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DEPARTMENT OF THE ARMY
U. S. ARMY ENGINEER DISTRICT, NEW YORK
26 FEDERAL PLAZA
NEW YORK, NEW YORK 10007
' o 0C1 1978
NANEN-F

Honorable Hugh L. Carey
Governor of New York
Albany, New York 12224

Dear Governor Carey:

The purpose of this letter is to inform you of a clarificatioﬁ of the guide-
lines used by this office in assessing dams under the National Program of
Inspection of Dams.

Office of the Chief of Engineers has recently provided a clarification that
dams with seriously inadequate spillways are to be assessed as unsafe, non-
emergency, until more detailed studies prove otherwise or corrective measures
are oompleted.

The following dams in your state have previously been assessed as having
seriously inadequate spillways, 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

59 Lowe:: Warwick Reservoir Dam

4 : Salisbury Mills Dam

45 °  Amawalk Dam

418 Jamesville Dam

685 Colliersville Dam

Delta Dam

Oneida City Dam

Croton Falls Dam

Chadwick Dam (Plattenkill)

66 Boyds Corner Dam

Cranberry Lake Dam

Seneca Falls Dam

Lake Sebago Dam

Indian Brook Dam

Lower (S) Wiccopee Dam (Lower
Hudson W.S. for Peekskill)
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NANEN-F
Honorable Hugh L. Carey

I.D. NO. " NAME OF DAM

N.Y. 49 Pocant ico Dam
N.Y. 445 Attica Dam

N.Y. 658 Cork Center Dam
N.Y. 153 Jackson Creek Dam

. 172 Lake Algonquin Dam
Sixth Lake Dam
Butlet Storage Dam
Putnam Lake (Bog Brook Dam)
Pecks Lake Dam
Bradford Dam
Sturgeon Pool Dam
Skaneateles Dam
Indian Lake Dam
Newton Falls Dam
362 Buckhorn Lake Dam
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The classification of "unsafe" applied to a dam because of a seriously in-
adequate spillway is not meant to connote the same degree of emergency as
would be associated with an "unsafe" classification applied for a structural
deficiency. It does mean, however, that based on an initial screeniny, and
preliminary ocomputations, 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 increasiny the hazard to loss of
life downstream from the dam.

Consequently, it is advisable to implement the recommendations previously
furnished in the reports for the above-mentioned dams as soon as practicable.

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

Sincerely yours,

CLARK H. BENN
. Colonel, Corps of Engineers
District Engineer
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PHASE I INSPECTION REPORT
NATIONAL DAM SAFETY PROGRAM

: LOWER WARWICK RESERVOIR DAM
-~ NEW YORK STATE
3 ORANGE COUNTY
WALLKILL RIVER BASIN
INSPECTED 9 AUGUST 1978

ASSESSMENT OF GENERAL CONDITIONS | j

The visual inspection and evaluation of Warwick Dam and its spillway did not
reveal conditions which are considered to be unsafe at the present time.

The following non-emergency measures should be implemehted prior to the spring ,
season of 1979: j

1. The vegetation and debris on the downstream westerly portion of
the embankment should be cleared and inspected by a licensed Professional
Engineer. The extent of the root systems of large trees should be eval-
uated prior to indiscriminant cutting.

2. A drainage ditch to collect surface runoff should be constructed
on the downstream embankment slope where runoff in presently eroding the
slope.

3. Toe drainage facility should be inspected and flow noted at fre-
quent intervals.

4. A piezometer should be installed in the embankment and read peri-
odically to evaluate changes in water level within the embankment.

The hydrologic analysis indicates that the spillway is capable of passing
approximately 20 percent of the Probable Maximum Flood. Since the spillway
is not capable of passing the Standard Project Flood, considered as one-half
the Probable Maximum Flood, without overtopping the earth embankment and
possibly causing failure, the spillway is therefore considered to be seriously
inadequate in accordance with Corps of Engineers Screening Criteria. The
hydrologic aspects of the dam should be further investigated and the Probable
Maximum Flood computations refined. In the interim around the clock surveil-
lance should be provided during periods of high flow, and a contingency plan
initiated for implementation in the event of,overtopping. .

//4 dym

CLARK H. BENN
Colonel, Corps of Engineers

District Enginee
DATE: 527t1;%?42;44221/7;?/
.

Approved by:

——
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PHASE I INSPECTION REPORT
NATIONAL DAM INSPECTION PROGRAM
LOWER WARWICK RESERVOIR DAM I.D. NO. 59

SECTION 1 - PROJECT INFORMATION
1.1 GENERAL:

a. Authority. Authority for this report is provxded by the National
Dam Inspection Act, Public Law 92-367, 1972.

b. Purpose of Inspection. The purpose of this report and inspection
is to identify deficiencies and hazardous conditions; determine if they
constitute hazards to human life or property; make recommendations for re-
medial measures where necessary and thus permit correction in a timely man-
ner by non-Federal interests.

1.2 DESCRIPTION OF PROJECT:

a. Description of Dam. The Lower Warwick Reservoir Dam was built in
approximately 1887 to supply water to the Village of Warwick, New York. It
is the lowest of a system of three reservoirs used for the water supply of
the Village. The dam is 210 feet in length; 185 feet being earth embankment
possibly with a concrete core wall, and a 25 feet concrete gravity uncon-
trolled spillway. The dam crest is 3.3 feet above the spillway sill eleva-
tion of 679.8. The dam as originally constructed has a berm width of 12 feet
and upstream and downstream slopes 1k horizontal on 1 vertical. A 20 inch
cast iron pipe serves as the outlet works for the reservoir. It rumns through
the embankment just west of center and terminates in the downstream channel
at invert elevation 651.12. The outlet pipe is controlled by a manual gate
valve at the downstream toe of the dam. The lower dam forms the most down-
stream impoundment of a pumped storage system, supplying water to the Village
of Warwick. Water is pumped via an eight inch diameter cast iron pipe; an
offshoot from the 20 inch outlet pipe; to the upper reservoir for eventual
distribution, by gravity, to the village.

b. Location. The Lower Warwick Reservoir Dam, I.D. No. 59, is located
approximately 1% miles above the Village of Warwick, Orange County, New York.
The latitude is 41°-14.1' and the longitude is 74°-21.7'.

c. Size Classification. The available storage is approximately 12 mil-
lion gallons or 36.8 acre feet at normal pool elevation (crest of spillway)
with a pool area of 3.4 acres. The crest of the dam is approximately 25 feet

above the existing grade. Based upon the above the dam is classified as small,

d. Hazard Classification. The dam is classified as Hazard Category I
based upon floodwave analysis and the proximity of downstream habitable devel-
opment.

€. Ownership. The Lower Warwick Reservoir Dam is owned by the Village
of Warwick.

f. Purpose of Dam. The Lower Warwick Reservoir Dam forms the lowest of
three reservoirs supplying water to the Village of Warwick. Water released
from the lower reservoir is pumped to the highest of the three reservoir sys-
tems for eventual release to consumers in the village via gravity flow.

1
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g. Design and Construction History. The dam was constructed in 1887.
Design data, plans, and construction information are not available.

h. Normal Operating Procedures. Formal operating procedures are not
available,

1.3 PERTINENT DATA:

a. Drainage Area 1.3 square miles

b. Discharge at Damsite |
Maximum known flood Unknown |
Ungated spillway at maximum pool 386 C.F.S. ’ i

c. Elevations (above M.S.L.) ;
Top of dam 683.1 feet 3
Spillway crest 679.8 feet |
Streambed at centerline of dam Approx. 650.0 feet 5
Maximum tailwater Approx. 652.0 feet

d. Reservoir

1 Length of maximum pool Approx. 800 feet
Length of recreation pool Approx. ‘700 feet
Length of flood control pool Approx. 700 feet
e. Storage
Recreation pool 36.8 acre feet .
Flood control pool 36.8 acre feet
Top of Dam 48.0 acre feet

f. Reservoir Surface

Recreation pool 3.4 acres

Spillway crest 3.4 acres

Top of dam Not available
| g. Dam

Type: Earth Fill (compacted)

Length: 130 feet

Height: Approx. 25 feet

Width: Approx. 12 feet

Side Slopes: 1%H on IV (upstream and downstream)

Zoning: None

Impervious Core: None

Grout Curtain: None

Cut-Off /s

h. Spillway

Type: Broad crested weir

Length of weir: 24  feet

Crest elevation: 679.8 feet

Gates: None

Downstream Channel: Concrete spillway discharges into rock
channel. (No stilling basin)

i. Regulating Outlets - There is a 20 inch outlet pipe at elevation
651.12 feet M.S.L. used for water supply.

2
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SECTION 2 - ENGINEERING DATA
2.1 DESIGN:

There is no original design information available. During December 1977 the
New York District inspected the Lower Warwick Dam at the request of Mr. Carl
Quackenbush, Supt. of Public Works for the Village of Warwick. The purpose

of the inspection was to provide technical advice regarding seepage through

the earth dam. Recommendations made by the New York District were implemen=-
ted by the Village during the spring of 1978. Construction plans were pre-

pared by Wehran Engineering of Middletown, New York and incluaed the follow=
ing items:

a, Immediate drawdown of the impoundment.
b. Clear the downstream slope of debris.

c. Construct an inclined drainage system with
appropriate filter on the downstream face.

d. Line the upstream face with bentonite .
Construction plans are included as Appendix_é_of this report.
2.2 CONSTRUCTION:
Original construction records are not available for review.
2.3 OPERATION:
There are no formal records of operation or discharge available.

2.4 EVALUATION:

Detail information is not available, however, sufficient information is avail-
able for a Phase I investigation.

| —p—




| ——

SECTION 3 - VISUAL INSPECTION
3.1 FINDINGS:

a. Background. On 21 and 23 December 1977 representatives of the New
York District, Corps of Engineers visited the Lower Warwick Reservoir Dam
at the request of Mr. Carl Quackenbush, Supt. of Public Works for the Village
of Warwick, to investigate thru seepage in the earth dam which had raised the
concern of the village officials as to the integrity of the structure. The
inspection was performed under the authority of Public Law 84-99 which
authorizes the Corps of Engineers to lend technical assistance to non-federal
public interests during emergency situations.

Visual observations at the time revealed thru seepage in the vicinity of the
right abutment from approximately half-way down the downstream embankment
slope to the base of the dam, seeping at several locations. Some piping was
occurring at the seep locations and serious sloughing of the downstream face
had occurred.

On 22 December 1977 the Supt. of Public Works, Village of Warwick was notified
of a "potentially hazardous situation requiring immediate remedial actiom".

On 23 December 1977 Governor Carey was notified of the distressed condition

of the dam. On 6 January 1978 the State was advised to require the owner of
the dam to take immediate action to: (a) drawdown the reservoir immediately
(b) clear the downstream slope (c) comstruct an inclined drainage system on

the downstream slope (d) provide a pipe weir at the drainage discharge (e) con-
struct a stabilizing berm on the downstream slope (f) treat the upstream face
with bentonite (g) install a piezometer on the embankment to monitor pore pres-
sures.

Wehran Engineering of Middletown, New York, under contract to the Village of
Warwick prepared a contract plan incorporating most of the above recommended
actions. The work was completed during the spring of 1978 by Village person-
nel after approval of the plan by NYS DEC.

b. General. The Lower Warwick Reservoir Dam was inspected by Corps of
Engineers personnel on 9 August 1978 as part of the National Dam Inspection
Program. At the time of the inspection water was spilling approximately two
to three inches above the spillway crest. The weather was sunny with a tem-
perature of approximately 90°F.

c. Dam. The dam, built in approximately 1887, exhibited no signs of
sloughing of the embankment slopes. The embankment and drainage system, con-
structed in the spring of 1978, as recommended by the New York District, was
in excellent condition. A grass cover had been established on the new down-
stream embankment and the surface was well maintained. Surface drainage had
eroded a shallow swale at the downstream embankment slope in the area of the
eastern terminus of new construction. No evidence of seepage was noted on
the downstream face and no water was evident in the toe drainage system.
Numerous rock outcroppings were noted in the area, indicative of the earth
section being founded on bedrock. It is questionable whether a concrete core
wall, shown on an old drawing furnished by Mr. Quackenbush, actually exists.
Areas of heavy bentonite concentrations were noted on the upstream slope,
just below the water line. The abutment/embankment contact showed no evidence
of distress,

Ll




Heavy growth on the entire western half of the downstream embankment slope |
prevented examination of this area. The above paragraph does not apply to |
this area. !

d. Spillway. The spillway, located at the west abutment is a concrete |
gravity section 25 feet in width. Two to three inches of water was flowing |
over the spillway at the time of inspection. The concrete appeared to be in |
good condition with minor surface scaling. There is no evidence of structural
cracking. The spillway is cut into bedrock and the west abutment contact is
in rock. No evidence of distress was evident.

e. Outlet. A 20 inch cast iron outlet pipe extends through the embank-
ment just west of the center of the dam. The outlet is controlled by a man-
ual gate valve located in a valve pit at the downstream toe. The outlet con-
trol structure, located on the upstream embankment, and previously utilized
to draw water from different levels, is not operable and is not utilized.

The outlet pipe was extended upstream from the old control structure and pre-
sently draws water at elevation 659.6. The gate valve is maintained in a
closed position except when drawdown of the reservoir is necessary. It is fully
operational.

f. Reservoir. There was no noticeable signs of sloughing or erosion
in the reservoir area.

g. Downstream Channel. The outlet channel is bedrock. A small amount
of debris (tree limbs, etc.) was in the channel at the time of inspection.

3.2 EVALUATION OF OBSERVATIONS:

Visual observations did not reveal any conditions which would-adversely affect
the safety of the dam. However, the west downstream slope of the earth em-
bankment could not be examined due to heavy growth and brush. The drainage
collection system constructed on the downstream slope in the spring of 1978

is presently not passing any seepage, apparently due to the lining of the up-
stream face with bentonite. .
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SECTION 4 - OPERATION AND MAINTENANCE PROCEDURES
4.1 PROCEDURES:

The Lower Warwick Reservoir is the lowest of three reservoirs supplying water
to the Village of Warwick. Water is normally discharged through the 20 inch
cast iron outlet pipe, the gate valve at the downstream toe remaining in a
closed position. The water is then pumped via an eight inch pipe to the
upper reservoir for distribution to the village by gravity. The chlorination
facilities are located just downstream from the lower dam,

4,2 MAINTENANCE OF DAM:

Heavy brush and growth on approximately one-half of the downstream slope made
this area unaccessible. The remainder of the embankment and spillway are
maintained in satisfactory condition by village personnel.

4.3 WARNING SYSTEM IN EFFECT:

No warning system is in effect.

4.4 EVALUATION:

Mr. Quackenbush, Supt. of Public Works for the Village of Warwick, informed
the inspection team that the western half of the downstream slope will be

cleared during the winter of 1978-79., The remainder of the dam is maintained
in satisfactory condition.




SECTION 5: HYDROLOGY/HUDRAULIC
5.1 HYDROLOGIC EVALUATION OF FEATURES:

a. Design Data. Warwick Dam No. 1, is the most Jownstream dam of a
series of three dams on a headwater tributary of Wawayanda Creek. Wawayanda
Creek flows into Pochuck Creek, which is a tributary of the Wallkill River.
The reservoirs formed by the dams are used for water supply for the village
of Warwick. The dam is an earthen structure approximately 185 feet long and
25 feet high. The dam has a 24 foot concrete spillway cut out of rock and a
20 inch outlet pipe at its base for water supply.

Warwick Dam No. 1 was designed to function primarily as a water supply facil-
ity, not a flood detention structure. However, for the purpose of this in-
vestigation, the design features were analyzed with respect to their flood
control potential. This potential was investigated through the application
of the probable maximum flood (PMF) to the contributing basin. The PMF is
that hypothetical flow induced by the most critical combination of precipi-
tation, minimum infiltration losses, and concentration of run-off at a speci-
fic location, that is considered reasonably possible for a particular drainage
area.

The contributing drainage area to the lower Warwick Dam is 1.3 square miles

as shown on Appendix D. The main stream is relatively steep with an average
slope of 350 feet per mile. Since this stream is typical of the fairly moun-
tainous Appalachian Highlands, average Snyder parameters of 640 Cp = 400 and
Ct = 2 were used for the determination of the unit hydrograph, the basic hydro-
logic working tool. Based on a Ct of %, the lag time was developed as 2.7
hours. The lag time was increased b one hour to account for the time of trav-
el through the system of three reservoirs for an estimated total lag time of
3.7 hours to the lowest reservoir site.

The probable maximum precipitation was developed through procedures in Hydro-
meteorological Report No. 33. The PMP index rainfall was determined to be

22 inches for a 24 hour storm duration over 200 square miles. The percentages
of the index rainfall applied to other durations over the study basin were
developed. Because of the critical nature of this storm, a fully saturated
soil condition was assumed with minimum infiltration rates of 0.l inch/hour.
The peak discharge associated with the PMF as developed by the inclosed HEC I
computer output is 1979 C.F.S. For purposes of this study, the standard pro-
ject flood is taken as % the PMF or approximately 990 C.F.S.

The 24 foot spillway on the left bank of the dam was analyzed as a broad
crested weir with a "C" coefficient of discharge of 2.65, using the formula
Q = CLH 2, The maximum discharge capacity of the spillway with a head of
3.33 feet to the top of the dam was determined to be 386 C.F.S.

Based on a storage capacity of 12 million gallons, provided by Mr. Carl
Quackenbush, the Warwick Supt. of Public Works, equivalent to 36.8 acre feet
at spillway crest and a estimated surface area of 3.4 acres, a stage storage
relationship was developed, as shown in Appendix _D .
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The lag time, Cp, drainage area, PMP index rain and percentages, loss rates
and the reservoir storage versus discharge information was input into the
HEC I program, "Flood Hydrograph Package'. This program developed the unit
hydrograph, the PMP rain data, applied the loss rates and developed the
flood hydrograph. The PMF and a series of ratioed flood hydrographs were
routed through the reservoir. An assumption of a full pool was made at the
start of the routing. The technical computations are shown in Appendix D .

b. Experience Data. Warwick Dam has been operational since approximately

1890. As far as can be determined, it has safely passed all floods which have
occurred since it was built,

c. Visual Observations: At the time of the on-site inspection, a few

inches of water was flowing over the spillway, and there were no indications
of any major problems.

d. Overtopping Potential. As far as can be determined, no actual storm
event has had sufficient magnitude and duration to overtop the dam since it
was built. However, the hypothetical probable maximum and standard project
floods would cause overtopping of this dam. It is estimated that the spill-

way is capable of passing only 20 percent of the Probable Maximum Flood.

5.2 HYDRAULIC EVALUATION OF FLOODWAVE:

a. General. Since the lower Warwick Reservoir Dam is an earth embank-
ment a condition of total failure was utilized in floodwave computations.

b. The downstream channel was investigated on 23 December 1977. The
resulting floowave analysis employed approximations as to stream cross-sec-
tions. The first critical location in the event of a dam failure is 3600
feet downstream from the dam, where there is a residential home development.
At this location the resulting floodwave would overtop the stream banks by
approximately 4 feet. At the most downstream location (8000 feet downstream
from the dam, in the center of the village of Warwick) the resulting flood-
wave would be approximately one foot above stream bank elevation.

c. It is considered that there is a potential for damage and loss of
life caused by a failure of the dam and the resulting floodwave.




SECTION 6 - STRUCTURAL STABILITY

6.1 EVALUATION OF STRUCTURAL STABILITY:

a. Visual Observations. Visual inspection of the lower Warwick Reser-
voir Dam did not reveal any areas which would represent a potential hazard
due to instability. The western half of the earth embankment could not be
inspected due to heavy brush growth on the downstream slope. The spillway
is cut in rock and did not exhibit any serious signs of distress.

b. Design and Construction Data. No design computations or other data
regarding the structural stability of the dam or spillway are available.

c. Operating Records. No major operational problems which would affect
the stability of the dam or spillway were reported.

d. Post Construction Changes. Repairs on the western portion of the
downstream embankment slope were completed in the spring of 1978. The recently
placed toe drainage facility is not passing water, indicative that the im-
pervious blanket placed on the upstream slope in this area is functioning as
anticipated.

e. Seismic Stability. The dam is located in Seismic Zone No. 1, there-
fore no seismic analysis are warranted in accordance with Corps of Engineers
guidelines.




SECTION 7 - ASSESSMENT/REMEDIAL MEASURES
7.1 DAM ASSESSMENT:

a. Safety. The portion of the Lower Warwick Reservoir Dam, which was
able to be inspected, did not exhibit any problems which would require an
unsafe assessment. No evidence of seepage or unusual settlement was observed
at the time of inspection, however, due to the presence of heavy brush growth,
the entire western half of the embankment was neither observed nor inspected.
Preliminary hydrologic evaluations performed indicate that the dam would be
topped by the Standard Project Flood. It is estimated that the spillway is
capable of passing 20 percent of the Probable Maximum Flood. Therefore, since
the spillway is not capable of passing the Standard Project Flood, considered
as one-half of the Probable Maximum Flood, without overtopping the dam and
causing failure, it is considered to be seriously inadequate.

b. Adequacy of Information. No reliable information was available
regarding the dam section. This report is primarily based upon visual obser-
vations. -

c. Additional Investigations. Additional investigatioms to assess the
safety of that portion of the dam and spillway observed are not necessary. ‘

7.2 REMEDIAL MEASURES:

The following remedial measures should be accomplished prior to the spring of
1979: ;

1. The western half of the downstream embankment should be cleared of
_ all vegetation and debris and inspected by a licensed professional engineer.
3 The extent of the root system of large trees should be evaluated prior to
indiscriminant cutting.

2. A drainage ditch to collect surface runoff should be constructed on
the downstream slope in the area where runoff is eroding the downstream slope.
E A crushed gravel ditch lined with filter cloth should be provided.

3. A piezometer should be installed in the embankment and read period-
ically to evaluate water levels in the embankment soils.

4. The toe drainage facilities should be inspected and flow noted at
weekly intervals. -

5. During periods of high flows around-the-clock surveillance of the

dam should be provided and a contigency plan should be initiated for imple=<
mentation in the event of overtopping.
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CHRONOLOGY OF EVENTS
VILLAGE OF WARWICK, NEW YORK
DAM (I.D. No. 59) %

R N L T T T TR

DATE

21 December

22 December

23 December

23 December

23 Decémber

30 December

30 December

6 January

12 January

1977

1977

1977

1977

1977

L1977

1977

1978

1978

EVENT e

Physical inspection of dam by John Dioguardi
NAN 2

Letter from J.A. Weiss to Supt. of Public
Works, Village of Warwick alerting him to
"potentially hazardous situation requiring
immediate action."

Letter from Col. Benn to Governor Carey indi-
cating "sufficient evidence of distress as to
warrant immediate remedial action to preclude
to possibility of failure."

Physical inspection by Hydraulics Section of
dam to determine the effects of a possible
dam failure on the downstream population .

Letter from J.A. Weiss to NAD alerting them to
all the above.

Letter from George Koch, N.Y.S. DEC, to Supt.
of Public Works imstructing him to: (a) Lower
reservoir, (b) cut and remove trees and brush
on downstream slope of dam for more complete
visual observation.

Letter from Secretary to Governor to Col. Eenn
acknowledging Col. Benn's letter of 23 Dec 77
(above).

Letter from Col. Benn to George Koch advising
him of Warwick problem and calling for various
"immediate actions'" to be taken to include:

(a) immediate drawdown, (b) clearing of down-
stream slope, (c) construction of inclined drain
system, (d) provide pipe weir, (e) construct
stabilizing berm, (f) bentonite treatment of up-
stream fall, (g) installation of piezometer on
downstream embankment.

Internal DF from Chief, Design Branch evaluating
downstream effects should total failure occur.

S




DATE

23 January 1978

14 February 1978

21 February 1978

3 March 1978

22 March 1978

27 March 1978

EVENT
Letter to George Koch from J.A. Weiss advisiﬁg
him of results of hydraulics investigation.

Telecon between John Dioguardi and George Koch,
re: Village of Warwick Dam basically indicating
that brush and debris had been removed from dowmu-
stream slope but that water level had not been
lowered by owners.

Letter from J.A. Weiss to George Koch reiterating
potential danger this dam poses to downstream
inhabitants and calling again for lowering the
water level and use by N.Y.S. of its enforcement
authority to do so.

Letter from Mr. George Koch to Mr. Quackenbush
relative to dewatering procedures.

Letter from Mr. George Koch to Mr. Quackenbush
giving permission to drain reservoir.

Letter from Mr. Carl Quackenbush, Supt. of Public
Works, Village of Warwick to Mr. George Koch, NYS
DEC giving status of reservoir lowering.
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‘Daniel G. Parrillo:

North Atlantic Division
U.S. Arny Corp. Engineers
NADEN-TG

90 Church St.

New York, New York 10007

Dear Mr. Parrillo:

After my telephone conversation with you on N

speaking wvith my watcer plant operator about c'ir conversation.

He asked if I had menticned to you the leak we nzve in the dam of

the lovwest reservoir, which we have been awvzre 5T for the pas

couple of years. VWhy I didn't think to tell you of this during

our conversation I can't explain. We have besn involved in

many different projects for the past few months z2ad things have

been sormewhat hectic. I guess I was not thinking straight. i

o e

yer I5th, I we

s in hopes

I thought I would make you aware of this by le >
z2rsonnel to ]oo‘

you might be able to arrenge for one of your
at this and inform us if there might be a temp
we might be able to make.

I am not sure vhich I.D nuaber applics to this
arc our I.D. numbers you gave me: #0359,#0

dzn.  Fallowing
0362 z=d #0063.

Thanking you in advance.

Very truly ycurs,

L,

Carl Quucw‘:"s'“‘
Supt. of Puslic Yo
Villuge aof Vereick
Box 30D

Warwick, lew York 10990 (\
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Mr. Carl Quackenbush
Supt. of Public Works
Village of Warwick
Box 369
Warwick, New York 10990
Dear Mr. Quackenbush:
Reference is made to your telephone conversation with Mr. John
Dioguardi of my staff concerning a reported ''leak in the dam of
the lowest reservoir in the Village of Warwick.™
An inspection of the dam under the authority of Public Law 99
has been scheduled for Wednesday, 21 December 1977 in your office.
Any plans and/or design or construction records you may have avail-
able would be most beneficial.
Sincerely yours,
cc:w/incl: CLARK H. BENN
Caspe Colonel, Corps of Engineers
Lawska (Oper Div) District Engineer
Mr. George Koch
50 Wolf Road | R
Albany, N.Y. 12233 FAFINSKI/NANEN
m:xss/NANEN,-,ﬁ'
~“PAGEANDA
A
EA/NANEX A/ v——

DDE/Cd§S§

DECZ//

B-4




DIOGUARDI/dms /9111

NANEN=F 22 December 1977

Mr. Carl Quackenbush
Supt. of Public Works
Village of Warwick

77 Main Street

Warwick, New York 10990

Dear Mr. Quackenbushs

On 21 December 1977 an on-site inspection of the lowest of the
three (3) earth dams, inventory I.D. No. 59, Hazard Category 2,
in the Village of Warwick, Orange Co., N.Y. was made at your
request. {

Visual observations revealed through seepage in the vicinity of
the right abutment from approximately han-way down the slope
which has caused considerable sloughing and softening of the
downstream embankment. We consider this to be a potentially
hazardous situation requiring immediate action to alleviate the
condition. A copy of the above has been forwarded to theGGovermor
of the State and the State regulating agency charged with dam

safety. \

[
Sincerely yours,

| .
; %ASPE/NANEN-F

J.A. WEISS
Chief, Engineering Division

FAFINSKI/NANE N

WEISS/NANE%




CASPE/ijo/9110

NANEN-F

Honorable Hugh L. Carey
Covernor of New York
Albany, New York 12224

Dear Governor Carey:

New York District Corps of Engineers inspection performed on 21 December
1977 of dam in the Village of Warwick, Orange County, New York (I.D. No.
59, Hazard Category 2) revealed the dam to have sufficient evidence

of distress as to warrant immediate remedial action to preclude the
posaibility of failure. Pursuant to this a joint Corps-State
inspection to determine the effects of a possible dam failure on the
downstream population is scheduled for Friday, 23 December 1977.

L Sincerely yours, /‘\
FAFINSKI/NANEN
Incl CLARR H, BENN - BEISS/ NANW
Letter Supt Public Works, Colonel, Corps of Engineers
Warwick, N.Y. District Engineer PAO
AA

cc: G. Xoch, NYS DEC
Supervisor of Dam Safety DDE

DCM‘/ \
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NANEN-F 23 December 1977

SUBJECT: Dam Inspection in the Village of Warwick, New York

Division Engineer, North Atlamtic
ATTN: NADEN-TF

1. Inspection performed om 21 December 1977 by NAN of dam in

the Village of Warwick, Orange County, N.Y. (I.D. No. 59, Hazard

Category II) revealed the dam to have safficient evidence of

distress as to warrant immediate remedial action to preclude the
" possibility of failure.

2. Inclosed is correspondence transmitted to Village officials
relative to the above. The Governor's Office and State Regu-
lating Authority respomsible for dam safety have been advised.
Consequently, a joint NAN-STATE inspection is scheduled for
Friday, 23 December 1977 to evaluate the effects of a possible
dam failure on the downstream population.

Incl J.A. WEISS
Letter Supt. Public Works Chief, Fngineering Division
; Watwick, N.Y. )'VDGC 77
CC*‘/"""-' Rosen
i C, Design Br

FAFINSKI/NANEN

WEISS/NQ;E??&,
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December 30, 1377

Mr. Carl Quackenbush
Supt. of Public Works
Village of Warwick
77 Main St.

Warwick, MY 10990

RE: Dam #397, Lower Hudson Basin

Dear Mr. Quackenbush:

Reference is made to the inspections of December 21, 1977 and December 23,
1977 of the lower earth dam in the Village of Warwick. The inspections
were made by the NY District Corps of Engineers and New York State. Refer-
ence is also made to the letter of December 22, 1977 from the Corps of
Engineers. This letter indicates that the seepage has caused considerable
sloughing and softening of the downstream embankment. In order to remove
the hazard to the downstream residents, the following remedial work should
be performed immediately:

I. The water surface of the reservoir should be lowered below the seep.
The seep appears about 6 feet below the existing water surface, therefore,
the water surface should be lowered about 8 feet by‘opening the dralin pipe.

2. At the time of the inspections, the trees and brush on the downstream
slope of the dam prevented a thorough inspection of the earth embankment.
The trees and brush along the entire downstream earth embankment should
be cut and removed. This will enable us to observe the seepage area as
well as the rest of the embankment.

When you have lowered the water surface and removed the trees and brush,
please inform me. If you have any questions, please call at (518) 457-1216.

Yours truly,

George Koch
Supv. Dam Safety Section

cc: J. Caspe
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STATE OF NEW YORK
Executive CHAMBER

ALBANY I2224
ROBERT J. MORGADO

SECRETARY TO THE GOVERNOR

December 30, 1977

Dear Colonel Benn:

on behalf of Governor Carey, I acknowledge
your letter of December 23 advising on a joint
Corps-State inspection to determine effects of a
possible dam failure on the downstream population
of the Village of Warwick.

Sincerely,

A ’%{4:3“‘-—
Colonel Clark H. Benn

New York District, Corps of Engineers
Department of the Army

26 Federal Plaza

New York, New York 10007

Y

e




78]

DIOGUARDI/dms /9110

NANEN-F oAy e

New York State Department of
Environmental Conservation

ATTN: Mr. GCeorge Koch

50 Wolf Road

Albany, New York 12233

Dear Mr. Kocins

On 21 and 23 December 1977 members of my staff met with Village of
Warwick, New York representatives regarding a Village request to
investigate and evaluate an earth dam which was reportedly leaking
at the base of the dam. As a result of these field inspections, it

was determined that one of three earth dams forming part of a pumped
storage water supply project for the Village was in fact experiencing
through seepage in the vicinity of the right abutment. The dam, the

lowest in both elevation and height of the three is an arched earth

dam approximately 25 ft. high, 150 ft. long empounding approximately
(12) million gallons of water. It has a 20-25 ft. wide uncontrolled

overflow spillway at the left abutment at an elevation of approxi-

mately 5 ft. below the top of dam and a 20"4 blow-off pipe extending
through and at the base of the dam controlled by a sluice gate on the

downstream side. Operational procedures for the three dam system
call for pumping of water from this lowest reservoir to the highest
from which point the water would flow by gravity to a chlorination

plant and subsequently for distribution into the water supply system

of the Village.

Visual observations by field inspection teams revealed through seep-
sge in the vicinity of the right abutment from approximately half-way

down the dam embankment slope of the downstream face to the base of
the dam seeping at several locations. Although flow measurements

could not be made due to the: fact that no quantitative instrumentation

B-lo
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NANEN=F DICGUARDI/céms/9110
Mr. George Koch - ST

was available, this type of seepage posess a definite threat to the

integrity of the structure which requires that immediate remedial

actions be taken. In addition, a field inspection of downstream

development revealed that the first of a row of one-family houses

was only approximately 600 ft downstream with the Village's main

population located further downstream. An evaluation of downstream

impact should dam failure occur is presently being made.

In order to remove the imme.ddiate threat and insure that the seepage
forces created by this through seepage do not cause dam failzre the
following immediate actlions are recommended:

a. Immediate drawdown oI the reservoir. During drawdown obser-
vations should be made at the seeps to determine their relation to
reservoir stage.

b. The entire downstream sdope should be cleared of debris and
inspected in order to determine if additional seeps# are present.

c. Construct an inclined drain system with appropriate fllter
and collector pipes to collect and channelize seepage.

d. Provide a pipe weir to measure and monitor discharge through
the drain pipes.

e. Construct a stabilizing berm on the downstream embankment with
a minimum slope of 2% horizontal and 1 vertical.

f. After drawdown, the upstream face of dam should be examined and
treatad with bentonite in an attempt to seal the seep at its source.

g. Install a piezometer on the downstresm embankment to measure
pore pressure fluctuations as a means of getermining the effectiveness
of the drain.

Sincexely yours,
%SPE/NANEN-F
cec: CLARK H, BENN
Mayor John P. McGrath Colonel, Corps of Engineers
P.0. Box 369 District Engineer
Warwick, New York 10990 P AFIM AT
Lawska (Oper. Div.) WtISS/NANEN/u/;/

Caspe PAG#~, L
EA%’-/
2 DDE"
DE \R
&

B-u
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DIOGUARDI/dms/91

NANEN=F 23 January 1978

Mr. George Koch

New York State Department of
Environmental Conservation

50 Wolf Road

Albany, New York 12233

Dear Mr. Koch:

Reference is made to letter dated 6 January 1978, concerning our

inspections of the Village of Warwick's lower dam in Warwick, New
York.

The results of the joint 23 December 1977 inspection with members

of your: staff and my Hydraulics Section regarding downstream effects
revealed a potential for damage caused by a flood wave should total
dam failure occur. The analysis employed approximations as to struce
tural dimensions and stream cross sections. It was determiped that
the flood wave depth would be several feet above the banks at both
the first critical location (3600 feet downstream of the dam) and the
most downstream location (8000 feet below the dam or the middle of
the Village).

Sincerely yours,

: Fle :
* BARB /NANEN-F
ccs J.A. WEISS SEN/NANEN=-Dh
Lawska (Oper. Div.) Chief, Engineering Division
Rosen (Hydraulics Sect.) FAFINSKT /NANEN
Barbero
Mr. Carl Quackenbush : WEISS/NAN"%iéf'
Supt. of Public Works £;>

Village of Warwick
77 Main Street
Warwick, New York 10990




DIOGUARDI/dms/91

NANEN~-F 21 February 1978
Village of Warwick Dam; I.D. No. 59

Mr. George Koch

New York State Department of
Environmental Conservation

50 Wolf Road

Albany, New York 12233

Dear Mr. Koch:
Reference is made to the following:

a. Letter dated 30 December 1977 from your offite to Mr. Carl
Quackenbush, Supt. of Public Works, Village of Warwick regarding
the downstream hazard subject dem poses, and your request to imme-
diately lower the water surface of the reservoir.

b. Letter dated 6 January 1978 from Col. Clark H. Benn, District
Engineer, New York District advising you of the definite threat caused
by the seepage mentiomed in this letter and calling for remedial meas-
ures to include immediate drawdown of the jmpoundment.

c. Letter dated 23 January 1978 from the undersigned describing:
the downstream effects should total failure of subject dam occur.

d. Telephone conversation betweea Mr. John Dioguardi of my staff
and yourself on 14 February 1978 in which you indicated that the Vil-
lage of Warwick had initiated the cutting of brush on the downstresm
slope to further observe this seepage condition but had not as of yet
lowered the reservoir stage as requested in references a and b, sbove.

This office still considers the reported seepage in the vicinity of the
right abutment to be a definite threat to the integrity of the structure
requiring the immediate drawdown of the reservoir. To date no such
action by the owner has been taken as indicated in reference d., above.

B-13
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NANEN=F 21 February 1978

Village of Warwick Dam; I.D. No. 39

It is requested that your office exercise its enforcement authority inm

insuring that the {nitial step of the recormended remedial measured out-

lined in reference b., be implemented immediately to obviate the possi-

bility of dam failure with its associated downstream damage poteatial.

Sincerely yours,

: BARBERO/NANEN-F

cc J.A. WEISS
] Mr. Carl Quackenbush Chief, Engineering Division

Supt. of Public Works

Village of Warwick FAFINSKI/NANEN

77 Main Street

Warwick, New York 10990 WEISS/NANEN

Messrs: Lawska (Oper. Div.)
PAO ATTN: Campbell

B- ¢




March 3, 1978

Mr. Carl Quackenbush
Supt. of Public Works
Village of Warwick

Box 369

Warwick, New York 10990

Re: Warwick Dam #397 L.H.
Reservoir #1 (Lower Reservoir)

Dear Mr. Quackenbush:

This letter will confirm the remedial work that we discussed during
our field inspection of the dam on March 2, 1978. The initial remedial
work that we agreed upon involves lowering of the reservoir water surface
and will be accomplished as follows:

1. On March 3, 1978 you will begin lowering the water
surface by pumping water to your upper reservoir.

2. On Monday, March 6, 1978 you will continue lowering
the water surface of the lower reservoir by opening
the sluice gate on the 20-inch diameter drain. Gravity
drainage will continue until the water surface has been
lowered just below the elevation of the seep. The
water surface will be lowered about 8 feet.

3. During your dewatering operation, consideration will be
given to providing enough cover over the existing water
pipe in the reservoir to prevent freezing. However,
the water surface will be lowered at least 6 feet.

4. The water surface will be kept at the lowered elevation

until permanent remedial work has been completed at the
downstream portion of the earth embankment.

B-1\
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Mr. Carl Quackenbush -2~ 3/3/78

Field ifnspection at the site on March 3, 1978 indicated that there
was about 12 iaches of snow on the frozen ice surface. About a half~inch
of water was flowing over the masonry spillway. 1In the vicinity of the
seepage area there was less snow cover than on the rest of the earth
embankment and the ground surface was frozen.

Lowering the water surface fs the first step in the remedial work
that is required at this dam. Later, vhen weather conditions are favorable
for construction work, additional remedial work will be necessary. This
work will include placing a stone filter blanket on the downstream slope
of the earth embankment.

Please keep Xen Harmer informed of your progress in dewatering the
reservoir.

Very truly yours,

- George RXoch
o Supervisor, Dam Safety Section

v = e
cc: J. Caspe'/”’
Army Corps of Engineers

Bl




March 22, 1978

Mr. Carl Quackenbush
Supt. of Public lorks
Village of Warwick
Box 369

Warwick, HY 10990

Re: Warwick Dam #397
Lower Hudson

Dear ir. Quackenbush:

This letter will confirm our telephone conversation on the above
date. - You have our permission to drain the entire reservoir.

Because of the spring runoff and snow melt, you have indicated
that it will take from four to six weeks before you will begin remedial
work on the earth embankments. Please have your engineer submit a drawing
on the planned corrective work in order that we can review your proposal.

Yours truly,

George Koch, Supervisor
Dam Safety Section

6K/jb

cc: Mr. Jerome Caspe, Army Corps of Engineers

e
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March 27, 1978

Mr. George Koch

N.Y.S. Dept. of
Environmental Conservation

50 Wolf Rd.

Albany, New York 12233

Dear Mr. Koch: 9

After our meeting and discussion on Friday, March 3, 1978, we
~came to-the’ agreement we would proceed to lower the #1 Reservoir.
Following are the procedures we took and the effects of these procedures.

We began the lowering by using our 40 H.P. recirculating pump
and ran it through the weekend.

3/6/78- Monday A.M.- The water had lowered 10". Just after noon that
same day, we discontinued the pumping and opened z 8" gate valve to
proceed with the lowering.

3/T7/78- Tuesday A.M.- The water had lowered 2" more. This same day I
conversed with Mr. Ken Harmer of your office and explained what was
being done.

3/8/78- Wed. The water had lowered 1' more, which made the level
2' below normal.

3/9/78- Thurs.- The level had lowered 8" more and the ice was all
cracked loose from the shore line and lowering with the water, which
we were happy to see.

3/10/78- Fri. - Water level was down 1' more.

3/13 - Monday- After the weekend the level had been lowered S'L".
The ice was still lowering with the water.

3/14- Tuesday- We had the water level down 6' and was making adjustments with
the 8" valve to try and hold this level. It rained off and on during the day.

cont'd page 2 B¢
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i 3/15- Wed. - Water level, due to the 1.41" of rain and snow melt, came
up 2'6". =
3
| 3/16- Thurs.- Warm weather and continued run-off raised the level 6" more.

3/17- Fri.- Level was holding.
3/20- Monday- Changed from the 8" gate and opened the 20" gate.
: 3/21- Tuesday- As of today, we had the level backdown 3'6".

3/22- Wed.- I called your office and asked if you had any objections
to the draining completely of this reservoir and you did not.

We found due to warm weather, we could not control any level, so this
is why we decided to lower it completely.

We devoted from 3/22 till 3/2L4 and almost had the mission accomplished,
but Saturday and Sunday we got 2.9" of rain again and the rain is still
continueing today, 3/27. We are in hopes that when the rain

ends and we once get the water drained, .we will be able to open

the 20" gate fully and it will keep the level down, without

any effects of some lower area downstream.

Just as a matter of information, there was no change visually in the
. so called leak.

Very truly yours,

Carl Quackenbush
, Supt. of Public Works
CQ:ms
cc: R.A. Peluso, Wehran Engineering
Jerome Caspe, Army Corps of Engineers
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APPENDIX C

FLOODWAVE ANALYSIS
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nasi(nm.nns The Aqﬁ\ns at +he downstram Seckians  and
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j O , HYDROGRAPH AT 8TA 1 FOR PLAN 1, RTIO 1 _ :
e - -~ 0y —-—-em O, -0, 0. 0. 0. 0. 0. core Qg O
- 0. 0. . 0. 0. 0. 0. 0. 0, 0, [z
{ s 0. 0. 0, 0. 0, 0. 0. 0. 1. 1. s
. 1. 2. 3. a, 5. 10 7. 8, 8, - Ve — - e e
6. a, S. 4, u, 3. 3. 3. 2, 2. P
*.C“ 2. & 1. 1 1. Ve e 1. 1. 15
! e 1o — g e @y mmeee B, 5. e B 8, S e )Y
! 11 12. 14, 16, 20, 27, 35, av, 61, 21,
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i -- 140, 123, 107, 93, a0, 70, 61, S3. # s, uo, -
T 3s, 1. 27. 23, 20, 17, 15. 13, 11, 10,
P O 8. 1. 6. s, s. u, 3. 3. 2, 2.
- - i {e 1. & 1. 0. 0. 0. - 0. - - 0 ——- 0,
0. 0. 0. 0. 0. o, 0. 0. 0. 0.
@ 0. 0. 0. 0. 0. 0. 0. 0. 0. 0,
5 PEAK 6=HOIR  20=HOUR  72=MOUR . TOTAL VOLUME
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- s - INEHES 1,15 1,83 1,92 1,92 - e
o AC=FT 80, 127, 133, 133,
v HYDRORRAPH AT STA 1 FOR PLAN |, QTIO 2 R 2 ik e e . e .
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ety 1, e | 1. 1o~ 1, et P e
u, 6, 9. 11. 13, 15, 15, 15, 14, ;_,
12. 10. o8 L. 1. 6, 5. 5, 4, 1
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2. 3. S. 1. 10. 12, 15, 18, 21,
25, 27, 32, uo, S3. 1% 93, 123, 162,
g, Ins, 369, 380, 396, - -39S, - - 377, --—— 348, - 315, - e
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1. 1, 1. e 1. 4y 1. 2. 3,
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= 5. 7. 10, 14, 19, 25, --—— 314 e 3T,
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1 1s 1. 1. fe 1, 1, 1,
(1 ¥ te 1o 1e 1. 1s 1.
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AC-FY
2. 2.
2. 2.
ko ST eingy
19, 16,
52, ae,
S sy 13,
A, 10,
e, 99,
e G Y8, - —= )0 3Y, -
1119, 9RA
2r2, 245,
= 8s, — 57,
9, 7.
3, 3.
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372. 324,
ag, 76.
18, 13,
3. 3.
2, 2.
No - N-
3% 3,
R e a3
6, 9.
76, T2,
- 23, st @0y
10, 9%
92, 104,
— 614, - 810,
1742,
by,
110, —--
22,
3.
3.
3.

ernRRARNRY

D-le




STCRAGFS
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36,81
35,83
36.8%
36.88
37,52
37.10
16,92
37.65
40,79
62,73
39,92
37.64
37,09
36,85
36.83

ROUTE P¥F THROUGH RESEPVOIR
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18TAQ
1

NSTPS
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ROUTING DATAS
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NSTOL LAG AvSKx 4 TSK STORA
0 0 0.n00 0,000 0,000 7.
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36.8% 36,83 36,83 36.83 36,83
16.8% 36,83 16.83 36.83 36,83
36.8% 36.83 16,83 36.84 36.84
17.04 37.1a 37.24¢ 37.35 37,44
37.4% 37.38 37.3% 37.27 37.22
37,01 16,99 16.97 36,96 36,95
36,97 37.02 37.10 37.20 37.32
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01,37 01,01 L0.66 a0.28 319,91
38.un 38,24 38,10 37.98 37.88
37,49 37.45 17,19 37.33 37,27
36.95 36,92 36.99 36.88 36,87
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1% 1. 1e 1. 1.
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3. 4, Se L 12,

36.83
36,83
36,85
37,50
37,18
36,94
37,45
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43,60
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37,79
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36,86
16,84
36,83

36,83

36,83 : ol
36,86

37,53
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39,96
43,19
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37.71 =
37,18
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20,
179,
298,

36,82
4 3,87
36,87
16,96
37,83
37.34
17,00
8,11
a3, a7
as,24
- w0,87

18,07

37.30
s 16,90

36.87

36,83
16,96
316,90
3,08
nl-—a
7,40
37.16
3N 56
as,76
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- ay, 17

23,
22,
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T
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-
e s

36,84
16,87
36,87
37.03%
37,78
37.29
37,00
3A,21
44,72
us , u9
40, 3n
37.9%
37,22
16,29
36,87

crFs
INCHES
AC=FT

36.85
36,90
36,90
37,18
38.06
%7.45
37,16
38,70
a7, 34
68 1R
ay.35

25, 23,
2R1, 376,
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62, Su.

19, 13,

3. 2.

1, 1k

Ve 1is
35,85 36,85
36.87 14,87
36,87 34,87
37,13 37.29
37,72 37,66 -
37,25 37,24
17.07 37.13
38,30 33,40
as.87 us, 84
au,7s sy,08
39,92 - 39,57
37.85 33,17
37.14 37,08
36.8% 15,88
36,87 36,87
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395,60 321,14
2.30
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2 STATION
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1, 1.
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a, e a,

31, w2,
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22, 19,

85— 5.

5 1.

I8 1.
36,87 36,88
36,90 - 36,90 -
36,90 36,91
37.30 37.5?
37,97 - 37,89
37.41 17.37
37.20 37.29
38 84 39,05
uR 83 S0,11
47,22 86,28
40,99 40,62

33,
3A3,
177,
av.
1.
2.
1.
t.

_STOR
36,86
36,87
36,87
37,48
37.61
37.17
37.24
38,67
47,66
a3, 03
39,24
37,89
37.03
36,88
36,87

2640UR
127,60
3,68
253,

1
.
.

36.86
36,487
6,87
37.6%
37,56
37.1¢8
37.39
39.0%
T IY]
62,89
IR _OR
37,42
36,98
36,87
36.87

72=%0UR

PLAN 1,

36,89
mo.aa
36,90
37,914
37,73
37.29
17.65
19,86
51.75
uu 69
39,88

36.86
34.87
36.87
37.7%
37.52
37.11
37.57
39.861
68,27
u2.26
38,74
37.56
36,95
36.87
36,87

36,88
3¢.87
36,88
37.8%
37.48
37.09
37.74
40,37
aB,0AR
uy1,79
38,53
37451
36.93
36,87
36,87

TOTAL.- VOLUME
buuu,B8S

RTIO 3

36,89
34,90
35,91
38,04
37.67
37.25
37.8¢
up, A0
51.%0
vu,02
39,50

3.84
266,

36,90
36,90
36,92
3p,14
37,64
37.22
38,03
ay,7%
51,8
43,38
39,19

36,90
36,90
36,94
18,19
37,56
37.20
38.22
a2 ,BS
50,99
u2,78
38,92

36,87
36,87
36,92
37.86
37,39
37.05
38,00
2,31
46,99
61,02
38,20
37.39
36,90
36,87
36,87

36,90

36,90 -

36,98
38,19
37.%2
37,18
3R, 40
au 21
S0.11
v2,24

‘38,69
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38,49
37.4%
36,94
36,90

369,
591.
155,

38,84
36,93
16,940
37,12
A, U4
37,57
17,27
39,01
ar,77
®1.90
62,83
3A,9>
37,51
346,98
30,%

38,32
37.34
36,93
36,90

CFs
INCHES
AC=FTY

CFs
INCHES
AC=}FT

38.17
37.25 37,18
14,92 36,92
16.90 36.90
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593,09 uR2,24
3,45
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4 STATION
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23, 20,
6, 6.
Sy - 6,
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Sh9, 659,
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29, ?S.
s, o,
1. 1
1s 1.
36.89 36,90
36,93 35,90
36,94 16,92
17,47 37,72
38,23 32,11
37.50 37.47
37.3% LR T
39,14 19,64
51.50 53,17
49,37 ar 26
81,79 uy,.36
35;49 3n, 32
37.34 37.26
36,96 35,96
36,94 386,94
PEAK 6=HOUR
791,20 6u3, 55
4,51
319,
STATION
1,
1. i,
1, 1,
°. nwn
e9, 2s,
8, e
b, 8,
62, 70,
712, 824,
569, 494,

37,92 37,82 37.73 37.6S
37.11 37.06 37.02 36.99
36,91 34,01 16,91 36,91
36,90 I0.90 36.90 36.90
2UaN0nR 72=N0U% TOTAL VOLUME
191,08 67,11 9667,28
S.un 5,76 S.76
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1, PLAN 1, RTIN 4
1. 1. 1. 1.
1. 1. 1. 1.
1. 1. 1. 1.
17. 21, 2s., 28.
18, 16, 14, 12,
6. Se 5 S.
9. la, 19, 2sS.
67. Bu, 118, 158,
732. 178, 791, 771,
345, 302. 263, 2%,
AR, 78, %9, 60.
22, 18, 1A, 13,
;. 18 - L 2, 2.
1. 1. 1. 1.
1. 1. 1. » s

Stae .

36,91 36.92 36.93 36,93
16,90 38,94 36,94 16,90
38,90 16.94 36,95 36,96
37,94 3N.1S 38,32 3R, 45
38,00 17,90 37.82 37.74
37,48 37.41 37.38 37.35
37.4% 37.83% 38,06 38,30
40,12 (TN 1) ay .82 42,90
S4,51 ° 55.37 §5.62 55.24
av,.26 us,33 asS,u8 46,75
40,98 4c.s1 40,22 39,83
38,16 38,02 37.90 37.80
37,18 37.12 37.07 317,04
36,95 34,95 30,94 36,94
36,9 36,94 36,94 38,94
24=HOUR 72=-HOUR TOTAL VOULUVE
255,31 89,48 12889,71
7.31 T.68 T.69
S0, 533, 538,

1, PLAN 1, RTIO S
1 ¥ is 1,
1., 1. I 1,
2. 2, 2, 2.
2l e, 32, 38,
22. 20, 17, 1%
1o &, 6, 6,
13, 18, 2u, 31,
85, 112, ju9, 1v7,
915, are, 989, You,
“es, 313, 32, 287,

37,58
36,97
36,91
36,90

37.51
36,95
36,90
36,90

SR
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660,
AT,

36.93
36,94
37,04
38.51
17.62
37.29
38,79
45,91
53,18
a3, S
39.18
37.61
37.00
36.94
3e,%
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36,85
36,97
36,97
37,19
38,75
37,68
37,58
39,48
L9,02
S4,04
43,85
39.3¢
37,58
37,03
36,97

36,86
37.00
37,00
37.27

39,06 - -

37,75
37,47
39,90
51,58
57,39
wu, 72
39,75
37,60
37,07

36,89
36,97
36,97
47,56
38,62
37,01
37,49
39,69
51,80
53,02
43, 2v
39,08
37,49
37.01
36,97

CFS

INCHES

38,9
37.00
57,00
37,48
38,9
37,69
37,48
4@o,18
4,07
v5,00
uu,08
39,02
57,54
37.05

AC=FT

38,91
3A,97 -
36,97
57,81
35,038
37,57
37,40
30,92
94,14
S1.48
42,59
38,84
37,464
37,00
36,97

PEAK
989,00

36,94
37,00
37,00
37,78
38,73
37,64
37,98
“o 67
56,79
$3,59
a3, 38
39,12
37,06
37,04

36,93
36,97
36,97
37.87
38,33
37,54
37.59
wo,27
96,23
99,09
42,08
38,59
37.33
57,00
36,97

6=40UR
B0u,ul

S.76

399,

STAT1ON

30,%0
37,00
37,00
38,02
38,56
37.60
37,09
4q,88
59,29
51,93
42,15
38,86
37,38
59,03

110,

9, 62, 74,
er, 23, 20. i7.
BQ S| i Hl i U. h.
- NQ NQ N.
<, 2, 2, 2,
STOR
36,94 36.95 36,90 38,56
36,97 36,97 36,97 36,97
36,97 36,97 36,98 37,00
36,13 38,58 38,60 38,70
38,20 38,07 37.917 37,817
371.% 37,49 37,47 37,45
1. 38,00 38,27 3B, 57
40,85 ul,65 u2,00 43,99
7.9 5&,98 99,29 by, 82
w89 a7t 8p 4b,%0 4o, U0
vi,58 a1, 40,81 4Q,48
38,39 38,22 38,07 37,94
37.25 37.18 37.13 37,09
36,99 36,98 56,94 38,98
36,97 36,97 36,97 36,97
24~HOUR 72oHQUR TOTAL VULUME
319,14 111,85 16112,13
9.13 9,60 9,61
633, s6b4, tb8,
1, PLAN 1,y RTIO ¢
2, 2, 2, 2,
2, ' e 2, 2.
2. 24 24 2,
5. 32, 38, ug,
27, 24, 21, 18,
8, 7. Te 0
15, el - 29, 37,
105, 136, 179, 2uy,
1098, 1167, 1187, 1150,
S18, ads, 390, 342,
132, 114, . a9,
32, 28, e4, 20.
a, “, 3. S
2, 2. 2. 2,
2, 2, 2. '
STOR
36,97 36,98 36,99 36,99
37,00 37.¢0 37,00 37,00
37.00 37.01 37,02 37,04
Ju, 32 38,02 38,868 39.07
34,49 38,25 38,32 36,00
37.57 37.54d 37.5%2 37.%0
37,469 36,15 A, ub Se, 085
4y ,97 wz2,29 43,48 40,99
61.31 62.59 62,97 Lr eyl
50,49 49,24 us,17 wr,.20
ue,18 41,69 ui.27 wo,v0
35,863 38,42 38,24 3e, 08
37.30 37,23 37,18 $7.14
37,03 37,02 37,02 37.01

36,90
36,97
37,04
38,84
37,79
37,42
3,89
65,50
57.73
a5,20
0,03
37.8¢2
37,006
316,97
36,97

30,97
_36,47
37,09
8,858
57,12
57,40
39,18
aji,us
56,24
44,50
39,60
3,11
37,04
36,97
56,97

37,00
37.00
37.15
39,10

e 3700

S7.,08
39,58
v, By
59,51
ey, 45
4o.13
37,80
37,09
37.01
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$ 37,01

36,87
37,03
37,04
37,35
= 39,38
! 37,54
37,51
4,35
53.12
' 50,13
= 45,55
40,15
37,73

37.11 -
37,04

37,01 37,01
PEAK
CFS 1186,060
INCHES
AC=FT

1, 1.

2o 2,

N‘ NQ

8, 14,
s, 4o,
13, 11,

ﬂl 0.
79, es,

¥es, 997,
912, 7196, -
231, 202,
s9, 51,

9, Te -

3. -

2, 2.
36,92 36,96
37,04 - 37,04
37,04 37.04
37,517 37,84
39.18 38,98
37,77 37,71
37,54 37,61
w0, b8 49,99
56,26 59,43
97.86 55.71
e, 79 Ga,11
3v,78 39,44
37.50 37.51
37.09 37,08
37,04 37,04

PEAX

CFS 1384,60
INCHES
AC=FT

w- N.

2. 2.

2, 2,
10, - 17,
s2, 4s,
15, 15,

8. - 10, -

93, 103,
9uu, 1139,
icue, 910,
204, 2e9,
67, 58,

10, 8,

37,00

6=HOUR
965,29
6.91
419,

STATION

4,
6,
2.
~.

36,98
37,04 .
37 0u
58,10
ia,78
37,67 ‘
37.70
41,37
62,36
53,77
u3,u3
39,14
37,43
37.07
37,04

6=HOUR
1126417
8,06
vwo.
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37.00

24=HOUR
382,97
10,96
Te0,

STOR
37.00
37,0¢
37,04
38,91
38,59
37,63
38,00
4y ,%
60,71
Se,08
we,78
38,86
37,55
37.06
37,04

2uen0yR
Uub,80
12,79
Ba7,

1, PLA

37.00

72
1

37,01
37.04
37.cu
38,89
3&,42
37.60
38,381
uz,9
66,20
SC.03
$e,2l
38,02
37.28
§7.08
37.04

Te
1

N 1,

37,00 37.00
=HOUR TOTAL VULUME
s4,22 19334,50
11.%2 11,93

799, 799.
RTIO 7

2. 2.

2. 2.

2, 2.

qu, S0,

ey, el,

8. 8,

34, 5 w4,

209, 285,

1385, 1349,

LSS, 397,

114, 99,

eT, 23,

a4, £

2. 2.

2, 2,

37.02 37,03

37,04 37.04

37,05 37,00

39,10 39,308

38,27 38,13

37,57 37.55

38,09 39,12

w4, 30 “s,97

66,64 65,98

u9, 5o us, 30

Wl,.72 41,29

38,41 38,28

37,22 37,18

37,05 57,05

37.04 37,04
=HOUR TOTAL vOLUME
56,59 2¢556,90
15,45 13,45

932, 983,
RTIV 8

2, 2.

2, 2,

u. U.

51, S7.

27, 2u,

a- ‘.

39, S0,

243, Seb,

1502, 15«2,

Set., usu,

13, 115,

4 e,

‘d E.

37,00

37,03
37.04
37.13
39,49
38,02
37.53
39,55
u7,.92
s4,42
wr,33
wv,ve
38,08
37.15
37,04
37.04

37,00

37,08
37,04
37,¢1
39,48
37,9¢
37,5¢
39,97
S0,e9
62,37
ab, 4o
0,5
37,90
37,13
. 37,04
37,04
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36,88
' . 37.97

. 37,07
- 37,43
- = 39,67

37,93

37,56

= 40,79

Su,8e

! 62,88
48,37
5 40,52
& 37,80
' 37.15
37,08

3
24

36,94
37.07
37,07
37,60
39,47
37,65
87,58
41,12
56,46
60,29
45,51
40,12
37.55
37,13
37,07

CFS
INCHES
T ACeFY

36,98

37,14

37,14
37.81
40,03
38,01
37.67
41,80
62,84
65,15
46,93
uo,72
37,76
37,21
37,14

3.
2,

36,98
37,07
37,07
57,95
30,23
47,78
31,67
4,39
62,08
57,62
4u, 75
39,75
37,55
37,12
37,07

37.03
87,14
37,14
38,15
39,74
37,93
37,78
u2,10
67,37
62,0u
46,09
“w0,33
37.63
37,19
37,14

PEAK
1582,u1

PEAK

3.
2,

37,01
37,07
37,07
38,30
39,00 -
37,73
37,84
41,77
65,42
55,60
44,05 -
39,4}
57,47
37.11
37.07

b=rOUK
1287,05
9.21
639,

STATION

37,08
37,14
37.14
38,58
39,45
37,80
38,170
42,37
71,54
59,27
45,18
39,94
37,53
37,18
37.14

6=HOUR

3.
2.

STOR
37,03
37.07
37,07
38,09
3u,79
37.69
38,11
2,6
68,11
S3,68
us,38
39,10
37.59
37.10
37,07

2u=~0UR
510,03
14,62
1018,

1,
3,
3,
S
uz,
4s,
135,
25,
17s,
1830,

PLA

ST10%
37,09
37,14
37,14
39,08
39,18
37,80
38,583
43, u2
74,91
56,47
uu, L
39,%0
37,40
37,17
37.14

2u=-nouR

3.
N.

37.04
371.07
37.08
39,09
38.59
57,65
38,47
65,53
69,81
S5¢,.02
42,73
38,83
37,52
37.09
31.07

72=n0UR
178,96
15,37
1065,

N 1, RTIO

57.10
37,14
37415
59,56
38,938
37.70
38,78
qu, 72
17,04
S6,. 79
43.73
39,22
37,49
37.18
37.14

«HOUR

u- N.
2, 2o
37,0% 37,08
37.07 37,07
37,09 37,1¢
39,43 39,069
s8,u2 3s,27
37,02 57.50
38,90 39.39
45,08 46,80
70,52 69,56
S0,99 49,35
uz2, 18 41,68
38,58 38,37
37,27 37,458
37,09 37,08
37,07 37,07
TOTAL VOLuME
25779,4}
15,387
10886,

9
3, By
3. 5,
3, LS
o4, 11,
34, 30,
12, 11,
u8, 62,
308, 411,
1978, 1ve7.
651, So7.,
163, 141,
39, 33,
Se Yo
8 3.
3, 3,
37.11 37,12
37.14 . 37,14
37.18 37,20
39,99 uo,30
sa,72 348,53
37.7¢ 37,89
39,32 39,93
a6, 4y ul, 58
77.07 76,72
55,01 S1,u0
43,00 w2, u>
38,92 38,60
37.34 37.30
37.10 57,15
37.14 57,14
TOTAL voLuMe

37,13

37.14

37,27
uc,us
34,587
37,67
40,55
S1.09
74,50
50.11
al,92
38,43
37.27
37.15
37,14

37.135
37.14
37,39
40,4
3u,e8
37,05
41,11
S4,80
71,57
T K}
4y,u67
s6,19
37,¢5
37.15
37,14
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CFs 1978,01 1608,82 638,29 223,70 32224,.28 . |
INCHES 11.51 18,27 19.21 19.22
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AD-A063 862 ARMY ENGINEER DISTRICT NEW YORK F/6 13/2
NATIONAL DAM SAFETY PROGRAM. LOWER WARWICK RESERVOIR DAM (INVEN==ETC(U)
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