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I
PHASE I RE PORT

NATIONAL DAM SAFETY PROGRAM

Name of Dam: CAN EADEA DAM C I D . NO. 464)
State Located: NEW YORK STATE
County Located: ALLEGANY COUNTY

Stream: CANEADEA CREEK , GENESEE RIVER BASIN
Date of Inspection: June 15 — 16 , 1978

ASSESSMENT
Visual observations made during the course of the inspection

did not indicate any severe structura l deficiency or mechanical malfunction
which would adversely affect the Immediate safety or stability of the dam .

The total discharge capacity of the spiliway and the regulating
outlets is approximately 15 ,500 cfs . This is less than the estimated
Probable Maximum Flood (PMfl of 95 ,000 cfs and also less than the
Standard Project Flood of 47 ,500 cfs , both as determined using an
envelope of PMF values in the Great Lakes region of New York .
The project discharge capacity is therefore seriously inadequate from a
hydrologic and hydraulic point of view; however, since the concrete arch
dam is founded and abuts on sound rock it is considered that overtopping
of the dam during the design flood would not adversely affect the
stability of either the arch or the rock abutments .

The owner/operator of the dam has in effect a storm watch
program and a warning system in connection with regulation of the reservoir.

No remedial measures are required to assure the safety of the
dam at the present time.

Some measures are recommended in connection with inspection ,
maintenance and monitoring of the project. The measures are included
in Section 7 of the Inspection Report .

(
~~~~~L~~~~~~~~~
~J Eugene O’Brien , P.E.

New York o. 29823

Approved by: Col . Cia . B nn
New York District Engineer

Date :
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PHASE I INSPECTION REPORT
NATIONAL DAM SAFETY PROGRAM
CANEADEA DAM , INVENTO RY NO . 464
CANEADEA CREE K , GENESEE RIVER BASIN
ALLEGANY COUNTY , NEW YORK

SECTION 1 - PROJECT INFORMATION

1.1 GENERAL

a . Authority
The Phase I inspection reported herein was authorized

by the DE PARTMENT OF THE ARMY , NEW YORK DISTRICT , CORPS OF
ENGINEERS by letter dated 31 March 1978 , in fulfillment of the require-
ments 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 investi-

gate and evaluate the existing conditions of subject dam in order to:
identify deficiencies and hazardous conditions; determine if they consti-
tute 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 PROTE.CT

a. Description of Dam and Appurtenances
The Caneadea Dam , of the constant angle arch type ,

has a maximum radius of 262 feet and a crest height of 140 feet above
the stream bed of Caneadea Creek . At the base,the maximum section
is 44 feet wide , tapering to a width of 5 feet at the crest. The arch

‘ 
is flanked on both sides of the steep gorge by two concrete gravity
abutment sections. On the north side the abutment is 100 feet long
and on the south side the abutment is 80 feet long . There Is a 10—foot
wide walkway on top of the dam . The dam is constructed of concrete
faced upstream and downstream with paving brick to protect the concrete
against frost and weather action and is composed of eleven 40-foot
sections with contraction Joints separating each of the sections . All
contraction Joints are provided with an asphaltu m waterstop, running
from the crest of the dam to the rock foundation , grout pipes and a metal
grout stop; the joints were filled with grout after maximum contraction
occurred.

— 1—
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The vitrified paving brick was laid with alternating
header and stretcher In horizontal courses so that in the vertical plane
headers and stretchers alternated from the top of the dam to the concrete
foundation.

The brick was laid against wood forms for each five-foot
lift in a 40—foot section of arch and after having been allowed to set for
at least 24 hours , concrete was placed within the space formed by the
upstream and downstream brick facing . All headers are keyed and bonded
to the concrete . Both on the upstream and downstream sides of the dam
the brick is term inated at the contraction Joints so that there is an open
Joint in the facing from top to bottom between each section . The brick-
work , including the contraction jo ints , was pointed with cement mortar .

The spillway, located at the north end of the dam
adjacent to the north abutment , is concrete-lined and is cut almost
entirely in rock . It is 48 feet wide , 20 feet deep and fully controlled at
the upper end by two all—steel electrically operated vertical sluice gates
20 feet high by 20 feet wide supported by a concrete pier in the center .
A hoist bridge is provided over the gate slots . Further control of the
reservoir is effected by two low—level 54—inch diameter sluice pipes
through the center section of the dam near the bottom and extending
80 feet downstream with a Howell—Bunger valve at the end of the line .
A weir approximately 100 feet downstream of the dam maintains a low
pool to submerge the Howell—Bunger valve outlets .

Above each sluice pipe there is a 6—foot penstock line
that was installed to furnish water should a power plant be built down stream .
Each penstock line has an inlet gate at the upstream face of the dam , and
is open at the downstream face .

Drawings and photographs indicate a trashrack immediately
upstream of the low level outlet.

A gatehouse is provided at top—of-dam level with a
traveling hoist for the four gates. A traveling trashrack rake hoist is
In stalled , but not used. A remote reading water level gage is also
installed . A separate hoist house is provided over each Howell—Bunger
valve .

Spij lway Gates
Two vertical lift , tractor—type spiliway gate s are

provided. Each gate is 20 feet wide by 20 feet high with upstream skin
plates. The sills are at El 1420 and the top of gates are at El 1440. A
rope hoist , provided for each gate , is mounted on an overhead bridge.
Bottom seals are wooden tim bers fastened to the gates and sealing against
steel sill channels. Drawings show upstream 1-seals but these have not
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been Installed and gates seal on greased downstranm surfaces of end
members . Spillway gate s and hoists we. ~~

. manufactured by Philips and
Davies , Inc . Hydraulic jacking mechanism s , for cracking and closing ,
and seal greasing systems were added in 1972. Hoist and ja cking control
stations are located at the north end of the hoist bridge column . Both
gate hoists and ja cking mechanisms also have provisions for manual
operation .

Regulating Outlets
The two low—level 54—inch sluices each are provided

with 7’ —6 ” wide by 7’—8 ” high caterpillar gates above the inlets . The
gates are suspended by links and chain s that are dogged at the gatehouse
floor level. The gate hoist is a 40-ton traveling gantry-type with an
overhead rope hoist with hook to serve the two sluice gates and two
penstock gates .

New 54—inch Howell—Bunger (H—B) valves regulate
discharge from the two sluice lines . The H—B valve s have motorized
Limitorque operating stands mounted in separate hoist houses above
the valves; operating stands have provisions for manual operation .
These H—B valves were installed in 1972 , replacing original hydraulic—
operated Johnson-type valves. The H—B valves can he operated from
the gatehouse or from the separate valve houses .

Sluice , penstock gates and the gatehouse hoist
were manufactured by Philips and Davies , Inc .

b. Location
The dam is located on Caneadea Creek at its junction

with the Genesee River and in a narrow gorge about 300 feet deep. The
site is 1—1/2 miles from the village of Caneadea and about 60 miles
south of Rochester . The gorge widens out rapidly above the dam forming
Lake Rushford , 2 miles long and 12 miles wide , covering 800 acres and
impounding 1. 2 billion cubic feet of water .

c. Size Classification
The dam is more than 125 feet high; therefore , it is

considered to be a “large ” dam .

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

Failure of the dam would cause possible loss of life and destruction of
property, includin g roads .

—3—
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e. Ownership
The dam belongs to Caneadea Power Corporat ion , which

is a wholly owned subsidiary of Rochester Gas and Electr Lc Corporation .

f.  Use of Dam
The dam is used to control the flow of the Genesee River

and to impound water for the use of the power plants of the Rochester
Gas and Electric Corporation in Rochester during the dry months .

g. Design and Construction History
The darn was built by the Caneadea Power Company ,

a subsidiary of the Rochester Gas and Electric Corporation (RGE) . The
design originated with and was patented by Lars Jorgensen . The plan s
were prepared by the engineering department of the Rochester Gas and
Electric Corporation , and the construction was carried out under the
direction of its chief engineer , E . R. Crofts , with Arthur Whitbeck as
resident engineer on the job . The plans were checked and approved by
the State of New York Conservation Commission. The contractor was
Gannett , Seelye and Fleming , Engineers , Inc.,  of Harrisburg , Pennsylvania ,
with E . M. Kayser as superintendent .

h. Normal O~eratIn~ Procedures
The water level in the lake is maintained near the top

of the spillway gate , El 1440 , from Memorial Day until shortly after
Labor Day to accommodate waterfront activities on the lake . At other
times the water is lowered , sometimes in the order of 60 feet below top
of dam . Gates and valves are operated by the Genesee District staff
of RGE according to instruction from the RGE central dispatchers .

The sluice gates are normally kept full open just  above
the sluice inlet , and may be lowered if required for work at the outlet
valves. Howell—Bunger valves release water according to instructions
from the RGE dispatchers to provide water for downstream hydro plants
and condensers .

1.3 PERTINENT DATA

a . Drainage Areas (sq . miles~ 61

b. Discharge at Damsite (cfs)
Maximum known flood at site

(September 28 , 1967) 13 , 800
Maximum regulating gate outlets 1 , 900
Maximum gates spiliway at max imum

pool , El 1443 13 , 600
Total discharge capacity at maximum

pool , El 1443 15 , 500
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c. Elevation (ft above MSL)
Top of Dam El 1443
Maximum pool design surcharge
Spiliway crest (gated) El 1420
Streambed at centerline of dam El 1315

d .  Reservoir (miles)
Length of recreation pool 3.85

e. Storage (acre—feet)
Recreation pool 25 ,400
Topof Dam 27,000

f. Reservoir Surface (acres)
Recreation pool 578

g. Dam
Type - Gravity - constant angle arch
Length — 440-toot arch plu s two abutments 180 feet = 620 feet
Height - 125 feet
Top Width - 5 feet

h, Spillway
Type - concrete channel
Length of Weir — 48 feet
Crest elevation - 1420 feet
Gates - 20—foot x 20—foot electrically operated vertical

slu ice gates

1. Reaulatinc Outlets
Two low-level 54-inch sluices pass through the dam

and are controlled by caterpillar gates above the inlets and 54—inch
Howell-Bunger valves regulate the discharge.

The penstock intake gates , though not reç ulating outlets ,
are part of the low—level waterway complex.

Sluice Intake Centers El 1317 .75
Sluice Outlet (D/S face of dam) El 1317.25

I Penstock Intake Centers El 1336. 75
Penstock Outlet Centers El 1327 .92
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SECTION 2 - ENGINEERING DATA

2.1 DESIGN

The dam is a constant angle arch . The design originated
with and is patented by Lars Jorgensen . The plans were checked and
approved by the State of New York Conservation Commission , assisted
by HughL.  Cooper of New York .

The “constant angle ” type was chosen because of its economy
in volume of concrete over the constant radiu s type . Two concrete arch
dam s similar in character and proportions , the Salmon Creek Dam built
in Alaska in 1914 and the Kerkhoff Dam built in California in 1918 , were
serving their owners successfully for years before construction of the
Caneadea Dam .

From the examples cited above and others , we conclude that
the type and proportion of Caneadea Dam was in line with engineering
practice at that time in this country for such structures . A number of
prominent arch dam consulting engineers also reviewed and approved the
design .

In design of the Caneadea Dam , arches are assumed to take
full water load. This assumption is conservative since the cantilever
action carries some portion of the load.

2 .2 CONSTRUCTION RECORDS

An article In the Engineering News-Record of August 23,  1928 ,
pages 268 through 272 , describes the “Building (of) a Brick—Faced
Concrete-Arch Dam ” . Another article in the same magazine dated
May 14 , 1936 , page 699 states that after eight years of service the dam
shows leaching on brick surface but no peeling or structural failure of
the brick facing .

Some original spalling of the brickwork was due to deflections .
It has been observed that the top of the dam near station 3+20 deflected

• about an inch in the downstream direction .

In some cases the downstream face and top of the dam are
exposed to direct sunlight and are subject to temperature stresses , but
the brick facing is practically an integral part of each section and cannot
move independently .
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Free movement of the structure Is restrained by the two
concrete (gravity section) abutments - therefore any movement due
to stresses set up by forces acting upon the structure must be taken up
by the arch section of the dam .

Mr. L. E . Jackson ’s inspection of the dam during May of 194 7
gives the following report about the discoloration on the downstream
face of the dam :

The white deposit on the brick on the downstream face of
the dam is an efflorescence to be expected on brick work
in a damp location . Water absorbed by mortar between
the bricks or from other sources dissolves certain salts
in the lime or cement and upon evaporating , leaves these
salts as a white deposit on the surface. This is particularly
true of certain types of brick . The fact that the deposit is
heaviest below certain brick Joints may be due to water which
has seeped through the dam along planes between successive
lifts of concrete . Practically all of the deposit was made
during the first year after the dam was , completed . No
seepage nor additional deposit has been noted since that
time . The structure has been only slightly injured if at
all by this action .

There is no record of any structural deficiencie s in the dam
or its foundation and abutments .

2 .3 OPERATIO N RECORDS

In 194 7 the measurement of water dispatched downstream
was measured by means of a graphic pond level recorder . A chart
showing the volume of water in the reservoir at any pond level enables
the operator to determine the amount of water discharged by comparing
the storage volumes corresponding to pond levels before and after
discharging .

The volume of water discharged was also determined by
means of a chart which showed the discharge through the valves in the
sluice pipes below the dam for any pool level and valve openin ç~.

The Gene see District Hydro Operation maintains a log
Including date , time of day , lake surface elevation , gate and valve
operations , and pertinent data regarding the operations. Lake surface
levels are recorded at the Genesee District office in Fillmore , and U .S.G.S.
gaging stations, and maintained throughout the Gene see watershed
including one for the Caneadea Creek . Records are also kept of gate
and valve operations during periodic inspection by consultant .

—7—
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The maximum water level ever reached was approximately
15 inches over the top of the dam (El 1444. 2).

For some time the reservoir level was kept at El 1439.0
due to a previous p?oblem with a flash flood which required some quick
releases which caused damage downstream .

The reservoir level is now kept near the top of the spillway
gates; the overflow helps keep the surface clean.

2 .4 EVALUATION

Records and drawings were readily available at the RGE
central office in Rochester and at the Genesee District office in
Fillmore .

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

F
1~
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SECTION 3 - VISUAL INS PECTIONS

3.1 FINDINGS

a. General
A visual inspection of Caneadea Dam , near Caneadea ,

was made on Thursday and Friday , June 15 and 16 , 1978. At that time
the reservoir level was at El 1439. 6 ± near the top of the spillway gates .

The gatehouse is usually kept locked to prevent malicious
mischief. It was reported that the wood railings and stairs leading down
to the spillway gate structure have been damaged more than once and
had recently been repaired . The chain link fence at the end of the right
abutment had been cut and needed repairs to prevent people from climbing
onto the walkway on top of the dam and gaining access to the gatehouse.

b. Dam
There are numerous areas with white deposits on the

downstream face of the dam ; deposition of as much as ~ inches thick
has been observed. Minor leakage on downstream face of dam appears to be
along horizontal and vertical joints of brickwork .

Seepage was also observed coming from the downstream
face of the north (left) concrete abutment .

The foundation rock at the lower level is thinly bedded
shale which breaks easily. Rock im~~ediately above the crest near the left
abutment is sandstone .

Large areas of the downstream face of the left abutment
have spalled. There is some grass growing out of both the vertical and
horizontal Joints of the brickwork.

c. Concrete-lined S~ tflwa v
There is general spalling of the concrete surface

immediately upstream of the gates.

The spillwa y walls downstream of the gates and the
spillway pier have been gunited. There are numerous cracks on the face
of the pier.

The second weep hole on the interior face of the left
channel wall downstream of the spillwa y gates was discharging approximately
4 gpm . The first hole downstream of the gates was dry at time of visit .
There were additional weep holes downstream - some were dry , others
were weeping small amounts .

—9—
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There was debris in channel including one rock slab .

There was no leakage on chute walls except through
the last two monoliths before the abrupt plunge .

There are exposed rebars and several sizable spalled
areas on the exterior face of the right spillway chute wall and carbonate
deposits near the vent holes in the spi liway chute wall. There is also
deterioration of the concrete on both sides of several vertical monolith
Joints .

The end slab of the spillway chute had been damaged
and removed by a wave of water traveling down the chute leaving rebars
of the former floor slab exposed.

There is substantial erosion on the downstream portion
of the sloping chute floor . The flatter floor slab near the abrupt end
is also badly eroded. At the downstream end of the high right wall where
the chute slab drops sharply there is some local undermining - a chunk
of concrete several cubic feet in volume is missing .

There was some seepage over an approximate 100 ft
length downstream on the right side and 200 ft length downstream on the
left side of the spillway channel . Water apparen tly comes through
at the shale overburden contact .

d. S~ t1lwav Gates
Both spillway gates were closed and the lake surface was

about 0.4 ft below the top of gate (El 1440.0) . Side seals were tight.
At the north gate there was a slight leak at the bottom of the north end
and moderate leakage squirting Just above the bottom corner of the south
end. At the south gate there was light leakage at both bottom corners .
It was reported that the north gate bottom timber had been replaced in the
spring of 1978 and was thought to be warped . Upstream side i-seals as
shown on the drawings were not installed , but were stored in the gatehou se.
The visible gate surfaces had patches of rust .

No defects were noticed on the hoisting equipment
except the ropes which needed lubrication , e.g. at south hoist drum.
Also , all four thimbles were missing or disengaged at upper rope fixed
term inals resulting in excessive bending and flattening of ropes . It was
said that the ropes were to be replaced and that improved rope terminals
were being considered. It was reported that the hoist motors had been
rebuilt five years ago . The RGE General Maintenance had greased the
machinery and replaced brake shoes during the annual inspection , in
the spring of 1978 .
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The gate J acking mechanisms and seal lubricating system s
were installed in 1972 and had no visible defects except some heavy rust
on the Jack cylinders .

e. Regulating Gates
The sluice gates were dogged open , Immed iately above

the sluice . They had been lowered and raised at the time the H—B valves
were installed in 1972.

Penstock inlet gates were in their normal closec position .
The north penstock opening was dry . The south penstock was leaking a
small amount Judged to be in the order of 20 gpm . There is a small amount
of weed growth at the invert of the south outlet . It was reported that the
pen stock gates were inspected by divers in 1972.

The H—B valves were closed and the record shows they
have both been operated several times in recent years . Operating machinery
appeared well lubricated . A low weir is maintained to submerge the valve
outlets , but the pond level was at a level that resulted in freezing during
winter , requiring sawing the ice in the vicinity of the valves. It was said
that a simple low—level water line was being considered to keep valves
operable during cold weather .

The gatehouse equipment including hoists , dogging devices
and special tools appeared well maintained , serviceable and secured.

3.2 EVALUATION OF OBSERVATIONS

Visual observations made during the course of the inspection
did not indicate any severe structure deficiency or mechanical malfunction
which would adversely affect the immediate safety of the dam . However ,
there Is continuous need of inspection , maintenance and repair programs
to see that present problems do not become serious enough to affect the
safety of the dam .

—1 1—

~ii. —

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



SECTION 4 - OPERATIONAL AND MAINTENAN CE PROCEDURES

4.1 PROCEDURE S

The Howell—Bunger valves are used to regulate the low—level
outlets . The spillway regulates outflows above El 1420.

4 .2  MAINTENANCE OF THE DAM

There is no operation and maintenance manual for the
project. However , maintenance of the project appears adequate .

No regular maintenance procedure s are established for the
masonry structure , abutments or spillway.

4 .3  MAINTENANCE OF OPERATING FACILITIES

With the exception s noted under Section 3 , visible equipm ent
compri sing spillway gates and hoists , and the regulating gate s , valves
and hoists appeared well maintained. Records show that spillway gate s
and regulating H—B valves have been operated frequently and recently .
It is understood that five-year periodic inspections are conducted by a
consultant , and that the RGE General Maintenance grease machinery
annually, and repair operating equipment when requested.

In April 1978 , the Genesee District formulated procedures
regarding the dam , including weekly inspections of the dam and adj acent
property, monthly alarm tests , and annual check of the water level
recording chart in the Fillmore office . Further 0 and M procedure s are
being prepared and are In draft form .

During summer month s , the water level is allowed to raise
slightly above the spiliway gates to clear the lake surface of debris .

4 .4  DESCRIPTION OF WARNING SYSTE M IN EFFECT

The water level behind the dam is monitored. The gage system
is a bubbler-type manufactured by Honeywell . An alarm sounds when the
level reaches 1440. 8. The alarm system sounds at the Fillmore office
during weekday hours of operation . At night and on weekends there are
three dispatchers who alternate active duty — one week on , one week off ;
these men have alarms installed in their homes which are activated when
they are on duty . The alarm connection to load dispatcher in Rochester is
in process of being established.
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The dam is inspected weekly; the alarm s are checked
monthly .

Standardized procedures to handle alarm s are currently
being established.

The load dispatcher is in constant contact with the National
Weather Serv ice at Bu f falo . In event of an approaching Storm a hydro
operator is sent to the dam to be available to regulate the water levels.

4.5 EMERGENCY POWER

Conduits have been installed , and a 35 kVA portable generator
was purchased for emergency power operation of equipment at the dam .
It was reported that the generator had been brought to the dam and had
been satisfactorily used to operate the spillway gates and the H—B regulating
valves.

4.6 EVALUATION

There appears to be nothing in the present operational or
maintenance procedures which would adversely affect the safety of the
proJect. Maintenance of the Caneadea Dam and appurtenant features is
considered to be adequate.

I
I
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SECTION 5 - HYDRAULIC/HYDROLOGIC

5.1 DRAINAGE AREA CHARACTERISTICS

Caneadea Dam is located on Caneadea Creek, 2.2 river miles
above its junction with the Genesee River and about 60 miles south of
Rochester . The total drainage area contributing to the dam is 61 square
miles. The topography consists of low, rounded hills , most of which are
well—forested . There are no important lakes or reservoirs in the drainage
area.

5. 2 SPILLWAY CAPACITY

The spiliway is a rectangular concrete channel 48 ft wide
and 20 ft deep. It is fully controlled at the upper end by two all—steel,
electrically operated sluice gates, 20 by 20 ft , supported by a concrete
pier in the center 8.0 ft wide. No head—discharge relation was available ,
so it was necessary to estimate the discharge characteristics . It was
assumed that the flow , through the gates , would be supercritical and the
spillway entrance would act as a broad—crested weir with a coefficient
of 3.09. The computed spiliway capacity at maximum head (23 .0 ft) ,
corresponding to the top of the dam , is 13 , 600 cfs (223 cfs/ sq.mi.).
The low—level outlets at the dam have a discharge capacity of about 1900 cfs
making the total discharge capacity equal to 15 ,500 cfs .

5.3 RESERVOIR CAPACITY

The storage provided by the Caneadea Dam at El 1440 is
1, 110 million cu. ft (8 ,300 million gallons or 25 , 500 acre—feet) . Its
capacity at the spillway crest (el 1420) is 23 , 600 acre—feet and 27 , 300 acre—
feet at the top of the dam (El 1443) , thu s providing a surcharge storage
of 3 , 700 acre—feet which is equivalent to about 4 .7  inches of runoff
over the basin.

5.4 FLOODS OF RECORD

A gaging station was operated from 1949 to 1968, inclu sive ,
at a point 2 miles downstream from the dam . The maximum peak discharge
for the period of record was 13 , 800 cfs on September 28 , 1967. It will
be noted that this discharge is 200 cfs greater than the estim ated capacity
of the spillway, and may be explained by the fact that the low—level outlets
could pass more than 200 cfs .
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Floods above the gaging station are significantly modified
by storage in the reservoir , and therefore the record of floods is unlikely
to indicate true frequency of the drainage area. From regional flood
frequency relations established by the U .S. Geological Survey , the mean
annual flood for this drainage area is 2900 cfs and the estimated 100—year
flood is 7200 cfs .-1/

5.5 OVERTOPPING POTENTIAL

A Probable Maximum Flood (PMF) for the Caneadea Creek
was determined from an envelope curve 9f PMF values in the Great Lakes
region in New York to be 95 ,000 cfs . ~~ From this discharge , the peak
of the Standard Project Flood is estimated to be about 47 , 500 cfs or
3.06 times the compu ted outflow capacity .

5.6 FNALUATION

In view of the fact that the Standard Project Flood is 3. 06 times
the computed outflow capacity, it is considered that the splllwa y is
seriously inadequate from a hydraulic and hydrologic viewpoint. However ,
to most accurately evaluate the probable outflow from the Standard Project
Flood and the deficiency of the Caneadea Dam spillway capacity , it
would be necessary to develop a complete hydrograph and route it through
the substantial surcharge storage .

Magnitude and Frequency of Floods in the United States , Part 4 ,
Geological Survey Water Supply Paper 1677 , 1965.

Design Basis Floods for Nuclear Power Plants , Regulatory Guide 1 .59 ,
U.S. Nuclear Regulatory Commission , Rev. 2, August 1977.
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SECTION 6 - STRUCTURAL STABILI TY

6.1 EVALUATION OF STRUCTU RAL STABILITY

a. Visual Observations~
Visual observations did not indicate either existing or

potential conditions of the structure itself which would adversely affect
the safety or structural stability of the arch dam .

Numerous minor problems were observed in the concrete-
lined spillway, the spiliway gates and their intermediate pier , none of
which is expected to cause instability .

b. Design and Construction Data
Some design calculations are available . Correspondence

of the Constant Angle Arch Dam Company reveals that the design was
checked by the RGE Corporation and received the approval of the State
Engineer .

Some construction data is found in the Engineering News—
Record article, pages 268—272 , dated August 23 , 1978.

c. Operating Records
The maximum water level ever reached was approximately

15 inches over top of dam (El 1444.2 ) , indicating that the dam can safely
withstand overtopping.

d. Post-construction Changes
There have been some construction changes. An eroded

spillway slab surface was repaired. In 1972 the Howell—Bunger valves
replaced the original hydraulic-operated Johnson—type valves . The
valve houses had to be enlarged to suit the new equipment.

e. Seismic Stability
The dam is located in Seismic Zone No . 2 , therefore no

seismic analyses are warranted .
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SECTION 7 - ASSESSMENT/REME DIAL MEASURES

7. 1 DAM ASSESSMENT

a. Safety
Visual observations made during the course of the

Inspection did not indicate any severe structural deficiency or mechanical
malfunction which would adversely affect the immediate safety or stability
of the dam .

The total discharge capacity of the spillway and the
regulatin g outlets is approximately 15 ,500 cfs . This is less than the
estimated Probable Maximum Flood (PMF) of 95 , 000 cfs and also less than
the Standard F~oJect Flood of 47 , 500 cfs , both as determined using an
envelope of PMF values in the Great Lakes region of New York . The project
discharge capacity is therefore seriously inadequate from a hydrologic and
hydraulic point of view; however , since the concrete arch dam is founded
and abuts on sound rock it is considered that overtopping of the dam during
the design flood would not adversely affect the stability of either the
arch or the rock abutments .

The owner/operator 01 tne dam has in effect a storm
watch program and a warning system in co:rnection with regulation of
the reservoir .

b . Adequacy of Information
Adequate information and data were available for the

performance of this investigation .

Records of previous inspections were not available at the
time of this Phase I inspection .

7.2  REMEDIAL MEASU RES

No remedial measures are required to assure the safety of the
dam at the present time.

However , the following measures are recommended.

a. Concrete Dam and SpiUway Structures
1) Grass and other vegetation growing out of the brickwork

and concrete abutments should be removed.
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2) The seepage coming from the left (north) abutm ent
should be monitored. If the seepage remains insig-
nificant no action is required. However , if the
seepage gets worse and becomes significant , the
need for remedial action should be investigated.

3) Mi attempt should be made to clean inoperativ e weep
holes in the spillway channel .

4) Initiate a program of rehabilitation of concrete structures
with exposed rebars and spalled or eroded surface
areas of walls and slabs . Priorities for repair would
depend upon the severity of damaged concrete .

5) Prepare Maintenance and Inspection Manuals for the
dam .

b. Spiliwa y Gates and Hoists
1) Prepare an Operation and Maintenance Manual . It is

understood that such a manual is already in preparation .

2) Determine source of bottom leakage at south side of
north spiliway gate , and correct the problem .

3) Revise drawing 31430—73 to show as—built side seal
details . It is understood that the 1—seal , presently
shown , was not installed.

4) Lubricate hoist ropes and improve fixed terminals
where thimbles are presently missing or disengaged.

5) Clean and coat outside surface of ja ck cylinders .

C . Penstock Gates
1) Clean out weed growth from south outlet pipe .

2) Periodically record flow rate from south outlet pipe ,
at least once a year .

3) Provide means to prevent icing at H—B valves . It
is understood this is presently under consideration .
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CANEADEA DAM LIST OF DRAWIN GS
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3 1430-19 REVISED DESIGN OF NORT H ABUTMENT & SPILLWAY

ENTRANCE-PLAN & DETAILS
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31430-4 1 DAM-NORTH ABUTMENT-ISOMETRIC DRAWING & STRESS SHEET
31430-42 DAM-NORT H ABUTMENT-C ROSS SECTION S
31430-43 DAM-NORTH ABUTMENT-CROSS SECTIONS
3 1430-44 DAM-SOUTH ABUTMENT-ISOMETRIC DRAWING & STRESS SHEET
3 1430-45 DAM-SOUTH ABUTMENT-CROSS SECTIONS SHOWING THE CENTERS
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U 3 1430-47 PLAN OF BASE OF DAM SHOWING LOCATION OF STEEL AND GROUT

HOLES
31430-5 6 CONSTANT ANGLE ARC H DAM-FIELD LOCATION AND LAYOUT PLAN
3 1430-57 DAM SITE-NORT H SIDE-CONSTRUCTION PLANT LAYOUT
3 1430-58 SPILLWAY PLAN & PROFILE & DETAILS OF END WALL & REINF . CONC .

FLOOR SLABS
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CAN EAD EA DAM

LIST OF REFERENCE MATERIA L

I. Caneadea Dam Data 9 sheets
1. Waste Gates , Johnson Valves , Trash Rack , etc . data
2 . , 3. Hydraulic Data 1928—1977
4. RG&E Load Dispatchers Office 20 year Average Inflow to Pond 1931-1950
5. RG&E Load Dispatchers Office 10 year Average Inflow to Pond 1968-1977
6. RG&E Load Dispatchers Office 47 year Average Inflow to Pond 1937-1977
7. Total SFD Inflow - Caneadea Pond Monthly 1931-1977
8, 9 Totals SFD Inflow-Caneadea Pond Monthly 1931-1977

II. Laboratory Reports-Sand 3 sheets

~~ 
Application for the Construction or Reconstruction of a Dam 4 sheets

IV. Letter to Mr. A. S. Whitbeck from Mr. C. C. Cooman Eng ’g Dept. requesting
comments to Dwgs. 3 1430-40 & 47 elev . of dam with origina l earth & rock profile
on ~ of base and ~~, of cut off wall-location of steel & grouting holes.

V. Seismology 2.9-1 , 2 , 3 & 4 plus TABLE 2. 9-1 and epicentral 1oc~ cn  map Fig .
2 . 9 — 1  6 sheets

VI. Bore Holes , location , log & description 10 sheets

VII. Plan and Elev . of Caneadea Dam 2 sheets

VIII.Sedlmenta tlon Investigation of Rushford Lake Description Sediment , Tables ,
Statistics Location Plans (6 sheets - some two sides)

IX. Letter-Inspection of Dam—deposits on brick (one)

X. Value of Caneadea Storage - operation - 24 day draw down 30 , 33 & 60 day draw
down plus graph Avg . Head vs. Thous. KWH 11 sheets

XI. Suggested method of measuring future deflections of Caneadea Dam + Deformations
measured by triangulation 6 sheets

XII . Estimate of Volume of water storage at Caneadea (one)

XIII . Letter - leakage of water plus record 2 sheets

XIV . Value of Caneadea Storage + Data 3 sheets

- S~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ S .  ~~~~~~~~~
-
~~~~~~~~~~~~~~~-
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l

XV. Report on deflections in the Dam causing brick facing at Cont . Sts . to spell
8 sheets

XVI.Letter - character of foundation and suitability of gravel and sand 2 sheets

XVII .Report on Volume of Pondage (1927) plus pondage curves 6 sheets

XVIII. Record of Inspection of Foundation of Dam and Abutment 4 sheets

XIX . Prelimina ry report on Design and Construction by the Foundation Company
and Plan 7 sheets

XX. Specificat ’ 5,n s for the construction of a constant angle Arch Dam and Appur-
I tenances 3+27 30 sheets

XXI . Letters referring to design calculations , coefficients , drawings , etc . 10 sheets

XXII.Design properties of Dam x section one

XXIII . Value of Caneadea Storage varying drawdowns 11 sheets

I XX 1V.Calculations & Design Sheets by Constant Angle Arc h Dam Co. 3 sheets

XXV.Caneadea Pond - Data 4 sheets

$ plus drawdown curve barge & KWH 7 sheets

I 
XXVI.Caneadea Dam descr iption 3 sheets

XXVII.Caneadea Development — Brief History 9 sheets

I XXVIII .Sedimeritation Report - Letter, data , etc. 11 sheets

I 
XXIX .Discharge curve for 54” Howell’Bunger Valve 1 sheet

XXX .Prof ile of Genesee Valley, Rochester to Mt. Morris 1 sheet

I XYXI.Dwg . 3 1430-72C Spillway Gate JackMechanism 1 sheet

XXXII .Dwg . 3 1430-73 Spillway Gate Jacking of Grease System 1 sheet

XXXIII .Genesee River Watershed 3 sheets

I oociV. RGE ltr to Mr. L. White re O&M procedures,
dated 28 Apr 78 1 sheet
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XXXV. Sample weekly inspection sheet, 6/1/78 1 sheet

XXXVI . Gate operator ’s log pages 4 sheets

XXXVII . Curve at AV lake elevation , 1950-60 1 sheet

XXXVIII . Log of valve openings , w. tdevations , CFS and
SFD , 12/6/7 2 , 12/7/7 2 2 sheets
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S

i

VISUAL INSPEC TIO N CHECKl IST

1. Basic Data

a. General

Name of Dam C A N E A D E A  Hazard Category ~~~~~~~

County a~ LL E 44 Is J Y  ir~t ~~~~~~~~

Stream Name C r4F~A P € A  C~~EE ~K Tr ibutary of G F C N E S E E  R R I E R .

Location 4LL 4~~~ ’/ County Nearest Town (P .O .)  C 1 e 4P t ~~

Long itude ‘1~ °~ .5 ~ Latitude ~~~~~~~~~ Other Directions______

6o r~’ILEc S Q C J T I - 4  OF RocHES r E~~
~~-Date of Insp ~~~~

• ~ -
~~~~~~ Weather -“~‘~ Y Temperature 7~- F

b. Ins pection Personnel U. .~~~ L~~V E P - J Y H A L  S1 R U C T L . s P A L  E N ( N E L R /
S J~~. Su~D’C’< 1v1~ . C H 1 4 r - AI C~~~L ~~~~ ir ’IE~J~5. NIS

P. 2/ ~C C- i4Ea L 0T E C HN I~~A L  ~~N~~f f\lE E ( ~. 
J

TA rlc a N4II~1~~EI~~ WE.Pf~ I3 C(.OI’~1 P A N l E p  1c S l T ~ SY &7R. E L ( I E R  IV~~~~~~~~~EF < T ,

SuP ~~~vI S O R 14 VD~~O £ LEC1l~ 
I~~ £~E N E ( ~A f l Ot~J P,N~ N 1R. B E I~~I 14R .D 11 ILLS, I-IVDRO OPE~~~~~ TOR

c. Persons Contacted f~T R 4 E  M.~~ ~~~~~ A. A RT HUR Cl- ~iE ~ E N 4 I t ~.4 E E ~~
MR. Ji4 fr7 E~~~ N. Coy ,f~1AWA ~~Ei ~ C i v i L .  E N 4/ N E E 1~N N 4

N’I R. I~ OB~~R7 ~ MI1I-4, 4s5 , S TA N T-CI- 4 1E..F EN4 i P~/ EE( . .~

MR~~~PLiJlM 4J.BA ,L E-Y5, DISTRICT NA~. / A c~ER -~~E~iE~~E~ 2 i $ T R I C T

ç s~~~ £~~~,~IEEf?IN c~ r’th4c i~~ c o l�ç ,4/~7 Ic.LE

d . History: Date Constructed I~~~~Z SJ  
PA~u 2(0S-2fl ~‘ArE P Au~ . Z 3 , ’9i~

~~~~~~~~~~ s 3 E L o i’Jq S 1~0 C~~~ E A D f A  Po~..iE. R. CORP ~AJ~4 1 C H  1$ /4
Present Owner ~~HOL L~~ OWNED Su&S’DsA~~Y oc R 4 E .

?L~~N � ECRE ~~I4N O ’  Aep O,E~~ 
By

Desig ned by_LMS JC~4EN SEN. - ~mr E o c ~~~~~~ C QN SE Q, K r , c N  Cc-mm.

Constructed by c~/ P 4 N E T 1 1 !IEEL’/E I ~L€. M’N4 1 ~ N 4 i N E E  R~s, lr ~i c .
COPSJTRA

~~
S
~
TCR L O CA T E D  ( ,.J 14f 4 R.LS8 QR ~ ~~Recent History________________________________________

2. Technical Data
S 

SQ. M I LE S
Type of Dam CONST TA ~’J~~LE ~iRCHDr ainage Area_______________

Height 12. 5 FEEI - 
Length ~2a FEC T

~~~ p~ J 4 No . 3TW3o-~L ’
Upstream Slope V A I~~

IP..
~~~I.SC  Downstream Slope V4~~~ C-N-C.

(1 - oF .PAW1) Crest Width ~ ~ E-~ .T Freeboard at Sp iliway Crest~~3 ~~~~

F — — . 5 - — -  - - -— - - -—~~~~~~~~~-. - - - - ________ 

— - - 5 -- -  -5 —.5- — - .~~
.

-
I 

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



Two S ’-t ,~~~C H 1L M C [S  .l~ROV l PEP 
~.fl T+4

C ATE I~P L L A ~ 6AT E S A B o V E  T H E  J
~~LET$ -

Low Level Co ntrol: (Type and SIze) -~~ IP ’.ICU W0 i.A) E LL - ~~L’N~~ER c’A j ..\IES R~~~~LArr.
~~~~ ~ i sC L 4~~k4t.

Valve corLditioQ ~ pJ3OTi-4 VA L VES ~2P~~~1-E~ SE V f - F 5 A L -
_ _ _ _ _ _ _  

R £9 
- 

TI’ I e. S t’d R~ZENT YE~~R~
£m~ x~j.ui~-l~~y SpiliWay Type (MaterialL ~~~~~~~~~~ W idth~~~~~__~g~E—r

Side Slopes__~~
Height (Crest to Top) Z3 F T  —

Exit Slope_ .~~_

Exit Length _________________________________

Ponded Surface Area _Acres

Capacity (Normal Leve l) 1St, 5~~0 Acre Feet

Capacity Emergency Spiliway LeveL_ Acre Feet

3. Em bankm ent

~~~~ f~?I’L\(JfE~LE
a. Crest

(1) Vertical Alig nment ____________________________________________

(2) Horizontal Alignment ____________________________________________

(3) Longitudinal Surface Cracks____________________________________

(4) Transverse Surface Cracks —

(5) General Condition of Surface 
________

(6) Miscella neous —

- —- —.— — a -—- -—— — .  — - —.—-—-—-——----- -5-- —-— ~~~~~~~~~ S—a_---- — - —a—--— — 5 -—-— —

I’ ~— •Si ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-



I;

b . Upstream Slope N or  ~~~~~~~~

(1) Undesirable Growth or Debris______________________________

(2) Sloughing , Subsidence , or Depressions____________________

(3) Slope Protection 
__________  __________________________________

(a) Conditio n of Riprap________________________________________

(b) Durability of Individual  Stones_____________________________

(c) Adequacy of Slope Protection Against Waves and Runoff _______

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

(4) Surface Cracks______________________________________________

c. Dow nstream Slope_________________________________________

(1) Undesirable Growth or Debris______________________________

- -— - - S. - -
~~~~~~

— —~~~ -- - — 
.5— -

F 
- _ _ _ _ _ _ _ _ _ _ _  — _____________________________________________________



(2) Sloughing , Subsidence , or De pressions ; Abnormal Bulges or Non-
Uniformity

f—loT PL,~~~GLEL

(3) Surface Cracks on Face of Slope_______________________________

(4) Surface Cracks or Evide nce of Heaving ~. t  Embdnkment Toe_______

(5) Wet of SatLrated Areas or Other Evidence of Seepage on Face of
Slope; Evidence of “Piping ” or “Boils ”

(6) Fill Contact with Outlet Structure_______________________________

(7) Condition of Gr ss Slope Protection___________________________

d. Abutments__________________________________________________

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

(2) Springs or Indications of Seepage i-.~~ng Contact of Embankment
- with the Abutments

— .1 — —
~ 

- —5. 5 —S-.- ----- — — - — - — —5— .——- - - - ___________

1’ 
- - - - - - .-* - -~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



(3) Spri ng s or Indications of Seepage in Areas a Short Dista nce
Downstream of Embankm e nt — Abutment Tie-in

No r  A P P L - ~~~~~

e. Area Downstream of Embankment , Including Tailrace Channel

(1) Localized Subs ide nce , Depressions , Sinkholes , Etc . ___________

(2) Evide nce of “Piping ” or “Boils ”______________________________

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

(4) Unusual  Muddy Water in Downstream Channe l____________________

(5) Sioughing or Erosion__________________________________________

(6) Surface Cracks or Evidence of Heaving Beyond Emba nkment , Toe

F 
- - -— ~~~~~~~~~ 

_.‘~~ 

. -
~~ 

-.
~~



(7) Stability of Tailrace Channel Sideslopes__
NOT 14ppL ,~ A~ (..~t

(8) Condition of Tailrace Channel Riprap ____________________________

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

(10) Miscella neous__________________________________________________

f .  Drainage System ______________________________________________

(1) Condition of Relief Wells , Drains and Appurtenances _____________

(2) Unusual  Increase or Decrease in Discharg e from Relief Wells

4. Instrumentat ion

1 - (1) Monumentatlon/ Surveys________________________________________

_ _  _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  _ _ _ _ _ _  V
.

F



(2) Observation Wells ~q~5~-Ij

(3) Weirs N0N~

(4) Piezometers 
-

(Other)

5. Reservoir

a. Slopes P O R Ts o N~ OF R E . c E ’ ~v o I Z  SL.oP~� ~~~I8L~ F~ Q~~I THE PA r’?
fr’IO ~~I4 l~/ c  O F DI~ TP ~E5 .~ 1 INcT A Bi L i ’T Y OT HER ø~Pv ER~~

COI ’-4 P I T IO NS.

* 
- - — —.—— — —-——-—---— — — ——-—---- — —

--- =5- -  - -  - - - - - .5 - . - - - S ~~~~~~~~~~~~~~~~~~ - _ _ _ _ _ _



b . Sedimentation ~~oT V S (SL E  -

FOR S u’1~~~ J ’ rA TIo N IN VESr,4A TI Ot.4 OF ~‘vS!4 FcRP LA~~~
~~~~~ 

j ,q~~~~3 ‘95Z j r0~~ REPc~.’r OF S’OI L .  C ’ ~sLR. vAr lo t~J 5~R vI c~ ~~
S.~~ iPT~ CF A 4 i~ 1 C r u ~,E

6. Spiliways
Fo~ ~~p~~~~~ )A~’ PLAN ., (‘RO~ lL~ ~ 5~~~ ~~Jc~Mo. ~i43o -~~&

a. ~~1-~- t ~-~ l ~I~•ilh~~~ 1 I i i lw L Cu ,iUllLun ~OR SPILLWA/~ FP &~~IO(SJ ~

Pipr- Cr~nd1ti0n SE~ Pt4~ . No. ~
( 43o-~~9 J

General Remarks (include informatio n such as recently repaired ,
pote ntia l for debris accumulation , specia l items of note , etc.)

$P / 4 L L / A /~ ,4 N/? 9E TE. RJ oRAT/ ~~N O~ SOME ,N rEf,~~ AND EXi~RIO,~ t~S) , 1 L L

~ I/ Z FACE~ H4S ~?E5LI~.7~~I) /i ’J ~~~~~cip R 8 A ~ s.

/34 PT! O~ TIlE EN P ~~A & .4 N!) POWNf7R t4~v1 CONCI(’( Tt

AtiP ~E K1OV( P. WA TEIZ cL~n.~/ w ç d LIC,Q 7).f( P N~~~T~~~~~~~4 / Y7 E,VL) a~~7NE
‘
~~ 

~~~~~~~~ ~~~ c7°ti ~~~~~~~~~ tr~~° ngi~~~ 
A 7 7HE (HA NtvE.~ S’~.gc4 c~

AIAVP eE~.)~~~ 8EFCPE f~~O~J/N 4 INTo CANE4DEM CRELe

Tree Growth________________________________

Erosion__________________________________

______________________________________________Other Observations________________________

F
7. Structural (if required) See Attached Append ix

I I .
5~~~ 5~~ .5S.~_ - 5S  5 - - -  - -5-- 5-.- ---5- - — - - -  - ~~~~— -5 =S.~~~~ 5- 5 S S  —5-

F - -- - - ‘-
~~~~~~~“ 

-
S - . - ~~~~ 

- - _.S~
S_~~~~~~~~ _ S - ~~~~~~



8. Downstream Channe l
(~ A TE~ ~Roi ~ P.~q~-P7 P u.~ç / i ~7~ C~ NEA O~ A CPEE ~ / ~PP ’x I (9A r (L) ’

‘2. t I S L E S  A 8O VE I1!~ JuNCr l~3,J C.~i / T I’1 THE gI ’VLS’EE Ri VE R.

a. Condition (obstructions , debris , etc.) _________________________

b. Slopes ___________________________________________________

c. Approximate No.  Homes and Population T~4~~ VIU ~/ 46 E ~~~~~

C#~N E A 9 E A  ~.‘~~7~’-/ 4 c’~’4u POP.. LA T, C N ,‘c N P  5F t ..’p f r A L
/-~Cfr7 E c j~/ o c..~tP ~~ 

A .F EC T EP 8Y A ~~~~~~

d. General______________________________________________________

0

/ -1 - 8. L ( VENr ”- I/ IL.

TEAM CAPTAIN

$ - --.5



I

STRU CTURA L IN SPECT I ON CH E CKI . I ST

PHASE I DAM IN SPECTIO N

1. Concrete Surfaces ~‘~~~ Tf r E~~~/ ~~‘‘ ~ ~~ W~~ -’i . - - ” ~ ~~~~~~ C~ ~
- - ~~~~

~~~~~~~~ ~~~~ :. — e~~& ~~ L tJ~ ,’?(~ oQ5~~ ’~~Ac ~~~~~~~~~~ ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~
‘~~~~~~ 

~‘PJ ~~-L  ~~~~~~~~~~~~~~~~~~ PAE ~~~~~ ~~ 7~~~’~~~~~,5-S 
~~ t-/ ~~~5~~~,L ~~~~ ~~~~~~ 

, -
- —

2. Structural Cracking 5~~~( ~ / ‘tJ C b ~~/S~~~~’ K 5  it . t~~~~ ~I .~~i 1 - ~ - ~~~~~~

A ‘- ~ / ~J U,~~ L t C 
~~~

/ -  
~ ~~~~ y

3. Movern .~-~t — Horizo:~~-~ 1 an d Vertical  Al ig n m e r ~t ~
- 

~~~
-
~~~~

- 
‘ -~~~~~~ -~ E ~ ~~-E.

4. Ju n c t i o r s  ~~~~~~ ; ~t~-e :~ts or Emb ank m er i t s  ~~- /,~5j  ~ í’;~~ 6’.i~~~ ‘~~~~~~ ,‘

~1
f:tL ~~J//~~ ~“I ~~~

/-
~~~~~[ ~1 2~~E A~~

~~~~ Drains - F o u n d a t i o n , Joint , Face ~ N~~4 ~~~

r-I E. ~a~- —~ S ~ F c ~’- [ ~ F -~ ~~~~~~ ~~~~~~~~~~~~~~ - F  F ~ ~~~~~~~~~ ~;c- r_ ,~ 
,
~~~~~~~

~~~~ ~~ 
-
~~~~~~~~~~ ‘: 

- 
5 u,c i~. ‘- ..; ~ - -- r ~-6. Water Passages , Conduits , Sluices _ E -~ / ‘~..Ft5 ~~~~~~~~ 

/ f ,  
~~~~ - ~ Cc-- / ~T - ,c-~V

5 CI~ i- I , ’ ’2I ~~’’ .~~ 2~~~~~~c~~~~- - -  ‘~-j ~~~~~~~~ ~:L~~O,.: / ~~~~ :~~ ~g.— E ’L ~
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