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4
flame of Dan’ Cross P iver NY~~

State Located New Yor k
County Locate~____ 

W~~~~ fwster
Stream Cross River
Date of Inspect ion Ju1y 2 7 , 1978

H 1
AS S1 SSM E N T  OF

(W N[RAL. CONDITIONS

J Cross River Pam is a large cyclo()ean masonry g rdVi ty  dan bui lt in 1906 as a
water supp ly reservoir for the City of New York . On the basis of this Phase
I v i sua I ex amination and atial y si s , it i ‘-~ conc I uth’d that the dam is in need of

r a more thorough and deta iled invest i~~ t Iv e  evaluat ion. After 70 years of
service , this datTi is severely showing its age and its structural integrity is
somewhat in question. The structure has not undergone any major improvement
or repair since 1906 other than repl acement of the stilling basin and pump
house which were damaged by the storm of October 15-18 , 1955. Substantial
cracking (the source of which should be deter m ined ) has occ urred near the top
of the dan in a storage room (bas tion). This area is within the darn above
the ~aaterl m e  and under the roadway tha t goes ov er the darn. The concrete
surface of the darn has deterior ated signi f icant ly in nany locations. A nuni—
ber of lengthy surface cracks have been locat ed . Wetness on the downst ream
surface (the source of which should he determined ) is in evidence. Seepage
into the valve pit bel ow the darn has been noted as we ll  as possible seepage
on the sout h abutment area . Large calc i f ied seepage deposits have been found
on the downstream surface. In addit ion , the hydrologic analysis indicates
that the dam’ s spi l lway is not cap able of 1~ s sinq the Probable MaXimum Flood
( PMF). The spi liway is currently capable of passing 88 percent of the PMF.
The stability computation indicates an unsatisfactory factor of safety when
upl i ft forces are considered . The spillway fl ood stage from the 1/2 PMF m~yalso be of sufficient height to ad(l enough pressure on the bastion wall to
cause col l apsing of the wall and fai lure of the road above. 
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It  Is reCrnIl lt!IUted that further sludi es be made to itetermimi ne the s t ruc tura l
- inteqr ity of the dam. t lon—destr uct ive testing of the damn section is recoimi—

C mended as well as field investigations and engineering studies to further
evaluate the dam’s structura l stabil ity . The bastion area should be properly

• repeired to provide safety for use of tho road on top of the dam.

• Dale Engineering Company
,.,P~~~~r - - , --

L 
)ohn~B. Stet~o n r es i d~it~~

/7? r~. /1,9
c~aw~~uiC Approved By: Col. ark H. cnn

Date: New York ti trict E gineer
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PHASE I INSPECTION REPORT
NATIONAL DAM SAFETY PROGRAM

• 
j i f  NAME OF DAM - CROSS RIVER ID# - NY38
i f.  

SECTION 1 - PROJECT INFORMAT ION

“ 1.1 GENERAL

a. Authority

Authority for this report is provided by the National Dam Inspec-
tion Act, Public law 92—367 of 1972. It has been prepared in ac-
cordance with a contract for professional services between Dale
Engineer ing Company and The New york State Department of Environ—
mental Conservation.

b. Purpose of Inspection

The purpose of this inspection is to evaluate the structural and
hydraulic condition of the Cross River Dam and appurtenant struc-
tures , owned by New York City, and to determine if the dam consti-
tutes a hazard to human life or property and to transmit findings
to the State of New York.

This Phase I inspection report does not relieve an owner or opera—
tor of a dam of the legal duties, obl igations or liabilities asso-
ciated with the ownership or operation of the dam. In addition ,
due to the limited scope of services for these Phase I investiga-
tions , the investigators had to rely upon the data furnished to
them. Therefore, this investigation is limited to visual inspec-
tion , review of data prepared by others, and simpl i fied hydrologic,
hydraulic and structural stability evaluations where appropriate. — - :

- 1 1 ;  The investigators do not assume responsibility for defects or de-
ficiencles in the dam or in the data provided.

1.2 DESCRIPTION OF PROJECT

a. Description vi  Dam and Appurtenances

The Cross River Dam is constructed of cyclopean masonry and faced
on both its upstream and downstream sides with concrete blocks.
The dam i s approximately 1,226 feet long. The greatest depth of
foundation below the river bed is 37.7 feet. The height Is 170
feet above foundation. Length at the top Is 986 feet . Length of
spIl)way is 240 feet. Thickness at the top of the dam is 23 feet.
Thickness at the base is 116.3 feet. The spiliway is situated on
the northwest end of the structure and discharges into a side
channel spiliway which discharges down a bedrock channel into the
Cross River. The dam and spiliway are founded entirely on rock.
Two 48— Inch -Iron pipes, provided with valves, located in the gate
house, are embedded In the lower part of the dam to control the
flow of water.

~ 
T i f
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b. Location 

-

Cross R iver Dam Is located in the Town of Bedford, Wes tchester
County, New York.

c. Size Classification

The maximum height of the dam is approximately 133 feet above the
old ri ver bed. The storage volume of the dam is approximately
41 ,000 acre feet. Therefore, the dam is in the large size category
as defined by the Recooinended Guidelines for Safety Inspection of
Dams.

d. Hazard Classification

Cross River , the receiving stream from the impoundment fl ows
through the Vil lage of Katonah , a sizeable residential development.
Therefore, the dam is in the high hazard category as defined by the
Reconinended Guidel i nes for Safety Inspection of Dams.

e. Ownership

The dam is owned by The City of New York , Bureau of Water Supply .

f. Purpose of Dam

The darn presently functions as a standby water supply reservoir for
the City of New York . During periods when fl ow from the Delawa re
Aqueduct is inadequate, the reservoir -is used to augment flows to
meet demands. Flow from the Croton System supplements the water
supply going to the City . It is reported that the Croton System is
used in this manner approximately 2 months of the year.

g. Design and Construction History

The Cross Ri ver Dam and Reservoir was designed by the Aqueduct Corn-
mission of the City of New York. The contract for construction of
the Cross River Dam was awarded on June 20, 1905 and the reservoir
was put in service on May 1 , 1908. The flood of October 15-18,
1955, caused extensive damage to the stilling basin at the bottom
of the spiliway chute. This stilling basin was subsequently recon-
structed along with a pumping station which has been built close to
the toe of the dam.

h. Normal Operational Procedures

The Cross Ri ver Dam and Reservoir Is operated by the Bureau of Wa-
ter Supply øf the City of New York with Croton Division headquar-
ters in Katonah, New York. The dam Is under constant survei lance
by Bureau personnel and is periodically inspected by the City.
Norma l operation consists of adjusting the flow In the discharge
lines to maintain a full head at the splflway. During high demand
periods, the pump station at the base of the dam is operated to
di scharge water Into the Delaware Aqueduct.

2 ‘ 
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1.3 PERTINENT DATA

a. Dra inage Area

The drainage area of the Cross River is 28.4 square mi l es.

h. Discharge at Pam Site

Flow discharge records are availabl e at this site in the form of
daily 9:00 AM spiflway readings availabl e from Croton Division
Office in Katonah.

Computed Di scharges:

Ungated spillway , top of dam 25273 cfs
Ungated spillway , 1/2 PMF 13516 cfs
Ungated spillway , PMF 28532 cfs

c. Elevation (feet above MSL)

Top of dam 340
Design discharge 340.5 (PMF )

336.5 (1/2 PMF )Spiliway crest 330
Stream bed at centerl ine of dam 210

d. Reservoi r

Length of maximum pool 22500 feet
Length of normal pool 17000 feet

e. Storage

Top of dam 39700 acre feet
Normal pool 32000 acre feet

f. Reservoi r Surface

Top of dam Not estimatedMaximum pool Not estimated
Spillway pool 899.2 acres

g. Uam

Type - Cycl opean masonry.
Length - 1226 feet .
Hei ght - 105 feet above finished grade.
Freeboard between normal reservoir and top of dam - 10 feet .lop width - 23 feet.
Side slopes - Vertical - upstream.

1/2 horizontal to 1 vertical - downstream. 

~~~- -if- -~~if if if - - - -- -- --- --if- — ----
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Zoning — None.
Imperv ious — Ho core. Not applicable.
Grout Curtain - Not known.
Spillway - 240 feet side channel ogee weir section into a side

channel trough leading to a spiliway chute founded on rock which
- 

flows into the stilling basin.

I
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SECTION 2 - ENGINEERING DATA

2.1 DESIGN

The Information available for rev iew of the Cross R i ver Dam
included :

1) The plans included in thi s report are Figures 2 through 25.

2) References 2, 3 and S in Appendix E.

2:2 CONSTRUCTION

Inform ation regarding the dam ’s construction was obtained from
Reference 2, 3 and 5 In Appendix E. These sources of information
provide a narrative description of the sal ient points rel ating to if

the dam’s construction and of project milestones of the work
process (news items). Limited technical data was obtained in these
sources. No detailed field engineering data was found in these
references.

2.3 OPERATION

See Section 4.

2.4 EVALUATION

The l imited data reviewed indicates the dam was carefully construc-
ted. The information obtained was considered adequate to enable
the invest igators to perform thi s Phase I invest igation.

I

I
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[ SECTION 3 — VISUAL INSPECTION

3.1 SUMMARY

a. General

The visual inspection of Cross River Dam took pl ace on July 27,
1978 and again on August 2, 1978. The second Inspection was per-
formed to make further study of areas of concern with Mr. George
Koc h, Chief of Dam Safety for New York State and Messrs. Anthony

1. Barbero and Jerome Caspe, Mministrators for the Dam Safety Program
for the New York Di strict of the Corps of Engineers. Over the
years , the dam has undergone continued ma intenance by the New York
City Bureau of Water Supply. Two Incidents effecting the dam were

- - reported to the dam inspection team. On October 18, 1955 , a fl ood
stage of 4.49 feet above the spillway crest was measured when a
significant rainfall event severely eroded the stilling basin and
destroyed a pumpi ng station located close to the basin. The dis-
charge from this storm event was estimated to be 3650 cfs. A sec-
ond incident , which occurred sometime prior to 1965, caused struc-
tural damage to the roof of a bastion chamber and upstream wal l of
the dam above the waterl ine near the north end of the dam. The
bastion chamber was used to store stop planks for the spiliway .
The structural damage consist s of severe cracking of the upstream
concrete wall , buckling of the roadway curb on top of the dam and
cracking of the col umns and beams in the bastion which support the
roadway across the darn.

h. Dam

The cyclopean masonry dam visually conforms to the pl ans provided
in the report . The massive st ructure has a large amount of
deterioration of the concrete facing. The bastion area, previously
mentioned , has complete fracture of wall sections and Interior
nonreinforced concrete column elements. Seepage is al-so suspected
along the south abutment . Photographs 1 and 2 are views across the
top of the dam. The road is maintained by the Town. Reportedly,
salt is spread on the road during winter. Photographs 12 and 13
are close—ups of portions of the roadway .

The concrete facing of the dam has deteriorated as can be seen in
if Photographs 14, 23, 24, 25, 26, 27 and 28. In Photographs 23 and

24 the surface of the dam was noted to be moist . This condition
coul d be caused by absorbed moisture from rainfall or seepage.

L. Photographs 25 and 26 show where spalling has occured up to eight
Inches in depth (estimated), forming a surface crac k up to the top
of the dam. Another crack line occurs on the south side of the

1.
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I
darn. Roth of these cracks have formed at the quarter points of the
downstream face of the dam very near the location where the abut-
ment meets the valley section. Photograph 28 shows calcium depos-
Its on the downstream face of the dam.

Photographs 6 through 11 show extensive damage to the bastion cham-
bers. It is not known what caused this movement and crack i ng to
occur. Possible causes for this damage are frost heave , thermal
expansion , creep, pore pressure, foundation movement , reservo i r —

head , vehicular traffic loads and seismic activity . The fracture
and displacements seem to Indicate expansion al ong the longitudinal
axis of the dam. The bastion area being a circular (relatively)
thin walled structure is the weakest point in the dams longitudinal
axis and is between the south abutment and the north ends bridge
arch. Expansion force-s seem to have pushed the front wall of the
bastion area out. Fractured col umn joints show movement to the
North. Lateral torsion failures were visible in the roads floor
beams. The cause of these fractures is not known , however , the
most prevalent explanation appears to be frost heave.

Photograph 21 shows seepage fl ow in the underground valve pit at
.the toe of the dam. From this pit a drain pipe discharges into the
sti lling basin. The outflow location of this pipe is the smal l
pipe shown in the center of Photograph 20 to the left of the con—
struction joint and to the right of the larger reservoir discharge
outlet. At the time of the second inspection an excavation had
been made next to the valve pit exposing the leak at the surface.

- - 
. The excavation was found to be full of water. The source of flow

is not known.

~‘hotographs 29 and 30 show an area near the south abutment where
seepage is suspected. At time of second inspection the ground ex-
hibited more wetness than at the first observation .

- 
- c. Spillw ay

The ogee concrete spillway is founded on exposed rock as shown in
Photographs 10 and 17. At a number of points , seepage was noted,
one of these locations is shown in Photograph 18. It appears to be
through the weathered rock at the concrete contact surface. The
spiliway approach is shown in Photograph 15, while the downstream
chute of bedrock Is shown in Photograph 4. Photograph 19 shows a
cavity in the south side spillway below the bridge which is sus-
pected to have occurred due to weathering of rock and high velocity
discharge flows. The new stilling basin , shown in Photograph 21,
shows where the left portion of the slab has moved vertically from
the right portion.

- i f~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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d. Appurtenant Structures

if A minor leak was observed in the valve pit (It. a joint. This was1 repaired at the time of the second inspection. The pit area has a• leak coming from a pi pe sleeve through the concrete wall at the
location of the southeast corner of the pit. All valves appeared
to be operable with significant discharge coming through the low
level out lets. The pumping station , which is located below the dam
in the center of Photograph 5, al lows the city to divert flows into

• the Delaware Aqueduct from the Cross River Reservoir. The floor ofL the pump house was dry.

e. Downstream Channel

The downstream channel is shown In Photograph 22. Bel ow this area
l ies the Itscoot Dam.

Fl
( I
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SECTION 4 — OPERATION AL PROCEDURES

4.1 PROCEDURES

Operational procedures were not observed by the Inspection team.
- - The dam and reservoir are owned by the New York City Bureau of

Water Supply and are maintained by the staff of the Croton Division
located in Katonah , New York. It is the staffs responsibility to
maintain and operate the facility under the direction of the cen-

¶ J~ 
tral office in New York City. During normal conditions , the water
surface elevation of the reservoir is at the spillway crest.

Control valves in the valve chamber can either di scharge into the
stilling basin which flows into Croton Reservoir and to New York
via the Croton Aqueduct or to the pump house which pumps into the
Delaware system.

4.2 MAINTENANCE OF DAM

The dam is maintained by the Croton Division full—time maintenance
staff. The Croton Division Operations Center has a complete staff
capable in operation and maintenance engineering for the facility .
While the dam is continual ly maintained , there is no individua l at

* the dam site full—time. There is al so no flood warning system in
operation (to the knowledge of the investigations).

‘ i f
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SECTION 5 - HYDROLOGY AND HYDRAULICS

5.1 EVALUATION OF FEATURES

a. Design Data L

For thi s report, no Information relevant to the hydrologic and/or
hydraul ic design for the dam was available. Analysis provided in
Appendix C was performed utilizing information obtained from con-
struction documents and other general sources of information listed
in the reference section of this report.

The mass i ve wa ll of the Cross River Darn spans the va l ley of the
Cross River which is a tributary of the Croton River forming the
Cross River Reservoir. The drainage area contributing to the res-
ervoir is 29.8 square miles. The vol ume of impoundment water is
mainly a function of the natural watershed although a number of
smal l reservoirs and ponds lie upstream of the reservoir. The res-
ervoir augments flows into the Croton System through the tiiscoot
and Croton Dams downstream. For the purpose of thi s investigation ,

• • the dam and spillway were analyzed with respect to their flood con-
trol potential and to determine their adequacy under rare flooding

if conditions. This potential was assessed through the development of
the Probable Max imum Flood (PMF) for the watershed and the sub-se-
quent routing of the PMF through the reservoir system. The PMF is

• that hypothetical fl ow induced by the most critical combination of
precipitation , m inimum inf iltration losses , and concentrati on of
run-off at a speci fic location , that Is considered reasonably pos—

- - sibl e for a particul ar drainage area.

The hydrologic analysis was performed using the unit liydrograph
method to develop the flood hydrograph. For the dam’s locati on- - l ittle hydrologic information was found from available studies. At
the dam site the floods of record include: storm of October 18,

if 1955; Hurricane Di ane, August 17, 1955, and a prior storm of August
• 12, 1955. The USGS gage at the dam site recorded 11 inches of rain

on October 16, 17 and 18. No information was available to deter-
- ( —  m ine the frequency of this event. An isohyetal map of thi s event

was obtained from the Lower Hudson Report [Ref. 7). Three hour
ra infall precipitation data from a gage north of the basin was used
to eval uate the unit hydrograph derived for this study. The Bureau
of Water Supply measured the spIllway discharges that morning at
9:00 AM of October 18. The recording was 4.49 feet of flow, 2.49
feet over the 2-foot fl ashboards. This was computed to be equal to
a discharge of 3650 cfs. Reconstitution of the event yielded a
discharge of 6907 cfs into the reservoir and 3282 cfs over the
structure. The computed time of peak discharge was at 9:00 AN on
October 18. No effort was made to cal ibrate the model (i.e. loss
rates) to the measured discharge. These results indicate the unit

— hydrograph Is reasonable. Additional i~ rk on thi s reconstruct ion
could evaluate the reservoir stage-storage relationship at the be-
ginning of the event, evalua te loss rate functions , etc. It is

- 

- felt that the unit  hydrograph Is adequate for this sc ope of analy-
sis.

10
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In preparing the unit hydrograph, Clark ’s coefficients were esti-
mated. For the Clark Method , value s of Tc a 7.0 and R - 5.30 were
computed. Snyder’s CT was later checked from the computer pro-
gram ’s derivation of Snyder parameters Tpr and Cp and a CT val ue
of 1.75 was computed. This val ue of CT is very reasonable. The
New York Di strict reconmiends CT of 2.0 for mountainous areas and
rolling hills which are typical of the area ; whereas Chow
reconinends a general -value of 1.2 [Ref. 10] for this condition.

The Probab le Maximum Flood (PMF) hydrograph was determined using
Probabl e Max imum Prec ipitation rainfall data obtained in Hydro-
meteorl ogical Report No. 51. An index rainfall of 24.0 inches for
a 200 square mile area for a period of 24 hours was adopted for the
analysis. Both the PMF and 1/2 PMF were eval uated. The 1/2 PMF
was assumed to be approximately the Standard Project Fl ood (SPF ) in
utilizing the U.S. Army Corps of Engineers Hydrologic Eng ineering
Center ’s Computer Program UHCOMP. The peak discharge for the PMF
was 31 ,726 cfs and for the 1/2 PMF (SPF ) was 16,145 cfs .

Hydraul ic studies were performed on the spillway weir assuming we ir
control ( submergence was not eval uated). These computations are
shown in Appendix C. Only the 240 foot long splllway was consid-
ered active in rout ing the PMF and 1/2 PMF (SPF ) fl ows.

The U.S. Army Corps of Engineers Hydrologic Engineering Center’s
Program HEC-l , usi ng the I’bdified Puls Method for flood routi ng was
used to eval uate the structure and reservoir. Peak flow discharges
were reduced to 28,532 for the PMF and 13,516 for the SPF. The
spiuiway capacity is 25, 273 cfs and the spll)way is capable of
passing 88 percent of the PMF. The reductions were not signifi-
cant. The computed stage-discharge relationship in Appendix C
Indicates that the dam, which Is in the large dam classi fication ,
may be topped with a PMF event. In addition , the 1/2 PMF (SPF)
would discharge 6.6 feet of fl ow over the spillway . This flow
depth would be of sufficient height to flood the bastion chamb 3r
putting additional pressure on the wal l sections. Based on the
concern for failure of a roadway, additional work needs to be done

— in further investigations at which time the hydrologic analysis
work should be refi ned. This work should incl ude determination of
possible spillway submergence, preparation of a new spiliway rating

if 

- curve and evaluation of the capacity of the open channel splllway
chute.

i
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SECTION 6 - STRUCTURAL STABILIT Y

6.1 EVALUATION OF STRUCTURAL STABILITY
e .

a. Visual Observations And Data Review
- i f

The major portion of the masonry dam and spiliway appears to retain
structural stability at this time, with no indication of mi salign-

if 

mont , significant settlement or other structural movement. How—
‘ver, considerable structural cracking of the concrete elements

• comprising the bastion chamber constructed as part of the dams V
northerly abutment has occurred. This chamber ininediately
underl ies the roadway crossing along the top of the dam, and the
bastion floor is approximately at the spillway elevation. The
dam’s downstream face shows a considerable number of areas where
surface spall ing of the concrete has occurred, and at the time of
the field inspection , the surface of various spalled sections was
damp and/or wet. Calcified seepage deposits were noted at a few I’
locations . What appears to be a vertical surface cracking of the
downstream face was noted near the upper portion of the dam, at

• approximately the quarter-length points inward at both abutment toe
locations.

The ground surface inmediately downstream from the dam generally —
‘ was found to be dry, except for ground wetness noted in an area

approximately one-quarter of the dams length from the southerly
abutment . Foliage and ground cover in this area is very heavy,

- defining the extent of the ground surface effected. A section 50
to 100 feet along the face of the dam could be involved.

The concrete sp iIlway bears on a foundation of exposed bedrock.
Seepage was observed from the construction joint between the poured

- conc rete and the rock foundation. The spillw~y chute consists of. bedrock. No seepage was noted to be occurring at the end section
of the dam (in and adjacent to the spillway chute) which underlies
the storage chamber mentioned above.

• - Some leakage was noted In the below—ground valve pit area located
j ust below the downstream toe.

b. Geology and Seismi c Stability

The New York State Geologic Map (1970) indicates the dam is sited
in an area whose bedrock is Fordham Gnelss. The gnelss crops out
beneath the spillway , along the valley wall opposite to and north

if 

of the spillway, and comprises the whole of the downstream channel
bed from the spiliway to the pool below. Fol iation generally

- Ii strikes east-west and dips steeply , 60 to 90 degrees north. A num-
ber 0f small , very tight folds are present . Some minor amounts of

- 
~~~

- garnet grains were noted. The biotite, hornblende and amphibolite
portions of the gneiss weather readily and may yield rotted zones
or seams in the rock. Such weathered zones were noted in the
area . Permeabi lity 0f unweathered sound gneiss is relat ively low.

12 
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The State Geologic map indicates several faults present in the
area . None are known to ex ist in the ininediate vicinity of the dan
or the spillway . See Geol ogic Map Figure 26.

Eart hquakes recorded for the area are tabulated bel ow:

Date Intensity—Modified Mercal1~ location Relative to Dam

1885 I I I 6 ~i • w
1937 II 8 mi. SW 

- 
-

1938— ) III 5 ml. SSW
1938—2 III 5 nl . SSW
1938—3 II 6 ml. S
1964—1 II ~ ml. SW1964—2 II 5 mi. SW
1964-3 V S ml. SW
1967 V 8 ni. SW
1972 unknown ~ n i . SW

Although this area is designated as being in Zone 1 of the Seismic
Probability Map, the New York State Geological Survey believes thi s
area should be upgraded to Zone 2. Convention assumes no earth-
quake hazard for a Zone 1 or 2 designation .

c. Data Review and Stability Evaluat ion

Design drawi ngs applicable to stability eva luations made availab le
for this study are l imited to dam cross-sections. Soil/rock prop-
erties and upstream/downstream water conditions utilized for the
dam design are not known. As part of the present study , stability
evalua tions have been performed. Actua l properties of the sites
foundation soils and roc k and the groundwater conditions in the
area have not been determined; where data was lacking , simp lifying
conservative assumptions have been applied . The conditions for a

,. reservoir at spillway el evation with ice , and for flow overtoppi ng
the darn by one foot, have been studied .

The analysis performed (See Appendix I)) indicate unsatisfactory
stability against overturning and sl iding for the forces assumed.

RESULTS OF STABILITY CO~’PUTAT I0NS

FACTORS OF SAFETY
[ CASE UPLIFT OVERTURNiNG SUIUNG

if 

I. Water level and ice at YES 1.2 0.88
spil)way elevation ,
downstream subsurface at ground
surface,
upl ift acts beneath base of dam. NO 29 ‘1 .60

II. Stability where water level tops YES 1 .06
dan by one foot .

[ NO 2.40

13
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1. Critical to the analysis and resulting indication of stability are
the items of upl i ft water pressures acting on the base of the dam
and relative permeabilities of the sites foundation soil and rock.
The analys is upl ift force was based on a full headwater hydrostatic

if if pressure acting on the dams upstream corner and a full tailwater
hydrostatic pressure (for the condition of a water surface at the
elevation of the downstream ground surface) acting at the dams
downstream corner. Uplift pressures were assumed to vary linearly
between the dams upstream and downstream corners , and act upon 100
percent of the dam base. The resulting upl i ft force represents a
condition that is , to the analys i s , very significant in arriving at
the computed dangerously low factors of safety against overturning/
sliding,

The assigned upl i ft force is felt to be conservative but al so could
be too great or too small. The prediction of upl i ft acting on the
base of a gravity dam which is supported on rock, without having
information on the permeability/ seepage properties of the founda-
tion rock stratum and upstream/downstream earth overlying the
rock, represents an engineering analysis area of great uncertainty .
If the permeability of the rock stratum foundation is very hi gh,
the uplift pressure on the dams upstream corner could be less than
a hydrostatic pressure computed on the basis of a full headwater
elevation. The ful l headwater hydrostatic pressure is felt to be
reasonable where the permeability of the rock foundation is very
low compared to the permeability of soil in back of the darn. If 

if

the rock is layered and jointed , the uplift computed assuming a
linear var iation of pressures and a resulting force acting only on
an area equal to the dam base could be too low. However, if the
roc k Is very sound and impermeab le, seepage would be very low and
uplift pressures of significance would require a l ong period of —

time to develop. Similarly, within the masonry itsel f (say near V
the base of the dam) hydrostatic pressures from permeating head-
water potentially causing the same effect as upl ift at the base of

1. the darn could require a considerable period of time before reaching - if

a significant magnitude . A concl usion drawn from these latter con-
ditions is that the computed upl i ft shown in the reports stability

( analysis may not exist at present and only develop at some future
t ime.

Due to of the critical nature of the uplift force acting on this
dam and the related very critical question of structural stability ,
it would be prudent to perform a field investigation and engineer-
ing study as necessary to properly determine the underdam seepage —

and uplift pressures , and ascerta in the resul ti ng effec t on the
dams stability . The necessary engineering geology field investi-
gation would include subsurface expl orations such as borings to ob-

11
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- tam undisturbed rock samples and to determine the geologic and en-
qinN~rinq ~haract.?r and prois~rt  i~s of the roc k , ifmd instal l inq in-
struments for lk?tersitining seepage grddients and pressures .

The f ie ld  explorations can al so extend to the area where seepage is
presently suspected (see section (a) above), to more fully eval uate
the condition and if necessary to develop pl ans for a remedy (such
as a grouting program).

- The poor structural condition of the storage chamber underlying the
darn roadway adjacent to the spiliway apparently is not yet having a
structural ly adverse effect on the darn. Repairs to damaged corn—
ponents should be undertaken , and the area kept under close obser-
vation.

1~.
L
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SECTION 7 - ASSESSME NT/ RE~E DI AL ~ ASURES

7.1 DAM ASSESSI~1NT

On the basis of the Phase I visual examinations and analys i s , it is
concluded that the Cross Ri ver Darn is in need of a m ore thorough
and detailed investigat i ve eval uation. The cyclopean masonry dam —

which is approximately 105 feet above grade is a large dam in the
high hazard category. The Village of Katonah is located downstream
of the dam as well as the ~bscoot and New Croton Reservoirs. The
facility which was put into service in 1908 is now 70 years old. A
visual inspection of the dam indicates the dam is showing its age.
It reportedly has not undergone any major improvements or repair
since its construction other than replacement work from the damages
caused by the storm of October 15-18, 1955.

L Considerable structural cracking of the concrete elements has oc-
curred sometime prior to 1965 in an area comprising the bastion
chamber. This area is above the normal water elevation. It has
not been ascertained what has caused this damage. Frost heave is
suspected. Reportedly , the cracks in this portion of the dam have
worsened over the years. The Bureau of Water Supply has shored up
the interior of the bastion chamber with structural steel members.
However, this condition presents a distinc t safety hazard to those
using the roadway across the darn. Addit ional reservoir head on the
darn acting alone or in combination with other loads could cause
failure and col l apse of the roadway in this area. Some damage to

- 

- the darn from thi s failure is al so possible.

The dam’s downstream face shows considerable surface spallinq of
if concrete. Vertical cracks are distingui shable at the downstream

face- quarter prints. Surface wetness has been noted as well as
calc i f ied  seepage deposits on the downstream face of the dam. The
ground surface has been found to be dry except for one area along
the south abutment. A leak into the valve pit area was uncovered.
Some seepage has been noted under the concrete spiliway.

A stability analysis indicates the dam has an unsatisfactory factor
of safety against overturning and sl iding when uplift forces are

j  
considered. l~ drol ogic and hydraulic analysis indicate the 1/2 PMF
discharge would have a sufficient stage to flood the bastion cham-
ber and apply additional l ateral load on the structure threatening
coll apse of the road in that area. The analysis al so indicates
that the dam would be overtopped by a PMF event . The spillway
capacity is 88 percent of the PMF.

- [ 7.2 REI~DIAL PEASURES

A more In depth Invest igation of the dam should be performed to[ determine whether the darn is safe for normal operations. At thi s
time, more data is needed to make this determination. It is
obvious the darn is In need of repair. Repairs to the components

I
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of the bastion should be done as soon as possible , and the area
shoul d continue to be kept under close observation. The owner
shoul d determine the cause of the extensive structural damage in
the bastion chamber.

The owner should take steps to eval uate the structural integrity of
the dam. A number of testing agencies are currently employing non-
destructive testi ng (NOT) techniques to eval uate concrete struc-
tures. Characteristics such as compressive strength , modules of
elasticity , voids , honeycombing, cracking , cement matrix loss , and
loss of bond between paste and aggregate can be identified from NOT
data . These data provide information on possible damage, deterio- I 

1

ration , or faulty construction. One NOT method , provided by a di-
vision of the Portl and Cement Association , called the micro seismic
technique , permits concrete members to be inspected from one side
only (See Appendix F). It is bel ieved that the structural integity
of the dam could be evaluated using NOT. Selective cores would -if
have to be taken as part of this effort.

AdditIonal field invest i gations and engineering studies related to
structural stability should be conducted to determine the cause and
extent of underdam seepage and resulting uplift pressures and their
effect on the dam’s stability . An engineering geol ogy field in-
vestigation should be conducted. This investigation should include
subsurface expl orations , such as borings , to obtain und i sturbed
rock sampl es and to determine the geologic and engineering proper-
ties of the rock. Instruments should be installed to determine
seepage gradients and pressures. The work shoul d be extended to
all areas where seepage is suspected. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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CHECK LIST
HYDROLOGIC & HYDRAULIC -:

ENGINEERING DATA

DUINAG E AREA CHARACTERISTICS: 29.80 sq. ml ,

ELEVATION TOP NORMAL POOL (STORAGE CAPAC ITY): 32 9, 55

ELEVAT ION TOP FLOOD CONTROL POOL (STORAGE CAPAC I TY) : 329.55

ELEVATION MAXIMUM DESIGN POOL : 3~s0.00

ELEVATION TOP DAM: 3~s0.00

CREST :
if 4_ if ’

.. Eleva tIon 329,55
b. Type Concrete capped w eir  on rock Into chute spiliway ,
c. WId th ~ feet
4. Length 2140.00
•. Location Spillove r Nort h abutmen t . if

f• Numb r and Type of Gates None ,

OUTLET WORKS : ~~~~~~~~
a. Type Conduit pipes (see t h i s  i-cpo r t)  I

f

b , Location Center section of dam ,

c. Entrance Inverts 2214 ,90 
if

d. Exi t Inve r ts 205 t —___________________

•. £.srgency Draindown Faci l iti e s None t Ither than outlet works ,
‘if

MJSI1ITtSSOLOG I CAL GATES:

a. T~ps None
b. Iac, 1 Ion None —

•, ~~t r di None LI
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uN IT 6114P1’ Arw ~‘YURO ukAPH CO MP J W,.f 19~ a (RL~~IS~ D mu(,LS1 19i’~~)V DRO LO~ I1. E.Iu INI(RI’,~ CLI4 T~ R ( HtC)
MV IS.CA

——— (‘PERATIOPS AVAI LAb LE

IME 1k’! ~ SkT TiME lNTkRVA L 01 ALL CUMPUTATI O’dS
. P~IT H CUMPUfl UN BY INPUT. CLARK. ,)R SNYDER
kAJN * IRPUT RAI ’~ AP4 D LOSS RAil DATA
UNOFF = It’.PUT bASULOb . CCPPUTL $ PRIPi T HYDRObRAP I4

[ ~T z PRINT UNIT HYDROGRAPM ONL Y

~TOP = STOP IXECUTION 01 PROGRAM

¶ SER MUST SELECT OPERATION DESIRED
A! RETU W14 TQ ANY OP E RATION

t~L I C T  1—t ( T Z T I P I E  1U1.2ZIJNIT H,.~aRA IN,4~ ftUNClF,5zp NT, ’6a STOI )
lITER TI.4L INTERVAL (NII.)s 1o~~.

S..LECT 1—# (I TIME fl~T,2a(INIT H,3ZKAIP~.6SRUW C1F.5ZPNT,’6ZSTOP ) 2
: t ~T(k DkA I PIA ( E AI . LA ( SQ” J )  $

~-iLL CT 1—3 (1=I’WUT I~H. ~=CLARK , 3 5NILER )
.,flR NU~’U~ R QP Ti l l i-AREA OR Di NAT ES ( 0 - ~ONL) :
‘TEN CL*hKS TC~~~~D 

TC 

7.’,O 5.3C

“.41 0 .5 .4  5.30

[ .  ILECI  1 ( -  ( 1zT 1~’~ I~.T,~~~l i~ IT H.~~* RAj ~., RUI F.5 I ~~T , ’6 STO ~~) 3
- 

-‘ ~TEI RATIO 1MP~ RV I~*US a ~ •()(,~
~~LECT 1—3 C IsR AIN. 2~ SPS. 3 P M S ) 1

~~1E~ NU~IWER PERIUDS OF RA IN 21
t ;~T&R RAI ’~IALL (I~4lTIN( INT)

0.14 0.12 0.40 0.74 1.C5 U.42 O.2~ 0.35 a
C.65 0.02 0.20 1.05 2.05 1.50 0.71 0.05
(.15 .11 0.0~ (.02

“ U,TER STu.~RN T OTAL (Os$~ pq 
~I RAIN ) (IN) ~ 11.1’0

‘ELECT 1—3 (1I NIT+CONST . 2~ A CUM LOSS. 3$SCS) I
~ IbTE k INiTIAL LOSS(Ild), CONSTANT LO$S (IN/HR) $ 1.00 0.1c:

~tLECT 1— ’ (1~ T I4E lNT.2~ UNiT N.3~ RAIN.4.RUNC11.SsPNT, ’6 $STO F) 4
jS lIVER A TITLE PLEASE - jRCSS_liv !_~QLLJ1~1I~~TIR STRTO .eRCSN .AND RTIOR 

$ 61.00 ól .OG 1.00

] ~R PiN RAIN LOSS EXCESS UNIT 546 P~ CSN I1.Cb~
~~~ lI”G 0.16 0.16 0.00 46e . 60. 60.
6 ‘~ - 0  (~.13 0.13 0.00 143’.. 60. 60.

I ~ i~ O 1.44 0.44 0.00 1151. 60. 60.

~ 
1q0 0.42 0.47 0.35 1216 . 60. 224.
1’ 0 1.11 0.30 0.6? 67’.. 60. V?1.

• 11 ‘ - , C 0.47 0.30 0.1? 3?’.. 60. 2004.

~ 
S4 - ’ ’ O  ‘ , .2o 0.26 0.OC 21g. 60. a52.
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~~ t. o 0.3v 0.30 o.c9 119. 60. 16’.3.
21 : C C.?? 0.30 0.42 67. 60. 131a.
30 :0  0.02 0.02 0.00 37. 60. 1342.
~~ ~- O  (.2~ 0.22 U.uC ~1. c c ,  1195.
3.6 0 1.1? 0.30 0.ts l I~.. 60. 1201.
39 0 1.Zs  0.30 I.S.o cO. 2649.

— 
4~ ‘ - 0  1.67 0.30 1.37 60. 53C3.
4b L,1L ui.?8 u.iO 0.4~ 60. 6901.
~1 .0 0.06 0.06 0.00 60. 6213.
~1 ~~(J 0.06 0.06 0.00 60. 4271.
54 ‘ 0 0.12 0.12 0.00 60. 2526.
~1 i, ( .O~ O.L2 0 . 0  cC. 1439.
60 t~~O 0.02 0.02 0.00 6C. o31.
63 V 0 0.02 0.02 0.00 60. 6b9.
66 1-r U 60. 301.
.4 iJi’ C 01 • 196.
72 ‘-0 60. 131.
7 5 ‘ C  60. 8?.
?~ ‘- . C . 60. 66.
1-1 ‘ (  60. 00.

~‘4 r 0 60. 60.
60. 60.

~~~j  7*0 60. 60.
5j,) ,V/ U CCi . 60.• 96 I.C 60. 60.

T.iTAL 11.00 4.40 6.60 639 . 1920. 44146.

- ~. i L E C T  1— c (1$TJME IP.T~~~sUNIT H,3 RA1N.4’RUN~)FF,5~ PNT,’6=STCP )
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li N k INT S I T  11141 I N T E R V A L  01 AL L C~IMP 0TA I4 CN S
~%1T s ~ C~~~PuIE vi ~~ iNPUT- . t LA k 1 . OR S NY D kR
~.% 1N hlIIUT RAIt ~ AND LOSS R A T E  D.~IAlIPUT .~AS t IL0w, CUP PUTt E. PIiINT HYD W O ~~RAPIi

~ ~R 1NT UNIT HYDROIIRAPH CPILY
~TeP ST~ P k* IC uTION 0! I R O , k A M

JSkR MUST S I LICT L~P1kAT I0 Pi DES 1REI)
i A y  R1IU~~ TU ANY QP~ RATI 0 N

s~ L I C I  1~~L (1~~J IMt. I T.?~ L,NI1 H , 3s R A i ~~.4s KUN C 1I ,5a PN l , ’ 6 a S T f lP )
~ .TIR T IPIL IN TL NV A L (i 1h)S i~ 0.

SLLECT 1- c  (1~~TI14E 1~~T.2*UNIT H.3aRAIN,4aRUNOFI.SZPNT .’6aSTOP)

~~~~~ DR~~iI.AGt A RLA (SRNJ) •
SL L I ; CT 1 -3  (1z l ! IPUT t ;H. 2 ’ CL A f t .~~ . sS NY~ E~ ) 2

~.NTtR wu~ titw ~! TI ME-ARIA ORDI NA l ’ S  ((~~PIONt )a  I
LI~T IR CLA N KS IC AND ê. (HIS) • 1.~ 0 5 .3C

.TP CP  IC 1

c .41 U.~~ 4 s .90 5. 30

. tLI CI I— (I~~T IM~ I I# 2~ UNh1 $ .32NA1N.4 .RUNr FI .5.PNI. ’ O a STO P )  3
~1ER RATI O 1NPkRV i ,~US a C.00

SIL ICT i ’ $  C i~~RA1N . 2 .SPS. 3~ PPS ) 3

~
\TIR INS INDIX RAIPE IA L L  ( IN) * 14.01

J~1Ek 16.N12,R24,14t- ,R72,R96 a 96.00 111.Ui.. 124,00 139.00 146.00
t t T I K TRSPC A I D TISDA (SQMI) a 0.00 29.80
ELE CT 1— 3 (1~~1N1T ,CO NST , ZaACIJM LOSS . .S~ SC S) I

f P~IEk IN iT IAL  L OSS (I’). CONSTANT LO SS (IN IHR ) • 1.00 C.1

~t L 1CT 1—6 (1~~T IMk J ’ T.2~ UN1T H.3 NAIp I.4a10kCU.S ’PNT .’6aST Op ) 4
~ -~?1l A T I T L I  P L EASE — £ 2 JLV(ftJMF
A Tt N $T~~T0.QNC$N.AIs i *T IO* a o~ .Li0~ 6C.C(. 1 .00

II NIN PAIN LOSS L XC L SS (NIT HG RECSN
3 0 ( .06 0.Uo 0.00 46o. 60. cO.
6 C 1 .06 0.06 0.00 1439. 60. tO.
9 1. ( . 10 0.11 1.110 1151. cU. 61,1 .

12 0 C.1o 0.14 0.00 1214. eQ . 60.
15 0 1.77 0.62 0.15 67~~. oC. 130.

L 11 0 1.56 0.30 1.26 379. 60. 865.
13 0 ~ .ii 9 0.09 d .OC 21g . cO . 2136.
24 0 0.09 0.09 0.00 t ic . 60. 2447 .u 27 0 0.51 0.30 0.22 67. ~0.
30 0 0.52 0.30 0.22 3? . 60. 1392.

.
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Li 0 1.Si.~ ( . 3 u 1.20 21. cC. 1133.
36 0 1.50 0.30 1.20 11. 60. 3c46.

~V 0 6.35 0.30 6.05 tO. i3.
42 0 12.89 0.30 12.59 60. 18537.
45 1 .18 o.S1, 0.48 61. 31441.
44 C. (.78 0.110 0.4* 60. 31726.

- 
- ~i 0 C.03 0.03 O.OC 6C. 21747.

0.03 0.03 0.00 60. 12i63.
(a 0.08 0.08 U.UC 

- 
uO. 7166.

to U C.Ob 0.04 0.00 ~O. 4042.
c.3 0 0.36 0.30 0.06 6G. 2344.
66 0 0.73 0.30 0.43 60. 1612.

a t9 1. (1.04 (3.04 0.&L 6C. 148? .
72 0 (.04 0.04 0.00 60. 1275.

0 60. ~C2.18 U 60. 391.
1. 60.

04 0 60. 158.
..7 0 60. 115.
SC 0 60. 51.

~‘~
S 61. #1.

I. ~ (1 60. 70.
0 t~1j . 65.

112 0 ~u . tO.
0 613. tiC.

toTAL 29.2~ 4.86 26.3k 63ci~. 2100. 157824.

L
I

L

I
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sLLICT 1—6 (1~~T 1ML JIiT.2~ UN1l H,3:RAI,,.4~ RUN (fF,5gPNT, ’6zSTOP)
PIER TIPIL I NTLldV A L (~~Ih)s 1~~(.

ILECT 1—~ (1SIIMI i4T.2’UNIT H.3~ KAItI,4zRUPa)FF.5zPNI. ’6aSTOp) 2
~~TER DRA INA ( 1 AR EA (SINI) z
‘eLICT 1— 3 (1’INIUT t i M .  2*CL*RK. 3*SNYDEN )
i%TU NU~ btR Of TIME—AR IA ORI INAT IS (CsP4ONL): C

L ihT I I~ CLA RKS 1C AND 1 (HRS) * 7.90 5.3C

TP C~ TC

o.41 G.S84 7.9C 5.30

tLICT 1—’- (lalipt IP4T.2aUNIT M,3 RAI!~I,4:RUhCFF,~ zPN I,’baSIOP) 3 $L L i s i l k  RATIO INPL,4V1)US * ( .1)1. 
a

‘ I L EC T  1-3 C 1:RAIN. 2~ SPS. 3a PMS ) 2
I TIR SPS INDEX RA INFALL (IN) • 12.OC
r~~I(R TRSfC AND TRSDA (SQPI) a 1.00 29.oO

~LLICT 1—3 (1=INIT+CONST . 2zACUM LOSS, 3zSCS) 1
~~IIk INITIAL LOSS (IN). CONSTANT LOSSCINIHR ) • 1.00 C. 1~

SELECT 1— 6 (1~~TI MI IJT,2~ tjhIT H.3 RAIP,.4 RUNCU .5:FNI,’6aSTOP) 6
I %TER A TITLE PLEASE — CROSS R1V~R SI~I
~~TLR STWIQ,IN(SN,ANO RTTOR * 6C.O0 6~~.0C 1.00

~iK Mit. RAIN LOSS EXCESS LN1I HG RUSt. ~L0P ~3 0 0.01 O.~11 0.00 66w. 613. tO.
6 1 ~.(a1 U.&.1 0.130 143-.. tO . 61.
~, (a (Y.03 0.03 0.00 1750. 60. 60.

12 0 LJ.0,S 0.03 0.00 1214. tiD. 60.
15 0 0.10 0.10 0.00 679. 60. 60.
1~ C (.21 0.10 C.0O 374. c t .  613 .
21 0 0.02 0.02 0.00 212. 6G. 60.

~4 0 (1.02 0.02 0.00 11,. 60. 60.
27 0 0.05 0.05 0.00 6?. 60. 60.
ii 0 0.05 0.135 6.00 3?. 60. oC.
33 0 (.13 0.13 0.00 21. 60. 60.
36 0 C.13 0.13 0.00 12. 60. 60.
39 0 0.45 0.37 0.08 60. 5?.
42 C C.91 0.~ 0 0.61 60. -.60.
45 0 C.O8 0.138 0.00 60. 1078.
4~ 1. 0.08 0.138 0.0(1 60. 1125.
51 0 (.35 0.30 0.05 60. l~78.

~,6 1, (.35 0.5,1 0.05 60. (CC.
57 0 0.94 0.30 0.64 60.
~U C i. 94 0.30 0.64 60. 1 68.
63 0 3.30 0.30 3.00 60. !~~77.
cC Ii c .1~ 0.50 b.46 CC .
69 0 0.58 0.30 (1.28 60. 15’19.
72 0 0.58 0.3(1 0.2* 60. 16145.
75 0 0.02 0.02 0.00 60. 11154.

~~~~~~~~~ - ,
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lB 0 0.04 0.02 C.L~L 60. 6589.
g1 0 0.05 0.05 000 60. 37??.
84 0 (.a.05 0.05 0.00 60. ~ .4O.
87 0 0.1? ~,37 0.00 60. 1224.
SO C (~.3S 0.30 0,05 Cli. 736.
~3 0 0.03 0.03 0.00 60. 495.
96 0 0.03 0.03 0.00 60. 348.
99 C 60. 216.

1~ 2 0 60. 1(3.
[ 1CS 0 60. 82.

lCb 0 60. 71.
111 0 60. 66.
114 0 60. 63.
11? 0 60. - 62.
120 0 60. 61. —

123 0 60. 61.
(1 60. 60.

129 0 60. 60.

T~ TA L 16.7b 4.68 12.08 63i8. 2580. 7 866.

SILICT 1—6 (1~ I1Mk INT.2~ UNIT H,S~ RA 1Pl,4aRUNCIF,5sPNT.’6a$TOp)
t - ’ .lIR T1~ E IN1ERVA L(MiN)~ 18C.

SELECT 1—ti (1~ TIP’E INT.2~ UNIT H,3:RAIN,6sRUNCFF,5spNT,’6aSTOp~ 2
UTIR DRAI NAGE AREA (S~PI) a c9.8C
SELECT 1—3 (1~~INPuI UN. 2aCLARK . 3aSNY DER )L~~Tt R NUNREN OF TIM E—AREA ORD INATES (0~N0Nt)~(‘TE l CLAPKS TC A i D I (lIPS) • 7.90 5.3C

TP Ce TC I

6.41 - 0.584 7.90 5.30

L ‘ELECT 1—6 (IzTIMf Ir.T.2~ UN1T H,3ZRAIN,4ZNUNOFF,5zpNT,’6zSTOp) 3
P,TLR RAT iO IMPERViOUS t 13.00

SELECT 1—3 C 1aRA IN. 2ZSFS, 3~ PM S ) 1
- 

I I~~T&$ NUPEER PERIODS Of RAIN • 21
L ENTER R A I N F A L L  (INITINE tNT) •

- 1 -

-
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t NOSS R1V~ R

~tIR 1101 PRO G RAM
- 

JIVE C.L

Fl 1~
- I I ’

3.33 240.C0
- lyE ELEVATI oN TO START FLOb AND 14(IGIIT 33C 2C

11 E V 331 FT D I S C H A R GE 199. CI S
11EV 332 I T  DISCHAR GE 2260. CIS

a kIEV 333 IT DISCHARGE 4153. US
(LIV 334 IT DISCHARGE 6394. CFS
ILIV 535 IT DISC HARGE 8935. Us
11EV 336 FT DISCHAR~ I 11746. CIS
CLIV 33? FT DISCHARGE 14601. CIS
11EV 338 FT DISCHARGE 18084. US
11EV 3S9 FT DiSCHARGE 21578. CU
(LIV 340 IT DISCHARGE 25273. CIS
11EV 341 FT DISCHARGE 2915?. US
(LIV 342 FT DISC HARGE 33222. CFS
(LIV 343 I T  DISCHARGE 37460. CU

L ELLV 344 FT DISCHARGE 41865. CU
11EV 345 IT DISCHARG E 4642J. CIS

- —  CLIV 346 IT DISCHARGE 51149. CFSj (LIV 341 17 DISCHAR GE 56118. CIS
- CLIV 348 FT DISCHARGE 61C33. CFS
(LIV 349 II DISCHARGE 66169. CIS
11EV 35C IT DISCHARGE 71482. CFS

t i
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5420 Old Orchard Road, Skokie, Illinois 60076 • Area Code 312 / 966-6200

s ONil~ i d1 PONTkNID ~~~ MENT ASSOC IATION

August 15, 1978

Mr. Neal Dunlevy
Dale Engineering Company
Bankers Trust Building
Utica , New York 13501

CONCERNS: Inspection of Concrete Gravity Dams

Dear Mr. Dunlevy:

As discussed in our telephone conve r sation earlier today, I am
enclosing a copy of information describing our nondestructive
testing capabilities. In addition, I am enclosing a copy of
the Construction Technology Laboratory Review describing
specific jobs where this procedure has been employed.

In discussions with other members of our staff, I have deter-
mined that it is possible to measure internal hydrostatic
pressure acting to reduce vertical compressive stresses in the
concrete. We can develop a proposal to do work such -as this.

As discussed, I would suggest that the dam you described be
thoroughly evaluated using the pulse echo method of non-
destructive testing. In addition, selective cores should be

- - taken. Based on results of these findings, it should be
— - possible to make recoimeendation-; for measures to assure con—

tinued safety of the dam.

We would be pleased to make a proposal for doing ietaiied

i L evaluation of concrete dams.

Sincerely yours , /

W. G. Cor~~ y k . - ióctor
Engineerihg~- 6e!~4Topunent Department

WOC/cag

Enclosure

E 
-
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a Division of IM PORTLAND CEMENT ASSOCIATION
5420 Old Oichavd Rood. Skoêde. IIhno~; 60076

Ar•i Cads 3~2 /9666200

THE MICROSEISMIC TECHNIQUE OF NONDESTRUCTIVE TESTING

Micros e ism ic technique s employing low frequency mechanical
energy are used to detect, locate, and photographically record
physical and mechanical discontinuities within solids. Concrete
strength and modulus as well as the presence and orientation of
surface and internal cracking can be determined.

Microse isa ic testing is based on Snells ’ Law of Reflection and

Refraction of mechanica l energy. Briefly , this physical law states
that as a mechanica l wave propagates through a material with a
velo city V1, a portion of that energy will be reflected as a
second material is encountered . The wave will be reflected f rom the

second material having a lower velocity V2. The ratio of the
reflected energy to the energy introduced is directly proportional
to the ratio of velocities . For example, when a concrete to air
interface is encountered approx isately 90% of the energy is
reflected. This is based on relative velocities of 15,000 ft/sec
f or conc rete and 1,100 ft/sec for air. Should the discontinuity 

- 
be

filled with water , the n a concr ete to water interface is encountered
L and approx imately 70% of the energy is reflected.

An electronic timing circuit is used to measure, in micro—
seconds, the time used for the mechanical wave to enter the solid,
propagate to the rear wall , and reflec t back to the entry sur face .

[ When the distance the wave has traveled is known , a distance versus
time relationship can be established and a compressional wave

[ velocity V~ can be calculated . This value of V~ can then be

used to determine an insitu compressive strength, (f~) for the con-
crete. This compressive strength is derived from established 

-- 
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correlation charts or from correlations with concrete cores taken
from the structure in question. In addition, a shear wave velocity
V5 is calculated from the time measurement. Combining V

c and
V5, calculated values for Poissons Ratio and Young ’s Modulus,

can be made.
A visualization of the reflected energy on a cathod e ray tube

makes possible, in some cases, the identification of internal
discontinuities. For example, ring down time of the initial
reflection will usually differentiate cracks from voids. Second and
third reflections are used to identify microcracking, excessive air,
and softening of the cement matrix.

The test equipment is portable and includes the following:
1) Visual display read out
2) Time and sign al measuring device
3) Electro/mechanical transducer

- 4) Constant energy mechanical wave producer
5) Couplant

• Test sequence includes the following procedure:
1) Select test locations
2) Prepare area
3) Apply couplant to transducer
4) Seal transducer to test surface
5) Produce mechanical wave at the test surface

Records including the following are obtained:
1) Visual disp lay records- electro /mechanical energy

transfer
2) Time and signal is measured

• 3) Visual display ii activated
4) Test data i. disp layed

I. 5) Film type reco rd is made (if necessary)

Fur ther informa tion can be obtained from:

Dr. W. Gene Cor ley, Directo r
Engineering Development Department

Portland Cement Association
5420 Old Orchard Road

Skokie, Illinois 60077
Phone : 3l2~ 966—62O0 , Ext. 413

II


