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PREFACE

This report is prepared under guidance contained in theI Recommended Guidelines for Safety Inspection of Dams, for Phase I
Investigations. Copies of these guidelines may be obtained from

the Office of Chief of Engineers, Washington, D.C. 20314. The
purpose of a Phase I Investigation is to identify expeditiously
those dams which may pose hazards to human life or property. The
assessment of the general condition of the dam is based upon available
data and visual inspections. Detailed investigation, and analyses

involving topographic mapping, subsurface investigations, testing,
and detailed computational evaluations are beyond the scope of a

Phase I Investigation; however, the investigation is intended to
identify any need for such studies.

In reviewing this report, it should be realized that the reported
condition of the dam is based on observations of field conditions

at the time of inspection along with data available to the inspection

team. In cases where the reservoir was lowered or drained prior to
inspection, such action, while improving the stability and safety of
the dam, removes the normal load on the structure and may obscure
certain conditions which might otherwise be detectable if inspected
under the normal operating environment of the structure.

It is important to note that the condition of a dam depends on
numerous and constantly changing internal and external conditions,
and is evolutionary in nature. It would be incorrect to assume that
the present condition of the dam will continue to represent the
condition of the dam at some point in the future. Only through frequent
inspections can unsafe conditions be detected and only through continued
care and maintenance can these conditions be prevented or corrected.

Phase I inspections are not intended to provide detailed hydrologic

and hydraulic analyses. In accordance with the established Guidelines,

the Spillway Test flood is based on the estimated "Probable Maximum
Flood" for the region (greatest reasonably possible storm runoff), or
fractions thereof. Because of the magnitude and rarity of such a storm
event, a finding that a spillway will not pass the test flood should

not be interpreted as necessarily posing a highly inadequate condition.
The test flood provides a measure of relative spillway capacity and
serves as an aide in determining the need for more detailed hydrologic

and hydraulic studies, considering the size of the dam, its general
condition and the downstream damage potential.
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PHASE I INSPECTION REPORT

I NATIONAL DAI SAFETY PROGRAM

NAME OF DAM: Ischua Creek Watershed
Ischua Creek-Site 4
Inventory No. N.Y. 626

STATE LOCATED: New York

COUNTY: Cattaraugus County

RIVER BASIN: AlleghenySTREAM: Saunders Creek

DATE OF INSPECTION: May 6, 1980
See Vicinity Map & Topographic Map,
Appendix F

1ASSESSMENT
- The examination of available engineering documents and

visual inspection of the Ischua Creek Site 4 Dam did not reveal

conditions which constitute a hazard to human life and property.

The total discharge capacity of the combined principal and

auxiliary spillways is adequate to impound and safely discharge

the floodwater resulting from the Probable Maximum Flood, there-

fore, the spillway is deemed to be adequate.

The computed maximum discharge velocities in the auxiliary

spillways are in excess of that normally accepted for grass-lined

channels.

Deficiencies noted for this structure include cracks in the

principal spillway outlet pipe and an inoperable reservoir drain

gate. These deficiencies were known in advance of this inspection

and plans were initiated to correct same during the Summer of 1980.

An investigation into auxiliary spillway erodability during periods

-i---
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of heavy runoff should be completed within 18 months from the

time of approval of this report. In addition, an emergency

preparedness plan for notification and evacuation of downstream

Jresidents should be developed within 6 months.

Bent L. Thomsen, P.E.
Thomsen Associates
N.Y. Lioense #40553

-,-- Gary L°. 'ood, P.E.
= Thomsen Associ tes

N.Y. License 44504

*APPROVED BY 10SEP i1tfl 7'
N 'York 'Mistrict Engineer
Colonel U . 11. Smith, Jr.
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PHASE I INSPECTION REPORT

NATIONAL DAM SAFETY PROGRAM

ISCHUA CREEK WATERSHED PROJECT

SITE 4

I. D. No. N.Y. 626

ALLEGHENY RIVER BASIN

CATTARAUGUS COUNTY, NEW YORK

SECTION 1: PROJECT INFORMATION

1.1 GENERAL

a. Authority

The Phase I inspection reported herein was authorized by

the New York State Department of Environmental Conservation

by Contract No. D-201458. This study was performed in

accordance with the terms of the above contract and the

"Recommended Guidelines for Safety Inspection of Dams"

to fulfill the requirements of the National Dam Inspection

Act, Public Law 92-327.

b. Purpose of Inspection

This inspection was conducted to obtain available data

concerning design and construction of the dam, evaluate

said data, to inspect existing conditions at the dam, to

identify and evaluate deficiencies and/or hazardous con-

ditions which may threaten life and property of downstream

residents, and to recommend additional or remedial action

to mitigate such hazards where required.

1.2 DESCRIPTION OF PROJECT

a. Description of Dam

"The Ischua Creek Watershed Project Site 4 consists of an

earth dam with a principal spillway outlet pipe passing

from a reinforced concrete riser structure through the

ItI



j embankment and two (2) grass'lined earth auxiliary spill-
ways passing around the north and south ends of the embankment.

The dam embankment, which is composed of compacted glacial

till soils, has a height of 51 feet, a crest length of 900

feet and a crest width of 18 feet. The upstream slope is

1 vertical on 3 horizontal and the downstream slope is 1

vertical on 2.5 horizontal. The crest and exposed slopes

are grass covered. An earth cutoff trench of varying depth

and width keys the embankment into relatively impervious

foundation soils. The principal spillway consists of a 3

foot by 9 foot I.D. reinforced concrete riser structure,

a 36 inch I.D. circular reinforced concrete pipe, and a

plunge pool cut into glacial till and lined with 18 inches

of riprap. Normal pool elevation is maintained by an orifice

in the riser structure at elevation 1684.2. A reservoir

drain consisting of a 24 inch I.D. bituminous coated cor-

rugated metal pipe extends from a point in the reservoir

east of the riser structure to the base of the riser

structure. A vertical slide gate mounted along the upstream

side of the riser controls the flow through the reservoir

drain.

Two auxiliary spillways along the north and south ends of

the embankment are cut primarily into dense glacial till

soils. The north auxiliary spillway has a bottom width

of 100 feet whereas the south auxiliary spillway is 200

feet wide at the base.

The dam has an internal drainage system consisting of a toe

drain trench filled with sand and gravel filter material with

8 inch diameter perforated bituminous coated corrugated

metal (B.C.C.M.) collector pipes bedded in the filter

material at the base of the embankment near the downstream

toe. The perforated pipe section of the drainage system

is parallel to and 88 feet downstream from the dam center-

line. Seepage is collected and diverted through this pipe

-2-



to a non-perforated 8 inch diameter B.C.C.M. pipe and

outletted to either side of the principal spillway outlet

pipe into the plunge pool. (These outlets are shown on

the photo of the outlet pipe and plunge pool.)

b. Location

The Ischua Creek Watershed Project Site 4 is located on

Saunders Creek approximately 3/4 mile northeast of the

Village of Franklinville. A two lane asphaltic concrete

road (Hardy Road) crosses Saunders Creek approximately

2000 feet downstream of the dam and parallels the south

auxiliary spillway.

c. Size Classification

The dam is 51 feet in height and has a maximum storage

capacity of 1011 acre-feet (top of embankrent). This

structure is therefore in the intermediate size category

as defined by the Corps of Engineers, Recommended Guidelines

for Safety Inspection of Dams.

d. Hazard Classification

The dam is classified as high hazard because of the number

of residents located along the downstream channel in the

Village of Franklinville.

e. Ownership

The dam is owned and operated by the Cattaraugus County

Watershed District. The local contracting officer is

Mr. Edward Smith of Franklinville, New York. His telephone

number is 716-676-3427.

f. Purpose of Dam

The dam is a floodwater retarding structure.

g. Design and Construction History

The dam was designed by U. S. Department of Agriculture,

Soils Conservation Service (SCS) between the period 1959

*Note that the SCS Design Report has this direction reversed.

-3-
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through 1961. The dam was constructed by Sack Brothers, Inc.

during the period from August 1962 to September 1963. The

SCS office in Syracuse, New York has the design report which

contains hydrologic-hydraulic data, soils and geoloqy re-

ports, and a stability analysis of the embankment. In

addition, this office has the as-built drawings, contract

documents and other pertinent data related to this structure.

h. Normal Operational Procedure

Normal flows are discharged through an orifice in the

intake riser structure through the principal spillway.

The orifice is the primary control when the reservoir is

between elevations 1684.2 and 1703.2. Reservoir levels

between 1703.2 and 1713.0 are discharged through both the

orifice and over the riser crest. The reservoir has suf-

ficient capacity to store and the principal spillway to

discharge 237 cfs without discharge occurring in the aux-

iliary spillways.

1.3 PERTINENT DATA

a. Drainage Area (sq. mil) 4.1

b. Discharge at Damsite (cfs)

Reservoir Drain at Orifice Crest (1684.2) 70

Orifice at Riser Crest (1703.2) 110

Principal Spillway at Auxiliary Spillway Crest(1713.0) 237

Principal Spillway at Design High Water (1715.9) 243

Auxiliary Spillway at Design High Water (1715.9) 4457

Total Spillway Capacity at Top of Dam (1717.2) 8650

c. Elevation (ft. above MSL, taken from Design
Report and As-built Drawings)

Top of Dam 1717.2

Design Maximum High Water 1715.9

Sediment Pool - Orifice Crest 1684.2

Intake Riser Crest (Principal Spillway) 1703.2

Auxiliary Spillway Crest 1713.0

Steambed at Centerline of Dam 1666.2

-4-
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d. Reservoir (ft)

Length of maximum pool 3700

Length of sediment pool 300

e. Storage (acre-feet)

Sediment Pool (taken from Design Report) 31

Crest of Riser (flood storage above sediment pool) 302

Design High Water(flood storage above sediment poo) 91 2

Top of Dam (flood storage above sediment pool) l011

f. Reservoir Surface (acres)

Sediment Pool 5.6

Crest of Riser 26.2

Design High Water 73.0

Top of Dam 80.0

g. Dam (Taken from Design Report)

Type: Homogeneous Earth Embankment with keyed

earth cutoff trench and toe drains parallel

to dam centerline

Length: (ft) 900

Height: (ft) 51

Top Width (ft) 18

Side Slopes: Upstream (V:H) 1:3

Downstream (V:H) 1:2.5

Zone: None

Impervious Core: None

Cutoff: Compacted earth cutoff trench of

Embankment Material

Grout Curtain: None

h. Principal Spillway (Taken from Design Report)

Type: 36" outlet pipe from 3 ft x 9 ft I.D. reinforced

concrete riser structure rising 36.93 feet above

the base elevation (outlet invert) 1668.1

Size of Orifice Crest Elevation 1684.2

Riser Crest Elevation: 1703.2

Gates: Uncontrolled

-5-
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i. Auxiliary Spillways

Type: Channel cut into glacial till soils,

1trapezoidal cross section, grass lined
Bottom Width (ft): North Spillway 100

South Spillway 200

Side Slopes (V:H): 1:3

Length of Level or Control Section (ft): 20

Exit Slope (%) North 4
South 6

j. Reservoir Drain

Type: 24" I.D. Bituminous coated corrugated

metal pipe

Length: (ft) 24.5

Control: Manually operated vertical slide gate

mounted on the upstream side of the

i Concrete Riser Structure

-6-



SECTION 2: ENGINEERING DATA

2.1 GEOTECHNICAL DATA

a. General Geology

The Ischua Creek damsite number 4 is located in the

vicinity of the Village of Franklinville, in southwestern

New York State; this area is situated at the northern

extremity of the Appalachian Plateau physiographic province.

Local bedrock consists of interbedded shales, siltstones

and sandstones of the Canadaway and overlying Conneaut

Groups which are of upper Devonian age. Although the

regional dip of rock units in this province is very gently

southward, this dip is so slight that, over relatively

small areas, the stratigraphy may be considered essentially

horizontal.

Overlying this local bedrock are deposits associated with

Pleistocene glaciation of the area. These deposits include

glacial till (ground moraine) on uplands and slopes, and

outwash deposits (stratified granular material) filling

or forming the floor of present or past stream channels.

Although geologic reconnaissance has revealed no major or

active faults in this area, the Village of Franklinville

is situated in a region classified between Zone 2 and Zone 3

seismicity, as shown on Figure No. 1 of the Recommended

Guidelines for Safety Inspection of Dams. We note the

Attica, New York area,located roughly 35 miles to the north,

has been the site of numerous seismic events of mcderate

intensity.

b. Subsurface Investigation

NOTE: The following information was extracted from the

Design Report prepared by the SCS.

The subsurface investigation conducted by the SCS consisted

of a total of 8 test borings and 28 test pit excavations.

A total of 2 test borings and 5 test pit excavations were

advanced along the dam axis. An additional 3 test pits

-7-

i ° 

° •I

*.-*



were excavated along the principal spillway. Within the

two emergency spillways a total of 6 test borings and 12

test pits were advanced. Since additional borrow was

needed beyond that within the emergency spillway cut areas

8 more test pit excavations were made in the borrow area.

It should be noted that in the flood plain (which corresponds

to the area of maximum embankment height) the 2 test borings

advanced penetrated between 15 and 22 feet below the as-built

bottom of the cutoff trench.

d. Subsurface Conditions

The overburden soils encountered at this site are composed

of alluvial sand and gravel within the flood plain underlain

by a dense glacial till at depths ranging from 3 to 9 feet

below the former ground surface. Above the flood plain in

the valley slopes a thin veneer of topsoil overlays the

dense glacial till. The till at this site is a hetero-

geneous mixture of silt, sand and embedded gravel. The

clay fraction is quite low in the range of 5 to 8 percent

by weight.

The underlying bedrock is a sandstone with interbedded

shale layers as described in the previous section. The

bedrock is quite shallow on the north side of the valley

and outcrops downstream of the dam in the north abutment.

Along the south side of the valley the bedrock was not

encountered within the depth of the subsurface investiga-

tion which extended to at least 31 feet below the valley

floor.

Seeps were detected in the north side of valley during the

subsurface investigation and a rusty length of pipe was

protruding from one of these seeps exiting from the bedrock.

This same condition was found during the visual inspection

conducted on May 6, 1980. In fact a rusty length of pipe

was found just downstream from abutment-embankment contact.

1: D-I .-.-



Clear water was flowing from and around the pipe. ThisI " may be the same pipe discussed in the January 1959 Geology

Report by the Soil Conservation Service.

2.2 DESIGN RECORDS

ji The dam was designed by the Soil Conservation Service,

who prepared a design report, contract specifications

and engineering drawings. Portions of the design folder

have been included with this report in Appendix E. In

addition a number of as-built drawings prepared by SCS

have been included in Appendix F of this report.

- 2.3 CONSTRUCTION RECORDS

The records of construction were made by SCS and are

available from the Syracuse, New York office. Changes from

original design are noted on the as-built plans in

Appendix F.

2.4 OPERATION RECORDS

The dam was designed as an uncontrolled, floodwater retard-

ing structure and therefore no operating records are

maintained regarding reservoir level or spillway discharge.

The structure is monitored by SCS personnel and representa-

tives of the Cattaraugus County Watershed District during

periods of heavy rainfall.

2.5 EVALUATION OF DATA

The data presented in this report has been compiled from

information obtained from the Soil Conservation Service

as well as the New York State Department of Environmental

Conservation Files.

The available documents reviewed in connection with the

Phase I inspection are considered adequate and reliable.

-9-
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SECTION 3: VISUAL INSPECTION

3.1 FINDINGS

a. General

The visual inspection of Site 4 Dam was conducted on

May 6, 1980. The weather at the time of the inspection

was clear with temperatures in the seventies. The

reservoir level was at the crest of the orifice, elevation

1684.2.

j b. Embankment

The embankment appeared in excellent, well-maintained

condition. No evidence of seepage, sloughing, misaliqn-

ment, cracking or other deleterious conditions was observed.

The surface drainage system, which is composed of stone

gutters on the downslope side at the abutment-embankment

contact, was clean and in good condition.

The internal drainage system is composed of two (2) 8 inchf diameter bituminous coated corrugated metal pipes surrounded

by "filter" material and extending parallel to the dam

centerline providing drainage at the embankment-foundation

contact. These pipes outlet parallel to the principle

spillway into the plunge pool. There was no discharge

from these pipes on the day of the inspection.

c. Principal Spillway

The principal spillway consists of a reinforced concrete

riser structure with a 1'0" high by 2'8" wide orifice at

elevation 1684.2 and the riser crest at elevation 1703.2.

One 36 inch I.D. reinforced concrete pipe bedded on a

concrete cradle transports reservoir water from the riser

structure to the plunge pool and outlet channel. In

general, these components were in satisfactory condition.

However, the outlet pioe is cracked at several locations,

as shown on the plan contained in a report prepared by
SCS and included in Appendix D of this report. The con-

dition of the cracked outlet pipe was first discovered

in August 1976 during an inspection by the SCS.
-10-



I
Subsequent to this first inspection, the spillway pipe

was reinspected in July 1977, October 1977 and May 1979

and "no apparent change" was noted. Included in Appendix D

is a copy of the "Engineering Investigation Report-Ischua

Creek Watershed-Site 4" prepared by the Syracuse office of

the soil Conservation Service concerning the cracked

principal spillway outlet pipe. This pipe will be drilled

and the soil surrounding the pipe grouted in the vicinity

of the cracks. Once grouting is completed the cracks will

be cleaned and patched with an epoxy cement. This work

will reportedly occur during the Summer of 1980. Other

deficiencies include the evidence of erosion along south

(left) bank of plunge pool and the growth of 1 to 2 inch

diameter trees in the outlet channel extending from the

downstream edge of the plunge pool a distance of approxi-

mately 100 feet. A slight amount of debris was present

around the trash rack of the orifice in the riser structure.

d. Auxiliary Spillways

The auxiliary spillways for this structure are located at

the north and south ends of the dam, and were in excellent

condition at the time of the inspection. The south auxiliary

spillway is located in an earth cut whereas the north

auxiliary spillway is situated in an earth and rock cut.

Both spillways were subsequently lined with topsoil and

support a healthy grass cover.

e. Reservoir Drain

The reservoir is drained by a 24 inch I.D. bituminous

coated corrugated metal pipe and manually operated slide

gate which is attached to the upstream side of the riser

structure. The slide gate was reported to be inoperative

at the time of the inspection and this condition will be

corrected during the Summer of 1980.

"" f. Downstream Channel

The plunge pool is lined with riprap and a growth of 1 to 2

inch diameter trees lines the downstream channel from the

~-11-
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downstream edge of the plunge pool for a distance of about

100 feet (as previously noted).

g. Reservoir Area

The area surrounding the reservoir is primarily pasture

land with gentle slopes. No signs of slope instability

were observed.

3.2 EVALUATION

The visual inspection of this dam revealed the following

deficiencies:

1) Cracks in principal spillway outlet pipe (to be

repaired during Summer 1980).

2) Reportedly inoperative reservoir drain (to be corrected

in Summer 1980).

3) Slight amount of debris build up around the orifice

trash racks.

4) Erosion along the south side of the plunge pool.

5) Tree growth in downstream channel 100 feet beyond

plunge pool.

-12-
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SECTION 4: OPERATION AND MAINTENANCE PROCEDURE

4.1 PROCEDURES

The normal reservoir level is controlled by the crest

elevation of the orifice in the riser structure. Down-

stream flows are limited by the flow through the orifice and

over the riser crest which discharge 237 cfs when the res-

ervoir is at the crest of the auxiliary spillways.

4.2 MAINTENANCE OF DAM

The dam is maintained by the owner, Cattaraugus County

Watershed District. Normal maintenance consists primarily

of cutting the grass of the embankment and auxiliary

spillways about 2 times a year. Debris is cleared from

the trash rack during the summer months.

4.3 WARNING SYSTEM IN EFFECT

There is no warning system in effect, however, the dam is

monitored during periods of heavy runoff by represenatives

of SCS and the owner.

4.4 EVALUATION

The operation and maintenance procedures for this structure

are satisfactory.

-13-



SECTION 5: HYDROLOGIC/HYDRIAULIC

5.1 DRAINAGE AREA CHARACTERISTICS

Delineation of the watershed draining into the reservoir

pool area was accomplished using the USGS 7.5 minute quad-

rangles for Franklinville, New York. The drainage area 1
measures 4.1 square miles and consists primarily of open

fields and woodlands. The topography throughout the

drainage area consists of rolling hills with moderate to

steep side slopes that range from approximately 5 to 20

percent.

5.2 ANALYSIS CRITERIA

The analysis of the floodwater retarding capability of the

dam was performed using the Corps of Engineers HEC-1 com-

puter program, Dam Safety version. This program develops

an inflow hydrograph based upon the "Snyder Synthetic Unit

Hydrograph" and then utilizes the "Modified Puls" flood

routing procedure. The spillway design flood selected for

analysis was the PMF in accordance with the recommended

guidelines of the U.S. Army Corps of Engineers.

5.3 SPILLWAY CAPACITY

The spillway components of the dam include a principal

spillway as well as two auxiliary spillways. The principal

spillway consists of a 36" reinforced concrete pipe and

a 3' x 9' reinforced concrete riser. For stages above the

riser crest, the riser spillway contribution includes the

weir flow over the crest of the riser as well as an orifice

flow. The orifice measures 2'-8" in width and 1 foot in

height and is located at the normal pool elevation of 1684.2

on the side of the riser. Principal spillway discharge is

controlled by the orifice and the riser up to the stage of

1706.2. Above this stage the principal spillway discharge

is controlled by the 36" diameter outlet pipe. The two

auxiliary spillway channels are of trapezoidal sections

-14-L' I



with bottom widths of 100 feet and 200 feet and side slopes

of 3 horizontal to 1 vertical. Discharge through the auxiliary K

spillways was calculated at the control section and assumed

a weir coefficient of 3.0.

The combined spillways have sufficient capacity

for discharging the peak outflow for the Probable Maximum

Flood (PMF). For the PMF, the peak inflow is 8,666 cfs and

the peak outflow is 8,608 cfs. The computed total spill-

way capacity for a water surface elevation at the top of

dam is 8,650 cfs.

During the PMF storm event the maximum discharge velocity

through the auxiliary spillways occurs along the exit

slopes and is computed to be 9.99 fps and 11.77 fps for

the north and south auxiliary spillways, respectively. In

addition, the total duration of auxiliary spillway discharge

for the PMF is 21.5 hours.

5.4 RESERVOIR CAPACITY

Storage capacity of the reservoir between the emergency

spillway crests and the top of dam is 29 acre-feet, which

is equivalent to a runoff depth of 1.32 inches over the

drainage area. The normal storage capacity of the dam is

1042 acre-feet with flood storage capacity of the reservoir

between the orifice crest and top of the dam of 1011 acre-

feet.

5.5 FLOODS OF RECORD

Due to the lack of reliable information, no attempt was

made to calculate the discharge for the flood of record.

5.6 OVERTOPPING POTENTIAL

Analysis using the PMF indicates that the dam does have

sufficient spillway capacity to discharge the PMF storm

event and will not be overtopped.

5.7 EVALUATION

At full PMF, the reservoir surface elevation is 0.05 feet

below the top of the dam and the height of water in the

auxiliary spillway is 4.15 feet.

-15-



The maximum discharge velocities through the auxiliary

spillway is in excess of the normally accepted maximum

velocity for grass lined spillways of 8 fps. Therefore,

there exists the potential for erosion of the spillway

channels during heavy runoff.

-16-
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ISECTION 6: STRUCTURAL STABILITY

6.1 EVALUATION OF STRUCTURAL STABILITY

j a. Visual Observations

No signs of instability were observed in connection with

the earth embankment during this inspection. It appears

that an unsuitable subgrade condition in connection with

improper backfilling methods may have caused the crack

development in the principal spillway outlet which is

covered by the inspection reports included as Appendix D.

The leakage noted during the inspections was clear water

and no piping was suspected. However, to insure piping

has not occurred the soil surrounding the pipe in the

vicinity of the cracks will be grouted.

b. Design and Construction Data

At least two (2) slope stability analyses were oerformed

by SCS for the embankment during the design phase. The

soil strength parameters utilized in the analyses were

based on consolidated undrained (R) triaxial shear tests.

The tests were conducted on remolded proposed embankment

materials compacted to at least 95 percent of the maximum

dry density attainable through the Standard Proctor Compac-

tion Test (ASTM D-698). The samples were saturated prior

to the consolidation phase of the test. The shear strength

parameters used in the analyses are as follows:

Sample Internal Friction Angle Cohesion
No. (degrees) (psf)
62W331 26.5 575

We note the tests were conducted on remolded materials

having a gradation less than the No. 4 sieve size.

The method of analysis used was the Swedish slip-circle

method. The results of the downstream slope are shown in

the design report in Appendix E. The conditions of the

failure arc investigated assumed the reservoir level at
c, the auxiliary spillway crest, no toe drainage and the

failure arc passing only through the embankment. A factor

-17-
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of safety of 1.92 was computed for the above conditions,

and it was further noted in the design folder a similar

factor of safety was determined for the upstream slope

under rapid drawdown conditions.

Although the stability analyses were cursory the embankment

slopes are of normal configuration for a homogeneous earth

embankment composed of recompacted glacial till soils.

Design of the crest width and longitudinal camber for

settlement considerations as well as the cutoff trench

width and depth are in accordance with standard practice.

The design and construction of the internal drainage system

is of conventional design for homogeneous earth embankment

dams.

c. Erosion Protection

The design documents do not appear to address in-service

erosion protection of the auxiliary or spillway channels.

The sodded slopes of the embankment appear to have performed

satisfactorily and can be expected to continue to do so.

The case of the auxiliary spillway is somewhat less certain,

however. The calculated maximum discharge velocity and

duration of flow over the control section are

higher than would normally be considered permissible for

sodded channels.

d. Seismic Stability

No seismic stability analyses were performed as part of

the dam design.

i W
13J



SECTION 7: ASSESSMENT/RECOMMENDATIONS

7.1 ASSESSMENT

a. Safety

The Phase I inspection of the Ischua Creek Watershed

Site 4 dam did not reveal conditions which constitute

a hazard to human life or property. The earth embankment

is considered structurally stable and the spillways are

capable of retarding and safely discharging floodwaters

resulting from the Probable Maximum Flood (PMF).

b. Adequacy of Information

The information which was reviewed is considered to be

adequate for Phase I study purposes with the following

reservations:

o The stability analysis consisted of only two
trial failure surfaces, neither of which pene-
traced the foundation material.

o The record does not indicate that consideration
was given to the potential of erosion during the
relatively long duration of flow in the auxiliary
spillway.

c. Need for Additional Investigation

It is recommended that the following additional investiga-

tion or study be undertaken:

o An evaluation of the auxiliary spillway erodability
and the possible need for additional protection.

d. Urgency

An emergency preparedness plan for notification and

evacuation of downstream residents should be developed

and implemented within 6 months. The evaluation of the

auxiliary spillway erodability and the possible need for

additional protection should be undertaken within 6 months

and completed within 18 months.

-19-
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I
7.2 RECOMMENDED REMEDIAL MEASURES

a. Repair cracked principal spillway outlet pipe and

slide gate mechanism (as has been programmed for

Summer 1980).

K Ib. Provide a procedure for periodic inspections

including operation and lubrication of slide gate
mechanism.

c. Remove trees and brush from downstream channel from

end of plunge pool downstream to original contact

limit.
d. Regrade outlet channel to original design 8 foot

base dimension with (V:H) 1:2 side slopes to match

existing ground surface.

e. Line south side of plunge pool in areas of eroded

banks with riprap.

f. Develop and implement a warning system and evacuation

plan for downstream residents and proper authorities

in the event of large auxiliary spillway discharge.

i[

II -20-
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APPENDIX B

VISUAL INSPECTION CHECKLIST



THOMSEN ASSOCIATES
CONSULTING GEOTECHNICAL ENGINEERS Ak GEOLOGISTS

VISUAL INSPECTION CHECKLIST

1) Basic Data

a. General

Name of Dam _elA %ei- 3;'4 V

Fed. I.D. # J -3o&a DEC. Dam No. / 2t
River Basin //; A ,

Location: Town A ,aAA/4',,/h County 6  r t#,5

U.S.G.S. Quadrangle /

Stream Name .Qv~s-n~s 6Ya
Tributary of - 4rAe'eA*
Latitude (N) Y2 "0,, '-5/ Longitude (W) 79 'qS'/jV"

Type of Dam M aA l
Hazard Category '

Date(s) of Inspection X/90

Weather Conditions Cier". -,M;11

Reservoir Level at Time of Inspection It,9'. z. coIII Or o K

Tailwater Level at Time of Inspection 
I ',s. "

b. Inspection Personnel (Melks 7r, 6 yM X- 7 r,

c. Persons Contacted (Inciuding Address & Phone No.)

d. History:

Date Constructed Ai - 9/i3 Date(s) Reconstructed 'o '

Designer ~:,v1 .A-
Constructed by 'SA ,

owner C,11o' /r /e?.' -ad/

e. Seismic Zone . 2 . 2-

IA __,_,__.___,, , ,,_, .,... . ".= ,,:

!I
-7 , -
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THOMSEN ASSOCIATES
CONSULTING GEOTECHNICAL ENGINEERS & GEOLOGISTS

'VISUAL INSPECTION CHECKLIST

21 Embankment

a. Characteristics

I1 EmbanRkment Material" -- 4 / 77'/ - -

2) Cutoff Type 6 /, K

3) Impervious Core AL - ,

4) Internal Drainage System / 7;,

5) Miscellaneous

b. Crest

1) Vertical Alignment 6d

2) Horizontal Alignment (o. d

3) Surface Cracks ___ _

4) Miscellaneous

c. Upstream Slope

1) Slope(Estimate)(V:H) /,,
2) Undesirable Growth or Debris, Animal Burrows .

3) Sloughing, Subsidence or Depressions A1,v

__ _- o ~ .



THOMSEN ASSOCIATES
CONSULTING GCOTECHNICAL ENGINEERS & GEOLOGISTS

VISUAL INSPECTION CHECKLIST

4) Slope Protection (et; I .

5) Surface Cracks or Movement at Toe 0,I,-

d. Downstream Slope

1) Slope (Estimate - V:H) /:,.

j 2) Undesirable Growth or Debris, Animal Burrows A'i4/.

3) Sloughing, Subsidence or Depressions A//S

4) Surface Cracks or Movement at Toe A119._-

5) Seepage /$/ui . .. r [//' .

6) External Drainage System (Ditches, Trenches; Blanket)

7) Condition Around Outlet Structure ood

8) Seepage Beyond Toe .

e. Abutments-Embankment Contact

il .

... .. ... .. ..... .. .... ... . ..... ..... .... ... ....j.. .., , .....L 2 : ' ,- k :. ', iI '':"'



THOMSEN ASSOCIATESr
CONSULTING GCOTECHNICAL ENGINEERS 6 GEOLOGISTS

VISUAL INSPECTION CHECKLIST

1) Erosion at Contact _________________

2) Seepage Along Contract AJ /e-

3) Drainage System

a. Description of System 7 -,-A ,'

b. Condition of System_______ __________

c. Discharge from Drainage System ________________

4) Instrumentation (Monumentation/Surveys, observation Wells, Weirs,
Piezometers, Etc.)_____________ ________

A ~ / 17'.51,. /14 ~ 'a ~ /)S 4
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THOMSEN ASSOCIATES
CONSULTING GEOTECHNICAL ENGINEERS 4b GEOLOGISTS

VISUAL INSPECTION CHECKLIST

5) Reservoir

a. Slopes ? . . , ... -. .

b. Sedimentation _______,_,-_....____

c. Unusual Conditions Which Affect Dam - .

6) Area Downstream of Dam

A. Downstream Hazard (No. of Homes, Highways, etc.)

b. Seepage, Unusual Growth a A

c. Evidence of Movement Beyond Toe of Dam ,

d. Condition of Downstream Channel P .g;s, ,

7) Spillway(s) (Including Discharge Conveyance Channel)

- ,,,e*, I 4 I -6 ." 7:'o. . ,'-/ ' /?

a. General , - /tF2

6e,,?6 - 1vA 4h. 70-3.2-

b. Condition of Service Spillway , .. / F 6% -

goej4 6le-" :-~ D 6 - A';

10- Awl/,

i'
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THOMSEN ASSOCIATES
CONSULTING GEOTECHNICAL ENGINEERS I, GEOLOGISTS

VISUAL INSPECTION CHECKLIST

c. Condition of Auxiliary Spillway / - I

d. Condition of Discharge Conveyance Channel ______________

P//

W- Iva~

8) Reservoir Drain/et t

Type: Pipe _ _ Conduit Other

Material: Concrete Metal/ 3.c.c.f. Other

Size: 29" p. Length 2q"h'

Invert Elevations: Entrance la~g,. Exit .3IM,..- e-&

Physical Condition (Describe): Unobservable -

Material:

Joints: Alignment

Structural Integrity:

Hydraulic Capability:

Means of Control: Gate / Valve Uncontrolled

Operation: Operable Inoperable -/ Other

Present Condition (Describe): 65" /, .,/ ,

14; i4 B ",~' .c -~rr.~

-'/.,,-/ 4,,r S./."- Jy #: 9 C#.-op :-/ JMi.4/ Vii.

.2 • /4i~ ,o.2 /g<,~9/'7

4,,,.,1e -A 6

4( - -A--,

r4, Z-,,, en : -. P, .Ay,: a;r9o



T.HOM/IS EN A SS'"CIA TES
~ Lg~ E k,' AL C.' Le, f

9) Structural

a. Concrete Surfaces ofoc e 5s' 7/' /-.~~c

b. Structural Cracking ,-A , /,1e

c. Movement - Horizontal &Vertical Aligr-ment (Settlement)

d. Junctions with Abutments or Embankments _________

e. Drains - Foundation, Joint, Face_____________

f. Water Passages, Conduits, Sluices ____________

g. Seepage or Leakage_________ __________



THOMSEN ASSOCIATES
" . ,LtLT,%,G ',ECI'l " 4%-CAL. E% .NIELR 'L . VVL& '"'

h. Joints - Construction, etc. /-__

i. Foundation

j. Abutments

k. Control Gates -7-6 , ' Z

1. Approach £ Outlet Channels

m. Energy Dissipators (Plunge Pool, etc.)

n. Intake Structures 9, ,4 ?s. 27,4Z . A,

o. Stability

p. Miscellaneous

d



APPENDIX C

HYDROLOGIC/HYDRAULIC ENGINEERING
DATA AND COMPUTATIONS



THOMSE. - AS30C;AT[S
I L .

CHECK LIST FOR DAMS
HYDROLOGIC AND HYDRAULIC

ENGINEERING DATA

AREA-CAPACITY DATA:
Elevation Surface Area Storage Capacity

(ft.) (acres) (acre-ft.)

1) Top of Dam /'/ 2 _ _. _ /0/2

2) Design High Water
(Max.Design Pool) 1-715 7390 -130'

3) Auxiliary Spillway
Crest J7/ _. _ 7 _5

4) Pool Level with
Flashboards /____.

5) Service Spillway
Crest .70 3 .___ _. __ _ _ _ _ _
)~~~ -,'. -. ;5- 3

DISCHARGES
Volume

(cfs)

1) Average Daily eA .....

2) Spillway @ Maximum High Water /ToP or i2 /'7

3) Spillway @ Design High Water (i/'. , '5.9)

4) Spillway @ Auxiliary Spillway Crest Elevation _ ___

5) Low Level Outlet 70

6) Total (of all facilities) @ Maximum High Water _,.;_.___

7) Maximum Known Flood _____,_.-



THOM SEN ASSOCIATES

GU 4TEE SRU-IPURE-/EMERGENCY DRAWDOWN FACILITIES:

Type: Gate___ Sluice Conduit Penstock

Shape: _ _ , _,-/-_-_

Size: 27 -"2"D. V

Elevations: Entrance Invert____

Exit Invert /_ _ __,_ _

Tailrace Channel: Elevation Al i ,,, K
HYDROMETEROLOGICAL GAGES:

Type:

Location:

Records:

Date -

Max. Reading-

FLOOD WATER CONTROL SYSTEM:

Warning System:_ _ _ _ _ __ _ _

Method of Controlled Releases (mechanisms):
~~I I,,4-°, .. °, ..;:.,: .. , ," . .... ,.< , , < .,,, -:



THOISEN ASSOCIATES

CREST: ELEVATION: /,.

Width: /V . Length: 5-00,;,

Location A A/..

SPILLWAY:

PRINCIPAL EMERGENCY

, -,'- .2 Elevation /7/2 Q

___ ___ ___ ___ ___ ___ ___ __ Type 7P .- ,c - 4

Width _ -

Type of Control

_ _ _ _ _ _ _ Uncontrolled A
Controlled:

Type

(Flashboards; gate)
Number

Size/Length

Invert Material /,,!' -,/ .

Anticipated Length
of operating service /S c '

Chute Length

A/ . Height Between Spillway Crest __,_______.....
& Approach Channel Invert

(Weir Flow)

I

I!



I THOMSEN ASSOCIATES
CONSULTING GCOTECHNICAL ENGINEERS & GEOLOGISTS

DRAINAGE AREA: / - ,-,

DRAINAGE BASIN RUNOFF CHARACTERISTICS:

Land Use - Type: t- ,.. K

Terrain - Relief: -- -

Surface - Soil: . , - ,

Runoff Potential (existing or planned extensive alterations to
existing surface or subsurface conditions)

Potential Sedimentation problem areas (natural or man-made;

present or future)

/ -o

Potential Backwater problem areas for levels at maximum storage
capacity including surcharge storage:

Dikes - Floodwalls (overflow & non-overflow) - Low reaches along

the Reservoir perimeter:

Location: ___

Elevation:
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UAii SAO~'lTi vtslu ~JULi 197do
L1AiY 4Au±~CA11UN 2b f;*t 7v~

AiAbY516 UF DAM4 OV~kTCJPPING USING RATIOS OF PlMF
HYrWLJGCCNH1UAJiC AiNALISIS OF SAFtLY [of N.'I.626

km1o~ fit' Pmh' kJUIE) IHf(UGm f'iL RL.SLkVL~k

JOb SPk.C1F1CA11jh
Nu I eamilt 10Af IrHN 1mIN M EI kc 1I NJ I I
loU .)0 0 0 0 0

rbLN hvI iRUPI PC(ACE.
5 u 0 (1

MUL11-PuAN ANALbkSLS 10 at PLIAFURNMA)
hPLAN= I NRfIO: b LR11L)= 1

hlijs= 0.20, U.35 0).bO 0.b5 U.bu 1.00

6Ub-AFREA RUNJkF CJMPdTAI1ON

CALCUUAiTJN Uit J'NFL.Ly HiRJ kA4

I -)r i U I 1p IE.CU.l 11'APL. JPLT JPkT I NA I
I U 0 0 0 0

hIULROGkAPH DA
1 rifUS I1G T ~. bt At? IicSDA VT&IC kAT1 0 IbN0w

1 1 4,.10 u.u 4.10 0.uQ 0.000 0

aPHECIP DAIA
SPF phis hb P.12 R24 R4 k2
0100 llooU0 12/.00 141.00 0.IOU 0.00

TtRSPC CUP.PLTQU bf IdE kUiGfAM 15 0.dv

L.USS DA
LHKJP1 SIkKK ii1aiKir RT]iOL EaiALN britS RtIOK STklL CNSIL

0 0.0%) o.'o 1.00 G.00 D.Ou 1.00 1.00 0.1U

U1.1 IHiDUUIkAPH JAIA
11-= 3.00 CP:0.b3 NIAM U

1k.CtSSION OAIA

s~i1%JXI0%1c LjkitK LutkI1ClENIS~ FKUi t il "i&rtA CP AN~D 1P AlICM s. o.bb AND ka b.37 it

J'.I ii 1JmKA~m Ji -L-jr-kkLd) IALl*Afl , LAu: 2.99 hL16ii, CP=
3b, liv. i:b? . .3'e. b.'I. !9. bb4.4

1* d:. 17.14
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HR'~Urs f~lj RLSVO1I

FICA~IJJN
IMIN M64cC MPir IPRT NSTAN

0 (1 0 I)
LRUP1 hrACE

S '10 b. PLanFURhN.D
0= tb LH1l3U 1I

U.btj j*Qo

rAPi. JPLT jPkT INAMt. iSTAGE JAUTO

0 0 0 1 0 0

P11 DAfA
INSPC cATIQ lbiOW 1bAMi. LOCAL
o.uo 0.000 0 0j 0

PDAI A
t(24 Rlb 72 19b

141.00 (,.ou 0.00 0.0(1

DAIA
IK5 RtilK Slk1L CN'SIL AL.SMX RTIMP)
00u 1.00 1.00 0.11 (.0 0.00 oo

lGkAPH L)ATA)
=0.b3 N1A= (

z -0.10 ic7IOiz 2.0(1
AIlqC 1%' .86 AND Ic 6.37 1NILkVALS

ES, LAv= 2,99 hUjbI(5 CP= U.03 VULz 1.00
!)b9o 664. 4bu. 4U14, 33b,

17. 14. 1ie 10. a,



11 u I 'Ju.) v v 4).Jc U. 12 .00 5

1.1 3%) 3 Q v*~ 0.00 7. 1.02 2.30 5

u.) .( .h u J .) I. 1.4 3.00 51

1.01 q.~ J,J 0 . " J. 0 . 1.02 3.05

1.01 3.Jb u . v ( .U0 5. 1.02 4.0J0 54

(11 3.07 %)ue 0.01i Uuo 5.1.02 4.30 5'

I1.01 3.o 40 u~i 0.)4 ub 5. 1 .U2 5.00 51

1.01 4.3t CoU0 Uu 4. 1.02 5.30 5i

I 1. )1 5.04) 9( b~ u) 0 u b 4.1.02 6.00 64

i~~o1~ u~ o. ua .0 ud *.1.02 6.30 6

1.4)A b.vO 14 C4Th ;.J1 0.0k' 4. 1.02 7.30b

1.v4 fa .3u 1 I.11 8~sU0 . 1.02 1.006

1.01 7.00 14 0.17 0.14 U.1'S 23. b.e8.06

1.0 7.4 .~ i1 0.1 U.L' 53. 1.02 b.30 6

(1.01 .41 lo U1 12 %j Q 9. 1.02 9.00 64
1.01 b.3"UV,1 .' .S16 .) 9.30 61

1. 01 9 1UQ I d 0. L o2 ouS 220. 1.02 10.00

1 1.u u.3 I' ub ;el u' 23 . 1.02 10.30 6

1 .4 100u 2I va .2 4s 33. 1.02 11.00 74

1.01 10.34) 20 oJ.1 U.12 uo ~ 5 1.012 11.30 71

I 1. 1 1 . 30 'V 2i. u.1 4 . I J .o U5 3b . 1 .04~ 12.00 7

1.01 11.34) 2z U.0 0.1' Osub 4k. 1.02 12.30 71
1.u1 14.Ju 21 v.1? U.1k USu! 45;. 1.02 13.00 71

1.1I.4 2 .. .',09 V. C.5 514. 1.0Z 13 .40 7
u.1 1.4)4 .~ u9': V. U' obb. 1.02 14.)47)

i.01 13.30k 17 1 1. 1.4) 4o 914. 1.02 14.30 7

( .4)1 14.OU 2a .4 181" vuz 1s9. 1.0)2 15.00 7

1.01 14.30. 9 5.,1 us u. U: 1614. 10 53

1.01 15.04) .u 1 1.52 vb i43o. 10 60

I 1.I1O4 3 .U 1.8" 0ti) A121 . 1.02 16. 30 6

1.01 lb.UU 31 v.4~U.4b 3991. 1.02 17.00 &

1 u01 l.3(3 3J z .i JS 1 04J 0 1.02 11.30 6

1.u1 17.00 341 1.4) 1.41j 0Oub b2b4. 1.4)2 18.00 8

1.01 17.30 J.p 1.01!5 114) Uu z 7 30 . 1.021 1 .34) C1

1.1bbu I~ 1.1 1 I. 10 u005 8223. 1.02 19 .vi

( 1.01 16.30 1 13 0.b 0.0 U! bba.1.2 193

1.01 19.uu 30 q.14- U. Db Q0405 8&uo). 1.02 20.00

11 19.30 31) (.13 U .Ut U.0 o O044. 1.02 20.30

1.01 20.G0 41W J.4 4)0 .U5 0340. 1.04 21.30

1.01 21.0 42o u.13 .) .0 4 1.02 22.00

1 1.01 21.40 '3 U.14 u .4)0 (). U5 4f)17. 1.02 22.30

1.01 22.U0 A* O.13 04) V o05 3b891. 1.04 23.00 1

1.01 22 .41' 4. v o.13 v .%d u .U~ 33t,3. 1.02 23.30

1.01 23.30) *? 1.14 0U'a 0.05 239ts. 1.03 0.30 1

1.2 .)0 41 V.13 4).4d OIUD 40U57. 1.03 1.00

1.02 0.0 .4v .vJ0  0.00 177. 1.03 1.30

1.02 1.u -o 044 144 .095g i.U3 2.00

6-ivL'~ 24-HOUR 72-40UJi IIAL

J 0o. 'i h 2b3s. Idad. I

2~ 2* b. 1b 3. 72. 3o.

I C a .Oi to. u 9 23.4)1 23,9w

~~7 z ~ ----------



6: dL-it Lic~1)L) FLIJA

Cu b coN" F uU.OA HR.MN FLkIO it aA L'I LXCS LOSS COMP 9

*.Ij b. 1.u2 1.30 51 0.00 0.00 0.00 1314.
.0t 7. 1.U2 k.00 b2 0.0o 0.00 0.00 1123.

7Vt 7. 1.02 2.30 53 0.00 0.00 0.00 951.
.uo b. 1.Uz 3.00 54 .uo U.00 0.00 840.
00b 0. 1.02 3.30 5b O.UU 0.uo 0.00 74.
o.u 5. 1.02 4.00 56 0.00 0.00 0.00 732.
'u6 5. 1.02 4.0 57 0.00 0.00 0.00 603.
,.b 5. 1.U2 5.00 58 0.00 0.00 0.00 637.

4 . 1.02 5.30 59 0.00 0.00 0.00 594.
.0b 4. 1.02 6.00 60 0.00 0.00 0.00 554.
00d 4. 1.02 6.30 61 0.00 0.00 0.00 517.
.ub 4. 1.02 7.00 62 0.00 0.00 0.00 483.
.0b 8. 1.02 7.30 b3 0.00 0.00 0.00 450.
.) 23. 1.02 8.00 64 0.00 0.00 0.00 420.
O.b 53. 1.02 b.30 65 0.00 0.00 0.00 392.
.Qb 9b. 1.02 9.00 66 0.00 0.00 0.00 366.
.05 156. 1.ui 9.30 67 0.00 0.00 0.00 341.
.U5 220. 1.02 10.00 68 0.00 0.00 0.00 318.
0.o t3. 1.02 10.30 69 0.00 0.00 0.00 297.

O.us 339. 1.02 11.00 70 0.00 0.00 0.00 277.
.05 3"5. 1.02 11.30 71 O.OU 0.00 0.00 259.
.ub 413. 1.02 12.00 7; 0.00 0.00 0.00 241.
.ut 45S. 1.02 12.30 73 0.00 0.00 0.00 225.

O.u5 4dl. 1.02 13.00 74 0.00 0.00 0.00 210.
s.06 534. 1.0z 13.3u 75 0.00 0.00 0.00 196.
.Uj Qb6. 1.02 14.0u 76 0.00 0.00 0.00 183.

O.us 914. 1.02 14.30 77 0.00 0.00 0.00 171.
0.U3 1298. 1.02 15.00 7b 0.00 0.00 0.00 159.

u 161'. 1.02 15.30 79 0.00 0.00 0.00 149.
0.u5 243o. 1.0d 16.00 b# 0.00 0.00 0.00 139.
0.06 3127. 1.02 16.30 61 0.00 0.00 0.00 129.
0jIb 3991. 1.02 17.00 82 0.00 U.00 0.00 121.
0.03 50db. 1.02 17.30 83 0.00 0.00 0.00 113.
.ub b2t. 1.02 18.0o 84 0.00 0.00 0.00 105.

73*7. 1.02 18.30 85 0.00 0.00 0.00 98.
.05 8223. 1.02 19.U0 b6 0.00 0.00 0.00 91.
IV!) 86o. 1.02 19.30 87 0.00 0.00 0.00 85.
.05 8bO. 1.02 20.00 ab 0.00 0.00 0.00 80.

0.0 OU44. 1.02 20.30 89 0.00 0.00 0.00 74.
0k):) 7227. 1.02 21.00 90 0.00 0.00 0.00 69.
O.ub 6340. 1.02 21.30 91 0.00 0.00 0.00 65.
0.U5 5449. 1.02 22.00 92 0.00 0.00 0.00 60.
1105 4617. 1.02 22.30 93 0.00 0.00 0.00 50.

0110b 3899. 1.04 23.00 94 0.00 0.00 0.00 53.
O.uj 331)3. 1.02 23.30 95 0.00 0.00 0.00 49.
0.io 108. 1.03 0.00 96 0.00 0.00 0.00 46.
0.05 239g. 1.03 0.30 97 0.00 0.00 0.00 43.
0.u' it57. 1.03 1.00 98 0.00 0.00 0.00 40.
00 177z. 1.03 1.30 99 0.00 0.00 0.00 37.
0.0u 1528. 1.03 2.00 100 0.00 0.00 0.00 35.

SUM 25.38 22.58 2.80 126865.
C 645.)( 573.)( 71.)( 3592.42)

b-l-e'UJ 24-HOUR 72-HOUR IUIAL VOLUME
6t5'. 25J. 14oi. 12bb44.
163. 72. 30. 359d.
1V.u9 23.ul 23.90 2J.9



3JtJ.34 5d4.35 o09.1b 609o.lb
ACkff 3e9b. 5v2i%. b2ii. 5241.

BloUs CU M 40b9. r.2U2. b4o5. 64c5.

1XLkOGLAPh AT STA I FUH PLAN 1, Rh1O 1
2. I.1. 1. I. 1. I. I.

1. 1. 2. 5. 11. 2o. 31. 44.
77. db. 91. 9b. 107. 133. Ib3. 260.

b25. 19d. 1317. ld52. 1473. 1b45. 1733. 1720.
12b€. 1090. t23. 7tu. bl. 5o2. 4b0. 411.
263. k25. 19U. 16d. 157. 14b. 137. 127.
103. 97. '0. 04. 7d. 73. 6b. 64.
b2. i8. 45. 42. 59. 37. 34. 32.

2b. 44. 23. 21. 20. 18. 17. lb.
is. 12. 11. l. 10. 9. 9. 8.

FEAK o-kiUuR 24-HOUR 72-HOUR TUIAL VJLUME
CF5 1733. 1330. 507. 254. 253b9.
CAS 49. 38. 14. 7. 718.

Ii4cme 3.02 4.bU 4.80 4.80
Nom 7.7 11b.87 121.83 121.83

AC-Ff bo0. 1006. 1046. 1048.
rdCj ci m ilv. 124U. 1293. 1293.

$tJruJGc Pn hI STA I FC7k PLAN 1, k I1 2
2. 2. 2. 2. 2. 2. 2.

1.1. J, it. 18. 34. 54. 77.

145. 14d. 159. loo. lb7. 233. 320. 454.
109t. 1397. 1/bJ. 1l11. 257$. 187t. 3033. 3010.

21. 1907. 1016. IJ oa. 1150. 9d3. b39. 720.

4oU. 3i 33-1. 49it. 274. 25b. 239. 243.
lol. 1o9. 156. 1 It 1-0. 12d. 1190 111.

:1. o0. . 74. b9. b4. 60. 5b.
45. 42. 39. 31. 34. 32. 30. kb,
23. 2. o . I t4 17. 16. 15. 14.

i AK 6-HOUR 24-HUUR 72-HUUP TOIAL VULUME
Ck 3033. 2320. 887. 444. 44395.
CM6 b0. o0. 2s. 13. 1257.
l5b b.2a t. 0 8.39 b.39
Mot 134.17 204.52 213.21 213.21

AC-f 1154. 17b0. 135. 183b.
frfusi CU h 1-*2'&. 2171. 2263. 22b3.

HYdmCiGKAPn AT SrA I FOR PLAN 1. kilU 3

4. 4. 3. 3. 3. s. 3. 2.
i. 20 -f. ill 2b. 119 7b. 110.

i k. 21e. 227. C1. 107. 1JJ. 457. b49.

i5o4. o 2 .2. j319. 3te,. 4111. 4333. 430U. 4
170. Iz, 230#. i u. 1o52. 1404. 1199. 1U V.

Zi . iel . lilo 0 lu. Ili*. I, . 171. Ib9l

12Y. 113.3e lua. 94. 91. bb. 80.

t .to v ?. t. U. 4.. 4o.

ku



009.16 609.1b
5241 . 5241.
6465. 64b5.

PLAN It RIIU 1
1. 1, 1. 1. 1.

20. 31. 44. 57. 68.
133. 163. 260, 363. 487e

1b45o 1733. 1720, 1609, 1445.
bo2. 4b0. 411. 354. 306,
146. 137. 127, 119. 111.
73. 6b. 64. 59. b5.
37. 34, 32. 30. 28.
lb. 17, 16. 15. 14.
9. 9, 8. 7. 7.

72-HOUR TUIAL VULUME
254. 253b9.

7. 718.
4.80 4,8V

121.83 121.83
* 1048. 1u48.
* 1293. 1293.

PLAN 1, kTiD 2
2. 2. 2. 2. 1.

34. 54. 77. 99. 119,
233. 320. 454. b3b. 853.

287d, 3033. 3010. 2u16. 2529.
9d3. 839. 720. b2U, 535.
25b, 239. 2d3. 208. 194,
126. 119. 111. 104. 97,
64. 60. 56, 52, 49.
32, 30. 28. 26. 24.
160 15. 14. 13, 12,

72-tiUUR TOAL VOLUME
444. 44395.
13. 1257. )

5 8.39 b039
2 213.21 213.21

165. 35. )
2263. 2263.

R PLAN 1, kTIO 3
3. 3. 2. 2. 2.

1§90 78. 110. 141. 169.
3Jj. 457, t49. 907. 1218.

4111. 4333. 430Uo 4022. 3613.
1404o 1199. Iu 9. 6db. 64,
ibb, 3,1. le. £97, 277.
Isie 171. 159. 149. 139. j
91. b5. 80. 74. 69,
-to 4s. 4u. 37. 350
k3. dl. ko. 1. 17. )



Pr#, -riduk 24nMUUK 7k-tiUUR 1(.TAL VU~
r .Q 3

2L. izo7. *34. 6
L' 9Z 4. 3 t). 1 t%.

I %r7,3 11 .!U 11.991
A 4 191.o7 292.17 304.i 3u

A-V 1o49. 2b14. 2o21. 2
Iru r j 4U6 2034. 31Ul. 3233. 3

MIUKC, ikik A[ TA 1 FUR PLAN 1, kII1U
5. 5. 4. 4. 4. 4. 3.
2. i5 .i. 34. b . 101.

ib. 4. UO. j13. 347. 433. 594.

2k13. 2;9) .,t 3ovt . 4769. 534b. 5633. 5'
41i1. .s42. 3J%)1. 354. 2147. 125. 1559. 1

b54. 730. old. to. 510. 476. 444.
33b. 14. '93. k73. 255. 238. 222.
lbd. 157. 1'*o. 137. 127. 119. 111.
t%. 7o. 7.s. b , b4, 5v. 55,

43. 3. 37. 3-t. 32. 3u. 28.

Ft.r 6-hJUR 24-HOUR 72-HOUP IUIAL VOl
CF5 bbiJ. 43e4. 164b. 824. 82

S lOU. 122. 47. 23. 2
1, 9.6i 14.95 15.59 1'

M1 2'i.17 379.d3 J05. 5 39
-i 2144. 326b. 34U7. 3'

l dOJUS Cu :4 2645. 4031. 4402. t

HKO rcAeh Af SA 1 FOik PLA 1, RIl0 5
o. 0. :. 5. 5. 4. 4.
3. 3. o. Id. 42. 7a. 124.

308. 33p. 30i. 3c5. 427. 533. 731. 1
42. 3193. 4Uod. !)07. 5a94. 6b7i. b933.
b072. 4.19. 3o94. s119. 2643. 2247. 1918.
la51. 89w. 7bi. b2. b27. 585. 54b.
41-*. 3to. 30U. 3.b. 314. 293. 273.
zu7. 193. 1do. itd. 157. 146. 137.

!2. 4d. 4!. 42. 39. 37. 34.

PIAr O-dfu 24-HOUk 72-HUUR 2OIAL VC
Ci' 0933. 5341. 202d,. 1015. to
C ,%. 1 vc. 131. 57. 29,

( F'.CnS, 12.7 16.40 19.19 |
M4 3v0.b7 467.48 487.33 41

At-kl 2(39. 4022. 4193. 4
fmuu. CU A 3255. 4962. 5172.

k1X:KJGKAfH Ar sfA I FO PLAN' 1, R110 b

b. 7. 7. 0. b. 5. 5.
4. 4. t. i.d4 53. 98. lbo.

305 . *,i . a0 4b1. 314. bbo bl.
\ J121. t l u, 2!)V. 73ol. 6223. bb,.

L oDJ14 UO. 1. 3 JJV3. 2bua. kl9b.



Lao\ o-ruLk 24-nuUh 72-huu4 1CjTAL VULU46
140u. ii7. *34. 63442.

3.i 9 4. 3t). 100 179o.

7..3 11.50 11.99 11.99
191.o0 292.17 304.tb 3U4.58
1o49. 2t14. Jo21. 2621.
2034. 3101. 3233. 3233.

06k kn Al STA 1 FOR PLAN 1, kTIT 4
4. 4. 4. 3. 3. 3. 3.
*5. 34. b4. 101. 143. 184,. 220.

.S1j. 347., 433. 594. 844. 1179. 1584.
4vob. 4.'b9. 534b. 5633. 5590. 5429. 4697.
264. 2147. 1825. 1559. 1337. 1152. 993.
t*. 510. 476. 444. 414. 386. 360.
k73. 255. 238. 222. 207. 193., 180.
137. 127. 119. 111. 104. 97. 90.

bb. 64. 5%. 55. 52. 48, 45.
3a. 32. 3u. 28. 20. 24. 23.

'Ar 6-hJUR 24-HOUR 72-HOUR TUTAL VOLUME
.314. 164o. 824. 82449.

60. 122. 47. 23. 2335.
9.0l 14.95 15.59 15.59

29.17 379.83 3 5.95 395.95
2144. 3266. 3407. 3407.
2645. 4031. 4402. 4202.

fjjAbAVh Ar S'A I FOR PLA 1, R110 5
5. 5. 4. 4. 4. 4. 3.

Id. 42. 7a. 124. 176. 226. 271.
305. 427. 533. 731. 1039. 1451. 1949.
(,u7. 5*94. 6!7t. 6933. bbdO. 6436. 5781.

3119. 2643. 2247. 1918. 164b. 1418. 1222.
072. 627. 585. 546. 510. 475. 444.
31b. 314. 293. 273. 255. 238. 222.
lot$. 157. 146. 137. 127, 119. Ill.

b4. 7b. 73. 66. 64. 59. 55.
42. 39. 37. 34. 32. 30. 28.

ZAK b-rUuku 24-HOUR 72-huUR IOIAL VOLUME
33. 534l. 2028. 1015. 101475.
90. 131. 57. 29. 2b73.

12.0 18.40 19.19 19.19
3o0.b7 461.48 487.33 47.33
2639. 4022. 4193. 4193.
3255. 4962. 5172. 5172.

OGI-IPH Ar SfA 1 FOH PLAN; 1, RTIC) 6
6. b. 5. 5. 5. 4. 4.

di. 53. 91. 1b6. 220. 483. 339.
461. b14e bbo. 91#. 129d. 1814. 2436.
625s 73o. 1223. bb66. 0600. b044. 7227.
3899. Jlv3. 2608. 239b. 2057. 1772. 1528.



11 . 1. o4u. 78. 732. eb3. 637. 594
511. lid3. 'ku. *2u. J92, 3bo. 341. 319. 197
s59. 241. 225. 210. 196. 183. 171. 159. 149
129. 121. 113. 105, 9e, 91. bS. w0. 74

bb. 00. 56. 53. 49. 4b. 43. 40. 37

PLAK o-rtdR 24-HOUR 72-HOUH TOTAL VOLUME
CF 8000. 6b52. 2645. 1268. 126b44.

c4S ci 1.8. 72. 36. 3959.
I NCHfS 15.09 23.01 23.96 23.98

10 3d3.34 584.35 609.16 609.16

AC-Ff 329b. 502S. 5241. 5241.
10iUs CU A 40b9. b202. b4b5. b465,

HYROGRAPh ROU T1G

K()LIIMj UF iNFLLw I:J(GRAPH

1SIA i iCumP ECIUN ITAP6 JPLT JPRT INAML IS1A(it.
2 1 0 0 0 0 1 0

ijUlliG DATA
UisS - kv IRtS ISAME ijpr 1PmP L51k

.U %.AIO 0 .vu 1 1 0 0 0

As1ip i&ILL L AG AvSI(K X ISK STORA iSPHAT

1 0 0 O.OU0 0.000 0.000 -1. 0

AL; (J.uu b(.uJ 1O0.U 175.00 340.00 415.00 690.0
1iou.uv

LOA 0.00 i5.uu 4bU. bS. 0 120.00 210.00 235.00

bfA'ION~ 2, PLAi 1, HTIO 1

OUIFLOO
2. 2. 2. 2. 2. 1. 1. 1
1. 1. 1. 1. 2. 2. 3. e

i. 11. 13. lb. 1. 20. 24. 30.
44. *d. 03. 04. 8b. IU . lb4. 212. 2

di7. dJ. 233. 3U4*. 45R. h14. 517. 490. 4
3b1. 31o. A77. 241. 236. 234. ka4. 234. 2
232. 232. d31. 231.. 230. 230. 229. 22b. 2
227. d2o. Ud. 22b. 224. 223. 2. 222. 2
2v. 1210. d1.7. d17. 216. 215. 214. A

212. .11. 211. Id . 200. 190. 18 . 173. 1

STOR

2. d. . 2. 2. 3. 4. 5.
12d. I , Ie tq 21 2 ). 29. 35, 4 J

9 . 111. ib7. 194. 2bi. 313. 377. 44u. 5
o. I . t o7g. oro. 71u. /to. 71o. 713. 7

t.•2. 014. 60 . t06. b1b. b

~ - --- ~ ~ AI



4. 732. 683. 637. 594, 554.
2. 3bb. 341. 318. 297, 277,
6. 183. 171. 159. 149. 139.
b, 91. 65. 80. 74. 69.
9. 469 43. 40. 37. 35.

24-HOUR 72-HOUR TOTAb V0LUME
2535. 1268. 126b44°

72. 36. 3592.
23.01 23.98 23.98

584,35 b09.16 609.16
5021. 5241. 5241.
6202. b4b5. 6465.

RAPh ROUTIG

1TAPE JPLT JPRT INAML IS1Ak IAUTO
0 0 0 1 0 0

,IIG bATA
ISAME ipVr 1PMP LSk

1 0 0 0

AFSKK X 75K STORA ISPRAT )
O0OuO 0.000 0.000 -1. 0

o 340.00 415.00 690.0 800.00 935.00 1010,00

•0 120.00 210.00 235.00 1440.00 5b45,00 8650,00

2t PGA.4 1, HTIO 1

OIUJFLO#
2. 1. 1, 1" 1. 1.
2. 2. 3. 4. 5. 7.

18. 20. 24, 30. 36. 39.
Ob. 109. 1b4. 212. 21b. 223.
59. 514. 517. 490. 451, 406.
35. 234. 234. 234. 233, 233.
30. 230e 229. 22b, d2b, 227,
S24. 223. 2k2. 222. 221, 220,
17. 216. 215. 214. 214. 213.t00. 190. 18 . 173. 165, 15v.

STOR
2. 2. 2. 2. 2. 2. J
2. 3. 4. b. 7. 9.

2b. 29. 35. 43. 54, 70.
5313. 377o 440, boo. 554,

11o. 71D. 713. 710. 706.
87. b84, bl(. 670. 671. 666.
-4 6 1t. b11. 604. )



a'1 -is 57. 5b 0. tb2 . b44.
3. V12. *,10o. 4d6. 4o0. 472. 4o4.

4. *L 42J. iI.*. 40h. 319. 391. 3b4.

v.0 .) 0 .U 0.0 V.0 v.0 0.0

k4,.U J .U .v.0 0.0 6.0 0.0

O.u u.J u.u U.0 0.0 V.0 0.0 v.o

U.4I, 0. u.u 0., 0.0 0.0 0.0 0.0

u.U 0.0 U.l u.,) 0.0 U.0 0.0 0.0

0.0 u.u c..u 0.0 0.0 0.0 OU 0.0

0.0 0.0 O.0 U. 0.0 0.0 0.0 0.0

U.U u.0 0.0 V.0 0.0 0.0 0.0 0.0

U.u 0.0 1.0 0.0 0.0 0.0 O.u 0.0

C.0 V. U.0 0.0 0.0 0.0 0.0 0.0

PtAh a-HUUh 24-H3Uk 72-HUUR IOTA6 VOLUME

Ce1 -II. 391. 265. 164. 16437.
CAS. I I . 7. 5. 4b5.

I 0.6b 2.40 3.11 3.11
A- 21.95 61.04 7U.94 78.94
F-9 f g. 525. b19. 679.

fHjJ .j CU 4 233. 64d. d3d. #3b.

MAAIMUA STJRAGE = 7lb.

SAI1AJ-4 2, PLAN 1, xTIU 2

OUIFLU

3. 3. 3. S. 3. 3. 3. 3.

2. 2. 2. 3. 3. 3. 5. 6.
1b. Id. 22. 20. 31. 3D. 37. 41.

54. 70. 9&. 1 4. 213. 222. 232. 991.

24U7. 213d. 1643. 1,b7. 137. 127u. 1137. 1005.

o.9. 5vv. 431. 377. 316. 303. 276.

2.5. 23 . i.4. 234. 234. 233. 233. 232.

231. 230. 230. 22w. 229. 22d. 227. 227.

2Z5. 241. 243. 224. 222. 221. 221. 220.

i1b. 217. 210. 210. 215. 214. 113. 213.

STO

4. 4. 4. 4. 4. 4. 4, 4.

4. 3. 3. 4. 4. 5. 7. 9.

21. 26. 32. 34. 44. 51. 61. 75.

1b3. i2. 274. 332. 443. 547. 659. 759.

b31. 822. 013. do4. 795. 7d4. 772. 7bO.

7io. 121. 714. 70d. 703. 699. 696. 694.
b6o. oJo. o3. c79. 675. 671. 667. 6b2.
b4o. b&0. bj. 021. b21. 614. 07. boo.
57b. :71. to3. 556. 54d. 540. 532. 524.
:u0. 4o2. 4S4. -1o. 460. 4o0. 452. 443.

010 U.O U.t) U10 O.Jo 0.0 010 010

O.0 v.0 O. 0.0 0.0 0.0 0.0 0.0
0.0 0.o 0. 00 0.0 U.0 0.0 0.0

U.U U.0 u.0 U. 0.0 0.0 U.0 0.0

V.0 u..) V.0 V.0 0.0 0.0 0.0 0.0



7.. 50b. 50U. 552. 644. b3b. 52d.
90. 4d6. 4o0. 472. 4b4. 455. 447.
14. jt0h. 319. 391. 364. 37d. 371.

lS AGt:

.0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0U.0 0.0 0.0 0.0 0.0 0.0 000

O.0 0.0 0.0 (0.0 0.0 0.0 0.0
v.4 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
U.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0

a-HhW ~ 24-HJUK 72-N~UR 20TAL VOLUME
381. 2b5. 164. 16437.
11. 7. 5. 4b5.

21.95, 61.04 7kl.94 78.94
189. 525. b 79 . 679.
233. 64d, fd3d. 8i~.

A1&IMUM STJ2RAMJ 71lb.

AnI1im 2, PLJAN 1, RTIl 2

3. 3 3.3. 3 3.3.
.. 3. 3. 5e 6. 9. 12.

2o. 31. 3*. 37. '11. 45. 49.
IJ4. 213. 222. 232. 991. 1993. 2525.
5671. 1305. 127u, 1137. 1006. 882. 7b9.
431. 377. 3.i6, 3013. 276. 254, 235.
234. 234. 23.3. 233. 232. 232. 231.

229 . 229 . 212d. 2 7 . 227 . 22 6., 2 6 .
22S. 222. 221. 221. 220. 219. 218.
21o. 215. 214. 213. 213. 212. 211.

S TOR1
4. 4. 4, 4. 4, 4. 4.
4. 4. 5. 7. 9. 12. 17.

30. 44. 51. 61. 75. 96. 125.
3~~i. 443. 547, 659. 759o 818. 835.
d44. 795, 7d4. 772. 7bO. 749. 739o
708, 703. 699. 696. 694. 692. 690.
o79. 675. 671. 667, 6b2. 657. 651.
027. b21. 614. W0. boo. 593. 586e
5bb. b4a, 540. 532. 524. 516. 508.
'Il 46i$, 4o0. 452. 4439 435. 427.

i. 0.0 0.0 0.0 0.0 0.0 0.0
Ulu 0.0 0.0 0.0 0.0 0.0 000

.0 0U.0 10 .0 0.0 0.0
f0.0 0.0 0.0 0.0 0.0 0.0 0.0

0. 0.0 1.0 0.0 0.0 00

23--.A6.** - .' .* -



0.v 0.0 V.0 0.0 0.0 U.0 0.0 0.0 0.

0.0 0.0 u.0 O.0 0.0 0.0 0.0 0.0 0.

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 O.

u.0 O.u 0.0 J., 0.0 U.0 0.0 0.0 0.

PEAK b-huUR 24-hOUR 72-HOUR TUIAb VOLUME
CFS 2525. 158b. b17. 342. 34156.
C1 71. 45. 17. 10. 967.

I, chEs 3.60 5.60 6.46 6.46

141 91.40 142.23 lb4.03 164.03
AC-ef 7bb. 1224. 1411. 1411.

iHOUS Cu M 970. 1510. 1741. 1741.

MAXIMUM STORAGE 835.

STAIIN 2, PLAN 1, RrIO 3

OUTFLOW
4. 4. 4. . 4. 4. 4. 4. 4

4. 3. 3. 4. 4. 5. 7. 9. 12

21. 2b. 32. 3b. 38. 40. 43. 47. 51

79. 100. 1b4. 218. 230. lub3. 3141. 4062. 4140
3499. 3b7. 263b. 2239. 1896. 1b0e. 140b. 129a. 1172

9i1. duo. 7uO. bOl. 533. 41b. 431. 394. 362
310. 26b. 2bo. 249. 23b. 235. 235. 134. 234
2s3. 2ks.). 2Jd. 23g. 232. 231. 230. 230. 229

k2. 22d. 227. 22. 226. 225. 224. 224. 123

441. 221. 2:4. 219. 219. 21b. 217. 216. 216

STOR
5. . 5. 5. 5. 5. 5. b. 5

5. 5. b. b. b. 7. 10. 13. 1
30.O 3b. 40. b4. b3. 74s 6b. 109. 139

2.o. 305. 3i3. 502. b33. 167. b55. bb4. 807
cob. bb2. b3. d2b. u15. dU5. 797. 7b7. 77b
75. 741. 7si. 724. 717. 712. 70b. 704. 702
697. bz. 6J3. 091. 090. 68b. 6b5. 683. 79
b71. 1o7. bb2. bb7. 652. 64o. 640. 634. .628
bib. bud. 601. 594. 58o. 579. 572. 5b4. 556
541. 33J. 516. b17. 509. 501. 493. 485. 477

STAGE
0.0 U.0 0.0 0.0 0.0 0.0 0.0 0.0 0.
0.0 V.0 0.0 U.0 0.0 0.0 0.0 0.0 0.

0.0 0.O V.0 0.0 0.0 0.0 0.0 0.0 O.
0.0 U.0 U.0 U.0 0.0 u.0 0.0 U.0 O.
0.0 v.o 0.0 0.0 0.0 0.0 0.0 0.0 0.
.. 0 U. U0.0 0.0 0.0 0.0 0.0 0.
.. o .0 O.0 0.0 U.0 0.0) 0.0 O.

V.) v.. 0.9 0.0 0.0 0.0 O.U 0.

0.u .v V.u U.') (.0 0.0 0.0 0.0 O.
L,.0 0.u 0.v O.u 0.0 U.0 U.0 U.0 0.'

kfLAK O-HUR 24-HOUN 72-HUUR lUTAL vOLUML
Le S 1il 0. 217 I. 9tab. bid* 5,e212.
cl-$ 117. 17, ;1 d. 15. 1%7b.

. . ... p. . < _ . . . : , . ' °. I , . , , e 4g 4a. . . .



0.0 U.0 0.0 0.0 0.0 0.0.00.0 0.0 O.o 0.0 0.0 0.0

.0 0.0 0.0 0.0 0.0 0.0 0.0
10 0.0 0.0 0.0 0.0 0.0 0.0

0.0 .0 0.0 0.0 0.0 0.0

b-nOUH 24-OUUR 72-HOUR TU A VOLUME
1586. 617. 342. 34156,

45. 17. 10. 967.
3.60 5.60 6.46 6.46

91.40 142.23 1o4.03 164.03
7bb. 1224. 1411. 1411.
970. 1510. 1741. 1741.

IMUM STORAGE 835.

TION 2, PLAN 1, RTIO 3

0UTFLUW
4. 4. 4. 4. 4. 4. 4.
4. 4. 5. 7. 9. 12. 17.
be 38. 40. 43. 47. 51. 57.

23u. Iub3. 3141. 4062. 4140. 3888.
1896. Ibod. 1406. 129a. 1172. 1044.

7. 533. 41o. 431. 394. 362. 334.
9. 23b. 235. 235. 234. 234. 234.
2. 232. 131. 230. 230. 229. 229.

226. 225. 224. 224. 123. 222.
9. 219. 216. 217. 216. 216. 215.

STOi
5. 5. 5. b. 5. 5.
b. 7. 10. 13. 18. 24.

f t)3. 74. 8b. 109. 139. 181.
b33. 767. b55. 8b4. 8W7. 879.
vlb. so5. 797. 77. 77b. 764.
717. 712. 706. 704. 702. 699.
090. 68bo. 6b5. 683. 79. 675.
652. 64o. 640. 634. .628. 621.

0. 58o. 579. 572. 564. 556. 549.
509. 501. 493. 4b5. 477. 469.

STAGE
0 0.0 0.0 0.0 0.0 0.0 0.0
0 0.0 0.0 0.0 0.0 0.0 0.0
0 0.0 0.0 0.0 0.0 0.0 0.0
0 0.0 u.0 0.0 0.0 0.0 0.0
0 0.0 0.0 0.o 0.0 0.0 0.0
0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 u.0 0.o) 0.0 0.0 0.0
0 0.0 0.0 0.0 0.0 0.0 0.0

' .u 0.0 0.0 0.0 0.1 0.0
0.0 U.0 U.0 U.0 0.0 0.0

6-mLUk 24-HOUK 72-HUUR IUTAL VOLUML
21J1. 9o!. bi2. 59212.

17. 2d. 15. 1,*7b.

,001



157.38 i2e°95 2u.74 250. 4
13!) 45 . 19 t 3. 2 15 6o 215b.

C- o I .o Io u . 240 0. 26bI . 2bbi.

,tAXMLUb STORAGE = b7.

b'iAl i Di 2, PL4N 1, RLJ~ 4

OUTFjOvw
.. 5. 5. 5. 5.

5. 5.5 . 5. 0 . 9. 12.

28. .3*. 37. 39. 42. 4!. 4b. 51.

107. 189. 29. 232. 1489. 4291. 5229. 5529.

,1561. 3967. 3*27. 2911. 24o4. 2090. 177b. 1520.

113b. lulo. 00o. 774. 683. 613. 556. 509.

4G2. 37* . 3-1o. 324. 302. 2t1. 2b2. 2i5.

23'. 2s4. 23J. sJ4. 233. 233. 232. 232.

23U. 23u. 229. 2v. 22d. 227. 227. 226.
.224. 2.s. 3. 222. 221. 221. 220. 219.

SIUR
7. 7. 1. 7. 7. 7. 7. 7.

7. o. o. 7. 7. 9. 12. 17.

39. 49. 59. 70. 82. 97. 116. 144.

308. i96. 511. ub4. 802. 892. 922. 931.

9iO. o02. b66. b'7. o33. 821. 811, 803.

772. 761. 149. 749. 731. 724. 719. 715.

7V5. 7o3. lOU. ogb. 691. b92. 691.

o5. bb2, o7. b6. o70. 666. 6b1. 65o.

b3Y. o33. 020. 020. 613. b06. 599. 592.

57u. :o2. 555. 547. b39. 531. 523. 515.

ST[AGE

U.u O.u 0.0 0.0 0.0 0.0 0.0 0.0

O.u U. .0 0.0 0.0 0.0 0.0 0.0

O.u U.0 0.0 0.0 0.0 0.0 O.U 0.0

0.0 U. O.0 U.0 0.0 U.0 0.0 0.0

O. O.u 'J.0 0.0 0.0 0.0 0.0 0.0

U.u O.0 Q.0 Q.0 0.0 0.0 0.0 0.0

u.0 0.0 0.0 0.0 U.u 0.0 0.0 0.0

u.0 0.0 0.0 0.0 0.0 0.0 0,0 0.0

O. u.0 0.0 0.0 U.O 0.0 0.0

0.0 0.o 0.0 0.0 0.0 0.0 0.0 0.0

PkAK b-HOUR 24-HOUR 72-HOUR TUTAL VOLUME
C3 5bi9. 3884. 1360. 705. 7U53b6

cm ?1. 11U. 39. 20. 1997,

L.*chc.s d.dl 12.34 13.34 13.34

m4 223.do 313.49 336.74 336.74

AL-ri 192o. 2b97. 2915. 29154

IHiUS CU M 237b. 3327. 3bgb. 35954

0,AAiAuA STORAG= 931.

bALION 2, PLAN 1, Rrlu 5 7



, 1354, 29bi. 2158. 2151j.

.4AXirML,. STORAGE bb7.

blA1iOn 2, PL4N 1, RIIJ 4

OUTFLOwa. . 5. 5. 5. 5. 5. 5.
6. 5. 5. o. 9. 12. 16. 22.

37. 39. 42. 0* 4b. 51. 58. 80.
29. 234. 1469. 4291. 5229. 5529. 5435. 5065.3t2 7 . 2911. 24o4. 2090. 177b. 1520. 1376. 1264.
*00. 774. oH3. 613. 556. 509. 469. 434.
3-o. 324. 302. 2t1. 2b2. 2%5. 235. 235.
2J4. kit. 233. 233. 232. 232. 231. 231.
229. Z29. 22d. 227. 227. 226. 225. 225.

13. 422. 221. 221. 220. 219. 218. 218.

SIUR
1. 7. 7. 7. 7. 7. 7. 7.
0. 7. 7. 9. 12. 17. 23. 31.

bg. 70. s2. 97. 116. 144. 183. 237.
511. ub4. 802. 892. 922. 931. 928. 916.
0b4. b-7. 033. 821. 811. 803. 794. 784.

7.J9. 731. 724. 719. 715. 711. 708.
10v. o9. o9b. b94. b92. 691. 689. 687.
78T. b15. 070. 666. 60)1. 650. 650, 645,

020. 020. o13. b06. 599. 592. 585. 577.
5b6. 5,7. 539. 531. 523. 515. 507. 499.

sTAGE
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
u.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.u O.u 0.0 0.0 O.u 0.0 0.0 0.0
0.u 0.0 0.0 u.0 0.0 0.0 0.0 0.0
0.u 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.u 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.O 0.0 U.u 0.0 0.0 0.0 0.0 0.0
0.u U.0 0.0 0.0 ).0 0.0 0.0 0.0
u O.- 0.0 0.0 V.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0

rt-iA o-mLUR 24-HOUR 72-HOUR TOTAL VOLUME
jbly. J684. 1360. 705. 70536.
I,). l1u. 39. 20. 1997.

V.d1 12.34 13.34 13.34
423.do 313.49 33d.74 338.74
192o. 2b97. 2915. 2915.
2 J7to. 3321. 359b. 3595.

.. , .- ,r, t s 931.

SPLA 1, irtu 5
- -1



OUIFLUW
o°Oo Of 00 Do b0 b. 2

. o. b. . 11. 15.

4*. 31. '*0. 4i. 46. 4b. 61 56. 75

23v. 123. '*83. bdo4. 6b71. ob4. 6671
551o. 7 '214. 3582. 3033. 2572. 2189. 1870. 1601
1411. 117 . 4u.. 827. 742. 379. 623. 575

494. 459. *2a. 3o8. 371. 34b. 323. 301. 231

244. 235. 235. 231. 234. 234. 234. 233. 233

2J2. 231. 231. 23U. 230. 229. 229. 22b. 221

.25. 224. 223. 223. 222. 221. 221

5TOR

90. 9. 9. 9. 9. 9. 8. b. 

8. 8. b. d. 9. 11. 15. 21. 26

9o0. 73. b7. 102. 120. 144. 17b. 221

4hU. 490. 630. 7o7. 894. 940. 961. 96o. 961

9,1. 911. b89. 8b9. 851. 83b. 824. 814. 80|

7ob. 771. 7b. 753. 7;4. 731. 731. 725. 72'
71. 710. lode 705. 702. 700. 69 . 6b. 690
7o1. o6U. to). 682. 67. 675. 670. b6
bo~ . b 60b. o49. 626. o20. 613. 60

bV2. 5 5 7l7. 570. 562. 555. 547, 53.5

&IAGE

. 0.0 0.0 0.0 0.0 0.0 0.0 o. 0

k. (.0 o.0 G 0.0 0.0 (.0 0.0 0.0

u'. IV L, 0.0 0.0 0.0 0.0 0.0 0

v u.0 0.0 0.0 0.0 0.0 0.0 0.0 0

u.u u 0. 0 0.0 v 0.0 0.0 0.1 0.0 0

0.0 .U 0.O 0.0 (.0 U.0 0.0 0.0 0

0.0 0.0 .0 0.0 0.0 U.0 0.0 0.0 0

U.0 0.0 V.0 0.0 0.0 0.0 0.0 0.0 0

v.U U.0 .0 u O.u 0.0 0.0 0.0 0

0.0 .0).0 00.0 0.0 0.0 0.0 0

PEAN b-HOUU 24-mOUR 72-HOUR TOTAL VOLUMk

¢Vi0 od7. 798 17 40, bu. 89022.

CK 195. 141. 49. 25. 2521.

ICriL.. 11.31 15.79 16.d3 16.83

A 27.23 401.12 427.62 427.52

AC-Ff 2471. 3451. 309. 369.

frijuS CU A 3U4b. 4257. 4537. 457.

PiAXIMUM STRAGL = 966.

.,TAI( N 2, PLAN 1, RTIO 6

UUIFIUWi
to . do do be. 7, 7, ?

I. I. 7. 7. t. 10. 13. 1b.

.. '*4. 1to . 7 .9. 5d7,. 2 75.

,615. it. 1ii.D4I b17b. 7bbl. 8371. bi~b. 63

uao)u v.1S 4,to I 37obl 3214. 27 So. 233d . 0

A40l $. 112. 1115. 100 3. 913. 8 7 . 771. 1

tu. ; 35.J4. itO 4b%*. '3 2. 403. 3 7be 3

,- 0.1



GUIFLU
6. 0. b. b. b. 6. 6.
. o. 6. 11. 15. 20. 26.
0. 4.i 46. 4 . 51. 56. 75. 102.
0. 1 3. %3d3. 58o4. 671. bbb4. 6679. 6162.

3582. 3033. 2572. 2189. 1870. 1605. 1413.
5. 9.s. 827. 745. 679. 623. 575. 532.

40 . 371. 34b. 323. 301. 261. 262.
S. 23!. 234. 234. 234. 233. 233. 232.

23u. 230. 229. 229. 228. 227. 227.
22. 223. 223. 222. 221. 221. 220.

STOH
90 9. 9. 9. 8. b. 8. 8.
b. d. 9. 11. 15. 21. 28. 38.
3. 7. 102. 120. 144. 178. 227. 294.
0. 70. 894. 940. 961. 966. 961. 948.

9b9. 851. 836. b24. 814. 805. 797.
5. 753. 744. 737. 731. 725. 721. 717.

705. 702. 700. 698. 696, b94. 692.
7. b6b. 682. 678. 675. 670. b66. 661.
5. 039. 6i3. 626. o20. 613. 606. 599.
1. 57u. 562. 555. 547. 539. 531. 523.

STAGE
0 0.0 0.0 0.0 0.0 O.U 0.0 0.0
.u 0.0 0.0 U.0 0.0 0.0 0.0 0.0
0 0.0 0.0 U.0 0.0 0.0 0.0 0.0
.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
.0 U.0 0.0 U.0 0.0 0.0 0.0 0.0
.0 0.0 U.0 0.0 0.0 0.0 0.0 0.0
.0 u.u 0.0 u.0 0.0 0.0 0.0 0.0
.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
10 0.u O.v 0.0 0.0 0.0 0.0 0.0
'0 U.0 0.0 0.0 0.0 0.0 0.0 0.0

PEAN 6-HOUK 24-nOuR 72-HUUR TOTAL VOUML
oddt. 498. 1740. Vu0. 89022.
i9b. 141. 49. 25. 2521.

11.31 15.79 16.t3 16.83
2V7.23 401.12 427.52 427.52
2471. 3451. 3679. 3679.
304b. 4257. 4537. 45J7.

NAXIMUM STURAGE 966.

oIATIUN 2, PLAm 1, RTIO 6

o . 7. 7. 7 7. 7.
7. . 100 13. 1b. 25. 33.

01. 490 b2. 5b. 75. 99. 154.
38. jT. 7bbl. 8371. bo08. 6349. 7703.

G'o1. 37o8. 3214. 2736. 233g. 200b. 1727.
111a. 1003. 913. 837. 771. 7a4. 662.

7. 4to .. 032. 403. 37b. 351. 327.
, d3..4. 234.

S-PQ



211. 21. A20. 22e. 11. 224. 211.Z

ii. iv. I. iv. 12. 14. 19. 2b.
Ii Io. Ig L11. 129. 151 1 2t . 225. 21

o13. 173. 693. 953. 985. 1(03. 1009. 101
9 t '4. %l1. 897. 875. 857. b42. u29. al

*02. 14. 7o. 770. 760. 752. 745. 739. 7;
/45. 7zi. 717. 714. 711. 7%). 705. 703. 71
bo. o. b9. bvl. 690, bd8. 685. bb2. 6
671. oo7. b02. oT7. 652. b4b. 640. 634. 6
614. o . ovl. b94. bdO. b7t. 572. 564. 51

STAGE
0.0 U.0 O.O" U.0 0.0 0.0 0.0 0.0
(0.) V. 0.0 0.0 0.0 0.0 0.0 0.0
0.u v.. 0.0 0.u U.0 0.0 0.0 0.0
o.0 0.0 u.o u.0 0.0 0.0 0.0 0.0
v . 0o fi . v .o kiu 0 0 .0 0 . 0 (. O O .u

0. O.u 0.u %.o 0.0 0.0 0.0 0.0
0.u 0.3 0.( 0.0 0.0 0.0 0.0 0.0
W.0 U.u J.0 U.0 0.0 0.0 0.0 0.0
V.u 0.) v.0 u.% 0.0 O.0 0.0 0.0
0.0 0.3 0.0 .J 0.0 0.0 0.0 0.

PcArl o-HO 24-HOLJJ 72-HJUR 2TAL VOLUME
cet bbut. o429. 2251. 1138. 113832.
C2i'. 1i2. 64. 3;1 3223.

Icme; 14. 20.43 21.b2 21.52
m.4 370.51 519.00 54b.67 54b.b7

- Jlb. 44b6. 4704. 4704.
IijJS CU A 3932. 5508. bdU2. 582.

MAAIMUM £ilRAE = 1009.
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23., 232. 231. 231. 230. 229. 229.
)ko. 220 i25. 224, 224. 223. 222.

STUR
,. L1 1. .1 10 10.

10. 12. 14. 19. 26. 36. 47.
110. 129. 151. 182. 225. 285. 368.
69. 953. 965. IU03. 1009. 1002. 986.
897. 875. 857. b42. b29. 81d, 809,
77U. 760. 752. 745. 739. 734. 729.
714. hIl. 70b. 705. 703. 701. 698.
by1. 690. bt8. 685. 662. 679. 675.
b57. 652. b4b. 640 . 634. *28. 621.
594. !o. b7. 572. 564. 556. 549.

STAGE
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 o.0 0.0 0.0 0.) 0.0
.0 '0.0 0.0 0.0 0.0 0.) 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0
u.u 0.0 0.0 0.0 0.0 0.0 0.0
o,0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
u.0 0.0 0.0 0.0 0.0 0.0 0.0

o-KOUK 24-HUUR 72-HJUR IUTAL VOLUME
*429. 2251. 1138. 113832.
162. 64. 32. 3223.
14 20.43 21.52 21.52

310.51 519.00 542.67 546.57
3U1. 4466. 4104. 4704.

3932. 5508. 5d02. 58U2.

AXtMUM iDRAjE 1009.

"2; . .... ." - - _- . . . .. -- ' ' - -- - - z . . . " . ---- . - " - ' -, =5 iVIZ ,



PLAK FL7vi AjD SUrA6 (ENU UF PkhIlU) SUMMARY FUR 14ULTIPLE PLAN-RAT1O ECU

F' ii Ijli CUbIC FLET PER bECUND (CUBIC tETaS PER SLCO

AaLA IN SQUARE MIES (SQUAkk. KILUMLILiS)

kA1IU APPLIED TO fLOM$
OPERAJIIJ14 ISAIIiN AREA PLAN RATIO 1 RATIO 2 RATIO 3 RATIO 4 RATIO

U120 0.35 0.50 O.o6 0

dfiORJRAPH AT 1 4.10 1 1733. 3033. 4J33. 5b33. 69
10.62) C 49.0b)( 85.b9)( 122.b9)( 159.50J( 196.

eJJl I 2 4.10 1 517. 2525. 414U. 5529. 66
C 1u.C2) C 14.bJ)( 71.50)( 117.22)( 156.55)( 194.

. . . . . . III l ) II i I I I| II I I II I II. ..



)

ARY FUR MULTIPLE PLAN-RAT10 ECONOMIC CUMPUTATIONS
R bECUtN) (CUBIC ALTL.XS PE SLCUND)
M~ILES (SQUAk6 KILAJNklLh)

hA1105 APPL ED TO FLOS
o 2 RATIO 3 RAT1O 4 RAT 0 S RATIO 6
0.35 U.50 o.6 0.6o 1.00

033. 4333. 5633. 6933. &b66.
.b9)( 122.69)( 159.50)( 196.31)( 245,39)(

2525. 414U. 5529. 6bd4. 8608.
,50)( 117.22)( 156.55)( 194.94)( 243,76)(
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I.

UNITED STATES DEPARTMENT OF AGRICULTURE

SOIL CONSERVATION SERVICE

SYRACUSE, NEW YORK

ENGINEERING INVESTIGATION REPORT

ISCHUA CREEK WATERSHED

SITE 4

Investigating Committee

Donald E. Wallin, Civil Engineer, NETSC, Broomall, PA
Donald W. Lake, Jr., Civil Engineer, SCS, Syracuse, NY
Harry G. Hirth, Civil Engineer, Syracuse, NY
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Project: Ischua Creek Watershed
Cattaraugus County, New York

Location: Approximately 12 miles north of the city of
Olean, New York and 40 miles south of Buffalo,
New York

Site Number: Floodwater Retarding Structure #4
Located approximately 3/4 mile northeast of the
village of Franklinville, New York

Problems: Cracks in the 36 inch diameter principal
spillway conduit.

Dates of August 1976, July 1977, October 1977, and May
Inspection 1979

Floodwater Retarding Structure #4 is a class C structure
having a drainage area of 4.1 sq. miles, fill height of 51
feet and containing about 103,000 cu. yds. of fill. This
structure was built during the period from August 1962 to
September 1963 by Sack Bros. Inc.

PROBLEMS

In August 1976, SCS conducted an inspection of principal
spillways in the Ischua Creek Watershed. During this
inspection cracks were discovered in the 36 inch conduit on
this site. These cracks had developed in the pipes between
joints C & D and E & F (attached sheet 7 of 11 of
construction drawing, Exhibit 9) as shown in Exhibits 1-8
attached. Also, there are two other pipe lengths that show
lime deposits.

PRINCIPAL SPILLWAY CONDUIT DESIGN

Designed in 1961 O.D. 3.52 ft. (Reinforced Cradle)

Prestressed pipe .001 Crack 11,108 #/LF
Non Prestressed .01 Crack 14,774 #/LF

Redesigned in 1962 for change in O.D. 3.94 ft.
.001 Crack 12,322 #/LF

.01 Crack 16,388 #/LF

Certification from manufacturer, Exhibit 10:

Three edge bearing @ .01 crack 16,500 #/LF

S I



CONSTRUCTION

Work was started on this site on August 24, 1962, and
completed August 31, 1963. Pipe was delivered to the site
on September 11, started laying pipe on September 17, and
completed with cradle October 2. During this period, Job
Diary refers to problems in construction such as: "informed
contractor joint "L" not closed in tight enough; shut job
down due to rain, joint "B" settled over 3 inches; suggest
superintendent get drainage ..... in areas A, B, C, and D
along pipe and cradle S.G., no pipe to be laid in muck;
jacking pipe up to grade; low temperature on concrete this
morning, 36*; checked RCP 36 inch at joint "", jack same up
to grade; checked point "Q" again (.02 low), informed
superintendent to jack same up; joint "Q" and ..... went out
of alignment on RCP, informed superintendent to take out and
recompact S.G. and replace pipe in workman-like manner;
pipe became damaged trying to straigten same in alignment,
checked 36 inch RCP and found same OK; several references to
wet conditions and orders to remove backfill to bottom of
cradle and replace, informed contractor no equipment to pass
over pipe or structure with less than 2 feet of cover;
warned contractor of running with dozer over 36 inch RCCP;
today contractor had shown very little respect to instruct-
ions given him covering specifications, don't care attitude;
November 4 to May 14, 1963, winter shutdown; May 15, inform-
ed contractor to keep equipment off pipe until fill has two
feet of compacted fill over it; contractor finished placing
fill in first 2 feet over 36 inch RCP."

OPERATION AND MAINTENANCE

Operation and maintenance have been annually conducted
without inspection of the conduit. In August 1976, an
inspection was made by SCS which in turn discovered these
problems. Therefore, it is impossible to determine at what
period between construction in 1963 until they were
discovered in 1976, that these cracks began to develop.
Additional inspections were conducted in 1977 and 1979 with
no apparent change.

OBSERVATIONS AND FINDINGS

The revised design of the conduit, based on furnished
outside dimension required 16,388 #/lin. ft. (7/24/62)
while manufacturers specification sheet lists under design
conditions: In accordance with AWWA C-302, three edge
bearings at .01"inch crack 16,500 #/lin. ft. (7-18-62). No
documentation exists as to the origin of this figure which
could have been an actual break of this pipe, a break from
an equal pipe or a mathematical computation of some kind.

* -*.-*, A



Many problems with the contractor were recorded in the Job
Diary; holding pipe to line and grade, getting adequate
compaction in structure backfill, equipment operating too
close to pipe, and statements that contractor had little
respect for contract requirements. Any or all of these items
could have damaged or weakened pipe during construction. At
this time all SCS personnel that were involved in the
construction have left the Service and are unavailable for
comment.

The cracks in pipe lengths C-D and E-F are in close proxim-
ity to anti-seep collars. Differential settlement in these
areas may have contributed to the pipe cracking.

An analysis of required longitudinal steel was done in ac-
cordance with Design Note #9. See Exhibit 11. The longi-
tudinal area of steel required by this analysis is 11.42 sq.
in. That actually provided by six No. 3 bars listed on
Exhibit 10 is 0.66 sq. in. This does not include addition-
al longitudinal reinforcement being provided by the two
cages of mesh. The contract documents do not state the size
or type of mesh, so the additional cross sectional area of
steel can not be determined, but it would seem unreasonable
to assume the mesh would provide the additional area (10.76
in2 ) needed. Therefore, the pipe appears to be grossly
lacking in longitudinal reinforcements.

It is important to recognize that the procedures in Design
Note #9, used for determining the required area of longi-
tudinal steel, were unavailable at the time this dam was
designed and these same procedures were developed as a
result of similar problems with this type of pipe (AWWA
302). AWWA 302 pipe has been used on very few sites in the
state of New York and has not been used at all for more than
ten years.

GEOLOGY

A review of the geologic investigation was made and can be
summarized by the narrative from the report. "The heavy,
blue gray till underlying the entire extent of the proposed
principal spillway results in a very good foundation condi-
tion. Dil, in the vicinity of TP-302, had blow counts in
the vicinity of 25-30 at spillway grade. TP 303 revealed
either a large boulder or bedrock at about spillway grade.
Just to be safe, I recommend that the downstream end of the
pipe be moved 20 feet towards the stream. This should re-
sult in completely uniform conditions along the spillway."
As-built plans indicate entire structure was relocated in
design 20 to 30 feet towards the stream.

.
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REPAIR

This structure has been inspected by the pipe manufacturer

and their recommendation is that pipe be drilled and a
silica gel grounted into the soil around the pipe. After
this is accomplished, the cracks should be veed out and
filled with lead wool and hydraulic cement. This cost was
estimated to be approximately $5,800 in 1977.

RECOMMENDATION

It is recommended that the repair work described above be
done at federal cost. This is based on the fact that during
construction, many problems occurred that could have result-
ed in damage to the pipe, and on a national level, we have
discouraged the use of this type of pipe because of similar
cracking problems.

Donald E. Wallin
Design Engineer
Broomall, Pennsylvania

Donald W. Lake, Jr.
Head, Design Section
Syracuse, New York

Harry G. Hirth,
Construction Engineer
Syracuse, New York

Concurred By:

State Conservation Engineer

I,&



__ _ _ _ _ _ .
EXHIBIT I

OCTOBER 27, 1977, OKRA AND LIME

DEPOSITS FROM CRACK DEVELOPED IN

SIDEWALL OF 36" RCP

EXHIBIT 2

JULY 21, 1977, CLOSE UP VIEW

OF LOCATION SHOWN IN EXHIB-

IT I.

EXHIBIT 3

OCTOBER 27, 1977, LIME DEPOSITS

LOOKING DOWNSTREAM IN 36" RCP

NEAR JOINT E.

I^
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EXHIBIT 4 EXHIBIT5
JULY 21, 1977, UPSTREAM CRACK IN JULY 21, 1977, UPSTREAM CRACK IN

OF PIPE LENGTH C- D. OF PIPE LENGTH C-D.

EXHIBIT 6

JUNE 18, 1979, SAME CRACK AS
SHOWN IN EXHIBIT 4 WITH NO AP -
PRECIABLE CHANGE IN CONDITION.
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I
I EXHIBIT 7

OCTOBER 27, 1977, LIME DEPOSITS

FROM SMALL CRACK IN SIDEWALL

OF 36" RC.P

EXHIBIT 8
JUNE 18, 1979, PHOTO OF SAME
CRACK AS SHOWN IN EXHIBIT 7,
WITH NO APPRECIABLE CHANGE

IN CONDITION.
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-FOR 36" REINFORCE C0.CRETE FRES3._RE PI W/MBBER & IE1L JOINT (sP-.) . .

IGC11UA CREEK UWESIMDJ DAM N~o. 4

* CATTAIAUGUS COLTUNT, NEW YORK

U.3. DEPARTMENT OF AGRICULTURE - SOIL CONZERVATION SERVICESD-2-712-36 Mkd' 7' '(6
SEE DRAW ING _ -. . . . . .. .. . . . .. .. . . . .. . . . .

Pipe Size 36 inches

Footage 268 feet

- Design Conditions:
In Aecordanvc ith AWWA C-302

,Lree edge Bearing at .01" crack 16,500 1b./l.f.
- Maximm Head i.9 feet

.Steel Design:
Total Cage Area (Mesh) 1.2)9 sq.ll.If't.
•10. of Cages 2
Cage Areas

, .,Ins ide 0. 731 sq. in./ft.

, Outside O. 563. q.in./ft.

Longitujinals 3/6" 0 Bars Equally Spaced
in Inside cage 6

Joiait Rings:
Spigot Ring - Special section x 4-1/2 inches wide

with 14 Ga. x 4" wide steel band
Bell Rins 3/16" x 6 inches

*.i Both z.ilac coated

-Vall Thickness 5-'V8 inches
Joit Depth -3/3 inclitea

• .'". Average Creep 0.03 feet
. Average Length 16.03 feet

'Job Consists of:

(16) Straights 256.48 feet
(l Short (O,-3' O.A.) 10.00 feet
(i M4all Fitting (SpiZut) -- fee t

..

" ."

LOCK JOINT PIPE CO. EAST ORANGE N. J.

C___ OLEO Oki.- PPR.E DA i

Al.l, LO____NT_____,___TORNGE___J
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DESIGN FOLDER



1. DESIGN REPORT
-'----

"° ISCHUA CREEK WATERSHED PROJECT
SITE NO. 4, SAUNDERS CREEK

" •CATTARAUGUS COUNTY, NEW YORK

This floodwater retarding dam is located on Saunders Creek, a tributary 6.
of Ischua Creek. It is located approximately one mile northwest of the
town of Franklinville in Cattaraugus County, New York. Sheet 4 of this
report is a transparent overlay which when placed on the Franklinville
15' quadrangle published by the U. S. Geological Survey, will assist in
locating the dam. The dam is on property owned by Carl Forward and Ed
Bednarski. -

This dam has been classified as a class (c) structure in accordance
with criteria as established in Washington Engineering Memorandum SCS-27.

. The drainage area above the dam is 4.10 square miles.

The purpose of this dam is to provide temporary storage for the
runoff from 2,624 acres, which will reduce flooding downstream. This
temporary storage is gradually released through the principal spillway

* at the low stage and high stage elevations.

The components of the dam are a compacted earth fill, principalspillway, two emergency spillways and a combined drainage system for the

dam and foundation.

The principal spillway consists of a 36-inch reinforced concrete
water pipe and a 3' x 9' reinforced concrete riser.

r . /00 f 200 owl
The vegetated emergency spillways (base width 15& feet) will not be

used until the runoff exceeds 3.2 inches for a 6-hour duration storm.
The inflow hydrographs used in the design of this structure were

developed by the method described in the Engineering Handbook, Hydrology,

section 4, part 3.21, USDA, SCS.

The flood routing procedure used in the design is described in the
Engineering Handbook, Hydraulics, section 5, USDA, SCS. This flood
routing procedure was used to determine the maximum stages shown in the
following table.

.

.* . .. • : * ,.. -,. . ;. . . . . , -

REFERENCE: U.S.DEPARTMENT OF AGRICULTURE DRAWING NO.

,.SOIL CONSERVATION SERVICE NY-84-R
ENGINEERING & WATERSHEO PLANNING UNIT SHEET 1 OF 4
UPPER _ _ _ _ _ _ PENNSYLVANIA DATE 11/22/61

. ... . ..
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L.* DESIGN REPORT

Factor Surface Runoff Peak Peak Elev. of Storage Element of
Which De- Area in Inflow Outflow Maximum in Structure
termines Acres Inches CFS CFS Stage Ac.-Ft. Determined[ Stage . -. by Maximum

Stage

50 year 4.- - 1682.5 31 Crest ofsediment oii e
accumulation

!15 year 26.2 1.5 788 - 1705.2 295 Crest of
frequency riser i
storm

". ° '',

100 year .., 59.2.,.., .2 1i682 ....-.. ,, 689, Check of
frequency emergency N
storm spillways

.. moisture

condition III

1.75x6 hour 73.0 9.4 4940 .3800 . 1715.9 888 Design high
point rain- water
fall moisturei " condition II

2.5 -x6 hour 80.0 14.7 7452 6800 1717.2 968 Check top
point rain- of dam
fall moisture
condition II

The dizration of flow and the maximum velocity in the emergency
spillway for the design storm is 7.69 hours and 7.25 feet per second,

", respe ctively. V OW".. ...•...r..

The time to empty the pool from the crest of the emergency spillway .
to the crest of the orifice is 5.0 days.

The geology report and Soil Mechanics Laboratory report were used to
determine the adequacy of the design. Copies of these reports are attached.

The following publications were used in the design of this dam:

NE Handbook No. 5, Hydraulics ,.
NE Handbook No. 4, Hydrology
NE Handbook No. 6, Structural Design
Technical Releases Nos. 2, 5 and 10

1 .; - ; -: . ', . . . , , , a .

U.S.EPARTMENT OF AGRICULTURE

SOIL CONSERVATION SERVICE NY-804-R
"NOINCERING & WATERSHED PAN NING UlIor SHEET 2 OF 14
UP PR OARBY, PtONSYLVANIA DATE 11/22/61

DATE 1IL 6
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12-56SOIL. CONSERVATION SERVICEtI..: soha. R ELIMNAR DESIGN DATA-CLASS C STRUCTURE

NAMEWOKLA-

STRUCTURE NO.-------------------------- DRAINAGE AREA-2624- -- ------- CS

1.PEIITTO(VALUES GIVEN IN INCHES REFER TO INCHES OVER THE WATERSHED)h

P A (fL5x6-HR. VALUE)--3----. INCHES
PB(2.6KG-HR. VALUE) - - - - - - - - - - - - - - - - -1 . - - -IC E

Z,2. RUNOFF FOR ANCODTOII--------------.g4NCE

SYRGAH P AND CONDITION I--------------47------INCHES

13 . 3. PEAK INFLOW RATE FOR

HYDROGRAPH A--------------------------4940 ------- c. F. s.

---------------------------------------------------------------- 42-------~ ~.c. F. s.

.ii~i.4. PEAK OUTFLOW RATE

* PRINCIPAL SPILLWAY

LOW STAGE------------------------------------------- -4Q.Z ------c.F. s.

HIGH STAGE---------------------------------------- 7?------.8. C. F. S.
EMERGENCY SPILLWAY

DESIGN CAPACITY------------------------ 8Q- --C. F. S.
MAXIMUM CAPACITY(TO TOP OF DAM) -- -------- 6800 - -- C. F. S

S. STORAGE AT ELEVATION OF

PRINCIPAL SPILLWAY

LOW STAGE----------------------------- 0.14-----INCHES ---- 31 ----- ACRE-FEET

HIGH STG---------------------~......INCHES .32------ACRE-FEET
EMERGENCY SPILLWAY-CREST--------------3.29 ----- INCHES -- .ZZQ---ACRE.FEET

*HIGH WATER UNE-DESIGN CAPACITY ------- 4 L-----INCHES ------- ~. ACRE-FEET

.4HIGH WATER LINE-MAXIMUM CAPACITY..------------ 4.56--- - INCHES ---. 9 - .ACRE-FEET

I6 EMERGENCY SPILLWAY

CRITICAL VELOCITY AT DESIGN CAPACITY-CONTROL SECTION------------------------------ ---. F P. s.

. ~DURATION OF FLOW THROUGH SPILLWAY FOR DESIGN HYDROGRAPH -- -- ----
6 ..... HJOURS

BOTTOM WIDTH AT CONTROL SETO......---------------------~1Q. ~FEET
LENGTH. CONTROL SECTION TO EXIT~------------------------o45.-- FE

CONSTRUCTED IN (EXCELLENT)-(GOOD)-(FAIR)-(POORI

EROSION RESISTING MATERIALS---------------------------------------~-Q0e

..L/OESIGN HYDROGRAP04-VALUES USED TO DETERMINE EMERGENCY SPILLWAY DIMENSIONS FOR SAFE VELOCITIES

i/MAXIMUM PROBABLE HYDROGRAPH-VALUES USED TO DETERMINE EMERGENCY SPILLWAY FRIEESOARD

(CONTINUED ON REVERSE)



7. ELEVATION OF POOL AT
PRINCIPAL SPILLWAY

LOW STAGE--------------------- 1682*5----FEET
HIGH STAGE ----------------- 1703.a -FEET

EMERGENCY SPILLWAY-CRESI------------------------------ 1713.0----------- FEET
NIGH WATER LINE-DESIGN CAPACITY..------------------9---------17~9......FEET

FO.HIGH WATER LINE-MAXIMUM CAPACITY----------------------- 72-------.--FEET

.EARTH FILL

ELEVATION TOP OF SETTLED FILL----------------------------------11.2 FEET

MAXIMUM HEIGHT OF FILL------- 19-----------------------.. 2. FEET

I IL APPROVED AS CLASS C DESIGN

* *I .DATE -SIGNED
STATE CONSERVATION ENGINEER

DATE SIGNED
WI .HEAD. L W. P. UNIT



GEOLOGY REPORT

..... REPORT NO. NY-804-G

* *~.. . .. .. Prepared By . S . '//,.s
Geologist
S•S, Syracuse, New York

State Conservation Engineer
• SCS, Syracuse, New York

. . STATE New York WATERSHE) Ischua Creek

SITE NUMBER 4 LOCATION Franklinville, N.Y.

INVESTIGATED BY B.S. Ellis -DATE May 1961

EQUIPMENT USED Backhoe, Acker Drill Rig

• .SITE DATA:

DRAINAGE AREA 4.O SQ. MILES, (2,592) AC"S

TYPE OF STRUCTURE Earth Fill CLASS C PURPOSE Flood Control

HEIGHT OF FILL 51 FEET: LENGTH OF FILL 920 FEET

V'OLUME OF FILL (COMPACTED) 93,903 (above ,around) CU.YDS.

e .', LOCATION OF SPILLWAY North & South Abutments

ALLOCATED STORAGE:

Surface Area Volume
(Acres) (Ac. Ft.)

Sediment 5.8 31

Floodwater 59.2 689

I% b,..

SOIL CONSERVATION SERVICE N,-804-G

SHEET 1 OF 26
DATE June 1961

7 r . ,, ' .. .A .7... .
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SURFACE GEOLOGY & PHYSIOGRAPHY

• ,*" This site is located in the Allegheny Plateau physiographic province. x. ..
.The topography in the area is generally of the glacial-depositional ..... .
type of the Binghamton drift. Morainal deposits are very common in
the area. The material in the uplands is predominantly till with
occasional kames and kame terraces of gravel.

The valley slopes, or abutments, range from about 8% to a maximum of
28%. with a short distance of bluff-like topography just off the valley
floor. ..The flood plain itself is about 200 feet wide at the C/L of the• :" ., dam, :"'

Sandstone is exposed on the north abutment, and is of Devonian Age.
It is generally thick-bedded, ranging up to 24" thick, with the majority

, *,.being about 12". There are some shaly zones that are weathered and open
on the face of the outcrop. These constitute only a fraction of the
total proflely however. Regional dip is 50 feet to the mile in a gener-
ally southwesterly direction. There is some jointing discernible,
trending generally north-south. ".- . .

.. Two or three minor seeps'were observed in the bedding planes, of.the ,.... 1,.
sandstone on the north abutment. .

The channel downstream from the structure is reasonably stable under
present conditions. It is paved with large (6" to 18") flags ranging
up to 3" in thickness. Installation of the structure should have little

SUBSURFACE GEOLOGY

Centerline of Dam

Two drill holes and five backhoe test pits were dug along the C/L of
the dam. DH-l on the south edge of the flood plain, was carried to a
depth of 31.5 feet. It was sampled at the 5 and 10 feet depths and then
continuously below 10 feet. (TP-302s dug near DH-Is provides a contin-
uous profile from 0-10 feet.) There were no low volume-weight materials i.,:
encountered. A boulder was encountered at the 7 foot depth and the hole
was not cased below this depth. There was little or no caving, indicating
the density of the material. Blow count averaged around 35/foot down to ,
the 20 foot depth and then jumped to around 200. The material was moist
to a depth of 25 feet and then changed to a dry material. At the 21 foot
depth, an 8" boulder was cored. -The material sampled in the spoon was

i ., *,;. .* 1 .. . . .. .,

* REFERENCE: 1 PRMN FARCLUE DRAWING NO.
SOIL CONSERVATION SERVICE -

. JSWEET 2 OF 26

I • DATE June 1961

., . - .. ..- ..... .
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visually classified as a CL. However, backhoe test pits 301 and 302, in
the same blue gray material, were visually classified as GM. The

.ip mterial is a very dense till, with numerous large cobbles. It is a .

toss up to claskify without a sieve analysis, and might go either way.
DH-2, on the north edge of the flood plain, encountered rock at a depth

of 7 feet. The rock was cored from 7 feet to 13 feet. Recovery amounted
to about 3 feet for this distance. The material over the rock is a
brown, compact till.
Backhoe test pits 3 and 4 on the north side of the valley were dug to

depths of 10 and 6 feet, respectively. In general, both pits were in -
a very dense silt with numerous small gravels and occasional cobbles.

:There was14 very slight seepage'at-the. 8"footdepth'ii"TP-3,"andnone""4V "MW"-
in TP-4.

TP-5 and 6 on the south side of the valley revealed about 6 feet of
tight, fine-grained brown till,(CL) underlain by 2 feet of coarser till
and then sandier material below. the 8 foot depth.,...TP-;5.wascarried .to ,
a depth of 5 feet and TP-6 to*a depth of 9 feet.

TP-7 was dug in what appeared to be a soft spot in the flood plain.
-,'.*(,' However, the material is dense and relatively dry below the 3 foot depth 91 000

and consists of a blue-gray till. The matrix is a CL with a fairly good
gradation of +4s up to 3".

Several minor seep zones were observed along the bedrock face on the
' north .abptment, These seeps .occur. along the bedding planes of the sand-

Principal Spillway ". .-
... •p..

Three test pits were dug along the C/L of the principal spillway. One

at the riser location, one at the outlet and one at midpoint. No samples

were taken of the material.

All of the pits revealed a very dense blue-gray till at design grade,
overlain by alluvial gravel or brown till.

. . TP-303 had a very large boulder, or bedrock at grade elevation.

EerjzencY Svillway

Twelve test pits and six drill holes were drilled in the emergency.1'.
,i spillways. Two samples were taken of the material in the north spill- o.

r and re from the south.

U.S.DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE NY-804-G

* J SHEET 3 OF 26
"-DATE_ June 1961
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Bedrock was encountered along the north edge of the north spillway.
S'.... The estimated volume of this rock to be excavated is 6,000 cu. yds. ' .

" " ~ The material overlying theirock and in the rest of the north spillway:

T is quite uniform. It is a dense glacial till, consisting of approxi-.....
.,w. mately 30-40% +4 material tightly embedded in the matrix.

At design grade, the material is not particularly erosive.

. In the south spillway, four test pits were dug along the C/L with the
backhoe, starting at 3+00 upstream and eniding at the level section.''.

..Dense brown till, slightly coarser and cleaner than on the north side,-
overlies a sandier material.

Borrow Area

• Eight backhoe test pits were dug in an area east of the north spillway.
The material, considering a composited profile, is uniform. One compos-
ited sample from test pit 103 was taken as representative of the material
in the area. ' * " " *.L " '""" "* ;'**'*"''"*" *." '

I n general, the entire area has 4 or 5 feet of silt wi.h considerable Kf
t.".:**. .,+4,aterial in it, underlain by a.coarser till that classified visual.., -,

as a G4. The northern portion of the area is shallow (9'-10 ) to .. ..

weathered bedrock.

Based on an 8 foot overall depth, there are approximately 56p000 cu. yds.

of material available in this area.

" 'Construction Materials -

There was no source of clean gravel or suitable filter material revealed.,

o this site during this investigation. "; "

Rip rap will probably be available from the rock excavation in the north
spillway.

• :. Water

There was very little seepage in any of the test pits, and ground water
observations in the drill holes would be invalidated by the nfluence of
drilling water. Water for construction purposes will have to come from

impounding the surface stream in the vicinity of the dam site.

:n"" ': ."* '. A; ~ ~ &1~~ .?:a4 .. al:" " 1. . , ."

-' " RIEFERENCE: ' . ... ... , DRAW I N NO. NAP,
U.S.DEPARTMENT OF AGRICULTURE DRAWIN G OOW

4" 1SOIL CONSERVATION SERVICE 4 OF0 26
SHEET _j_4OF 2.._.6

DATE June 1961
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'  

" e °''," '" ",- '"•"." • . ' • ,: .7.

• .. .. . ,... ... .:,.. ... . . ., ., ., .. ,.. .. .... . , . ,"m "• ..e ', , .a>, , €, .. . , . . .., 7 ", , . . . e



CN - 60

G E 0 L 0 G Y R E P 0 R T

SUPPLEMENT TO GEOLOGY REPORT
........ ISCHUA CREEK WATERSHED .. .

-* .. ° + ., .-.

* SITE 4
•-* -i+ - .+. ,. V.

- . " wt- ..... *,%.... (For.In-Service-Use.-Only) - t.....

INTERIPRETATIONS AND RECOMMENDATIONS

-. Centerline of Dam

Foundation materials along the C/L of this structure are competent.
The abutments consist generally of a dense brown till material. The

T- north abutment, above the bedrock, consists of a very dense matrix. ....

with tightly bound cobbles and occasional boulders. This matrix,
probably an ML or CL, is consistent to the depth of the test pits.
The south abutment, on the other hand, has a sandier, more permeable
material underlying the relatively impermeable till. This sand occurs
at a depth of about 8 feet. -

The valley bottom, or flood plain, has bedrock at a depth of 7 feet on
the north side and very dense, blue gray till to at least a depth of

.. * •31 feet on the south side. -The minimum blow count on this material
was 14 at a depth of 5 feet. From 10 to 20 feet, the count averages
around 35 and then jumps into the +100 range.

For a height of about 15-20 feet above the valley floor on the north
abutment, sandstone is exposed. There has been considerable weathering

15 A of 'the softshale beds between the sandstoneilayers.with a..resultant ... W
.* *.

+ • slumping of large blocks of the sandstone. .+

It appears from the foregoing that differential settlement will not be
a problem on this site, in spite of the fact that we have bedrock at
a shallow depth (7') on the north side of the valley and deeper than ir
31 feet on the south side, less than 170 feet away. The material on
the south side is dense enough to preclude any settlement for this
depth of fill. The abutments are a good heavy till, so no problem
exists in that quarter, *

I recommend, however, that the weathered rock on the north side of the ....
valley be removed. It should be cleaned back to a regular face of fresh,

• .:''solid rock. There is a considerable amount of soft shale that is inter-
bedded with the sandstone. This shale broke up during core drilling,
resulting in frequent recoveries of 50%. Undisturbed, and covered with
fill, this shale should not present any problem with respect to perme-
ability or settlement.

REFERENCE: U.S.DEPARTMENT OF AGRICULTURE DRAWING NO.

SOIL CONSERVATION SERVICE NY-804-G

SHEET 1 OF 3

DATE June 1961

• 7 in-..
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As mentioned in the beginning of this report, there are several seeps
in the bluff on the north side of the valley, the highest being approx-
imately 12 feet above the flood plain. At the time of this investiga-

a" 6.w.... tion (May 1961), there was probably 1 to 2 gallons per minute flowing
from them. I noticed what appeared to be some sort of spring develop-

£ment on one. A rusty length of pipe protruded from a large crevasse
in the rock, with water coming out of it as well as around it. The
old road used to run through the valley, so it is a possibility. I
mention this because it does give some indication that the seeps are
not strictly wet-weather. It seems feasible to include drainage on
this side of the fill to take care of this water. There are no dis-
cernible seeps on the south abutment. Considering the material, this

Principal Spillway

The heavy, blue gray till underlying the entire extent of the proposed
principal spillway results in very good foundation conditions. DH-l,

S . •in the vicinity of TP-302, had blow counts in the vicinity of 25-30 at
spillway grade. TP-303 revealed either a large boulder or bedrock atabout spillway grade. Just to be safe, I recommend that the downstream

end of the pipe be moved 20 feet toward the stream. (See dashed line :**

on site plan view.) This should result in completely uniform conditions
along the spillway.

Emergency Spillway

'! ''North - Bedrock was encountered in three drill holes in this spill-
.- • way. By using the three point system and assuming plane conditions on

the rock surface, a volume of 6,000 cu. yds. of rock excavation was
computed. In the absence of very close hole spacing, it would be nearly

S... .. impossible to define this rock both vertically and laterally, especially
* the latter. It seems safe to assume that at least a partial bluff

condition exists, as at the lower elevation. Because of the interbedded
shale, this rock should not be too difficult to excavate. I do not
believe it can be ripped, but should blast rather readily.

" The unconsolidated material at spillway grade is satisfactory. It is
rather resistant to erosion and vegetation should establish readily.

The length of the slopes on the uphill side of the spillway excavation
approach the area whereby it seems some erosion control is necessary.
There is also the possibility of seepage emerging at the contact of the
mantle and the bedrock, although the material in the drill holes was on
the dry side.

I .RFERENCE: DRAWING.......... N,,,O.'
REFERENCE: U.S.DEPARTMENT OF AGRICULTUREr

SOIL CONSERVATION SERVICE N.-804-G
B" " ' . " $1EET.____OF 3 i

ATE June 1961'I

... . .... ..... O
* -i F- - , • ,- -- -- - . -- -- -,. , - ,. .' , . - - - , , . - . . -- , .- -- -- - - -- _
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South - There seems to be two problems connected with this spill-..,

way, as planned. One concerns the need for a dike from a point just

below the level section upstream to somewhere beyond the C/L of dam
pan ..intersection. Possibly realignment and relocation of the level section

will alter this somewhat. . .. ..........................

i The second problem is that of the material at design grade from the
level section downstream. It is quite erodible. I would recommend
planning on over-excavating and backfilling with more resistant material

--- that would also allow better establishment of vegetation.

Borrow Areas
In 'addition to the emergency spillways, a borrow area was investigated ' °

to the east of the north spillway. The investigation of this was not
I completed, however. Legal difficulties forced a cancellation of further

I work in this area. It will probably be necessary to go back sometime
in the future and finish the job. The area south of the present borrow,
if the material is satisfactory, would probably lend itself better to ..

hauling onto the fill, at least from the standpoint of station-yards.

. . .... The. borrow-excavation-fill relationship is tabulated in this manner..*

I Total Fill (above gound) 98,903
Loss Factor (Xl.5) 148,000

South Spillway 19,000
North Spillway (Less Rock) 73,000

" . P.. .,-.. Borrow Area (4Needed)8,0. 0,0
.148000

This 56,000 cu. yds. of extra needed borrow can be obtained from the
area east of the north spillway. . . " .

.... b

Geologist, SCS
.. Syracuse, N.Y.

.. ".. *V . • .,. .. 4q.~

REFERENCE: U.S.DEPARTMENT OF AGRICULTURE DRAWING NO.

SOIL CONSERVATION SERVICE NY-804-G
SHEET_3 OF 3._

DATE June 1961
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"10 W. S. Atkinson, SL!.J e Conserva l.on Engineer, DAM!..: Auust 2., 1961I SCS, Syracuse, Ne3r York

FRO4 Bey S. Decker, Head, Soil Mechanics Laboratory,
SCS, Lincoln, N4braska,

SUTPECT: New York WP-2, Ischua Creek, Site No. 4-
Preliminary Report

ATTACT.tVNTS

i. Form SCS 354, Soil Mech*nics Laboratory Data, 1 sheet. L"
2. Form SCS 355, W'iayial Shear Teat Data, 3 sheets.
3. Form SCS 352, Comprction and Penetration Resistance Report, 4 sheet.
4. Form SCS 353, Grain Size Distribution Graph, 2 sheets.
5. Form SCS 357, Summery .. Slope Stability Analysis, 1 sheet.
6. Geological Plans eaid Profiles.

DISCUSSION

FOUNDA2TON:.

No samples were submitted for analyses.

0Intrbedded sandstone and shale is ex~osed at the base of the right abutment.
The bedrock contact drops off rather sharply under the flood plcnin section. A
test hole 31 feet deep at the base of the left abutment did not penetrate the
bedrock.

On the right abutment, above the bedrock exposure, the material is lorged as a -
dense till, and ranges frcm ML to GM. The material on the south or left abut-
ment is logged as a dense CL and. (.i till to an 3 -foot depth. The dense till mom"
is underlain by a more permeable sandy materiel classed as SM. The depth of L.
the SM was not determined.

Flocd plain materials consist of severa1l feet of alluvial gravel and gravelly
sands. In general, it i.ppeers that the alluvium is frcm 3 to 5 feet thick.
It is noted, however, that the alluviuu could be as much as 7 to 9 feet thick
in test hole 301.

The material underlying the alluvial gravels is logged as a dense till and was
classified as a CL or (14.

Blow count data was obb:innJ in test hole io. 1. There is scne question as to
the voisture content of the till. The geologic report and the voi-ture coltm
on the drillers log refers to this material as moist to a 20-foot depth. Wenote a discrepancy on the drillers log, in the visu-l cltssificr.tion and re-
marks column, where thi:a saze zone is referred to as dry.. High blow count was
o-.btaincd. However, we cannot relate blow count to saturated shear strength

i ,thout a better idea of the moisture content. With the present information,
fe don't know whether the high blow count is due to a dry till or whether the
till is actually near saturation and feels moist because it is extremely dense.

~~ ~ ~ ~~~~~~~~~~~~~~~~~~..•. ... . .. ........ ,' . ...... •. .... .. , ,....,., .' ... ," .'.. -. ,

/ .,.: -- -. , , ,.. ... , . * . :. ,*... . ,, • . .... .~. .. •.. ... .0 . .



SubJ: Neu York WP- 2, Inchun. Creek, .:Lte No. 4
Preliminary Report

94B E:IME NT:

A. Classification: Four borrow samples were submitted from the emergency h .
spillways and the borrow area. The four samples are very similar. They
have from 26 to 44 percent fines with 5 to 3 percent 2 micron clay. The
samples are classed as GC-GM and (24.

B. Compacted Density: Standard Proctor compaction tests were made on the
minus No. 4 size fraction. The minus No. 4 densities ranged from 116.5
p.c.f, to 123.0 p.c.f.

Maximum density and optimum moisture content for various percentages of
material larger than No. 4 size are shown on the attached compaction re-
ports.

C. Permeability: A permeability test was made on Sample 62W331. The test
was made on material passing the 1-inch size. rle test was made at 95
percent of Standard Proctor density with a correction applied for 22 per-
cent gravel. No percolation occurred in 6 days.

D. Shear Strength: Triaxial shear tests were made on Samples 62W331 and -

62W333. The samples were regraded as shown on the attached. Forms SCS 353.
Four-inch diameter shear specimens were tested. The regraded material was
molded to 95 percent of Standard density at saturation. Similar strength
values were obtained on both materials. The difference can be attributed
to the higher density and better gradation of Sample 62W333.

In addition to the four-inch diameter shear tests, a shear test was made
on the minus # 4 size fraction. This test was made to check the effect of
gradation and specimen size on shear strength. The test data is attached
for informational purposes and the test is not charged to this site.

SLOPE STABILITY:

Stability of the proposed slopes was checked with a trial failure arc through
the downstream section of the embankment only. With a full phreatic line, a
2 1/2:1 slope showed a factor of safety of 1.92. Under sudden drawdown a 3:1
upstream slope, with 10-foot berms as proposed, would have a factor of safety
in. the same range as that obtained on the downstream slope.

It must be emphasized that this analysis applies to the embankment and does
not consider the foundation strength.

RECOM4NDATIONS

We do not have enough information on the foundation to make specific recommend-
ations for a Class C embankment of this size.

We recomnend that in-place density tests be made and disturbed samples from the
same zones be submitted for classification. In addition to in-place density
*tests., we suggest field permeability tests to determine drainage requirements.)

.. .' '

, , , ... .. ,, ' . . .. , *. i d,
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Sub j: Nc'.' York WP-2, Isch Creek, Site Ko. h

Pralininary Report

In-place density tests should be taken of the alluvial gravel and the under-
lying till in the flood plain, mid in the till on the abutments.

Field permeabi.lity tests should be made .n the allirrial gravel, and in the
undcrlying till, and also in the dense CL till and in the 34 on the south

Iabu ent

SIn addition to the in-place density determinations and field permeability
tests, we recoiunend another test hole at about sediment pool elevation on the
south abutment. The test hole should penetrate to about elevation 1664. This-'..' qwould provide information an stratification in the south abutment.

The in-place density tests and disturbed classification samples vill provide
- ! •a b.sis for estimating sheer strength and consolidation potential. The field

perreability tests vill provide a basis determining drainage requirements and
* ,cutoff depth. In this respect, we are concerned primarily with the need for

drainage in the south nbutrent and in the flood plain. For instnce, it may
be Iossible that the alluvial gravels are permeable enough to serve as a
blarn et drain;

SThe field permeability test.s sho-uld b3 made in accordince with detsignntion

*E-19 in the "Bureau of Reclamation Jiarth Manual'. The vest is designated as
Ifield permeability test (well permeamater method).

Adedtional information on the geologic history of this valle, :ould also be
f ' hell'ful. Based on th- present infor2.%tion, it aplears that this could be

either a vblley entrenched into a glacilro drift deposite that parrallels an p.
interbedded sandstone and chale escarpment, or a valley deeply entrenched in
the bedrock and backfilled with glacial till. The 11.1 on the south abuLmsent

' may Indicate a stratified drift or a residual sand layer over the bedrock.

* On the basis of the present information) we would recomend a cutoff trench
thrcugh the alluvial gravel end into the dense till.

Seers on the north ab'xtment in the interbedded shale md sandstone indicate a
i need for drainage in this section of the valley.

We concur with the Ceologist's recumiendation to remove the ieathcred rock on
the north side to solid rock under the entire embanlmnent area.

PreIired by:
* ~.Attachments .perDPb, a

cc: H, M, Kautz, Upper Darby, Pa. "n
Bernard S. Ellis, Syracuse, Neu York

i Henry W. Davis, Penn Yan, lew York Reviewed and Appr d by:
* Jesse Wicks, Little Valley, N. Y. (2)

Rodi n B. Phillips

" g,,, .
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