that has little natura l or

~
2
~Design Basis Floods for Nuclear Power Plants , Regulatory Guide 1.59 ,

U.S.  Nu clear Regulatory Commission , Revision 2 , Aug ust 1977

~~ Lower Hudson River Basin Hydrologic Flood Routing Mode l , Water Resource s
Engineer , inc . ,  January 1977.
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art ificial storage . To properly evaluate the relation between the Titicus Dam
spiliway capacity and the probable outflow from these design floods it would

• - be necessary to develop a complete hydrograph and route them through the
substantial surcharg e storage . A greater refinement would require develop-
ment of sub-area hydrographs which would be routed through the natural storage

- 
- in each sub-area . Without these detailed analyses it is not possible to say
- - whether or not the spillway capacity is inadequate relative to the runoff from

Probable Maximum Precipitation , but the capacity is obviously adequate to pass
the Standard Project Flood.

~ ~• -  • H

~
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SECTION 6: STR UC TURAL STABILITY

6 . 1 EVALUATION OF STRUC TURAL STABILITY

a. Visual Observations
Visual observation did not indicate either existing or potential

problems with the masonry dam and spiliway section . The observed cracks
- .  in the retaining walls are not considered to represent a dangerous condition

to either the walls or the embankment dam . The small amount of seepage
• from the ma sonry dam are not detrimental to its safety .

The small quantity of seepage emerging from the toe of the south
- • embankment is not detrimental to the stability of the embankment; however ,
- .  remedia l measures to improve the condition should be taken , as recommended

in Section 7.

b. Design and Construction Data
There exist no design computations or other data regarding the

structural stability of the dam .

On the bas is of the performance experience of the embankmen t
dam , as well as engineering judgment, the embankmen t section of the dam
is considered to be stable .

Although there are no design computations ava ilable , It is likely
th at the masonry gravity sections were designed in accordance with the appro-
priate section s of E. Wegmann ’ s text , DESIG N AND CONSTRUCTION OF DAMS ,
6th Edition dated 1918, in which illustrations of Titicus Dam appear. If the
gravity sections were designed accordingly, the stability of the gravity section
would be considered to be adequate . Performance experience with the maximum
water level 5 feet above the spiliway crest level is good .

c. Operating Records
Records of gate operation and repairs are available at the Katonah

- Section Office of the BOWS . No majo r operational problems which would affect
the stability of the dam were reported.

• d. Post Construction Changes
• 

- There are no recorded post construction changes . However ,
there is no record of the two additional gate operating stands and stems at

f the gate house .

e. Seismic Stability
- • The dam is located In Seismic Zone No. 1, therefore no seismic

• analyses are warranted.
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SECTION 7: ASSESSMENT/REMEDIAL MEASURES

7.1 DAM ASSESSMENT

a. Safety
Examination of the available documents and visual inspection

of the Titicus Darn and appurtenant structure s did not reveal any conditions
which are unsafe .

The total discharge capacity of the spiliway and regulating gates
without overtopping of the dam is approximately 19 ,200 cfs . This is less than
the estimated probable maximum flood (PMF) of 40 , 000 cfs but greater than the
standard proj ect flood of 14, 800 cfs , both as determined using the Corps of
Engineer ’s screening criteria . The project discharge capacity is there fore ade-
quate in accordance with the Corps of Engineers adopted general principle that
structures be designed for the maximum flood reasonably characteristic of the
region , wh ich is , in practice , the Standard Proj ect Flood .

b. Adequacy of Information
The information and data available were adequate for performance

of this investigation . However , there are some inadequacies in information
with regard to operation and maintenance of the project , as follows:

1. Record drawing s of the proj ect
2 . Records of modifications and/or additions of gate s at the

gate house
3. Operation and maintenace manuals
4 . Records of inspection s

C. Additional Investigations
Additional inve stigations to assess the safety of the dam and

appurtenant structures do not appear necessary .

- 
7.2 REMEDIA L MEASURES

No remedial measures are required at the present time .

- - Certain measure s, however , are recommended as follows:

a. Monitoring of ripra p and cracking of the masonry retaining walls ,• - as called for in Section 3 .2 , should be initiated and continued on a periodic
- - basis.

b. Heavy brush , shrub s and saplings should be removed from all
locations on the embankment dams.
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c. Appropriate action should be taken to improv e the wet condition
of the toe of the south embankment and control the seepage effluent . Such
action might include , but not necessarily be limited to , the following items:

1. Determine whether or not the toe drain shown on the avail-
able drawing s actually exists and is clogged with fines.

• 2. If th e toe drain exists , clean or reconstruct it so that it will
perform the intended function .

- 3. Place a filter blanket on the wet portion of the downstream toe .

d. Repair the inoperable 48-inch gate valve .

e. Prepare an operation and maintenance manual for the project .

- - f .  Establish a program of periodic Inspections of the project features.

g . Reestablish the piezometric system by opening the “ frozen ” caps ,
- • straightening the bent standpipes , and make periodic piezometric measurements

on a regular basis thereafter as part of standard maintenance and operation pro-
cedures - Piezometric measurements should be evaluated as part of the periodic
inspection program.
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VISUAL INSPEC TION CHECKLIST

1. Basic Data
a. General -

Name of Dam_TI 7~ 6”~-’-~ Hazard Category______________

County kt/E5 7C/ ~ & i 7E& tD~ 5 Q

Stream Na me 7?rf C ~~~ 2i L/b7e Tributary of - CQC T~~ / “I

Location ~~~J TC~~Ec~~~~ County Nearest Town (P. O .) ~~~~~~~~ S~~ 
a

- - 

Longitude 73 38’45 ~~Latitude4 //9 ‘3p ’~’ Other Directions______

Lt~Y’1”( f  I / i  ~~~/ ‘J ~7i~ Navi~i SaJ~’rt~
- - Date of insp24 Apr /q 7aWeather P &P/4/ 524’rl,l c,/Temperature ~

b. Ins pectio n Personnel ~~~~~~~ 5 c i i~ /~ ,, Wecf l, Er7~~ ;

~‘/e/P 6a ’aie1a~ , / ~/e ch t,~~1J atz~/ L a~79e1 -

~.$‘~~~1Ci’~/ K 0 7 /  t>i93 /-/e?pV/~~~~ 
,‘�/6/,,ia,,, 6~ ,t~ecA’

~ ,c4/ t~CJJ ~~~~h~’~i’~ D~~/ ~
,,

~ic,Jc~JQ3 ~~~ -

i’-eo-/i~ 
— A/ I I &/7’/7 rA-i~1-~

c. Persons Contacted ~~~~~ ~~~~~ ~~~~~~~~ D1S~~~1~~~ ~~~~~~ 

- J

E&r,L of M~- 0/;a,~ OLc1’r i c i,~~ N ~~ -

It4,~ J e / ir, ~~~,p,ieS fec—17~~~~1 ~~~~
,nee~,-’1

/ ~~~~~~~
1-

~~~, i a’~~~~~ 
s~ec~-,cr~ F

ci. History: Date Constructed ~‘~~~~~b /,~~~~ /8 ~9O \J ’~’51 /. /59 ~
Present Owner 5cireasi €~9~~~~~~ ~~a ’k’t- Jap,~,/~1 N~1C
Des ig ned by 4g~icc/uc/ &~/n ,v~ Al - £~~~

Constructed by W~ /,&,rp)1 5/~~/e,- ‘~~~ £IOJ%&~,I-~I

Recent History

2. Technical Data ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-

Type of ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Area £‘3,35 S9. in!. ?~or e-

Height / ~~S12baVe ,~?xII,Q’; Length i�-ig ft
Upstream Slope 1(v) : 2,~(’H) bownstream Slope ~~~~~~~~~~~~~~~
Crest Width 30 ~~~~~~ /r$ 1 Freeboard at Spiliway Crest 9 CL

20.71

_ I t ~ 
- .

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

—- - 

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



________ ~~~~~~~ -~ -
---—-------- z_ - — — — — -=-- —

~~
--—-- - - 

~~
—-—— —------ -~ 

—

,Clc,/1, /et’eI S/~,,ce 
~~/es j ave,-f/c ~i

~s’e~~-, ~~~~~~~~~~~~~~ ,~i/cf I i~~~~/1~ ~~~~~~~~~~~~
~~~~t q~~ Ie f l O’df€:  7~~Ja 4~~,’7c/’7

Low Level Control: (Type and Size) ~o~~e /~i/.~n”f i~ -~
- S/~iice 9~~ 

I 
~~ 4~.’rn,~e’ ‘~~~‘/ j ~/Op) ?

- 
Valve Condition~~,~~ qc~e L.-•p/~j c: ,n 7e/VL,/,~~

—Emcrgency’a Spiliway Type (Materia l) A1 fcr2 /~~ _Width 2co ~~~

Slopes ~eP//~ a/ “/s; J’I~ep/2e~J o/ s -

na e,-n e r~7 eriC -1 Height (Crest to Top) -9 / ~
Exit Slope ~~ 22 ’ i~~ n :e~/ i -~,,,-~ l’t, t / L/ ~ E

- Exit Length ±
Ponded Surface Area 6.~~~ 4 Acres
Capacity (Normal Leve l) ~ 2.COO Acre Feet
Capacity Emergency Spiliway Level Acre Feet

3. Embankment 
- -

4/ ~v/~ p~ri4ot~ 792 /7- fo oth~~ i 25S’ ~/ long
a. Crest 3~~ / “ ~i/a’~ 

(E ’/ 334  Crv7¼,,i O~~Iz~ini)

(1) Vertical Alignm ent ~~/ , 2it,-i-, ,  j
~/-I~ cces A El 3~ 4-

C f r ’l / / ~O - 111 fJ/ ~~/P S ~ 7 /1 ~J t~ 1
p/)

~~~~~
p 2 l

L/~

/ ~~~~~~~~~~~~~~~~~~~ ~~/f / e i~~~i-~ .c
(2) Horizontal Alignment /,7Ver7~C cJ ft.•5.-~f Q’O~2/-e~’t~ .“i

~~~ I d/ 6~ne n,~~~ S74-a,~ I~’t ~c~,~ -i-i ~~-hc’~
(3) Longitudinal Surface Cracks A/o,’,e i/ ~$, b/e.~

(4) Tra nsverse Surface Cracks A/pr7 e ~~~~~~ /~/ e

(5) Ge neral Condition of Surface fJet~1Scj p~~aC 6’, ~~~~~~~~~~~~~~

90CC! C , ~~~~m ,-, 
~t’,11-i occa ’1ic,,-~o/ J’J?tuhS

~~~~~f? J F ’~i . f la t~~io~i C L 
~~~~~~~~~~~~~~~~~~

(6) MIscella neous_________________________________________________

~ a —‘~~~~ 
-: 

- 
a~~ -

- ~~~ - -  - - 

-



b. Upstream Slope / (v);  f , 5~(H) i ’rn’~ 
-

~~i~’red i~ i ~ /i / ~/ Jr~’f3 ,,~a ~~~~~~~ te/o~~ El 330
- 

- (1) Undesirable Growth or Debris ,$cr~~e S’m C/ /  shrub_ c

~J t1S 7~ ~2/2ove It~4D /o~~~~~~~~~~~~~’~~’~

(2) Sloughing , Subs idence , or DepressionSi /) OPe~’/P 1L

- - ~~~ ~~~~~ c/,~2t&/J ,~2a ~~ ‘iq s / ~~e-i- 74B~ a,z~’rv ~~
‘

~~~~ 
s’o~i l~ ~/ 

c~v// 1~üa4y 0~t~~2TCO C /-~ ~QO 1/

- -  

(3) Slope Protection /-4~~~ ’ 1~ / 1qi21i2’ P~L~t~c~P

- . ~~~~~~ E/ 3 ~ 0 ~~~~. 5*’n e c a’ J, 5~Y / ~ 0 ‘x’ / /

(a) Conditio n of Riprap~~~8fr1eK ~~//~1 aood1 ~,rct/j7” ~~~~ 2~~#

- 5? th o ~~~~ 0,1 5OC/7~~7 ~
?fl7 ~~~~~ IC. c~ h ~i

~p/~i’z~ac-h wei / /) 9rnc 1-i Q/J ~~~~~~~~~~~~~~~~

(b) Durability of Individual Sto nes_6�)Qd

(c) Adequacy of Slope Protectio n Against Waves and Runoff —

,I~~~~pp /14~~1iM/ ~9~x~cJ — // f 7’f ~ ~~~~~~ /~~~

(d) Gradatio n of Slope Protection - Localized Areas of Fine Material

4~~e~ 9 e r V / / e~/ /,5 ~~
X /~ 0 7

i~ L X~2 S 7~~ /0  ~~~ ~~~~~ r~

/,~
‘ ,,ich~ -c tl,,c-/c ,

(4) Surface Cracks ~~~~~~~~~~~~~~~~~~~~~~

C. Dow nstream Slope i (v)  ,‘ 2~5 (H)1 9casse €~1_
(1) Undesirable Growth or Debris fnioi/ J-~p/,,’~ 9 .5~

~~ ~~~~~~ ~ru51i ~ n j~ q~-h e~-,~~~e~iik.

~ / 5 ~~~~~~ ‘~~ 
/1Ct7~~~1 & pv~/9 / - .’ !7~ ~~~~

- - - - - - - - a 
____

- - -
-
~~~~~



~~~~~~~~~~~~~~
- —-—-

~~~‘—- --—-
~~~~~~ 

—,,,
~----r c- -— =—- 

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

-- -~~~~~~-—--- - - ~~~~~~~~~~~~~~~~~~~~~~

(2) Sloughing , Subs idence , or Depressions; Abnormal Bulges or Non-
Uniformity 4b,-?e ~~ is ~th/~~

(3) Surface Cracks on Face of Slope 4/~,ie ~~~~~~~

- . (4) Surface Cracks or Evidence of Heaving at Embankment Toe_______

/ VO f7~ - ~V /f/ / ) / -
~~~

- - - (5) Wet of Saturated Areas or Other Evidence of Seepage on Face of
- - Slope; Evidence of “Plpj ng ” or “Boils ’1 /VOne. ~~~~~ ,‘lOr *l ’l

~~~~~~~/ e,1~~~fe~42qC ~4-t’~~ ~~~~~~~ e~~/)~nk~
~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~/ 2 i ) ~~~
(6) Fill Contact with Outlet Structure - - ~~~2L7/z2 ~~~~�J ~~~y~~~1-/-~i -

ci/ I Sfr �~~~~~~r~e-,-~~ //c-i g~’o~/ 
F I

(7) Condition of Grass Slope Protection ~~~~~~ ~~~~ 
,-

~ / i/ / ~7 ~~~~~~~~
L~~~Z1 ~~~~ P /—/- 1 e~-~-~ Ma~-, ic~nc~ -i ~~~~~
L~2/T2 50 c/ 7’~~~~~i ,~~—7-~ 1 /2~ !-,1? 

~~~~~ 
f r~~~ -ri 7~

da Abutments -

(1) Erosion of Contact of Emba nkment with Abutment from Surface Water
Ru noff , Upstream or Downstream

(2) Springs or Indications of Seepage Along Contact of Embankment
- with the Abutment s S p at

L~Ofl7~~?( * ~~~ 5 OCI t~M l i/ c,n~~~ “. i471

~/ ~g ~~~~~ c~~ 2W -~
-
~ -‘m O7~ i~’~~LCJ

t-~-’Q/J . ‘C ic-~.-~1 / Oc~-’-~ r

3 i9~~~ 
o~~ ~~1&J~~ r rci ,-& ~~~~~~~~~~ c~, ~~~a’// ~ rr 2~~~~ 

-

- 
•-1~~~~

--_ _
~~~~~~~~~~ _ _ _  ~~~~~~~

-)
~~~~~~~~ - --~~~~~~~~~~~~~~ - ---~~~~~ ~~~~~~~~~

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



-÷ 
-

~~

—

~~~~~ 

-—-_—

~~~ 
—_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

r

(3) Spring s or Ind ications of Seepage in Areas a Short Dista nce
Downstream of Embankment - Abutment Tie-in See/ -q --~_

O/ ~ PQp /? 7 ~~ 147 7’~t~,Y) ~~~D~/f l  ~:/ ‘?I ~7O 
~~~ ~~~~ 

// ~cia~ i

U i~~ /-~ 7tfl2 / p7)/P ~~~~( ii rox 79 D/s ~,7~::
- - 

~~~~~ a a ,i-d / ~ / J~~~
,/ 

~~
/-

~~~i - ~ L 
~~~~~ // , ~2/~:2’ 5~~~a~ni?

e. Area Downstream of Embankment , Including Ta ilrace Channel

7~ / S ~7i”F~~~ //1Ct~C-?~l( s 777’7c~i~ /~ t’~~ v-

- - (1) LocalIzed Subs idence , Depressions , Sinkholes , Etc . A/o,’i~,e.~ —

j / /u/ ~~~~ ~ xre/-7 ’- -.4~~ jm~c)7e,-i ~~~~~
,4 p y/~ z,~~ ,~~~~~~ $~‘r,~ c,( 2)c’2J ~‘flc ~~~ a~-1p (-J  / i ? 1 c”~~ 

-

t’a ~~~—11 ,~~-/ -4 z~I- ~7ãi-~~ j 7&ciliL 
~~~~/ ~~~cI 1fl (/g ~~~~~11 

~~~~~~~~ 

da~ 1
(2) Evidence of “Piping ” or “Boils ” / V0I ’IC.-.

(3) Unusual  Presence of Lush Growth , such as Swamp Grass , etc.

A/o~ie~ - 

-

(4) Unusual Muddy Water in Downstream Channe l ,t/~

• (5) Sloughing or Erosion /VOi—7 i)~~ -~~~~~~2~ 7~ ~~~~ S~a~i-- ’ie
- 

;—77/ f20 P  eroj~~~,i ,1ea? v~~ ~~~ h~~iii /2a,1/ c,

~i~~~i~i h ~ rM?a-m ( ?
- (6) Surface Cracks or Evide nce of Heaving Beyond Emba nkment , Toe

‘2 7one.

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



- ~ —± a - -  - . ~~~~ T~-

(7) Stability of Talirace Channe l Sideslopes Z~2~ 1

~~&/ / s  / ine ~ /ia/’,-7e,/ ~2ric/ se,-i~ ~ s 742~”~1//7g w~’/ IS-
e ,—~~ / / / t? 9 .~~ 

C! 7~1O(~ 
-

- (8) Conditio n of Talirace Channel Riprap it/o rii~r&p I/0~ p—

~~� cfla.~—7v~e/  ,,ac ‘i—~c/ p ’c~,c7C

(9) Adequacy of Slope Protection Against Waves , Curre nts and Surface
Runoff

(10) Miscellaneous _______________________________________________

f .  Drainage System I1/ O - ,dr~-1 ,, i~~ ,- d~ ’n ; - 6”
~~~p ,~~~ /C-~~ ~~~~

-
~pi/, 74~9C/~~ ~~~~~~ ~~U~/ ’~ re~’/ ~ iq

(1) Condition of Relief Wells , Drains and Appurtenances A/~
re I, ~~~ I/s ~‘r ~Yr~2’,i S

(2) Unusual Increase or Decrease in Discharge from Relief Wells
/2/oi’ ~ / ~~1/C ~,h/ C -

4. Instrumentatio n

(1) Monumentation/Surveys /L/b,,~ ..

~~~~ L - - 
- ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 

- - 
- - - -



- - - - 

~~~~~~
- 

- -

- 
(2) Observation Wells 

/~/0N~~~~~

(3) Weirs /V~’/tJ ~~ —

(4) Piezome ters ~ / c 2 / 17e,~ vS -4~iri”~~~ /,~7 ,.~a__
,/_~~7 -

~~~~
‘

~~~-~P77~~ J
’O’r7 e ui4~~€ /2&~--,-7 b~~r7 1)~~ ~~~2S�~ ~~~~~ ~~~/~/~2/~~~~

- 

~~), /i~ (~~~2/J S 7~~O ~~~
-

~~-fr-1 

- 

J ~~ ,bJC/ C~~ /~7(~~ 4 
- 
4-f-’ ~~pV $~ /CJ2I

7k? ~~~~~~~~~~~~ 1~~7~z~-7/C., 7~/7I1e ~~ . ~~
-
~
--

~

• ~~~~~~~~~~ ,-i /ci-~-7~~~-i/1 ~~~~ ~-~v~ cj ~~~~~~~~~ i~~~~~

~~~‘~~~/~~ — ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ 3 ” t~~~~~~~~~ ’~ck~—

~~th6r) ~~~~~ k ’  5c - - ,~-n~e&- 5 ~~~~~~~~ ~~ /~‘ - ‘-z.~
-,

1c~ ~~~~~ ~~~~~~~ ~/J~~h~//P2 ~(/~~‘//

- 
i~~I /~~ ~~~

- 

~~~
r- ~-,o ii ~

5. Reservoir
• c ~~~ / 7A~11~ da~ri..., a-~i-/ ~~ OJc� S 7~Oj~~a.

a . Slopes 1/[c’IhM S’/Oi17-~~ S //P

a ~-e g ~~~ ~~~~~~/La.

- 
- -- • _i_ - 

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



—___ _ ---- ____________

-p

b. Sedimentation -

6. Spiliways
- -  

- Or’/’~/ o~ e ~~~~~ t~ h,cIi / s  5cr i ’/c~
a. Principal Spillway : Inlet Conditio n____________________________

Pipe Conditio n____________________________

General Remarks (include information such as rece ntly repaired ,
- - pote ntial for debris accum ulation, specia l items of note , etc.)
• a 

- ceK~v?ce 4~,//e~ex~t~/ 
/� /fl~ a,~c/

f Ae/)/-) -e~1’ (C p~ / a’ d ~~~/) ~~j/7 ~~ / 4- 1  -~ti-c~,~
- 

- 
~~~~~~~~~ s/ -~x~ia (c i i l)  ~~~~~ ~~~~~~~~~~~~~~~~~~~~~~

~r/~ ~/e4 ~n - a ,~#ruh’- / c o,~i c~ ‘i

b. Emergency Spillway: Ge nera l Condition________________________

Tree Growth_

Erosion______________________________

Other Observations________________________

7. Structural (if required) See Attached Append ix
e a c ~ e ~-i 4~p~-ii-c~ ~ ~~

~—a / ~~~~~~~~ ,.~; ilLd~

-
- - 

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

- 
_

__
_~~~~ 

- -
- -

~~~~~~~~~~~
-‘

~~
- .

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



8. Downs tream Channel 
- - 

- 
-

J/s &~~~ nr,eI ,s 7i / -ic-ij S ,2,~er

a. Condition (obstructions , debris , etc.)________________________
- - 

iV~ n~j t ir- ~~€br-i~~ ~~~A’i~~~ -i w~~~
/2c O.~’~’i S 

(~2~ (I 
~r~~kU cI~(II /

b. Slopes 
-

c. Approximate No. Homes and Population /7~-?? /7 ~~ä ~~~~~-,~~J2tr

u~/~~i~ c ,,:~ ~Q~~~~~i 
,

~~~~~~/Q /p~~ 
~~~~~~~~~~~ 

1aipa’e,c

~ / ~~ ‘o~i iri(LiAC/t ~~~~~~ —~~Z-i~ C/ ~~~~~~~~ ~~~~~-‘7~~i~oX /re 4_ ~—15 ‘
I-~7 ~~~ ed p7 ~6 ~~~~~~~~~~ ,~,i £ Op -

,~ pj e1’ ~
.
~o—;-f ~~ 5i-~a~-z~ f/

d. Genera l____________________________________________________

47, L~~/ am a~�TEAM CAPTAIN

a-

~~ AM~—,_.:~~~~:.~---- 
~~~~~~~~~~~~~~~~~~~ — -. 

~~~~~~~~~~~
‘-

~~~~~~~~~

--- _
:1J~~~~~~~ -- - - . 4
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STRU CTURA L INSPECT ION CH E CKLIST 
-

PHASE I DAM INSPECTION

1. Concrete Surfaces /€1d)27,2P~1 ~~~~~~ ~?
/dd1/77 ~~ tc

~~~~-2d-~
-
~~ //~7 9~~,a’ ,- r~~-7 ~ C /~, ~~ ~~ /11 ~~~~C,’,’1 ~~~

~~~~~~~~~ /~~ ~~~~~h/p2.-j  //,~/ ,3~ P~c7 /Z/ ~~~ ,/ ~ ‘e1 7’5 / .‘l

2. Structural Cracking &t~Q/,1,?,g JdJ/4~~~j~O(~y7 720p /-j -~i ~~; - Z ~z ’~~
a) -, //~~ 1’~ 1J

- ’
~ ‘)~~ ~ ~ a’-i-~

-,-, - ,i D/f /~9 o/ ~~~~ a,,’, - flj
~~~~~~~~~~

a e kf , -~ ~ t 51e2,~-u~j 0,ii ~‘r “
3. Movement - Horizontal and Vertical Alignment ,‘t ’b,ip ~~~~~~~~~~~~~~~~~~ / ~

4. Junctions with Abutme nts or Embankments ~~~i1C-pD/ L/~~ 9 O~70’~
t~i /e 7~ a/~ i-~acI1 ~~d ~ II ~~~ /2# ,--~~ 1-ie~~~ /5 3-9”

• pp /~~~#W~ tii ~~4á’ 4:~:h~~// -

5. Drains - Foundation , Joint , Face J~~,v7~~ ~~~~~~~~~~~~~~~~~~~~~~~
J2,,ne $~~ ?a~7e ~~~~~ 4/5 /~~~~~~~~~~~~~i~~///~~~ 7~~ Z~’ii~ ~ r~Z~/ ~-5/

1~o/es  ~~~~ ,1CY fiL5 / ~~L? / I 1)’V?j O’fr1 1~S e~~i~~ 5OU~~1 5IC~C

6. Water Passages , , Sluices ~~~~~74~—r 
p’~~ 

c~z-~ es

j A~-t~~1~ ~~ 7
L 4~, - ~~~~~~~~ ~ 4~ / -

7. Seepage or Leakage D,./~ 74’CL ~‘/-e/~71/P,rn9 ~~~~~ o~c
6. aba-re - ~4/:c ,j, i ,‘~~ ~~~~~

- s~’~i

~~y ’ 1~e q j2~~~~
1-h 

~~~~~~~}~~~~~~i k ~~~~~~ / ‘~~ ~~ 4—~~~ 2c 7
’;’.

8. Monolith Joints — Construction Joints_______________________________

9. Foundation A/o/ i//c, ,~‘/-~ ,, 
kit? Se.- j

~~ ,- , ,  ~~~~~ -~‘~~~~ ~&, l4-~~Jec1

__________________________



1 - ~~ Abutment s 
-

- 11. Control Gates V u 1  
,~~ / -~

. p C~4/ -i f ~~ sA~ ~~
- ‘ii ,, ~~~ ri-d~

- - - 
- 

h~ is ~~ e-itt ,ii qe-ri~~~~ 1k1 ~~~~~~~~~~~~~~~~~~~~ ~~~~~~dii’7,1, i

a - 12. Approach and Outlet Channels /ZJ o~ 7/ i/} / / C~2I2J(_.

- 

- - 
13. Stilling B a s i n 4 l ? 1’ O/ / i C~~ h/~~

_

14. Intake Structure____________________________________________________

- 15 • Settlement It/ C C///4-r€-~VIi~1 a - / .c tl,_,~?-1&~--ct-
L//J’/ h/- c- ,~‘,

‘- ~S7’) —u C.-?~Z~/ ~ -’~~ .S

16. Stability

a. ~~~~~~~~~~~~~~~~~~~~ 7~~~i-~r fl~~
7
~ T / / P~CI ~~~~~~~~~~~~ P” i c~Z

b. Sliding // // A’ ‘I

c. Seismic ~ ‘~- -‘-~-~.e 7 ,V ~ ‘ eT. 
~

.- 
~~~

-. /~~~~~~;,
‘ 

~ ~~~~~~~~~~~~ 
p1

17. Instrwn e ntat ion /tk7 ,‘,i 5 tn4’, -ze.-,1M 7L1

a. Alignm ent________________________________________________

b. U plift_____________________________________________________

c. Seismic 
-

18. Miscella neous____________________________________________________

_______ - -~~~~~~~~~-~~~~~~~~~~~ -_ :  ____ - ~~~~~~~~~~~
- - -
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HYDROLOGIC DP~TA AND COMPUTATIONS
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