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NANEN—F

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

Dear Governor Carey:

The purpose of this let ter is to inform you of a clarification of the guide-
lines used by this off ice in assessing dams under the National Pro ram of
Inspection of Dams.

Office of the Chief of Engineers has recently provided a clarification that
dams with ser iously inadequate spillways are to be assessed as unsaf e, non—
energency, until itore detailed studies prove otherwise or correct ive neasures
are cx)mpleted .

The following dams in your state have previously been assessed as having
seriously inadequate spiliways, with capability to pass safely only the per-
centage of the probable maximum flood as noted in each report. They are now
to be assessed as unsafe:

I. D. NO. NAME OF DAM

N.Y. 59 tower Warwick Reservoir Dani
N.Y. 4 Salisbury Mills Dam
N.Y. 45 Amawalk Dam
N.Y. 418 Janiesville Dam
N.Y. 685 Co]diersville Darn
N.Y. 6 Delta Dam
N.Y. 421 Oneida City Dam
N.Y. 39 Croton Falls Dam
N.Y. 509 Chadw ick Dam (Plattenkjll)
N.Y. 66 Boyds ODrner Dam
N.Y. 397 Cranberry Lake Dam
N.Y. 708 Seneca Falls Dam
N .Y. 332 Lake Sebago Dam
N.Y. 338 Ind ian Brook Dam
N.Y. 33 Lower(S) Wiccopee Darn ( tower

Hudson W.S. for Peekskill)
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NANEN—F
Honorable Hugh L. Carey

I.D. NO. NAME OF DAM

N.Y . 49 Pocantico Darn
N.Y . 445 Att ica Dam
N.Y. 658 Cork Center Dam
N.Y. 153 Jackson Creek Dam
N.Y. 172 Lake Algorxjuin Darn
N.Y. 318 Sixth Lake Dam
N.Y. 13 aitlet Storage Darn
N.Y. 90 Putnam Lake ( Bog Brook Dam )
N.Y. 166 Pecks Lake Dam
N.Y. 674 Bradford Dam
N.Y. 75 Sturgeon Pool Dam
N.Y. 414 Skaneateles Dam
N.Y. 155 Indian Lake Dam
N.Y. 472 Newton Falls Darn
N.Y. 362 Buckhorn Lake Dam

The classification of “unsafe” appl ied to a dam because of a seriously in-
adequate spiliway is rot meant to connote the same degree of emergency as
would be associated with an “unsafe” classification applied for a structural
def iciency. It does mean , Iowever , that based on an initial screening , and
prel iminary computations, there appears to be a serious deficiency in spill—
way capacity so that if a severe storm were to occur , overtopping and failure
of the dam would take place , significantly increas ing the hazard to loss of
life downstream from the darn.

Consequently, it is a]visable to implement the recommendations previously
• furnished in the reports for the above—ment ioned dams as soon as practicable.

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

Sincerely yours,

CLARK H. BENN
colonel, Corps of Eng ineers
District Eng ineer
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I
Description of Photographs

I Delta Dam

I 
Plate

1. Overall view c’f the dam from left abutnent.
Note: Seepage visible on section of daa below gate house.

I APPEND UC C

2. Left abutment portion of. dam from downstreaa.I Note: Deterioration of gunite facing, seepage.
Visible: Old gate house at toe, stilling pools for principal and emergency
spiliway .

1 3. Right portion of dam from downstream . -

Note: Deterioration of gunite facing, sprays in spillway apparently
I caused by deterioration in concrete.
I Visible: Stilling pool, rip rap protection.

4. View of iemediate downstream area from top of dam.

5. Looking at major seepage area below gate house from top of dam.
Note: Vegetative growth in face, rolling and bulging of gunite facing.
Amount of seepage depicted by ground saturation and puddles at toe.

6. Close up view from downstream of right abutment of dam.
Note: Vegetative growth and deterioration of gunite facing.

7. Close up view of downstream face of left abutment of dam.

8. Close up of deterioration of gunite facing on downstream face of left
abutment of dam.

9. Upstream face and gate house from left abutment.

10. Upstream face from gate house.
n Note: Erosion of concrete on upstream face at water line.

~L
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I .
~~ Phase I Report 

-

Name of Dam: Delta Dam

State Located: New York

County Located : ‘Oneida

Stream: Mohawk River

r Date of Inspection: May 5, 1978

- ASSESSMFNT
The visual inspection and evaluation of Delta Da m did not reveal any problems

plannfng and implementation of followup analyses, design and construction
~ which would require Immediate emergency action. This is not to imply that

should be put off. As soon as practical, the following studies shou~d be
initiated by the owner.

gJ~ 
• 1. Flood routing completed for this structure indicated that the spil].way

is seriously inadequate as defined by ETL 1110 “Review of Spiliway
Adequacy”. The dam cannot safely pass either the SPF or PMF.
Either additional spillway facilities or lowering of the pool
elevation to provide additional storm storage or a combination of

- 
• the two should be studied and a plan implemented in the near future.

2. A thorough evaluation of the condition of the structure including
test borings, sampling, and testing and stability analyses should
be conducted. Results of the stability analyses should reflect

I whether the structure can withstand overtopp ing and used as a
design parameter for spiliway modifications. The condition of the
concrete within the dam and the affect of seepage throughout the dam

.1 should be determined .

Approved by : EJ~~~ ’1 ~~~~~~1 t OBE~~~KI~~~~L &  ASSOCIATES
Reg~tstration No. PA 26275 E

Approved by II1~~~ 111
I’ CLARK H. B NN

Colonel, Corps of Engineers
Distr~ct Engineer
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I

PHASE I INSP ECTION REPORT
NATIONAL DAM SAFETY PROGRAM

I DELT A DAM ID~ NY 6

SECTION 1. PROJECT INFORMATION

I 
___________

1.1 General

j a. Authority : Authority is provided by the National Dam Inspection
Act , Public Law 92—367 ,1972 ; Contract No. DACW 5 1—78—C —00 2 5.

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

1.2 Description of Project:

a. Description of Dam and Appurtenances: D-~’lta Dam is a cyclopean
• masonry gravity structure about 100’ high and 1000’ long. The dam

was completed in 1912 and is used to sup?ly water to the canal
system. There are two large (331 and 385’ long) abutment sections
separated by a 300’ long concrete ogee s?illway . On the left
abutment section is a gatehouse which co:icrols valves for four

- 60” steel pipes that are used as the outlet works. The top of
of the spiliway crest is 550O’and the top of dam is 558.0’.

b. Location: Delta Dam is located approximately 3—1/2 miles north
of the City of Rome, Oneida County, New York. The latitude is
43° —1 6 .2 ’ and the longitude is 75°— 26’ .

c. Size Classification: The storage capacity at normal pool is
approximately 63,000 ac—ft. and the height is 100 ft. On this
basis the size classification is large.

d. Hazard Classification: The dam is classified as high hazard be-
cause of the presence of approximately 20 homes immediately down—

- stream and the City of Rome.

• e. Ownership: The dam is owned by the State of New York Department

- 
of Transportation .

- -, f. Purpose of Dam: Delta Dam was originally constructed and is cur-
rently being used to supply water for the canal system.

g. Design and Construction Histo:~~~ The da~i is believed to be designed

~~j  the State of New York. Construction began in 1909 and completed
in 1912. The contractor was Arthur  McNulli n.  Construction drawings
are available at the Department of Trana?ortation offices. Little

;. information was available on the construction history of the dam.

Evaluation of seepage through the dam was completed in 1976—1973 by
the New York State DOT with recommendations made for stopping the
seepage.

3
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I
I

h. Normal Operationa l !rocedures: The reservoir supplies water for
I the New York Canal System and water is drawn off the lake as needed.
I The water is regulated by opening the four 60” diameter pipes. If

a large storm is expected , the caretaker nay lower the lake level
to store some of the runoff.

1.3 Pertinent Data:

a. Drainage Areas: The Delta Dam impounds waters of the Mohawk River.
It has a drainage area of 150 square miles of open rolling country.

• b. Discharge at Damsite:
- 

Maximum Known Flood at Damsite: 4.5’ over spiliway : 9,000 cf a

- ~• 
Spiliway Capacity at Maximum Design Pool Elev.: Unknown

• Spillway Capacity at Top of Dam: 21,600 cfs

Outlet works ~apacity at Normal Pool: 2 ,900 cfs

Outlet works Capacity at Top of Dam: 3,100 cfs

Total Sp iliway Capacity at Top of Dam: Assumed 24 , 700 cfs

c. Elevation (Ft. above MSL):

Top of Dam : 558

. - Maximum Pool Design Surcharge: Unknown

- - 
Spillway Crest: 550

Streambed at Centerline of Dam: 480

i. Maximum Tailwater: 490

- d. Reservoir:

Length of Normal Pool: 2,300’

Length of Maximum Pool: 2,600’ (Top of Dam)

e. Storage (ac—ft):

L Normal Pool: 63,000

J_ i
~ 4 
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Design Surcha i ge : Unknown

To p of Datu: 8/ .500

j f .  Res~ r v oLr S i t r t ~u’e ~~t~r~~i ) :

Top of Darn: 3,200

NonnMl Pool: 2,67()

Spiliw
~
y Crt’st: 2 6)0

— g. Dnii::

Type : Cye tope~i: masonry g rav ity  dam

I,ength : 1 000’

Height: 100 ’

To~ Wid th :  tO. S’

Side S1.op.~s: Ups t re~irn 1:30
1)owust ream 1:6.

ZonIng : N/f’

imperv ious Core: N/A

Cutoff: Approxinu*t~ ly 8’ wide and 8’ d. 
~ 

Into rock

Grout Cur ta in :  Unknown — 1924 rt’po rr. • t h~tt grout Ing will
he done , however no re~ -~rd ~f grouting was found .

h. Divers on & Re~~ilatLn~junnet:

Type: Four 60” dt amt ’t , ’i’ pipes

l ength:  App r o x Im. ~t o ty 70 t’oi~t

C icisure : Opened and c tosed by ~ I c
i t ’ t r ~ 

— 
~‘ o~

At-c ~~ : At g~tchouse on ~ r~s t . oI d~ :

Regular (ng Foe t i l t  L.’s Va I vi’s wi th r -’ r I mot ors r~ g~i ’1 .i ti’ the
f low I ~ t h.~ ~~ .k f l ip . . , -

5
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I
1. Spillway:

I Type: Concrete ogee

Length of Weir: 300’

Crest Elevation: 550’

Gates: None

U/S Channel: None

D/S Channel: Approximately 65’ drop at 1:6.7 slope

- j. Regulating Outlets: None

- 
-

•
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SECTION 2: ENGINEERING DATA

2.1 Design: Pre—construction drawings are avai.la~
].e at the Department of

I Transportation office in Utica. No hydrologic or hydraulic design
I data was available. A report by Thos. H. Wi gin in 1924 summarizes

stability. 
-~ 

-
-

J 2.2 Construction: No construction records were a~
,ailable for review.

2.3 Operation: No operating instructions were nade available to indicate
proper operation of the outlet works.

- -  
2.4 Evaluation: Some of the hydrologic and hydraulic data necessary to

perform a detailed analysis of the structure was not available. The
material that is available appears to be valid.

- 

- i.

F.

: 1:

7

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~~~~ -- , -~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



I
I

SECTION 3: VISUAL INSPECTION

3.1 Findings:

a. General: Delta Dam was inspected by personnel of L. Robert Kimball
and Associates and the New York State Department of Transportation
on May 5, 1978.

b. Dam: The dam appears to conform to the construction drawings. The
dam has had considerable deterioration in the past which has been
repaired. Deterioration and seepage problems are continuing to
progress.

c. Appurtenant Structures: All drawdown facilities appeared to be in
good working condition.

d. Reservoir Area: The impoundment retains waters of the Mohawk River.
The overburden in the area is relatively thin and the slopes are
moderate. -

e. Downstream Channel: The immediate dow is:ream channel is medium
wide and open except for several bridges which are of no effect.
The channel to the City of Rome is a medium wide flood plain with
some development along the river.

3.2 Evaluation: Visual inspection revealed that the dam has seepage passing
through the two abutment monoliths. These two monoliths show significant
deterioration of the shotcrete and leaching of the shotcrete or concrete.
Some of the leaching may be coming from the concrete, since severe det—

. -  erioration wa~ noted at an early age (l924).The dam Is founded on a dark
gray fissile shale which is nearly horizontally bedded. This type of
rock usually exhibits significant seepage, but it is not present. The
drawdown facilities appear to be in good working condition. The down-
stream area would be affected severly if De lta Dam were to fail.

1~

I
I
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SECTION 4: OPERATIONAL PROCEDURES

p

4.1 Procedures: The dam is operated as a water supply for the New York
Barge Canal System and water is drawn off the reservoir as needed.
At times, if a storm is expected , water is expelled fron the reservoir
so storm waters can be stored.

4.2 Maintenance of Darn: Day to day maintenance is performed on the dam as
needed.

4.3 Maintenance of Operating Facilities: Normal maintenance of operating
facilities is performed as needed .

4.4 Description of Any Warning System In Effect: No warning system is
present.

4.5 Evaluation: The darn and appurtenant structures appear to he operated

I. at regular intervals and the operational equipment is well maintained.

ii

i~~~
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SECTION 5: HYDRAUL IC/HYDR OLOG~tC

5.1 Evaluation of Features: - -

a. Design Data: No hydrologic design data was available for the
structure. The review information available included stability
analysis with a maximum water level 2 feet below the top of dam at
elevation 556 feet. - - , -

Delta Dam is used primarily for canal water supply. When practical
the reservoir level is lowered to accormodate flood waters. The
caretaker reports that principal spiliway gates are opened when
storms are predicted.

b. Experience Data: Reservoir water level records are kept by the
caretaker. They are not formally recorded by the owner.

A report titled “Upper Hudson and Mohawk River Basins Hydrologic
Flood Routing Models” prepared by the ~ew York District Corps of
Engineers, 1976 contains information on Delta Dam.

There is a U.S.G.S. gauge downstream of the dam. The Corps report
indicates a peak discharge of 21,819 cfs for their model of the
Transposed Agnes event. The caretaker reports a discharge of
approximately 9,000 cfs during the Agnes storm.

c. Visual Observations: At the time of the inspection approximately 0.4
feet (5 inches) of water was discharging over the spiliway crest
(water elevation 550.4’).

One of the four spiflway gates was open and discharging. All four
gates were operated successfully during Our inspection.

The downstream toe stilling pool including concrete walls and rip
rap were in good condition.

The immediate downstream channel, is obstructed by a canal aquaduct and
a highway bridge. These structures do not present a concern to
overflow capacity.

d. Overtopping Potential: To determine the overtopping potential of
Delta Dam,flood routing was conducted .

This potential was investigated through the development of the
probable maximum flood (P~’lF) for the watershed and the subsequent
routing of the PMF through the reservoir system. The PMF is that
hypothetical flow induced by the most critical combination of

10
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p r ecipitat ion , minimum i n f i l t r a t i o n  losses , and concentration of
run—off  at a specific location , that is considered reasonably
possible for a part icular  drainacz~ area.

The drainage area contr ibut ing to Mohowk River at Delta Reservoir
is approximately 150 square miles. Snyder coe f f i c i en t s  were
developed through watershed modeling done by the Corps. An average
Cp 0.75 and tp 12.3 were est~~lished to define the basic hydrologic
wo rking tool , the uni t  hydrograph. Using Rydrometeorological Report
No. 23 , the PM? index ra infal l  was determined to be 19.0 inches for
a 24 hour duration, 200 square mile basin. The percentages of the

- index rainfal l  applied to other d~iratio ns were interpolated from the
plot of drainage area versus percent of 24 hours, 200 square miles.
The computed PMF peak flow was 83,000 CFS. After routing the PM?

- through the impounded storage, the peak flow was reduced to 67 ,900 CFS.
- 

A plot of the PMF inflow and outflow hydrographs is included in the
• Appendix. Assumptions made concerning the discharge—storage capacity

of the dam were: 
- - - 

~~~~~~~~~~
, - -  -

1. The reservoir pooi was asstned to be at elevation 550.0’
(spillway crest).

2. It was assumed that all four  gated spiliway pipes were
closed in developing a discharge rating. This condition

• is possible and leads to a slight ly conservative analysis.

t 
. 3. A weir coefficient  of 3.18 was calculated from available spillway

capacity data .  The coe f f i c i en t  was assumed accurate for H>4’.
A total spiliway length of 300’ was assumed correct from construction

•. drawings. For discharges a ove top of dam elevation (558’)
a veir length of 662’ with ~i coeff iceint  of 2.8 was added to
the spiliway discharge to allow for flow over the darn.

4. Elevation — Storage data was calculated using U.S.G.S. topographic
- maps.

The ability of the Delta Dam to discharge the standard project

- 
flood (SPF) was also evaluated. The SPF peak flow of 49,600 CFS

- was routed through the impounded storage and reduced to 37 ,400 CFS .
The SPF outf low is indicative oE a pool elevation of 560.2 feet
above MSL. The dam is overtopped by 2.2 feet , the spillway crest

• by 10.2 feet. The PMF outflow of 67,900 CFS is equivalent to 5.2
feet over the dam (13.2 feet a”ove the spiliway crest).

• Summary of Flood Routing
Delta Reser.oir

4—

Elevation Top of Dam 558.0’

1 ElevatIon Crest of Spiliway = 550.0’

I
1 
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-

-

PM? Routing

PM? Peak — 83,000 cfs

PM? After Routing Through Reservoir — 67,900 cfs 
- -

Elevation ,
~f Routed PM? Corresponding to 67,900 cfs 

— 563.2’

Dam Overtop — 5.2’

Spiliway Surcharge — 13.2’

SPF Routing ‘ - -
•

SPF Peak — 49,600 cfs

SPF After Routing Through Reservoir — 37,400 cfs

Elevation of Routed SPF Corresponding to 37,400 cfs — 560.2’

Darn Overtop — 2 . 2’

Spillway Surcharge — 10.2’ -:

5.2 Hydraulic Evaluation of Flood Wave

a. General: For the dam break analysis the flood wave for both the total
and partial failure were calculated. The darn is a cyclopean masonry
gravity dam founded on rock. Partial fai ire appears to be the more
probable of the two cases.

A summary of flood wave calculations follows this discussion. For
both total and partial failure damage to structures 21,000 feet
downstream in Colonial Park can be expected. The total failure would
flood portions of the city of Rome, New York. Partial failure flooding
would be limited to structures within 15 to 20 feet of river level.

- For par tial failure structures located along Route 46 within 2 miles
of the dam would be damaged.

1
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SECTION 6: STRUCTU RAL STABILITY

1 6.1 Evaluation of Structural Stabi1it:~~

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

close examination of the crest slab.

b. Design and Construction Data: Design data are not available except
— from the 1924 report which is presented in this report. Construction

data are not available. Dam sections were reviewed by Thos . H. Wiggin
I In 1924 with the water surface at Elev. 556.0 (6’ above spiliway crest)

• with and without water pressure beneath the darn. The line of resistance
falls within the middle third assuming no water pressure beneath
the dam and falls a short distance outside of the middle third if
water pressure is assumed to penetrate 2/3 of the area beneath the
dam.

c. Ope rat ing Records: No information was available on operating records
pertaining to the stability of the dam .

d. Post Construction Changes: There have been no post construction
. - changes which should affect the stability of the structure.

e. Seismic Stability: Seismic stability computations are not available.
The reservoir is located on the border between seismic zones 1 and 2
and is assumed to present no hazard unless static conditions are
unfavorable or marginal.

S.
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SECT ION 7: ASSESS KF .NT/REMED IAL ML ;SURES

7.1 Dam Assessment:

- a. Safety: This darn does not appear to p res~~ : an immediate danger to
life or property. However , the cracks, seepage and leaching of the

- concrete may increase with time and reduce the stability of the structure.
The darn does not appear to present any se:Ious operational deficiencies.
The spillway is not adequate to pass the SPF.

b. Adequacy of Information: The information available is inadequate
for  complete analysis of the darn. The validity of the information
available appears to be good. Analysis of stability for maximum

— highwater and actual uplift pressure is needed.

c. Urgency: The condition of Delta Darn is considered to be a non—
emergency situation not requiring immediate action to protect down—
stream development. However, due to the presence of cracking,
seepage and leachirig, a follow up study should be conducted before
the situation becomes worse. The hydrologic analysis indicates that
remedial action is necessary in the near future to provide adequate

- - hydrologic controls for the PMF.

d. Necessity for Future Ana lyses:

1 - 1. A test boring, pressure testing, and laboratory testing program
should be conducted to evaluate the internal integrity of the

- 
structure.

1. 2. Piezometers should be installed to monitor the uplift pressure
on the structure.

1 3. The stability of the structure should be re— evaluated using the
- 

data obtained above and consider maxir.~xn hi gh water .

4. The cause of the seepage should be further investigated as sug-
gested in the Materials Bureau report (see appendix D).

7.2 Remedial Measures:
I.

a. Alternatives: The Materials Bureau report should be followed up
using the alternative decided upon by the ~ew York Department ofj Transportation.

b. Remedial modifications should be made with~.n the next two years to
increase storm storage and/or spillway ca?a~ities if the structural

e. stability of the dam at the high water level (PM?) is inadequate.
Additional spillway facilities may be adde~± at the abutments and/orr the reservoir pool lowered.

c. An adequate regulation plan and warning system should be developed
for use in the event of a threatened failure.

- 1.
1~
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DELTA RE SE RVO [R

I
The bedrock in this region is composed chiefly of Utica Shai~ , which is of
Middle Ordovician Age. These rocks are basically horizontally bedded with
only a slight di p to the south.  The area is rclativ~ 1y stab le tectonically .

J During the late Cenozoic Era, this area was heavily glaciated . This produced
sediments of various thicknesses and consistencies , particuarly in the valley
bottoms.
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Description of Photographs
Delta Dam

Plate

1. Overall view of the dam from left abutment.
Note: Seepage visible on section of dam below gate house.

N. APPENDIX C

2. Left abutment port ion of dam from downstream.
Note: Deterioration of gunite facing, seepage.
Visible: Old gate house at toe, stilling pools for principal and emergency
spillway.

- 3. Right portion o . darn from downstream.
Note: Deterioration of gunite facing, sprays in spiliway apparently
caused by deterioration in concrete.
Visible: Stilling pool, rip rap protection.

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

5. Looking at major seepage area below gate house from top of dam .
- - Note: Vegetative growth in face, rolling and bulging of gunite facing.

Amount of seepage depicted by ground saturation and puddles at toe.

6. Close up view from downstream of ri~ ht abutment of darn.
• 

Note: Vegetative growth and deterioration of gunite facing.

7. Close up view of downstream face of left abutment of darn.

8. Close up of deteriorat ion of gunite facing on downstream face of le f t
abutment of dam.

9. Upstream face and gate house from left abutment.

10. Upstream face from gate house.
Note: Erosion of concrete on upstream face at water line.
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NEW YORK STATE
DEPARTMENT OF TRANSPORTATION
Raymond T. Schulev , Comni.~~.oner -

- I 4~~

1220 Washington Avenue. State Campus . Albany. New York 12226 ~ 1 .~?1~1s -t r F  f I # .~ t ~~~ 
I. - t.1 , • ) ’  f

L U  Ut..I L-J ~~~

C~ NS JC~~~~ I lJ~4A ~~~~i EN T

October 26, 1976

Mr. George Koch, Supervisor
Dam Safety Progr am -

NYS Department of Ehwironment aJ. Conservation
5O Wolf Road
Albany, NY 12233

Dear Mr. Koch:

Re: Dam #935
Delta Reservoir
Moha~~ River

Pursuant to your letter of Augu st 12, 1976, an inspection of the subje~t
dam was made by members of the New York 3tate Department of Tran sportation
employees from the Material s Bureau and Soil Mechanics Bureau of the
Technical Services Subdivi sion and from the Main and Regional Offices
of the Wat erways Maintenance Subdivision.

The inspection group found no soils problems with the darn .

Leaking appears on the downstream face of the dam in several isolated
areas beneath the gate house. The amount of water appearing at the face
is su.fficient to indicate that water is passing through the dam . However ,
since the dam is a concrete structure which is keyed into bedrock , the leak s
are not considered serious enough at thi s time to classif y the situation U

as an emergency.

The entire dam fac e including the spiliway and buttresses have been repaired
with shotcret e at various times. The condition of the shot.crete is poo: .
Many crack s and deteriorated areas exist in the shotcrete. Also we found
that the shoterete ~ nitted a hollow sound when struck with a hammer in
nearly all areas that were reachable. Thi s indicates that the shotcrete is
not bonded to the dam. 

U

The shotcrete repairs cover all original vertical and horizontal construction
joints. Water may be coming through the dam in a very few locations, most F

likely the joints, and spreading between the original concrete and the debonded
* - 

shotcreto layer. Thi s can account for several surface leaks on the da’n face.

~ 

~
--. -. —• -

~~ 
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Peter A.f ~. 1..erle,

August 12, 1976

Mr. Joseph R. Ste llato , Director
~ tc~vay3 !Liintcr.mce Subdivision
D.O.T. A&~inistration & Engineering Bldg.
State Ca..~usAlbany, Uc~ York

Re: Dam 0935 Delta Reservoir
Mohawk fliver

Dear Mr. Stellato:

In confornance ~dth the Dept . of Enviroamentat Conservation Dan Safety
program , an inspectioa was made of the referenced dam on August 8, 1976. The U
inspection ind icates that the cortcrete in the downstream slope of the dam is
spelling and in need of repair. Our previous inspection of this structure
was on April 5, 1973 . A review of our reports and photos from the two
inspections ind icates that the concrete deterioration has increased to the kextent tha t now the~o is a leak in the east abutment approximatel y two—thirds
of the height above tha base. 

-

Our records indicate that a letter u~s sent to your office on April 16, l9~3
rccosrr~nding concreto re.pair work on the do~,nctream siopo. Your letter of
April 18, 1973 to 1-ir. Stanford Zeccolo indicated that a contract would be let
to repair the dac~ ged concrete areas. These areas have not been repaired but
have deteriorated more .

Because of the large reservoir storage (75 ,000 A.F.) behind the darn , we
feel it is iin~erotivo that the concrete maintenance in ta ken care of before
any serious problems develop. After  your regiona l engineer has had an oppor— U

tunity to inspect the dais, we would like to know of your intentions.

- 
- 

- Very truly yours ,

- • George Koch , Supervisor
Dam Safety Program

GK b  
fZ~ . ~~~~~~~~~~~~~~~ (.1

* (~. ‘ c
* t f) • (..~ 7 ~~~~~~~ f~ — , C C3 

•~
, c~~~ ,~~~~~

cc: Henry B. Zywiak ~~ o . C .~ - ,~~, ,~,
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Mr. George Koch
October 26, 1976 .

Page 2 -

Materials personnel in cooperation with Regional Waterways will conduct
an evaluation of the dam. This evaluation will begin by trying to locate
the leaks through the dam and the first step will be the opening up of
some of the drains on the downstream face which are located at the
vertical construction joints. Plugged drains may be a key factor. If
the evaluation of the vertical drains does not provide an answer as to
where the leak ( s) is located, then e~~loration holes will be made
through the shotcrete layer at selected areas. With favorable weather
conditions, it is anticipated this evaluation will be completed this fall.

Upon completion of this evaluation, the proper course of action for
Waterways to follow will be decided upon. -

Waterways will keep you advised on the evaluation arid whatever course
of action may develop from it.

Sincerely yours, F

~~~~~~~~~~~~~~~~~~~~~~~~~ fr ~~~iJ 
U

JOSEPH R. S’rELIATO
Director of Waterways Maint enance

- 

- - 5 - -

I—-- ~~~~~~~~~~ - -5 —— ~~~~~~~~~~~~~~~~~~ 
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Bureau of Water Regulation

April 16, 1973 - 
- -

~r. Jo~up~ R. StelL~to, Director
~Jatervaya ~-:ain tenar .c-~ Subd ivision -

D. o. T. ~d~ inistr~tion & Eng. Bldg. . 
-

- State C~ .-?us -

Albany , Nc’s York -

Dear h r .  Stellato: -
D.O.T.Reg. D:ra No. 935 (114-A) -

Across N-~h -~w~ Rivc-r at t~ 1ta Reservoir
Town of Ro~ e, Oneida C~~~ ty
D. 0. T. Reg. Dam ND . ~‘2 (115-K)Across ~~hawk River

- Town of R~:.~e Cneida Ccu n~~ -

In confor~ aoce with this Departrent ’s Dz~m Safe ty Program, an inspection 
- .

- vas r-ade of tha above-referenced dams on A?ril 5 , 1973. P-
A revIew of our files revea1~ that these d an3 are o~nc-d by the State of
New York. I c~ assuming that your division is re~ponsib1e for the -

~aintcnance of these structures. If I an in error, pleane advise. -

The Ealta dan was constructed in 1912 and consists of a concrete-stone F 
-

structure proxir.~c21y 9S0 feet long and 100 feet bi~h fornin~ an
inpoun~~cnt a~~ro:: :i~- -~iy two ni1~ -a ccro~~ at it~ ~rc~ tcst wid th and -

fou r ui1:~ long. The reservoir ~~s created us an addition to the State - J
water storage syst~n for supplying the barge canal.

Our findin~3 reveal that spalding of the concrete has occurred along the
vail faces. -

Dam No. 932 (115-’t) was constructed prior to 1917 and con3ists of granite
U blocks ~artared to~ethcr. The structure is appromic-.ateiy 163 feet long - ,

cad at:: fc~t hi~h. Ti:a dan is pro:~icate1y ono-cuartcr of a m.ilc upstream
from the canal and is the second darn upstream from the canal. It was con-

- structed to act as an ice breaker to protact the canal system. 

—— -~~~ ~~~~~~~~~ _ 
- - - - - - - ~~~~~~~~~~~~~~
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NEW YORK STATE
DEPA RTMENT OF TRANSPORTATION
Raymond 1. SthuUe,. Comm.i~aon.r

1220 WashIngton Avenue, State Campus. Albany. New York 12226

• nr~nflflt” ~~~~~ ¶~~ i~IApril 18, 1973 L~-~ ’&. .~:’. .._t. ~~~~~~~

Hr. Stanford Zeccolo APR 2 0 :73Sr. Hydraulic Engineer
• NI’S Dept. of Environmental

Conservation 
~~
‘ ~~~ REQ.

Bureau of Water Regulation
SO Wol f Road ~~~~~~~~
Albany, New York 12201

Dear Hr. Zeccolo:

Re: DOT Reg. Darn No. 935 (114A
DOT Reg. Dam No. 932 (115K

We have forwarded your letter of April 16, 1973 concerning the above
referenced dams to our Region 2 Office In Utica . The dams are under
our maintenance.

The spa lling on the concrete wall faces of Delta Dam is a condition
we were awa re of and monitor closely. We plan eventually to let a

U contract for the refacing of these areas.

The tree growth occurring at the Upper Retention Dam at Rome will be
eliminated by our Section 4 Maintenance ~‘orces. -

Thank you for bringing these findings to our attention. All of our
dams are scheduled for inspection this August under our Structure
Inspection Procedures.

Sincerely yours,

JOS H R. STELLATO F
Director of Waterways Maintenance H

JRS:JD:dl

• 

I

~
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- 2 -

~~ r findings concerning this darn reveal that trees are growing in the
gr~—~ Lte Joints along the rbutZ~~fltS. This growt h could cause serious darnago
t~ :~~e structure.

We 5-ug~eat that ycur office invostigate the above situations. Maintenance
at ~~ia tiue could save core expcflsive repairs in the future.

- - 
• 

- 

- - Very truly yours, -

- 
- 

Stanford Zeccolo
- 

- 

- 

- 
- - 

- 
— Sr. Uydraulic lingineer

Sz/~~d 
- 

- 
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— 
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cc: L. Biske 
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I

DEC DAM I!~SPECTION REPORT

I~EJ H3j LJ L I 1c1d9i2I.~ I I J I ~ I7[~I t H31
CTY YR. AP. DAM NO. INS. DATE USE ~~PE

; BUILT INSPECTION -

r i  Location of Spil].way Elevations
and outlet 

• 
- U

1’-1 Size of Spiliway - Geomet ry of
Lu and outlet / Non-overflow section

r. GENERAL CONDITION OF NON-OVERFLaJ SECTION

[~iJ Settlement • 

- 
Cracks f~J Deflections

fl Joints • Surface of ~ Leaka ge s-
~~~ 

-.
- 

- - Concrete

fl Undermining 
- - Settlement of Crest of Darn

- 
- I Embankment I

- Downstream Ups tream Toe of
Slope / 

- 
Slope Slope

GENERAL CONDITION OF SPILLWAY AND- OUTLET WORKS

AuxIliary Service or Stilling
Spil iway Z Concrete Spiliway / Basin

J o i n t s  - Surface of Spilivay
2 - Concre te Toe

Mecha nical Pl unge Drain
7 Equipment I Pool /

Ma intenance Hazard Class

Evaluation - 

LVI Inspector

COMMENTS: .- -
~~~~~

- r ~~ ~~~ e’re ~~~~~ • -

d~~d~I. ~~~~

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



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

DAM INSPECTION REPORT
(By Visual InSpeCtioL~)

Date
Dam Number River Basin Town County Hazard Class* & Inspector

~~~ ~~~~~ R~
Type of Construction

U 0 Earth v/concrete sp il ivay 
- 

~~~~~~Water Supply C c ‘t
U Earth v/drop inlet pipe fl Power

0 Earth v/stone or riprap spiliway LI Recreation

~~‘i~oncrete 
~~ 

Fish and Wildl i fe

t~~—4cone Fa rm pond

Timber No Apparent Use-Abandoned

Estimated Impoundment Size Estimated Heigh t of Dam above Streambed

O 1-5 acres - Under 10 feet

O 5-10 acres 10-25 feet
Over 10 acres 

~~~ 
Over 25 feet 

/

Condition of Spillway -

~~-i rvice satisfactory 
• ~~44~

’uxiliary satisfactory

need of repair or maintenance ~~—~In need of repair or maintenance

Exp lain : 4 
(
~?p ccf m;

? ~~~

Condition of Non-Overflow Section

0 Satisfactory
need of repair or maintenance Exp lain: (‘ce,lr ~~~~ -~~~(Cig ( .~

•ç~~~~~~~~~/~~~

• 
Condition of Mechanical Equipment

~~~__ Satisfactory c
o In need of repair or maintenance Explain: _________________________________

Evaluation (From Visua l Inspection)

defects observed beyond norma l maintenance

• 0 Repai rs required beyond norma l maintenance
*Explain Hazard Class , if Necessa ry ____________________________________________

—~~~~~~~~~~~~~ — -~~~~~~~~ — - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ ~~~~ - ~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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t_ I •~‘ I C - J I. I. ~ .) •. ~ i ta j  ? di.. ri t , rct tm it et once to the
I C -~ - 4 

-

S T A T C  OF N E W  Y o R~<

-4 :  - 
- :C0NSERVAT,oN COMMISSION

- 
- 

A L B A N Y  - 
- (.,~ -

‘ - I’

.- 

- 

(j~-p--/l DAM REPORT

• 

-

~ e’sERv~ T1oN Co~I~11ssIoN , 
-
~~~ 

- • •- 

-

Div~siox OF INLAN D WATERS.

- & ;TLEMEX : - - 
-

I have the honor to make the following report-in relation to the structure known
‘I

as the •

This dam is situated upon the -

~n I e fo~ n of_ _ t~~~ —tAA—Q__. , ~~~~~~~~~~~~~ County,

about from the ~~~~~~~~~~~~~~ i City of -. ••t~ :a:e dLs:~ :ce)

T.. -~ distance...I -vi~( ~trcani from the dam , to the~~~ L_4/~ A4J~~~L/ ~~~~~~~~~~ -
or d- ’v - ~) (G~ n~ - f Iic~le~t itr- - ta:~ s~ -c -~ r.~ or - e

is ibout 
- 

The dam iS flOw owncd by -

‘

- It~ Ivc n.~me in

a: I was built in or about the year..../ ~~~~~~~ , and was extensively repaired or reconstructed

di ing the year 

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

State ‘ri - ri hrr cC i~ a~-r .-~ , C0I:StF ~ C or timber)

a: L the othcr portions~~rc built of -
. 

- 

-
iS a e 1 1 t ji m~ ,r~’ ,~ r & ii ~~ urn r w or w i hnjt rr~. fill) 

F
As ne’trly ts I t~m k’trn , the cl”lraLter Qf the foundation bed unde: the spzl1~ a’~ portion 7 F

of the dam is... ~~~~~~~~~ Ty&—e.,L~~~~~~. and under t h e  remaining portions such 
/

- - fc ndati~n bed is • 
-

_ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  ~~~J~~~~~

_
-
’~~~~

— g__ 
~___~ ~~~ — ~

• 
~~~~~~~~~~~ ~~~~~~~~—i—- ~~~~~~~~~ —‘ — —



- ~~~~~~~~~~~~~~~~~~~~~ -- - -- —.--- - — — — ~~~~~~~~~~~~~~~ -. - -- _~~~~~~~~~~ ______~ -

DAM INSP ECTION REPORT
(By Visua l Inspection)

DateDam Number River Basin Town County Hazard Class* & Inspector

~~__1tf~ k__~<_ R ~ ____________________
Type of Construction

O Earth w/concrete spiliway - 

~~~~Wat er Supp ly C c ‘t
Earth v/drop inlet pipe - El Power

~~ 
Earth v/stone or r-iprap spillway El Recreation
increte - LI Fish and Wildlife
.1~~ne LI Farm Pond

0 Timber f J  No Apparent Use-Abandoned

Estimated Impoundment Size Estimated Height of Dam above Streambed
1-5 acres - 

- Under 10 fee t
o 5-10 acres 10-25 feet

Over 10 acres - Over 25 feet 
~~~~~ 

/

Condition of Spi1l~-’ay

U~’1
rvice satisfactory 

- ~~.#~~uxiliary satisfactory
need of repair or maintenance 

~~ ‘ ~~ ..- I n  need of repair or maintenance
Exp lain : 4 ca•p ~~~~~~~~~~~ ~~~~~~~~~

Condition of Non-Ove rflow Section
0 Satisfactory -

need of repair or maintenance Exp lain: ~~~~ ~ p Y~~ (C/ ~~.-

c6~-~ ~~~~~• 
-

• Condition of Mechanical Equipment

f~~.—Satisfactory ~

,

In need of repair or maintenance Exp lain: __________________________________

- Evaluat ion (From Visua l Inspecti on)

~~— 1 defects observed beyond normal maintena nce

• 0 Repairs requi red beyond norma l maintenance
*Exp 1~ j n Hazard Class , if Necessa ry _______________________

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

- 



The total kn~ t Ii of this  darn is . Y~~~~~O . feet. The spi llway or was~t’-

eir portion, is about feet long, and the crest of the spilhv ay is

about feet below the top of the darn.

l’he number , size and location of discharge pipes, waste pipes or gates which may be

•
~~ed for tIra~ving oil the ~vatcr from behind the darn , arc as follows:

— ___

~

5

~ 

~~~~~~~~
. 

~~~~~~~~

j ic btk fly, in the s r*cc bc -low , whether, iii your ju J~ ment , this dam is In Coot! conditi~n , or baJ co~~dit ioa , descr ibing particularly
~y leaks or cr acks which you may have obs erv c& )

~L ~~~
A L

~~~~ 
- -

- 
Reported by - 

- 

-

IS eI

( 4.1.... — ,u - - l  • -, I nu u — , , I’ . 0. 11 ,, ur It. P. 1) . ro ut ., )

, .  ~~~~~~~~~~~~~ ~~~.•

(/ (Name .1  p1 eve) /
(SEE OTHER SIDE)

— ~~~~~~~~~~~~~~~~~~ - - - — - ~~. - -~~ --- -~~~~
--— --

~~~~ _ t_ _- - - —



ci (be s ,ace bc-!ow, make one sketch shewini; the fomin and dincen ~io.i ~f - •,: . i i i t  .~~.i ~ i ~ i~~v/37 or wa~t e—wc ir ~f this

rn, and a second sk~ tcli t ’howing the sac~1e ic ’-forr iat ion f.~r 3 )o~ ~~~~~ It :hn (-t ’er ~~) L i ~~)Ii Of l ic e  darn . Show p ar—

:ulari y the greatest height of the dam above the stream bed , i ts thick s~~ i4~ ‘I I , aad~ hkkne~s at the boi toin , as nearly as

•u can learn.) - 7
~~~~~~~

“

I 
~~~~~~~~~~~~~~~~~~~~~~~~~

k~~~ f c ~~~~~~~~~~~~7 th&L

~~v f d~wtrL
ç~( ~~~~~~~~ 

- -

. 

- 

-

— — —
~

~~~~~~~ ~~~T ~~~~~~ 
-

In the space below, make a third sketch showing the general p~an of the dam, and its appro~~mate position in re!at~on to buildings or

ther consp icuous objects in the vicinity.~

- 

-
• 

-

~~~~~~~~

TI -

— ~~~—— - 
~~~~~~~ —-_ -~~~~~~~~~~ ~~~~~~~~~~~ ~~ - .  -~~~~~~~ —~~-~~— - -
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- 
THOS. H. VVIGGIN S : ~~~~~~~~~~~V A~~~ A T ,~~~

- ... -. . CONSULTING ENGINEER

- . 50 CHURCH STREET
HUDSON TERMINA L nUILOING ~ cu.;;c ,:C(O CONCACT I

• . .  go.. 
~~~~~~ ROOM 367 TEL . CORT. 7765 IN%PECT(0P4 OF

~*7LNlALC 7766 $p( CI~~ (. MATC OSA L

NEW YORK INVEST IGATION OF
CPCC IAL  PHOCU.CI~

- 

- 

NEW YORK JWIQ 7th , ~~~~
Lci~.~ u :~. .

_~.o — .

J. L) . ~.lLc~:.

~f ~~~ Ch~
L- ibQr o~ Co~~ierea ,

.-toz~o , 1o~; ~~~~~

in ~o~ o~th.n~o v~ith u lotto~ ö.tttcd L~ roh 8th e.~M

tolc~~~.r~ ~l~~~c’J. LI~reh 2hth , 192~t froz~ r. 1~r~ ao~ o~ yot~r

~~~~~~~~~~~ I ~~vo ~~do L~fl vo~ti~~;± on oZ the Do3.t~ Dtici ,

- 
lo~~~.~~t1 c~t tho Moh~~I itiVt~~ ~bot~t & ~iloo north o~ !~ono ~nd

~ .~ t o~ tho ot~.to £~z~ o Caw.~2. 2oocIar 8y3tc~ .5fl~

bo~ to ri~~oi’t tt~ 2o1lo~v~:

Tho De?t~ Dcrt ie ~ ayclopcz.n i~ o~ ry ~truotnro

~.boi~t ¶~O’ hi.~l-i in the dco~ or portiono ~ind about 1000 root

lo~~. Lt tho ccntcr ~~ ~ ~p if l~-tz~y ~oetion ~O3 ~c~t lcnC.

t1~~a ~~~~~~~~ ~~~ro~ thcto1y ~
() billion ~~1lon~ o~ water ,

~~i~h i~. u . c •~. to ~cot~, the ou.~~tt levol o~ th e &r~o Cc.ncl.

The ~r.ve~ tiZc~t~ on ~~~ u~ c~ortuL on. under tho ~w~pioo~3 02 tho

I~~~)er 02 CO~~ oro o , owing to apprO12O~ 3i0fl ~or the uzifoty

o~ tho w.~ra 2elt by oiti~oii~ o~ ~ or~i~ bco~u.~o the sur~~oo o2

the dz.:~ ~oth up~f~ro~~ ~~ d down t~troc~r3, but ~oro p3rt~oul~r1~’
i~i ~~tod. over aon~i~crublo urooo. The

~~~~~~~~~~~~ oou~~oto o~n be rc~ovc~ by pick or bcr to e

~~~~~

(m O iii ~)L~~t to £ CO3~~~Q of ~~tor throtWh the thin (on the

— - - ~~~~ -- -

‘

- - ~~~~~~~~ ~~~~~~~ 
- - - — -



D~ lt~ J m .

OO~ 1ll~ ~.2 iich  ~~~~ ~ihov:s diointo~ration , ioistur o eO~~cu fro i~
rein or 31lo~-:) t.n.d. the froo zin~ 02 tho u&~turatod. eonoroto in oo~A
t.~athor . ~~~~ v~ith seepage such action would not ~enora].3.y be

nc~.rly ~o—~~ rkod ~nd the seoond~ ry O~ U50 ±8 probably vlockueo3 and

o o ~~ive por ot~ity 02 the ~3UrfaOo concrete. Many cono roto etruc—

turo~~, ii~c1pdi z-i~r a iiu~ bor 02 ‘~ol1—Imorn dans chow sillier , though

cciior~1ly lczu u.~rkod deterioration. Tho attention o2 ~~~~ pro~ i—

~ cnt invoati~ ator~3 Ic now ~ocnut3cd. on portland oecient and its

pcr~~.neu ’o is being aucstionod o’c on ~horo under cover 01 earth or

wetor . 1~o~ evor , i~portLn~ di~ir~.tcgr~tion is soldon i’ound v~horo

there i~i ~ot exposure to i~oiuturo cud 2root .

Tho dcm v:~ s in~~ cotc d in oonpz~ny with all the c bcrs

o2 ~- . u r  ~3~~iitteo on M~roh 18th 1a~t ~r4 ~~ui~ on Mcy ~th. ~
heavy crowb~r ~-~a uscd ~t mcny points on tho do~~ strcaza 2uoo that

coula be re~cht3 d. 2r01 the ~roux~d and at sono other points higher

up thiob were reaehcd 2ro i ~ thort ladd er. One b~ d sjot on the

u~~troan ~aoe o~ the e~.oter1y bul~ho~4 portion v~a~ m ed. Iron

a hengln~ li..ddor. The worst spots wero lound on the do natrocim

~cc~ oii the bu1kh~~d section ~~st ol the spiliway . sons ol those

places wore 6 2ect or so lon~ and 4 loot or ~o in ~~~~~~~ height

and tho disintegrated. lzltorial was easily removed, to a d.opth ol

about ~ inches. The downstream 2aoo ol tho bulkhead portions o2

tbG d~~ to ft height 02 10 or 16 2oot above the ground was r~ithor

gcnerafly covere d with a shell ol oclocreons matter 2ro~ i/2” •~o

1’~ in thie~~ieca which could be scaled off in 3 . e  shoots. ~his

~~torIu1 ~Th5 eVidently dopositoci. by water ~:lii~h cane through the

end represent s solublo parts ol the ccmcnt. ~ho ~otion 15

a~in to that by which StaluglitCa ore 2oruo d. in linc tit cno oCVo~l.

- ~~.___.~
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~~~~~~~ t : :  ~ ~~cii ~:~c conc rete v.-~z ~onord1y in fLir C i ’ ~iO.i~

It v~2-~ no~~;i on the !Lcy 9th vi si t that flood waters v~zich ~pillo~
07cr thc i:~i~ bctv:cen the !eroh 18th end tho lat er vi i.~it h~ d ~~~~~~

cd. ~v~~y ~l1 the bcdl~: dicintograted. concrete fro~a the do trc~~
f~~ o o~’ t }~o t~pillwz~y ,  leevin~ nany depressions .

~O~ O of ~~e soft lt~torial that was rc~ ovcd by the b~ r

c • e ~~re-~ to h~vo iore then the normal quantity of ~cnd but no~ t

of it h~ d i~leuty of ~t cno end the stone seenod to ho sufficiently

solid. ~ro~i thi~ i~~~ oct ion it was concluded that the ooncroto

would ho ebb surely and for some years to cone to carry its full

c:~~oot~ d ~.t t ro~ s out to within 6 Or 0 inches of the surfoco and. in

t~ o co~rut~ tions that have boon ~ad,o , it was es~unod that tho c~ —

ten or 0” dId. not bcr~r stroBe but was effootive so lar Cs woight

is concorned.

Tho inve3t~~ ation has covered. tho following points:

1. L~~torjaIs en~ wo ~mansh1’, in the dam end. foundation
con~1itions .

2. .~o.oquaoy o~ the dosi~~ .
3. D~t.~~~o th~t -~-.oul d. ho occeel cuod. by failure.

4. M~tho~ s of repair.

In the rc~ ort following theuo topics will be tal:en up

in order , using the cane r~um~or s.

1. 1~
- .T~:I.~Ls A~T3) O •IT~ ?IP ;~ D F~~ :P.-Y2Io~T

2lio surface defootu in this den are ovid,n:~t to all who

have oZt~~!.flOd i t•  37 t~ e use of tho crowbar as provi ou~ly do—

C3rib-~
(1, it l i  Ioun~ th .t the corioroto is solid ozoopt for a

t~ 1enio .~~ o~ 0” at the ena gonorully it is solid no~ r1y

to the ~ur2aeo. The SOlidIty ol the Interior is indicated. in the

S

-- - - 
— 
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J~ ltu ~~~~~,

~~~ O well v- .ieh can be o~au1nod by ro~ oving iron covers ~ c~~t o~
th~ ~~illw~~ . It is also notlecabbo tui~.t oonoroto in the upr~c~

~~t o~ th~ dam is generally soun d. o:~copt In pant u of the copIng

~~~~~~~~~ t :~~t cei:s rote in the ornenontal arche s forcing the cornice is

- icul~.~ 1~ ~ood , possibly owing to a greater proport ion of ce:~~ it

l~ the eo:~j rctc .  ~ho cornice is also too high up to be affootoô. by

l. La ~ o thr~u~h the dz~n cud is well sholtcr~ O. bo.~id oo.

2ho Stcto ~ngin oor ’s office has ~ind 3.y furnished no with

laboratory reports of sand. end. ccnent quoted bobo~ end. scvora]. cm-

ci~~ors v: :o were present ~t tines during tho constructi on of tho

da~ have described from memory their i~~ rossious.

& ~ anc1 2ests — $ron hcco~~1s of State ::nrwiecr

Tcn~i1o strength ~atio VoiC~ 1~oa~’
Cemsut : Jra~ on of 1 : 3 bni quot- to

i ortland.. tcs. ~ td .
Lbs. per ~q. Iii. Sand.
_____________________________ _________ _________ 1-~

7 c ~c~~s 2S ciryz 7 days 28 dc~
1. ~rcnehvIl1c baiik sand 165 253 76 91 37,0 4.’~

~o tzashcd 189 273 07 99 — —
Z. ~tand.ard sand 216 ~77 1CO 100

4~ Crusher dust 289 424 14’? 132 33.5 —
5. Jo with sand , ratio 1:4 185 271 95 (34 —
6. ~tamdand send 195 322 100 100

7• ~:oi3tcr~1vj 1bo bank sand. 234 ~45 1C8 106 31.8 7.0
8. Do washed. 103 317 113 95 — —

9. ~tandard sand. 170 3C~ 100 100

Coer . o aggregate:— Crushed linastoflo fro m quarry near
i~oonovil1o , Xi. Y.

~.‘rom audi jn~ onnation us I have gatiorcd , the e~~ :~villu

.1

______________________________________ —-~~~~~~~~~~
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Sau d .  ae~~~ to h~vo been used . I ezez~incd, the b~ixik with you on

Lay ~;h I it IS easy to undarst~nd references to 1UL2PS of O1~y

~-•:~ich Cot into the sand. ~ho sand. i tiolf  scerse to ooour in

clean bands and poel et~ but is covered and. mono or loss int er— - 
- 

-

b~~id~d ~ii th  clay , it is stated that the sand was carofully in—

cp eut~ d. ior clay but was not always satisfactory end that after

acne tine ~ashiug at the pit v.’c~ required.. One statement was to

the c2Z~ et that a pr oportion of crusher duet was sometimes usod

but no convincing evidenc e of this is available and the contrac-

ton o~u 1Aot recall that any wits used..

1 oomo1~ de that lines 1, 2 end S in tho above table of

to~;ts ro~ rcsent th~ rsatonial probably u~ cd at various ti. oa. ~wo

o~ the 7 day tosta v4ith standard. sand and. one of tho 28 day

to
~
t
~ 

are below the present rocjuirononts for strength of cement

bni qnettcs (vi z ~00 lbs. at 7 days and 300 lbs. at 2~ aays) b~t

~‘ort 1and oemcnt of 2 or ~ decades a~o v~as ~ Van loso ~~rou~ ~~~
made good nasoury fully as oft en i~s the present product.

Cue engineer ~tatod. that tho broi cn lir~cetono used, in

the ccinarctc vaus not so good ~ia that used for tho cyolopoan 
-

bloc!r~z but lied. thinner bode and. tended to make more dust . The

p~ oeos of stone found in the rott en concrete seemed hard end.

strong .

~he den was divided by vertical joint s at right anglos

to tho length of tho dam into sections 30’ long, with ~oys or

d.ov CilS between. ~heso aoctienS v~oro filled alternately with

concrete t~2d oar~-ied up about 20’ at a tine , Tho photographs to

‘~;h.i~ h I hL~VO hz4 access through tho State ~ngincor and through

S



—

~~~~t-a .~ c,

c: I:~~~rs ~~~~octod. v~ith tho work , show this altoni~at o  CO1~Crcting

O~ sections and also show that the dam was brou~ht to appro:d.—
aat~)ly one icYc]. ~ or nearly if net all its length and then c n ~ icd.

up a~ ath , s~ vj tooth fashion , for another l ift  of ab out 20’ . ~~i3

moth c~1 of com~truot Ion provid ed. for th~ ninthum shrinkage e :-’acka

across the dam. ~ e~ s on dovotaii~ at thc~ c vortioul jo int s tend

to prevent lea~ ago and to nako tho dam act cc a unit. Large

cyclopoan stones projcctiuz across every main horizontal joint

fu rnish not only - shoaning or anti—sliding strength , but somo t en-

sile strength as well.

an oz.ccllent descriptive article on the Doltu Dam

by .~c~ilc Low, one of the resident cngin~ ora on tho Bargo Canal,

(~~gineonin~ ~ Contracting Juno 19, 1912 , pp. dOl—88 ) the follow—

1
~~~G points bearing on construction method s are briefed:—

(a)  ~asonry con~ i~ t~ of l:2~ :~ oonoroto , rather soft , with
~~~ of large cyclopean stone s ia~beddocL. Those latter
were often over a cubic yard. In slzo. They ~cro -

sorubbcd. ar~L washed thoroughly before being pieced.

(b )  ‘yolopcan stones were kept back l2~ from faces of forms
arid. 6” apart hori zontally from each other. layers of
stonea ~.er.. placed so as to break jo ints horizontally
and vertically . 

-

(c) .~.t horizontal joints oyolopo~m stones woro left proj ect—
ing so as to form a bond.

(a) In joining ue~ work to old., the old sarfacos ~oro frocd
of dirt an d. luj t~noe and. washed with thin mortar.

(a)  Concrete was nuizcd. in batches containing 2fr bbls. of oe—
ment , i.e. about cii. yth3. of c oncrete . ~ho r~i~ or
waS made by Thos. Canlin ’s Son ’s Co. end was a 5 ft .
c~bo rotatcd on a diagonal axis. The avorage daily
output of conc rete was about 170 cu. yds,

(f)  Both concrete end cyolopoan stone s wore placed by a
double line of derricks. ~2he stones woro raised and
lovored to “work np ~ bed in t h e  fresh conoreto ”.

(g)  Duni n~ cold weather , heated utofle3 wore u~od , “ui th
steam ur.~.or canvas to pmvcnt fr00Zi21~ ”.

- - _ _ - - - -~~- _ _ _ (  



~ul~L~ ~~:s.

L (h i  ~~~ .J.~~ uro was ~ &.d o “rathor t~it so that lj t t1~ t~~~ i~~
v ; ;;  va Lred~ but shovels wor o u~;cd to v ;oik the con—
~~~~~ ~ c’~ii in n~rrov: for~as or botv:esn stonoa. j

~e
co.~r .~or ~~~~~.;ato WaS ~:~ ?t e~ay ~ron th~~ for~iu by
fo:.z.3. ~u rook £ounc~etiuu the uur.~aco WaS cleared. of
all l~ oso picocs , washed. and. ~vot coisont or nortar

rubb ed over it with brooms ’.

In (l1~;cussion with engineers who wore present thzning tho

b~ Il~ in~ o~ tho dam, ziovorel difficult ies in constrastlon have

boon bht out . It was mout ioned that the slope of the form for

tho too of tho dam in connootion ~it th the attempt to got as many

large stones out under this forz~ as poasiblo , caused the u~~ic:cto

between th~ form end the large stones to be loss acoossiblo and

more ].ikzcly to contain an omooss of nortar and lait~nieo. The

diff!cult~ of kao~ing a soft bed. under the 1ar~ o atonas ~-a~ also

antioiiod. and. soopa~ o thro u~çh the dam undor those stones tho~z~~:t

to be a possible result . On tho other hand another ~bsorver mcn-

tiOflOd. th e cono reto as being wet and tho stones as boing lo’;:ercd

into a sloppy mu~ riz. ~ more ~ermcnent .~ident ci, Lke dam spoko

of bniliin~; up the stories locally bco~ u~o it was difficult  to keep

coi~ t c~nc~ eto ~n~ or thoL~ if tho concroto was spread out over the

whole 30 feet  ~octiou. This seems like a more probable condition

than that of e~ tremo sloppiness at the point of placing 1ar~ c

stones an~ oorrespon~a with tho writer ’s- obsc~~ ation on the large

dams of tho Oot s~ ill water syst em of low York City . ~urf acos

which are loft  for ~ little while become partly ~ct and it is
L i~2r&e~~~ ablo to ombod atones unleso fresh concrete is placed to

s•~f.,ioiont dopth to bury the unovozrnosoou in tho bottom of th~
stone . This di f fj ~ Ulty is iuhcroiit in syclupoan i~asoary but ~a-3

been ovo:como in L Z ~I~~1 dams to the (int ent xicoo~.a~ ry to avOid Icak—

— 
-
~ ~~~~~~~~~~~~
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... olta ~~~~~~~ s. C.

a- . ~ ~~~~~ t h :  probabil ity of leaL.ago should be loss than in the e~ so

a ruL~ ia L~~s~nry ~am ~:hoio ~sortar has to bo placed in cVu:y

joi nt un~.cr and bot~.oeU stonos.

Cn the wholo it i~i difficult to account for the rather

c~ oossivc seepage through the dam by any evidence that ha~ been 
-

prO~ ueed. The diffioult~ of avoiC~irig e~ a ’ss of mort ar az4 laitanco

aa th0 co~ orc~ o bCt~bOCn the large stance ~~~ th e sloj ini~ fo r-as i.s a

real ens an~ v.~us not onoc,unt orcd in moat other cyclopoan dam s be—

e~.use L~hcsc in ~~iieral had either atone or concrete blocks for

their ospo.dcd~ faceS and. theSe blocks ~.orc laid ahead of the ecziorot~

~~~ ~~~~ the pl~ o~ of vooden forms . It is pos~ibl o that the qualit~

of concrete in the do~~ stroam faco may ha Vo been affec t ed by this

e~~~~o . accentuated by the uuc of too ~ueh w~ tor , which is now ~~own

to ~e~ken concrete.

~~ investigation of eauses of weakness in the conc rete hn.~
been ncce~~ crily su urfiei~l. ~ owovor , the evidenc e in hand amd

~orsonal ac çmainta~ co with t h e  high character of the engineers con—

nected ~~~~ th e dcsign and. supervision of the dam arid. v~.ith the good

reputation of th~ contractor leave no room for a ehadow of doubt in

~y mind that the work WL~S done With uriu~ua1 care ama faithfulnosu

and that the defects wore duo to nnknO~ fl Causes Lua u as are all too

coarsen u i  eaLisllt work. Thu ~~~~~ of ü.ollaru have been spent on

cta~ ics of defects in concrete , frequently without disclosing con-

vincing reasona. Investj~ atj ons of the natur e of 2ortland cement
are boin~ a Otth~ot~ d by national and municipsi agencies as wol]. as
by ~Lnsf...cturcra ’ aociation~i , foundations arid teahs~ical soeictia~ ,

~ orc ore plz~mncd arid thc Delt a )cm may ~oU be includ.~ J. in cna~s~le3
S. •1~ ~~~~~~~~~ ~i.O .~O . .w . i sO u .

- — --.-—-.--—‘--- - - -- ———- — — ——— ~——~~ --- .--~ .---- — -- —~ -~~ 
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~-t .3ri! J to be ‘~~cIo in ;.~~~~~~

~ineo it is ovid ont that a new taco must be plac~~i ~~
the ~~~~~~~~ it is perhzi~a not so neoos~ory to know abso lutely ~-:hat

Is the cause of tao present woak~oss but it is noooesar~; to •C3

sured that the wcahnese doo~ not enist oncep t near the out er

and will not pro~resc inward bencath the flow faces. I

have had several conferences with Ccl. ~redcriok ~~~. Greene , ~upt.

of i~ubl~ c .~orks , L~r. i~oy h~. i’ullor , Commissioner of Canals cud. .r.

~v.ii~ht B. La Du, Stc~o ~~gineor end. ~urvoyor , with rospcot to tbc~ e

and. other problems and it has boori agreed that 3 core bo~-iu~ s wIll

be ~ut d own from top to bottori of the dan and at least 3 Sam?leS

cu~ from tho face of the dam in order to see the quality of tho

interior masonry and. obtain some te~ tc thereon. Liy prcsomt opinion

is p redicated. on the assumption that these tests wi ll shot? the in—

ten or coiao rote to bo sufficiefitly sound for its purpose but until

these teSts have been completed , the conclusiofls recobod. in thi s

~oport must be taken subject to that condition being found. in the

~~~~~~~ 8.

~‘o~ridation~ of .~~~~~~

Th~ foundations for this ds~ consist of levcl—bcC~dcd

Eudson giver uhale end, eye wituo3sos state that it dis~ntc:r~teS

rapidly then uncoverod.. The storia which is not~ uncovered. adj acent

to tho dam is vory flakoy and obviously unsuitable for a foundation,

bmt I have no doub t t~~~t th~ rock under the dam is suffIciently

solid for tho moderate pressures required in this oompar~..tivcly low

dam. The borings previously ment ioned will ozt ond through the dam

into the rock and will vorify t h e  quality of th~ rock as well ~~

_ _ _ _ _ _ _ _ _ _ _ _  
_ _
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t~~~t o: t~:o ~~~~onry .

~~~~~~~~ that the borings will show th~.t tho ro~~: ~~~~~
h.. ~ remained sound. , the most iuportamt juostiun rt .r~in.~

f3~2l~&~tiO1l is whether the dam is ad.oqu~ tcly keyed into the rock so

aS to ~voi~ dan cr of £fl.idir~ ~;hioh hc~ figured. in ~ O5t of the

li~ited. L~~bci- of failures of gravity cams that have occurred.

I h~vo examined a].]. tho official and also such private

photograjhs as wcro available cud have also examined the official

cross ~eot!.onc of emoavation . Theso chow thi~t the dam is well

hcycd. into tho rock foundation !n the whole of the bulkho:id coo —

tions an~i. in all but about 150 foot of the spillway section , viz ,

at th-3 westerly cud thereof. In this stretch of 150 foot ther~. 10

practically only the noughnes~ of the nearly level s~~- lo fo unda-

tion and. th~ cut off wall at the roar of the dam to prevent slid.—

jug. ~ho apron which is 4 Loot thick itcsrs against only a shallow

shoulder at the front. The mathematical si~~ific&nco of this 1o—

fo3t is explained further along under i~d.equcoy o~ ~~~~~~~ ~~ this

place 1t will only ho stated. that the fricti on of masonry agaInst

oven the comp aratively flat foundation furn i~ aes sufficient resi s—

tanco unless wator pressure gota under the dam or penetrates the

horizontal scams in thø rock i~~ edi~t o1y below the dais. si~ tcuoo .

fr om adj acent sections that are mo re completely bonded adds to

scourity but improvement s in the front footing o~ this 1~3 foot

stretch of spiliway are desirable. The seotiori of bulkhead d.a~ LLt

tho gate houzo is particularly well footed by its own depth into

rock and by the walls and fl oor of the b1o~.off pool.

.._.L __ — - ~~~~~ — ~~ - - 



:i~~t i~~~. ill .

~ho remaining quoatiom as to foundation is the porma~

no of the rook chouldor in front of the dam , particularly at

the z) ill~.-~.y. The apron and. paving bolow soon to be atill iuta~ t ,

~ the do atrean edge which is the only part proj ccti:-.g

~ 1o ~crmanent ~iatcr cuah.on pool , out no flood. has occurred

~~ieh has caused a depth of more than l’9” of water over the spIll—

. - way. ~~~~ tIme will co no a flood causing a depth of 6’ or more.

The condition of the paving and of the rock b onoath and d o’:s troam

t~:a:efron could. be carefully ox~mined. when the repairs are made.

The contract for repairs should. be so drawn as to permit relay ing

~rt or all of the paving cud. using oezr.ont grout in the joints if

foun d desIrable. - 
-

~~~~~~ .~ tioi.

ThIs level bcdd cd shale foundatIon , v:hilo generally

ti~ ht , may contain come horizontal cc-ama between layers. ~ cfcr—

c-moo IS made in ~r. Lowe ’s artIcle above mentioned to a small

ou~~~ti ty of leakage collected. into drains which were to bo grout—

cd.. The Olive Bridge Dam of tiie Catskill Y~at or t orka had a some —

what similar foundation rind it was found comparatively easy to

f~ree grout or liquid mortar dovu through a vertical 2” hole into

the rock and. in some cases up int o other drill hob o as much as

g-j ’ distant . I cannot find. that any grouting wsa donc in tho

~c-un~ation of the Delta ~cm. The ai sadv~.atcgo in nuitting thiS

grouting v.ou].d ho tha t of possible upward presSure exerted. under

tho dam in tho bovc-1 ams ii] the rock. This matter will be ~ iU —

ca~~acd. more ful ly u~ 1er ~do quacy of Design. Th~ beat construe—

tlon would call for a thorough grout ing rind then a system of drain-

hII._ 
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a~~ bc:~~~~ t~ . the d~m Zom~ the dc~nstrccm ~/3 or so of it a  ~‘i~.th ~o - -

to  mov . th~ possibfiit~ of upward p~ c~~ uro . Sometaing cam

s~!1i b~ done to repair this omi~ uion If tests show it to ho in—

portant :.nd mothods are taken up later on in the section entitled.

L:cthc~j s of ~epair .

2~ EçU~~~~~~~ ci’ ~~SIc-N

i orhapa the b~~ t way to show how the Delta i)am ccm~aree

in ~~ ai~ a with other s is by drawing several representative

dams to the came scale and. tracIng then one over another on tha

s:z o sac~t. This ha~ been aono in ahcots I~l and. ~ 2 attached.

:1.~c~ t :.l aho~ia ~evoral typical “bulkhead” dams, that is , dams

v:hioi are not used as ovcrf !ows or sp i11v;c~ys. Tho-se are aU

“~~ravit-j ” dams , that is dams which owe their stability to weight

alom3 v:it- hout any a istanoc from arch section secured. by buLldii:~
tho dam on a horIzontal curve or arch. It will ho notIced that tv~
of the hulithoad dana, nca cly ~~ and ~3, are materially lighter than

the Delta Dan and ~2 whIch is the ~o—o ailed iTew Croton dam of tL o

. ~~~. ~i tj  or Sup~~y, while much heavier at tho top , has a

lighter section lower down. 2he Crc-t on dam is a very high d~n and

becomeS much heavier at lower c1cpth~~ Thc- Soaom dam, ~5 was built

before stresses in daus wcre understood as they are ~.ow. It is in

a rather narrow Valley on very firm gnciac rind whil e ~~ito thin

has mover shown tho lca~t sign of dIstr ~~Ss. The hustin, I~a, clam,

~~~, ~~Ilcd by ~lIclIng on its foundation. Dam 3, the O1IVO )rId~ o

c~-~ o~’ the Cat2hill ~ystcm L;~ld. shi m T-4
, the Croton 1’all a dam of

tho ~~~ 1o ’h City Ur ot on system are very much heavier tbcu the Delta

j am, ~~rticu1ar1y at the tops , whIch are dcaigncd. .ror roath.~4yJ

a

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



t t  ~~::.

C -~ 
‘~~~~‘~_ l  ~~d th  ~:t~i to V,~~ti i .  ~~~ h~ avj iC~ ~~~~~~~~~~~ .)a:1 I

~ ~: :~ ~~~~~ ~~~~ ~~ily uscd by a va:-y l~r~ e )ub 1~ 3 u C - - ~~ ..~_ —

~ a o ~bout the ~-~~ -ti~ V 0  1~~ht aU th~ ~)clta :):~ i. i-:~ ~ t~:iura1 , •y~
~~~~~~~~~~~~~ 

.)elta fl:.n ~ -~s cbout tho ~~~~~~~~~~~~ ~ .Ofl :~ L~ ~~~~~~~~

C ~~~ 111 ~)rIvat o 01 diviti cna—p acii~; -ntei ‘.~aes b~ t Ia

ii , :.t~~.- ~~:.a r:j s~, or the lur.~o IaOd~• unbile dana.

~.r~~:1n~ .~~~ ~~Ov:S a aI~ ilcr eemparicca for ap3.llv:~ y

~aa i5. In this oazo the Delta Dam do~~t to a dcp th of 7~~’ Is co~i—

aidor ~.bly ii hter  tha:i any other dam of which I have record cm.~e - ~t

- ~ , ~~ o ~urloe~ ean v.-ndcn is heavier ~‘t the top but about thu a:~me

as Dolt~ at depth 75 teot. ~nothor c:i~ i~ ccr v.h o rcc~ntly ~.:ado a

ai:.i1~.r e ~~ariaon h~u informed no that he also ‘~:as iriablo to ~i::d

a li~:LtL~r acetion , ulthou~ h there crc doubtless liGhter OflCS aae:i~

the  many htai~I:-cda of unrecorded dams. ~hc upiliway a~~ tion of

Delta dt. :i , hov:0V3r , is of about tl:c acme woI~ ht us the bulhhu::~1

suction ~-a~i v:oulci have about the saso computed stability in s~ ito

of the fact  that it is customary to :~~~:e iliway ucet io~ 3 heavier

than ba~khood sections . One of the spiliv~ay dams ~ho~.’n on ~~,

n .moly . 3 , at Lustin , ¶~o~:as , fulled. by slIding due to tho solu—

bility of i~ s foundation which waS lI’-~~stono.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
of D~~.ta Pam~

I have m-~’4o some computations as to stability of ~~~
a i~ the Delta dam and. the~ o arc shown on ~heots ~ 3 , h~

~~~~ ~~~~ae ~~~~~~~ tho~ o eo:~~ututIons I haVO had. accesu to ea:~~~t a—

~~~~~~ I L O  l~j  thU 2ar~~ Canul cn~ inccTs cad. find, a close ~~~~~~~~~~~~~~~~~~~~~~

:Thcut :~3 aho~ a the stroaccu in the buihhead uoet i~~ ef

1~ J~~~ ~- .1 t .:~) umptIons, namely (a)  that the wat er  presauro

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



~~uO a -t h.v~ zi c.~s baric a th th~ d am aatl (b)  that tho ‘..ater ~~~~~..-.
-~~~a t1C~~ h ~ve .~3CCJ,) honeath the dam and cct~ on 2/3 o~’ tho area

V.Ith ~n ef~ eet :~1ni2hing from full head at the upstream eIGo or

ha~1 O~ th~ U’~m to t~ I1 water head at the downstre am cci~ c or too

of th e dam. ~t ~~il be n from this agram tnat  the £30— calica

line of resistanc e comes wltbin the ulddlo third assu;aing no ~:atur

r;~~~ mrc bemeath the dam cud. it come s s short distance out sid e of

the  aid~.le tMrd If water p r essure is assumed to ponotrato bcnoath

the clam. ~ho vertical stresses in eIther case arc not partIcularly

~~~~~ r~mcly abcu t slz tons par square feet compression at the too

and ices than 1 ton tension at the hod assuming water prosauro be—

neath  the dcm . -

Dl ’r ams ~.4 cud ~i5 give simIlar computations for the

s~~ 1iv:. y section but i~i the case of E~ tho iuvos~ igation has bCcm

o~ ten~~ d. to cover ice pressure and shows that the dam would ho over—

r aas~e-.1 if ~n ice pressur e of ~.O ,0OO~ per lInear foot could be ox—

~rt ed. ‘~his question of Ice pressure is one that ka~ mover been

ti.~f;ACtOrily ~ottied by eflglneor3. ~de quut o provIsion for ice

p Sslzro ressit a in th~ very massive design shown for the ~shohan

Dam on ~3hect 1~l. There are ~,rohcbiy 100 times as r~anj daze that do

aot provIde for ice pros~uro as there are dams v.hich do provid e for

ic~ pres.~uro . i mong municipal egineors the rooson for providing

for ice ~rcasure is generally that the dsm impounds a very lar~’o

body of ~“ator above a ~opuius distr ict and that this omt ra i srance

j a  ~u at i f icc l  to provent a eh~ dow of doubt 03 to lose of life a:.d of

valuablo property. The Dolts dc.m iapoundu a very large ‘body of

water . The effect of a brociz in th i s  d~~ on the City of 1 oma 12 t&±

-. ~ ‘-~~- --- 
~~~~~~~~~~ 
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.) el tc ’. l~ ’.m ~i3 ,

u~ c i ~~.~~~cr ur!cr the heading ~Dam~go that woul d be occasioned.

hy Fci~ uro ’. In this place I ~‘iIl lic’ilt ciysolf to ~ho statcmant

th~.t hca .~~’ ICC pressur e Is not lihely to ooo~ r at the ~clta ~am cm

ao’ -~ m~t of tho uimp o of the reservoir but that the policy (~ihIoh

v’ai lto dcc1~a5nts eho~: vice ~n the minds of th~ de ’-;ignere ) o.~ dr ain—

ir~ the reservoir so that it is ‘O or ~0 foot below the oroet of

the dam through the ‘;i~ ter is ocrtsiuly a coi~mondablo one.

~or the case with upwa rd w~tcr pressure oven without ice

pressure , the ratio of the resultant hori zont al to vertical force

roaches tho hl cth valu o of about .65 and calls for  very good slIde—

resisting bonding at all construction joints and. at the foundatIon.

~ro3cetlng cyclopoan st ones see~s by the photographs to afford on—

coflcnt bond at constraction joints. V~hore the foundation is cm—

ecv&t~ d below the surface of the rook , the bond ing with the f ouiid.~—
tion is ~rcat ly nidod, by a bearIng agaInst tho front of the oncava—

tIom. ‘The ext ent to ~thIch this aid. Is needed. in the case ~-;Ith

up~~ rd water pressure may be estimated by assuming that the ~otc1

e1 din.’~ force of 231,000 lbs. per lIne-or foot of dam is resisted.

‘by a cozb~.nction of 3 forces described below ;

(
~

) 3~ friction on the foundation assumed very
eo:iscrv~tive1y as [30~ of the not downward lbs.
wel ~ht or pressure.50~ of c

~r,3 Q~~~3 137 ,000

(b) 1y boarin’~ of r~~3~~ cut—off wall c~aIust rockse front of cut— off trench. If It WO~?C 02
that water pressure agaiust the d.c~ for

e aei ,~ at e~ua1 to w~iIth of out—off trench were
thus ros~ s1~cd. th~ aid, would bo 2~3,O3O

103,030

~

- - -~ — __________________________________________
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~ o)  .~.;~~,t:ior of t:1~~~,ng forc~~, or ~~i ,O0’) — l~~~,3i~i ~
~~~~L,) j.. . m.~:; be ~~~~~~~~~~~~~~~~ ~.o b e r~ sI~~tcd ~y
L o~ th~ai ~~ai:~3t front of ozcavstj o~i or ~~;eInst

- L - ~~~ i-~.:Ca .~LQ l,~.~?rZJ i~ ~:~e ~~~~~ lf unit es~j—
— ~~~~~ iofl 01’ co.ioreto ~:gainst rod : is tahom as

= ib~~~. .:cr ~. I~. or ~3 ,C~ 3 lb. ~~~~~~~ s~~. foot , ~he:t
c total dep th of 2.~ feat of shoulder is needed
~~or ~~~~~ 1br~.

lt :~~u been j VLOU.51 ‘ 1ai~icd, tudor ic~ t IO~ c i t i cC ,

- : ~~~ati~ju of ~~~ t:L~t thU roc!~ u1~tera are adc.ju&.to (~ e t ~~~lly

~~~~~~~~~~~ ~~~~~ th~ 2.~1’ dc~ th above notc~~) except for u &3trotch

of l~3 c~ t In the wo~ t~cr1~ cz~ of aI,illwa~r . In this t~tr~ teh , if

j.~ cs~ u.v-e s:~,cu1~. ezist to t~ o czt c~ t computed on R3, I~~ and

. - ,  an i~~~’~~a..cd friction factor co~ binod ~ith ~iiti ~‘~‘o~ adjac ont -

— 

~~~~~~ p~ crtcd , sections would bo called, into ~ction and ~ ou1d.

J.oss j~:’~ vail theu.gh a ~rcator margin ‘of oty chould. bo pro —
• v.~~ea in so imp o~ tsnt

~hc necessity of preserving the rock do stream which

~~~~~nts the ~~m fron slidIng has bccu. emplathed in the ceetien

~~~~~~~ ~~~~~~~~~~ ~~ ~~~~~~~
.

it aa~ b~ coms1u~ cd that in design the Dolts clan fellows

aau~~ ~~~iacrcia1 ~raetico in its partial provision against uplIft

~a~i i~ s absence of pro’c’ision aguinat ice pressure . It

j~ less cc erv~..tIvc than i~out of the modern larj o icipal and

~~~~ ioms1 daze. The ‘~out crl’.’ l~ 0 feet of S))illT:ay Is still leSS

so~i~orvati’:c. ~‘he deterioratIon has not yet materially affected

the e’~~~~~.i~~ o~-~ the da~a but ~cou l~~-b eeo~ o s fz ’etor If not c~~~~:ed.

~~~~~~~~~~~~~~~~~~~~~ ~~~~ ~~~~~~ o . I : ~ ~ :‘~,i_U.~ ~ ‘J~~ L~,’ ’~)- .”~
..5 Ln ~~~~~~~ of co:~~.otcucss a~id be-cause engineering

J . ~~~~ 25~ i,1 t...~ ~tQ5i~ ii cad eonstrs.ctiofl ~f any dam must be Lff ~~~~~~t —

cd ‘-Y 5~ Uli considerations, I have uaclo a brief iwcstIg~ tioi.i e; ti~o

- -~~~~~~~~ 
-

~~~~~~~~L- ~~~~~
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~~blo d~ :-~~-o that v.ould result fran a faIlure of the Pelta ~~~~~~~~

dam is ccastruct e~ in sections 30’ 1eu~ . ~ho lemi t f~11ure of

j : 3rtt~flCC that could. be conceived as h~~ pcning would be for  ~~rce

C3 ’ sections to move by rtial tippIn,~ followed by :~li~1ing in

ua:z~er that cccurrc.d in the case of tino ~ustin e a i  on the Colorau. o

2tvor in ~e:-:~ s an d. that other d~n at ~ustIn , ~ cn~ sylv~ r 1.iu. ~~ch an

c7snt w ould occur , if at all , in a time of r.~aniau. n f loed .  There

arc ~pproni a~ate1y 13? square zeiles of wat er shed upstre~~ fro e the

Delt a dc- u and a rainfall of 10 inches in 53 hours such ~S occurred

in. !~cw Jersey end Southern i~ OW ‘york in 1903 might easily ~~usc a

depth of 7’ or more over the splliway in spite of the - ~r’~at holding

bach power of tho D elta reservoir. ~t this time tho reservoir

v.aIch has a ~u11 level capacity of ab out 2,?5J ,000 ,000 on. f~ . or

Z0~ G bi.llion gall ons would. be holding a considerably lcr~ c~r in.—

tity of wat er , namely about 3,000 ,030.000 Cu.- ft .  or 27 bIll~ ou

gallons.

A rough coz~utatIon macic by taking arose 8octiona from

u . ~~~. Geological Sheet o~ the ~troan below the dais , indicates tnat

v:stor would eScape through a ~3’ opening in the dam at the rat e  of

ab out 180,000 an. ft .  par second.. ~ wall of water about 10’ high

would advanc e toward. h ome- probably at the rata of ab out 10 miles

an hour and. after  the c~.anne1 wore onti rely filled would. continue r
to flow fon ~~ovora1 hours wi th a velocity of 6 or 8 !nhlos an ~~~~i’

and with a depth of 10 to 1&’ i~i the rivor north of h’ono . fhc

bridg e OPening und er DominIck ~troct has only about 1,000 s .  f t .

F . of cpcnizig as comp:ire~ ~‘iith about 15,000 eq. ft .  which would bo

required to carry 130,000 ~~~~~. ~t. ~~~ ~~co~ ci at tho ~e1c’ci.t:’ v :iicii

it would be likely to at1~~j~~ The ~~~~~ would therefo re back u~

- -- — —~~ -~~~~~~~ -- --- .• .... ~~~~ - ——— — ----~ -~~~~~-~~——~ -~~—-~~~—~• - —~~ ~~~~~~~~~~~~~~~~~~~ — -- ———---~ —~~ ~~~~~~~~~ ~~~~~~~~~~~~~~~ ~~~~~‘— ~~~~~~~
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nc.-~~ o A 2~~~i~ icI~ ~~rc.~t ur.til it ovc:fiowo~. ~~~~ st~~cot for a

~~~~~~~~~~~~~~ of half a mile or so aia~L a de~ t -~ of ~ or 3 oat , 
~~~~~~~~~~~~~~~~~~~~~~~

ja :et av~j11~1o to dctori~i~ o Is o;?~:ot course of ti v;atcr t

1O..~~~ ~~~~~ O~ t .h-s main cit .y, the nay, dsvo1e~ meut s to the ~a~t ~nc.
tha ~~~~~o:~ie:) south of ~sst Do:~ nie~: ~tre~ t wou ld ~~~Ior

fi’a:~ .it~ -~ escap ing .cst over the divido toward ~oo~ ~rce~ and

and. ~aut  ~o.~ard the Canal . Th~ canal ucetion is not large cnoui-h to

ccn~ nth auch a flood .~sisd would be aubmcrged but the ~ ohsw~ valley

\;3::ld carry the flood. off to tho east without e~ ecssivc dcptb . ~~~~~~~ _- -—

~hc:o would probably be serious lose of life , greater or less d3—

~~~:~ in~ on the time of day or of night at v:h~~h tho break currcd . ~
The loeeou that I would draw from thIs study is that ~~~~~~~

Del~;a ~am , impou~ ithg cc it dec-s a ~ ory large quantity of wat er , cud.

located ~o that a failure would have such serious c-ouse~ucneos ,

c’al~ be ropa~ rcd thoroughly so as to make its factor o~ ~afcty a

little b at ter  than it was v.hcn originally eoustr~ctcd. In the

wint er t~~ o, cc has alread y bocu ozplaincd , the practice of draaing

ie~n th~ reservoir somewhat , which has the effect of prevout in~ any

comsidera-ale lea pressure , should be continued. as an iuv~ri ablc

policy or also roli tblo moans adopted to keep the ico cut away

from the dam.

4, ~::~ t~IY~ O’~ iU~?i~IF~

~ho repaIrs to the ~~1ta da!~~hou1c1 be of such a mature

as to ucoo~ p1ich the f lowing pur~ou~3;—

( a )  fhs cutting off o~ any acepago betwe en the layers of
~~~~~~~~~~~~~~~~ auale un~ or the

(b~ ~hs c : ~.a-~e c~f t:~ ~~~~ foun~iatien undor the to wn—
stre~a~ -

~ortjcm of ~~~ ~~~tn so as to oliminuto upward .
wa te r  ~~rc~~auro so far ~u practicable.

- -- --- — -—-~~~~----.~~ - - ~~-— ~~~~~ - ~~-~~~~- - -.
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(~~~~~) 
I - ~~-23  In th3 p:ov.L310:is for ree!si ing sliding of
- 

~e~ terly 150 foot of ~~il1~iay section.

(
~~~~) ~~~~~~~~~~~~~~~~~~~~~ to the o~t cmt foun d. dozlrasle nfter

anti insp coting , O~ the apron protccting
the roc~: In front of th~ aplliway.

(c )  The suttir~- c~ f of ac~~~~~a throur~i tho dam In the-
~w rts ViCj~ 1-3 zfsovo ground in or Lor both to o1~.L~inat o
t~ c ~~~~~~~~~ of th~ ~~ ,f~ co co-~croto which h~ e
caused d lnscgrc.t2.cn by f os~~ig ama to rc~.uco u~yn : ’~-r - : ‘~~-;‘~re that  iniy o~ict  ‘~-IthIn  the joInts.
L o  ste-lw-ago of this seeping is ~~~ uicu~iarly necessary
in onnee~ ion v~~th plaoin~ repair oriry mentioned
below.

(f)  Lho ra~ oval of .ncoun d. zaconry ~rcm the ~ osod. fucc~of th .~ d .- i ~ It is ceoumod th~ t very little unsound.
onry c~~.sts be1o~’z the ground. line in~d b elow the low

ww~t~ r level in the roar of the dan.

(c) The p~~~ ing on u tro~n and downstream faces of the dam
of a ~~~ fioicn;1y cub tcn~ial layer ox m~v: ~~~~~enr~I wüll

3 r  with  the old ~~~~~~n~~; to avoid future di r.to~ra—
tien and. GO ~r.crcass somewhat the- v igh’ t anci f~ator of
~af -~ty of the structure .

f~.rt~ cr o~t~,lcnatienc of the mothods e-u~~ eeted for

cmlishinr~ the ~ur~ozes above cnixmorated. arc givon below under

~~~~~~ 
s~~•~~ 1ottsr ~ .

) Cutti O~~~f Seo~~~ - 3  t~~~er

.~~~~ previously cul~iInc-d. in the report, ~routing is ~ cncr~l—

l~ ione in the fcund.ation of a dam to cut off the soopago under the

~ id also to rcd.uce the roseibl~ ui wsrd. i,rccsur e tondin~ to do—

c~ so the stabilIty of the den in the wey described. under Dosign.

Core borin~ e can be rr.c o ~ rom tho top ci’ the &~~ through whIch

groutia .~ of the fot;ndctj on Can be done. The- $ test holc~ i~~11 i-Il—

~~~ -~~~~- ‘r  ~~o~ tim~ of the Th’md.attou lo dcstr~ble , thou~h if

~~~~ 3 rc_~uit in ~~~~~~~~~~~~~~~~~~ eouo lue~Lon a fo~ more holes choal~. be

: ~~~~~ ~~ ~ V-~ C~At1C:1 ‘~.hcu the comtr~iot repair wori~ is ~ltartca.

- 

- - 
it  is ~eesib1o that the cc same- holc~ may a1~ o bc used. for gro~~ iug 

4_ ~~~~~~~~~ —_-.—- -.~- ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~— ~~--—~~~-— - - - - - ~:_.- -



- -

~~~~~~ : - ~~ :-o.

~c.int s i:~. t .o  th~:i abovo t.ho f atio~i ~hcugh gr~u~ in~ fro m tho

~~-e-~ w~ ~oro cffcctivo. snecial ~:-~ chor cuch as has been

L~ CCL in oth~,,r cases can bo employed. in th~ so ho:I~~~ i~t order to

2.iisl t th~ ‘~utiii~ bclov; any desired, point. J ~ hole ovory 10 feet

along th~ thsa ou~ht to ho sufficient .

(b) ~~~~~~~~~~ .~och i?oundation.

~o s~ i11 further reduc e possibility of upward. pressure

holes n.y ‘oc drilled into the foazid.ation at a distanoc of about

1/~ th~ v;i-~~th of the d.ui~ ro~ ~he ~i~ strcan ed~~o. ~hcso holes

could. bo ~~~ in en a slope i’ro~a tile v.mstroam £a33 of the don and.

~:-3uld. ~~~~ th e uiw.~ rd ~~~~ uux~e- to the hei~’ht at v.hiab tho hole

was a~ .i rtcd In t~ Io dou; t re~~ f~ce. - clca for re1I ov im~ pressure

in ~ -~~ :: :~~
-
.-~~~~ ~~~ e~~ c o ~ i’~Uy 1w the C:~ta~ 1l1 water  wo:hs in

w~~- Lh ~1~C ~‘~ j t~.~r ’s o . s ~.gn.

(a) I:arc~- so in ~3liic—hcs:~eting P~ ov5.;ione for the ~.‘o~ ter1y 150
-“ .t ( -

~~ - .~~
‘ ~o. 

) o~ ~-‘v~ ilw~’-.~~

~~m~cj will be needed. to Acto:a !no the Lest method. ~ho

easiest way will be to cm~uvcto s trench in roch and put in a

hoa~j bloc: of co~:orote Just de ictre from tho too of tho con—

creto apron. The surface of tho new ceneroto would. be sloped up

to f it  the profile of the apron paving and. would. replace a part

this paving.

-.-. —, Sy g ... ~- .f. •~~ v .~ 
(
~~~~. . t  - -- . 

) .~ 0.1.

Official photos and. cress ccctlons ~ndiuat o pavi.ng ~.p—

~~~~~~~on~~ly Lagroutcd. laid. par.~ly o~ aa:th or i’iil. ~~tor un~:ateriag

tao I:ool and. inspecting tiw~ roch b encatn ai’sl d.c tream fr om

~~ron at ~~~ zgh pl~ ccs to be assurca tnat tho red.: hau wot s~~~- n —

cI or bocone erod ed. in a serious v:ay , it tr~~ be foun d i5i4~.ai;

- -~ -~~ - - - - 
~~~~~~~~~~~~~~
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~~~.ta ~)a 1.

to rc~wy all d1uturb~ d or und crc~ined ~aving and grout the join~s

‘~:~.th c~~~ nt mortar. 7 foot flood. should ho ifl :i~ In inagsct—

a~i~ rc~~;jrj n ,~ thiS apron. lflS~)CCtIofl aft er over:’ ~1ood is a

particularly th:;ortan~ duty cOns1der1n~; tho l inated. nature of

~:-~
j
~ . 1 0  ~~~ ~~~ tc~~~noy to ~ c to pieces whc-n ozpo sad. It i;~

c-m~cctcd that the corJinucd. wotucos of the stream bed. has prevent—

cd deterIoratIon sue-h as has taken place in the roch whiah has boon

c:~posed to air.,

~~ )_ 
~~~~~~~~~~~~~~~~~~ ~~~~~~ 

ce~ a:~ ~~~~~~~~ D. 
-

tea; hclcs whIch haVO bccu previously eeiiticncd in

the report will bo used. not only to toot c1wility of masonry but

also to toot the possibility of ~~~utth~ In such ~ woy as to inter—

c:.~pt th~ ~~~~~ae ~~~~~ is wo .v coming ren~ch the dam in nm~erouo

p1c~os. if thi~-i ~;ol~ t~ioii 15 i’O U 4  ~ ccsiblo , ~ iich is not at cli

suro~ tho holes alro’.~y described nder paragraph (a) above can
I
~1ao be uicci for ~hio purpose. in any ease It should be poss1~ 1o

after proparin~ tno upserosu face of the dan to eaui~ and j~rout any

vi~ib1e joints and waterproof any porous plaeos that will ‘be o;cpos—

ed. L~aking the upstre am face of the dam ti~ht is nccees~.’ry, other—

w±5o any now naconry placed. d.o~7nstrocn is likely to retain water

bc-hind It ~;nd. bo di sturbed by froozinr~. Purthornore , the old.

masonry may keep on dctcrioratin~ behind, the now ii’ it i~ wet and.

frcczcz. -

()~~~~~ ::or o~ in~ Unacund ~ a~~ ary.

~~O unsound. masonry osu bo removed. easily by vir chloe-i,

poceibly by tho aid. of hose streams boforo ~nd after using the

- 
chIsel. ~hc t~ t~1 ~u~s~tIty will bo vory cOlasiderublo. Thore is

~~~~~~~~~~~~ 
di~.fic..ii~ ho o’er c.Lo.i~.t. tl.O a~d. cvcryb~~ ’ ~~~~~~~

________

~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ __ .—__ —-- _- ._- _-.-——--_ ,---- - .——- ~—-.-—---~ — -.- --- - -—— — — -—— ---..~
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th i s  rotten concrete must bo ronovc•d ~o~’:n to  wound material b~ —

.o ’e flacim~ ~~ow material for tno outsi,d o surface. ~~ e cloonnoes of

~~~~~~~ d.c-.;n:;t~~~~ face of the apiliway as observed, after the spring

ovcrflo~ ~u~~ e~ ts that strong hose stream s may be need. to advantage

in rcmevl::g most of the- rott on ooncrote.

(;)
~~~ ~~cw ~~~ cary cm Ug~strean and Do~-m3tr3am Faces.

In order that there chall be no danger of a repetitIon of

tho frost action resulting in coaling off of tho surfaoo masonry I

belIeve the- not-i surfacing should hc.vo a substantial thickness and

should be bonded to the old isasonry not alone by ~roovo2 but also

‘by stool anchors granted. into drilled, bolos in the old. m~~~~ ry . I

have in :~!ad a thiehxioss of ab out 2 fcct though dot~ i1c-d study may

~.nd.~.oato t~ia dca~.rabilLty of mi~k~.ng tho new masonry thio~ or t han 2

fce o at tho bottom cud. perhaps it nay be reduced to or 18” at

tho top . giicra is a problem in ke eping the pleasing appoaran~o of

the dam where the ucv! masonry torminatco at the top. This is par—

tionlarly true on the do~~ stroam face near the top whore there is

an ornamental cornice with arohos.

Cm the downstream faco at least , cze cpt near the onc~.u of

the dam thcro the head is low, the now masonry should. ho footed in

Co~z~d. rOOk (Or m Onry in the spifl vmy) and. bonded. by shouldurs in

order to cocuro tho advantsgo in ~tabi1ity resulting from the in—

creased. width of the don. ~clow the grou~~1 limo end. pool lcv~ . on

th~~ d.ot-~ztrcL~m face of tlio dam and bo1o~,i th~ winter water level on

the upstrcaz~ faco of th~ dam, the now masonry can without questIc:l

‘so of conoreto and ec~~nt ~hou1d bo uscd to be s~~ o ~,;hat

~~~~~ 
will be no ftrther di cintegration. ~ ~i~ t~~ O of 1: 2: ~ or
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~~~~~ ~~~~~~~ u.

~~~~~~~~~~~~~ 1: ~~~: ~ a:~:ro i~~toi:, would bo catlofactory , the c;:ae;

~-~~~;o~’tLa::s o:~ a~n~ t.r~d ston e to be dote-ruIned ~o as to ~~vo t~ e

.i~~eat ~r~cticab1o ~~~~~ Lbovo tho 1cvel~ previosoly s~em cn~~~,

it wca ld .  ~oem best to use ~tono masonry of a pernanonco e~,ual to

very cood stone ~.:~ich ~as used for the - oyolapoan bloeh~ a~~
also for the p~~in~ w~jeh Is visIble dov.’notroam fro m the dam and.

ohow’s ~b~ol-t~tcly no dIsintegration of oven cho sharpest corners of

the- stone bloeho.

Discussing furthor the kind of masonry to be used for the

lov~cr :~ rts of the rep aIrs , there will be an advantage- in using

concrete masonry below ground. on the dov~istrcan face even if steno

ecald b.o had for the same price because tho concrete will bond. more

strongly ~‘ith the pr-~~-~~t masonry aziO. grooves can be out to Ino~ro

tho shearIng strength between noi.i and oN ma sonry necessary to make

th~ two parts sot together in producing stasility of tn~ c~ ructuro.

I~ofcrring further to the artistIc QuCStiOfl of joining ilew

and. old. rnasonry t~t the top of th~ den, a thoroughly satisfactory

colut ion can on~.y be worked out on the draft ing board which will of

course bo done by the cug~ncoring forco under the- Stuto Eng~~oor

tnd. Surv o~’Or. It is the intent ion of the State authorities as

rrcssod to me to prepare the doSigflC and contract for tho repair

work after the test borings have been mode. It will thou be pos—

a~.ble to go to the Legislature no~t v~inter end proceed. with the

r0?airs the fo1~.Owin~ se-aeon.

~‘ori: gheuld_be d,on-~ In Su:=r if Poc~Iblo.-- --- -_ _ _ _

Thoro v/as some d.j~~ u~3iofl botvtc~n Supt. of 1”ublio ~.:Orks

~roono , ~tat o ~ngineor an-i ~urvcyor La D-~ en~ tho writer as to

- -~ 
—-— -— 
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‘~: - Lr ~~~~ ro -~ ir’~ could pro~ vriy be clone in th~i

~~~~~ the- rc~~e~~voir ~ight be used for udin~ the- Canal ‘.;Ithont ~~~-

Ion ~~~~ the ~oaeon of mav~gat~en. ~‘hcro is no q e ~~~~~~

~~~~~~~~~ I~ is ~~ic~ l1y p~ ssiblo to nahe- tli~ rc~ airs in winter but

-
~~h~~~~~ v:~uld add at least ç?5,000 I t hink and perhaps core to their

co ,, t sinac there would. have to be a steam heated housing over all

~a:ts ;;hcro ~e-~~y was being pisOod. and adequate protection would

have- to bc 2cft in place until the masonry vise- well ~ot to avoid a

rc~ e-tition of the disintegratIon .

I am i~~liflcd to think that a computation of the- ace-nut

of v.: .~tor required for the cans]. under present t raffic  ocu~itiens

chow that the aunz’ t level can be ~~uatoly fed frc.i the

other available sources, It ma~’ be neossuory to curtail to como

e::temt ;he freedom wIth ~hieh pleasure boats c pass the looks;

is it cay b~ neoe-ssary to pass thea in gre-ups at certain timcs

and. not whenever they come along. It is certainly worth conaid.cr—

able care and planning to SVQId. the o.~pcnso and. constructional die—

advantages of making those repairs during froc~ing weather.

~crno’,’.’lc~~anent S •

In conclusion I s~oul& like to r.i~,ke ac~ciow3.cdccmont of the

coopcrz~tion afforded. me by your Committee and by en~ iucers formerly

connected with the Barge- Canal; also of the ocurtosies c~:toud.cd em

~.ll my visits by Suporint cnd.ont of 2nblia VJ orks ~redcrick S. Greene ,

~t ato ~ngincer and. Surveyor D’~vight ~~. La Lu end. Comulasionor of

cha:als ~oy I .  ruller,

lcimo ehomber of C3~~~ ’:CO ~Tho:~N ~ aintain Intoroat.

~g10 proposed program of Sv.pt. ~-:oono end. State ~~gim e~-r ~~
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PART I
Materi als Burea u Trip Report on Del ta Dam , Rome New York 

S

11INSPECT ING DELTA DAM FOR SOURCE (S) OF LEAKS EVID ENT ON DAM FAC ES’

NYS DOT Region 2 Personnel Contacte th j
Chester Urbancz ,yk Ben Sweeney

Edward Sears Henry Zwyack 
-

DATE: 12/1/76 -

PIN: ML7201 .70.I16

FROM : E. F.. DiCocco

TO: R. H. Obuchowski
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IL H. Obuc~~/~~ ’j  and F. F. DiCocc o v is i ted the Del ta darn on 11/ 15/ 16 ar~11 / 17/ 76. The ~urpose of the v is i ts  was to determ ine the source Of le~ ’.(s )
evident on the face of the dam. The follow ing persons were contacted at the darn.

Name Official Capacity

Ed Sears Gatehouse Attendant at the dam
Chet Urbanczy k R-2 Canals & Locks Engineer
Ben Sweeney R-2 Canals & Locks Superintendent
Henry Zwyack R-2 Head of Canals & Locks

S The following contracts on the dam are on microfilm. They arc all available
from Carl Tiemann of the NYSDOT Waterways unit at telephone (518) 457-4474.

Con tract MICROFILM NO.
• Number Roll Frame Type of Work 

-—

229 10 473 Original Construction
M56-6 22 237 Repair
M58-13 22 303 Repair

DELTA DAM HISTORY

19.11 — Dam Constructed
1926- 1927 — A layer of concrete was placed across the upstream face of the

dam to reduce seepage. The downstream face of the dam was covered with
a “weatherproo f facing of gunite ” to stop the disintegration of the
existing downstream face. The work was done by Department forces
and lapsed over at least one winter .

1956 - Contract M56-6 issued to grout leaking areas of dam face. We
(Materials Bureau) have parts of these contract plans.

1959 - Contract M58-13 issued to “shotcrete” dam spillway and face. I
don ’t believe we have any copies or portions of these plans .

PROBLEM LEAK(S) - 

H

Upon initial inspection of the dam leak(s), it was evident tha t the flow
S 

of the leak is steady . This means that the leak(s) are fed by a constant
- - flow and the only obvious source capable of supplying a constant source

of water must be the reservoir behind the dam . However, It is no t obv ious r- how the water from the reservoir finds its way to the leak(s) at the face of S

the damn . Diagrams I and II (attached) depicts the situation. Diagram I
shows the dam in general view from its downstream face. Diagram 11 is a

‘ closeup view of section C depicted in djagram I.

I
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~
I / t ~ ( t  I I )  & RItO ) On this trip, R. Obuchow~ki a r l  F. F. DiCocco

took severa p R ~~~~es of the situat ion , discussed the qenera I probl ems
with Chet Urhanc:yk and Ren Sweeney of Region 2 and took the measurements
(approx irna t. e ) q i yen on (I iagrarns I and II of this report . 1 he d ra ins (1 ~ 2)at the bottom of the darn were also exposed for inspection. We retrieved a
s~in~pl e of a whi te , sed imuented materia l tha t was p1 ugg i ng each (Ira in. The
Materials Bureau Clwmistry Lab analyzed this n~ teria1 and report& -d (76LUE.2476)
that it was ~wobab1y Calciuai Hydroxide (Ca(OU)2) . This is probably a produc t
of water 1 ea~hing into and through the dam slowly and carrying the Ca ic I
Hyd roxide into the drains and eventual ly plugging thorn over the l i fe t ime of
the darn. the drain intakes (1 & 2) at the top of the dam were a l so chipped
open for examinat ion. We found tha t drain 1 was f i l lcd with water and sand
(apparently) up to about 5.5 feet from the top dec k of the dam. The last
5.5 feet were clear. The condition of drain 2 was the same as drain 1 except
that the top 4’ were clea r of water and sand . We do not know whether or not
these drains were purposely filled wi th sand at the time of thei r construct ion .
If they were , it was probably to keep the flow rate of water low so as to try
to minimize erosion , scouring and leaching of the concrete in the darn. Drains
1 & 2 are the 2 drains closest to leak (s) 1 & 2 (See diagram II). More
drains are to the right of drains I & 2. These were not exposed or inspected .
We do not know what their condition is. A ll vertical drains were placed at
vertical (cold) concrete construction joints at the time of darn constructio n .
The insr~c ted drains I & 2 at the bottom of the darn exhibited no water
draining out. Therefore , we do not feel that the water flow rate in  these
two drains is suf ficient to feed apparent leaks 1 & 2. During this inspection
we also noted that the reservoir level was 8.4 ’ from the top of the darn. This
corresponds to an elevation of 550’ from sea level . In addition , wa ter was
flowing over the main  dam spillway.

Tr~J Lof l l/ i7/ 76 (EFD & RHO ) On this trip, R. Obuchowski and F. F. DiCocco
met with Chet lirbanczyk and Ed Sears. We placed Rhodanilne red dye in drains
1 & 2 at the top of the darn. We expected the dye to come out at either of

• l eaks I & 2 or both. However , no dye came out at either leak. This con~ ims
tha t the two drains (1 & 2) are not feeding the two evident leaks (1 & 2).
The dye did come out of var ious construction joints near the two drains tested .
Dye leaked f rom both vertical and horizonta l construction joints . To get some
idea of the leaking rate of the two dra ins, we timed the dye and obtained the
followi ng results :

Start Dyeing fl :14 am S

Dye visible at horizontal construction
S joint 10’ down from top of dam 11:45 am

Dye not v isib le at base drain 2:1 5 pm

P~~~ !L?_(E
~~~i -

Dye immediately visib le (5 minutes) at vertical and horizontal construction
joints 10’ from top of dam.

S
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During this dye ~ug lwoccss , we refilled each drain 3 times to the top in order
to provide enoujh pressure head and water to carry the dye out. Rhodamine dye
is very powerful. It shou~d be used sparingly. A paper cupfull is enough to
st a in large a rea s (100 f t.  ) of water. Rhodamine is also reported to be
harmless to fish and water plant life . We have 8 pictures (yet to be developed )
show ing this dyeing process and resultant staining . The dyeing confirmed that
the 2 vertical drains tested are not feeding the leak(s).  Since the other
vertical drains are even further from leaks 1 & 2 than are drains 1 & 2,
we do not feel that they are connected to and feed ing the leaks either.

Trtp of_11/23/76 ( FF0 & RAM ) On this trip R. Marcuccj and E. F .DiCocco met
with Ed Sears and Chet Urbanczyk at the Del ta dam. We tried placing dye in
the reservoir at the level of lea k 1 (30’+ from darn top). The dye did not
come through at lea k 1 , bu t was d rawn aroun d the valve house by the tremendous
suc tion of water due to the outlet valve on the opposite side of the valve
house.

A la dder was placed on the face of the dam and E. F. DiCocco inspected both
lea ks (1 & 2). Lea k 2 is not a true leak. It is fed by lea k 1 and the water
spreads out along the shotc rete construction joint at apparent lea k 2.
However , the water is not leaking out at the construction joint at lea k 2.
Therefore the only true leak seems to be lea k 1. Because we discovered that
l eak 2 is no t a true lea k , we did not try dyeing at its level (43’ from top
of dam) behind the dam in the reservoir.

We then tried dyeing in the westernmost intaS~e well (closest to lea k 1) in
the valve house itself. We also transferred the open outict valve draining
the reservoir from the stated intake well. The dye in the intake wel l was
well stirred and mixed with the water. No dye came out anywhere. At this
point we are not able to report the source of the leak. Obviously, man y
possibi lities exist. We suspect that the water is somehow infiltrating
through cons truc tion jo ints to the leak.

We have left the dye with Ed Sears, the valve house attendant. He has tried
dyeing various intake wells. To date , 12/1/76 we (the Materials Bureau) 

S

have received no word of resul ts. If positive results had been obtained ,
the Materials Burea u would have been notified . 

S

cpi:a o~. Af ter review ing the 1156-6 contract plans , we found that lea k I is
just about centrally located in an area of grout repair holes . It may be
that the original leak(s) of the M56-6 contract were not adequately sealed
and that they eventually reworked their way to the present leak. The leak
is located at station 3+10 at elevation 530’. Th is corres pon ds to wi th i n
2’+ of a grout drill hole as shown on the plans.

OPTIONS AND FUTURE WOR K:

1 . Ed Sears & Chet Urbanczyk will continue monitorin g the situation. They H
- will notify Materials if anything happens.

• . ~~ .• — )—--•--.--—-—S.-•-S——-- S 
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2. Thr~ r’- ’.(:r/(flr ~- ii l l he l owered to about the level of lea k I for the winter.
We fi l d r i t ’~ ir~ ;~ c’. t~e reservoir side face of the da~ ~~~ ~~ 1a~’~ is
frozen in the wi ru~r.

3. SUGGESTION . Perhaps an infrared photograph of the dam face (downstream)
le ak are a ~.rill revea l the extent of water infiltration. This idea might
be further exp1or~1.

4. If al l else fails , exploratory chipping of the leaking area micjht be
done by department forces next spring and Summer. S

NOTE: We have various pl ans and photographs and slides for inspection by
whoever -is interested .

Trip of 1/20/77 (RHO & RCB) Ed Sears , R. C. Babya k & R. H. Obuc howsk i
inspected the Delta Darn. The following conditions at or nea r the dam were
noted:

a. Top of Darn Elevation 558 4 *
b. Approxi mate Elevation of Lea k One 529.1’
c. Approxi ma te El evation Difference (a-b) 29.3’
d. Reservoir Level on 1/ 20/ 77  534.7’F e. About two (2 ’ )  of snow on the ground .
f. Construction jo ints on the upstream face of the dam were deteriorated

at the edges. Deterioration extended about 4”+ deep. This deterioration
S may be causing or contributing to lea k one.

g. Blocks of ice at upstream side of dam hiding water level at approximate
level of leak. This made it very difficul t to observe upstream face
at approximate level of leak one .

• h. Approximately 10” layer of ice bui ldup covering leak 1. Ed Sears tried
dyeing the westernmost intake well prior to 1/20/77. On that same day,
no dye was visible at leak one level 4 hours after placing the Rhocianiine
red dye in intake wel l .  However , red dye was possibly visibl e on 1/20/77
a t leak one location. However , this observation was not certain.

Observations a-h address themselves to options 1 & 2 on pages 3 and 4 of this
Trip Report. Referring to options 3 and 4 on page 4 of this Trip Report , we
did no expl oratory chippi ng of the concrete in the area of lea k one. tleither
did we pursue the infrared photograph option any further.

- ~~ 5 • 
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PART II

“DELTA DAM REPAIR ALTERNATIVES
• AND RECOt~T1ENDAT IONS”

DATE: February 9, 1978

PIN: 
- 

ML 7201 .70.116

FROM: E. F. DiCocco

TO: R. H. Obuchowski
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During the past year , field crews from this office inspected the Delta dam
near Rome , NY severa l times in attempts to determine the source(s) of the
d~in leak on the downstream face of the eastern end of the darn . As noted in
Part I o’~ the trip report (p. 3), we have concluded that leak number one
appears to be the only true leak. The approximate location of leak one is
shown in the section “C” diagram on page 5 of the trip report. The report
is written by F. F. DiCocco to R. H. Obuchowski and dated 12/1/76. It
in cludes and explains the reasoning for some of our conclusions and find i ngs.
It also lists previous repair contract identifications and , where co pi es of
the contract plans can be obta i ned . This 12/1/76 report should be read in
order to obtain a better understanding of our find i ngs.

No leaks or problem areas are visible at the western end or spillway of the
dam. The ref ore, this report only deals with the eastern end of the dan) and
the known leak.

The leak is flowing steadily, but does not appe ar l ikel y to cause a ca tas troph ic
failure . Its flow is hiqh enouqh so that , in time , addi tional ma ter i al w i l l
be leached and washed out of the concrete in the dam causing the leak to 

-

worsen. Any increase in flow may cause: erosion problems in the soil at
the base of the darn; water problems at the valve control building at the
base ; further washout in the concre te. The leak should be stopped and pre-
vented from expa nding beyond its present size. Repairing the leak will
el iminate any need for expensive emergency repai rs to it in the future .. 

- -

There are seve ral other seepage -areas at the downstream eastern side of the
dam (see 1977 color photos - Table B). Some of the repair alternatives will
also help in remedying these seepage problems . However, we do not feel these
seepage areas are very critical . The most important problem is leak num ber
one .

The color photos in Table B also reveal ti-rat the shotcrete facinq ori qinal ly
p laced c i rca 1927 is very de ter iora ted. Al thou gh this  deter iora ted shotcre te
is unsightly, we do not fee l that it needs to be removed and replaced to main-
tain the structura l integrity of the darn. However, s i nce the Del ta reservoir
is part of Del ta Lake State Park , and the genera l public frequently sees the
“apparent condition ” of the dam , you may want to replace the deteriorated
shotcrete with a cosmetic facade . Cost considerations should control this
option.

Duri ng our inspections , we noticed that some of the construction j oints on
the upstream facing were deteriorating . These deteriorating j oints may be
provid in g water wi th  access rou tes to the construc tion join ts  i n the ma i n

S body of the darn beneath the two foot (+ ) facing. This  2’+ facing is shaded
blue on the cross sectional view of Delta Dam on page 5/8 of the M56-6
contract drawing . The water may then be infiltrating along the main
construction joints to steadily feed the observed leak . Presumi ng this to
be the problem , we recommend the fo llowing four repair alterna t ves. These
repairs might possibly be done wi th NYSDOT Maintenance forces, ‘y scaling
this work to fit their capacity and concentrating on the area of the leak.

1~ 
S 
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The l owest level of the reservoir encountere d during our inspections was
about 30 feet from the top. This left a water depth of about 50 feet.
Because of this , we are not exactly certain what the condition of the dam
facing is wi thin the lower 50 feet. The facing may be deteriorated more
or less extensively than now suspected.

From our inspections , we propose repair alterna t ive s A , B, C and D to stop
the leak. Al ternatives A , B and C are l i sted in or der of i ncreasin g effort
and cost. Al ternative D is our primary reconiirendation and the least costly.

ALTERNATIVE A

Patch the two foot (+) thick facing on upstream eastern end of the darn. The 
-

repair should be as follows : Drain the Delta reservoir completely. Then , chip
the existing concrete along all verticalThnd hOrizontal construction joints in

S the facing. The chipping should straddle each joint and should be continued
into concrete that is not deteriorated. Clean out all deteriora ted and loosely
bonded existing material in and around the chipped out joints. Then, sandblast
these chipped out areas until a sound, clean surface is obtained. Where larqe
patch areas are necessary, anchor steel re inforcin g mesh to the sound concre te
of the darn. Then , fill in the ch ipped out j oints wi th a mortar mix proportioned
1:2 (cement:sand ) by volume . A stiff mortar mix can be hand-packed into the
joints or wooden or metal forms can be placed to shape the plastic mortar to
match the or igi nal shape of the darn ’ s upstream facing . The freshly placed
mortar should be allowed to cure at least one day prior to reininersing it in
water. This length cure should allow the fresh mix to set well enough so that ,
when it is reimersed in water, its strength will not be affected due to a
disrup tion of its water/cement (w/c) ratio. -

S Whil e the reservo i r is drain ed , it would be convenient and advantageous to
inspect the full depth of all intake wells carefully. In addition , both side s
of the spiIlway and the upstream western end of the dam should also be carefully
inspected at this time.

ALTERNATIVE B

Pressure grout the entire eastern end of the darn. This could be done with
conventional methods of pressure grouti ng i nto deep vertical predrilled holes
through the top of the dam. The grout holes should be drilled approx imately 

S

5 feet apart or less. Grouting should progress from the bottom upwards. - 
-

The grout should be a pure cement slurry or epoxy grout without any sand .
Similar pressure grouting was conducted on the Delta dam under repair
contract M56-6.

Duri ng our ins pec ti ons, we exposed two vertical drains (drai ns 1 and 2, p. 5
of the Part I report). Each of these drains was plugged with efflorescence
produc t fro m abou t 5 ’ from the top to the bottom of each dra in .  Th is
efflorescence was caused by water leaching through cracks and seams in the
concrete and depositing the residue in the drains. The configuration of
these drains is shown in a xerox copy of a photograph taken in October 1909
durinq the original Construction of the dam . This photo is labeled C-l.

— ~~~~~~~~~~~~~~ S S 5 -~~~~S —_ SS 5- •s ss_A~ 
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The drain , interloc king keyways , and cyc lopean masonry are clear ly marked .
We arc concerued that similar efflorescence product may have been deposited
in cracks anl joints throughout the darn during its l ifetime . If this is the
case , the pressurized grou t material may not bar-rd well to the efflorescence
and not completely sea l the Joints , cracks or leak(s). We have attached an
article from the 10/14 issue of Public Works magazine which describes some
advantages and problems associated with epoxy yrouting procedures.

ALTER N ATIVE C

S Drain the reservoir fully. On the eastern upstream face of the darn , remove
ti-re existing nomina l two foot thick (+) facing unt il original concrete is

S encountered that is not deteriorated . Also chip out repairs that may have
been done under alternative A as necessary. Anchor suitably sized reinforcing
bars into the original sound concrete that has been uncovered by removing the
nominal 2’ (-f ) facing. Place formwork to reconstruct the facing to the -

original configuration or thicker. Then resurface the entire eastern upstream
face of the darn with suitable NYSDOT Class A concrete. This pour should
progress i n stages vertica lly u pward s from the base of the darn. The fresh
concrete should be properly vibra ted as work progresses in each stage. New

S 

joints should be formed and sealed using waterstops . The fresh concrete
should be reimmersed in water as described in alternative A.

We do no t recommend shotcre te as a su bstit ute for this  procedure . We believe
that i f shotcr ete were used , rebound losses of up to 30% of the shotcrete

S projected wou ld occur. This high rebound loss, the thickness required (2’+),
S 

an d the spec ial pro cedure s and equ ipmen t needed , ~ould make shotcre tin g too
expensive . S

ALT E RNAT IVE D

Pressure grou t in the ininediate vicinity of the leak until water flow is S

sufficiently negligibl e or completely stopped . Grouting should progress
from leak number one and radiate outward in all directions. The grout can
be either an epoxy type or cement slurry . The grout should be capable of

S rebonding cracks and delam inations in the concrete.

Af ter rev iewin g severa l epoxy type grou ts, we can recomme nd one with reason-
able certainty of success. This product is “Niklepoxy concrete injection
resin - product #3” . It is manufactured by Rocky lountain Chemical Compa ny.
This material ’s pr imary advant ages are claimed to be:

1. It is capable of rebonding cracks and delami nations in portland cement
concrete in the presence of water and at temperatures as low as 0°C
(32°F).

2. On fros t free dry sur faces , the system can be applied and can develop
strength at temperatures as low as -23°C (-10°F).

S 3. The resin can be injected at relatively low pressures (10 to 25 psi)
above the counteracting water pressures. Counteracting pressures should

S

‘
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be less than 20 psi for adequate performance.

For the r~ ider ’s conv enience,we have include d a copy of the info rrn~tionsh~ct on thi~, ;~rrj riuv t.

Other epoxy grouts are available from various other manufacturers and
di stri bu tors. Based on their product l i tera ture , we do not feel they will
per form as ~:cl1 .  However , these other products should be carefully examined
to determi ne their suitability. This Bureau is presentl y engaged in evaluating
these other epoxy materials via consultations wi th their distributors .

S Al ternative D is our primary alternative . We feel it is the cheapest method
of stopping the leak . It should be tried first. Alternatives A , B, an d C
should be considered if D fails.

CAUTIONS CONCERNING EPOXY GROUT

Some epoxy mortar grout compounds are very toxic. Others are less toxic.
If epoxy grout is used in repairing the Delta dam , care should be exerc i sed
to ensure that the Delta Lake reservoir is not contaminated wi th toxic com-
pounds. This problem may be particularl y important in this case because the
Del ta reservoir is connected with the barge canal system and the Mohawk
River. The river is used as a water supply by some municipalities. However,
the Delta reservoir i tself is not a city water supply. Epoxy grouts can be
used safely if placed in accordance wi th manufacturer ’s directions. 

- - 
-

SUGGESTIONS

During our 2/22/77 inspection of the dam, we inspected the westernmost intake
well in the gatehouse. The water level in the well was dropped about 30’ from
the top. Substantial concrete cracki ng on the interior walls of the intake
well was observed . We believe this observed cracking may be contributing to
the downstream face leak and seepage areas. Therefore, any repair of the dam
should consider an examination of all intake wells for possible necessary
repairs. The intake wells should be repaired where warranted . Photographs
8-7, 8-8 and 8-9 in Table B are typica l examples of the intake well deter-
ioration we observed .

We also recommend that all vertical drains plugged with efflorescence be
cleaned out. This can probably be accomplished by jetting water , un der high  S
pressure , into the drains . Fire hoses might be suitable for this. Water
jetting should proceed from the bottom of each drain upwards . This pro-
cedure allows l oosened materials to wash back out through the bottom of the r
drains. Once the drains are cleaned out, they will probably be work i ng .

S Therefore , an interceptor pipe should be placed at the base of the drains
to carry seepage water to a suitable drainage area. A possible drainage
area outlet for the interceptor pipe is onto the rip-rap n€ar the darn

S spiliway . . 5 -  -
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~~: ( ‘, ~~~~~~~ r~ :y; ‘:!. ‘i ,s - ; ( iI i ’J a ..‘ate r;iroof I:,~;:.’Jr(j rI(~ Let~~~ri tree c r ; ~;1~o ar.~• new facings of alternative C for t~-~ reasons:

1. The chipped face would have to be smoothed over with mortar so that the
rough chipped concre te cou ld not puncture the membrane . This smoothing
process requires very care ful t ime consuming and costly repairs.

2. Even if it were feasible to place the membrane in the suggested manner ,
the membrane would act as a “bond breaker ” between the new facing and the
old concrete. Obviously, this is no t desirable because the new surf ac in g
would l ikely peel away from the n~embrane and the darn.

We al so do not reconinend placing a waterproof membrane over the new upstream
S face resurfacing. Although this seems a good idea , we strongly bel ieve that

S repeated winter icing action on the membrane would seriously damage it. This
is undesira ble because a torn or damaged membrane cannot perform as the intended
water barrier.

Since the leak and seepage occurs on the eastern side of the dam , we do not
recommend any repairs on the downstream face of the spillway or western end
of the darn at this time .

interesting insight into this dam ’s construc tion history can be foun d in th i s
report dated 6/7/24 :

“Report on Del ta Dam to the Chamber of Commerce Conini ttee of Rome , NY ”
by Thomas H. Wigg in , Consu l ti ng En gi neer , 50 Church Street, NYC , NY

The report gives background information on prior Delta darn repairs as well as
on origina l construction methods including “cyclopean masonry ” and block

S 

construction in stages. Five (5) black and white photographs showing
origina l construction operations from 1909 to 191 1 are inc l uded in the 6/7/24
repor t. We have inclu ded xerox copies of two of these 5 pho tograph s. The
xerox copies of the photos are labeled C-l and C-2. They show the cyclopean
masonry, block cons truc tion , interlock i ng keyways and verti cal dra i ns. The
1924 report should be studied prior to developing specific repair plans.

To aid the reader of this transmittal in understanding the present situation
more ful ly , we have attached Tables A and B with a total of 17 photographs
showing the problem features of the dam. Each photograph is numbered and
short descriptions are provided.

S Table A include s 8 black and white photographs circa 1956-1959. These pictures
S 

show various stages of repair during the M56-6 contract period . The present
leak (number 1) is In the chipped out area shown on pictures A-6, A-7 , and
A-8. The general condition of the dam in 1959 is also evident from these
pictures.
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Table B di~.plaj~ color photographs of our most current investigat rons.
p~,r j.j~ ,j r,’ rr. ’~ ~:~~• j

~ 
c.-,j r~e~flt in pict ’ir e~ 8—1 , 8—2 , and 8—~ . lt~ icc -~tion is

c i rc k ’~ ir n-~’’  ~~~~ ~~~~~ ~ ~~~~~~~~~ clo~e— up ~~~~~~~~ ~ f ic~ ” cr-i - —
~~ ~~in photo . i~-~ ~nd 8-4 . In each of these photos , leak one is d r.at~~ by

a hexagon . S

Shee t 5/8 of the M55-6 contact plans is included for your reference . It
shows various views of the dam. We have located leak number 1 on this
drawing . All dimensions shown in red pencil are approximate .

To reiterate, we feel that the cheapest repair alternative is D. Al ternatives
A , B, and C fol low with i ncreasing cost if D fails. In addition , any alter-
natives chosen should consider intake well repairs as well as an examination
of the en tire darn when the reservoir is drained.
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F CHECK LIST
HYDROLOGIC AND HYDRAULIC

S 
ENGINEERING DATA

L
- DRA I NAGE AREA CHARACTER ISTICS : 150 square miles roiling woodland

• ELEV AT I ON TOP NORMAL POOL (STORAGE CAPA CITY) : 550.0 (63~0OO acre feet)

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

ELEVATION MAX I MUM DESIGN POOL : Unknown

ELEVATION TOP DAM : 558.0

CREST :

I a. Elevatio n 550.0
b . Type concrete ogee
c. Wid th 

_____________________________________________________________

S d. Leng th S 
300.0 

5

e. Loca tion Spi l lover center of structure
f. Number and Type of Ga tes None S

OUTLET WORKS :

a. Ty pe 4—60” 5tC~1 P LP~S
b . Loca tion • East oJ center ot darn
c. Entrance inverts 4131.5

S d. Exit inver ts 479.0
e. Emergency dra i ndown fac i l i t i e s  Above pipes

HYDROMETEOROLOG I CAL GAGES:

a. Type Staff gage Stream gage —U.S.G.S.
b. Location Dam Upstream Downstream 

—

c. Records Daily by care taker U.S.G.S.

S MAXIMUM NON-DA M AG I NG DISCHARGE Hurricane Agnes - June 1972 —4 .2’ over spiliway S

1 .
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