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1.0 INTRODUCTION

1.1 Authority and Scope

On May 15, 1989, the City of Lockport entered into a Consent Order with the New York
State Department of Environmental Conservation NYSDEC) for remediation of the Lockport City
Landfill site, and in December, 1992 a Record of Decision (ROD) was issued. The Consent Order
and ROD govern the remedial action design for final closure of the site. On November 5, 1992,
the City entered into an agreement with URS Consultants, Inc. (URS), for the design. A
description of tasks to be performed under this agreement may be found in the Project
Management Plan prepared by URS in March 1993. This Design Analysis Report (DAR) is
submitted in partial fulfillment of that agreement.

This DAR contains 8 sections. Section 1 presents introductory information on the scope
of the design and its purpose. Section 2 describes the site conditions. Section 3 discusses field
investigation aspects. Section 4 describes the rationale, the cap components, and the cap design.
Section 5 discusses slope stability and waste removal issues on the steep slopes. Section 6
discusses the cap components and waste removal issues for the area adjacent to the wetland.

Section 7 describes surface water management. Section 8 discusses the fence installation.
This report will form the basis of the engineering design drawings and construction
specifications. It will remain in a "dynamic" document through the final closure design, changing

as necessary until the design proves acceptable to all parties.

1.2 Purpose and Function

The purpose of the closure design is to meet the remedial action objectives set forth in
the ROD. The remedial action must be protective of public health and the environment and must
meet both New York State Standards, Criteria, and Guidance (SCGs) and Federal Applicable or
Relevant and Appropriate Requirements (ARARs). Based on the findings from the Remedial
Investigation (RI), the following New York State SCGs are identified as applicable to the
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Lockport City Landfill:
. 6 NYCRR Part 360 (action specific)
. 6 NYCRR Parts 700 - Water Quality Standards (chemical specific)

. New York state Sanitary Code, Part 5 (Department of Health maximum

contaminant levels)
. Article 24 of the Environmental Conservation Law (ECL) - Freshwater Wetlands
. 6 NYCRR Part 663
. Article 15 of the ECL - Water Resources
. 6 NYCRR Part 608

The remedial action objectives, as reproduced from the ROD, are listed below:

. Prevent direct contact with on-site contaminated soil/fill
] Reduce erosion of on-site contaminated soil/fill into The Gulf
. Reduce infiltration through the landfill; this will in turn reduce migration of

contaminants in the groundwater and surface water.

These objectives can be accomplished by implementing a remedy with the following major

components and their respective functions:

. Landfill Cap: The landfill cap will serve to reduce the amount of infiltration
through the landfill. This will in turn reduce the amount of leachate generated

and reduce the migration of contaminants into the groundwater and surface water.
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The landfill cap will also prevent direct human contact with on-site contaminated
soil/fill.

Excavation of Potentially Unstable Waste from Steep Embankment: Excavation
of the waste material that is potentially unstable along the steep embankment and
placement of that material under the landfill cap will reduce long term erosion of
contaminated soil/fill into The Gulf and reduce the risk of a future slope failure

of this waste.

Minimization of Disturbance to Stable Waste on Steep Embankment: The waste
material deposited along the steep embankment which is presently stable and
likely to remain stable will be left in place with minimum disturbance. This
approach will minimize the risk of erosion/sediment migration contaminating The
Gulf as a result of construction activities and will also eliminate the risk of a
slope failure resulting from disturbance of the existing vegetation cover and/or

other construction activities.
Surface Water Management: This remedial element will reduce erosion in the
steep embankment by intercepting surface run-on and diverting this surface run-

on to the existing wetland area.

Fencing: Installation of fencing will protect the landfill cap against unauthorized

vehicle traffic that could jeopardize the cap integrity.
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20  SITE DESCRIPTION

The 30-acre Lockport City Landfill site is located partially in the City of Lockport and
partially in the Town of Lockport, Niagara County, New York. The site is bordered by The Gulf
(a creek) to the west and north, by Sutliff Rotary Park and Railroad Street on the east, and by the
City Highway Garage on the south. The property is owned by the City of Lockport. The site
lies on an angular indentation of the Niagara escarpment. Site topography is irregular, with the
eastern and southern portions of the site being relatively flat, and the western portion having a
steep slope (escarpment) leading down to The Gulf. In its northern portion the site slopes
gradually downward to a swampy area adjacent to The Gulf. The Gulf flows northward along
the base of the landfill, discharging into Eighteen Mile Creek approximately one mile north of
the site. The Gulf is classified by NYSDEC as a Class D water body. A 3-acre (unclassified)
wetland is located north of The Gulf at the toe of the landfill. A small pond may be found south
of the landfill. A 36-inch concrete pipe, installed to drain a spring near Oakhurst Street, lies
within the fill. The pipe's outfall is located near The Gulf in the southwestern portion of the site.

An 18-inch sanitary sewer runs adjacent to the landfill in The Gulf.

The landfill has two fill areas, separated by the north-south running railroad tracks. The
main portion of the landfill is located west of the tracks. A smaller fill area, located east of the
tracks, once served as a borrow pit for cover material for the western portion of the landfill. It

was later filled with refuse, covered, and graded.

The area east of the tracks has a sparse covering of small trees and brush. The western
portion of the landfill, near The Gulf, is thickly covered with trees and brush. Large piles of tree
limbs are scattered on the surface. The sideslopes are heavily vegetated. Numerous empty drums

and other refuse items protrude from this area.

The Lockport City Landfill was operated by the City of Lockport as a municipal and
industrial waste landfill from the early 1950s until 1976. It has been reported that unknown
quantities of a variety of wastes were disposed of at the landfill. This included sewage sludge,
wood starch contaminated with peroxide waste, keto and oxylite waste, steel barrels, plastics,

glass, cardboard, and waste paper. The method of disposal reportedly consisted of trenching into
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the overburden, depositing and then burning the wastes, and finally covering the wastes with
excavated materials each day. A small northwest-southeast trending ravine identified from aerial
photographs and geophysical survey, and confirmed by borings, had been filled with wastes by
1968.
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3.0  FIELD INVESTIGATION

The Lockport City Landfill has been the subject of a number of investigations, beginning

in 1981. The following is a summary of past investigations and findings:

Niagara County Department of Health - March 1981: A site inspection uncovered
numerous contraventions of 6 NYCRR Part 360. Among these contraventions were an orange-
colored leachate entering The Gulf through the 36-inch outfall pipe protruding from the face of
the landfill. Furthermore, large amounts of refuse had been placed without cover and too close
to surface waters, causing leachate and runoff to enter the stream. No final cover, not even

vegetative cover, had been applied to it.

NYSDEC - December 1981: During a site inspection by Region 9 personnel, three water
samples and three sediment samples were collected from The Gulf. Sediment samples showed
high concentrations of iron (110,000 ppb), chromium (150 ppb), copper (40 ppb), lead (640 ppb),
and zinc (1,500 ppb). Low concentrations of halogenated organics were also detected in all three

samples.

One water sample taken from a leachate outbreak showed concentrations of arsenic (52

ppb), iron (10 ppm), and lead (0.2 ppm) in excess of SCG values for Class D water bodies.

NYSDEC - November 1983: A Phase II investigation was carried out for NYSDEC by
RECRA Research, Inc. Field work involved placement of six monitoring wells, a geophysical
survey, and a soil, surface water, and groundwater sampling program. A final Hazard Ranking

System score of 23.2 was obtained.

City of Lockport - April 1992: A Remedial Investigation (RI) was performed. Findings
were presented in a Rl report. Also included in the report was a Health Risk Assessment (HRA).

The major activities included the following:

. Preparation of a topographic map of the site.

. Community Well Surveys
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. Radiological Surface Survey

. Soil Gas Survey
o Surface Geophysical Survey
. Subsurface Drilling Program

. Hydrogeological Testing
. Stream Hydrology Studies

. Macrobenthic Survey
Specific findings of this RI pertinent to the design are as follows:

° A localized pocket of suspected methane gas was encountered at one of the boring
locations at the depth of 16 feet during the subsurface drilling program-
Sustained LEL (Lower Explosive Limit) levels of 100% were detected at this

boring location for a two-hour period.

. The RI delineated the boundary of filled trenches and the approximate limits of
waste fill, based upon geophysical survey results, supplemented by historical

aerial photograph and soil boring evidence.

Gity of Lockport - July 1992: A Feasibility Study (FS) was prepared. This study
formed the basis of the selected remedy presented in the R.O.D.

The data developed from the RI was deemed sufficient to proceed directly with design,

without the need for an additional round of field investigation (Predesign Investigation), although

field trips are anticipated during the design to provide confirmatory survey data.
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4.0 LANDFILL CAP

4.1 Design Rationale

The ROD requires that the site be capped in accordance with the existing regulations for

closure of a solid waste landfill, which are specified in 6 NYCRR, Part 360. This regulation will

therefore be the standard for design. The goal of the design is a landfill cap which will serve as

an effective, long-term barrier to surface water infiltration and which is least susceptible to

damages caused by desiccation cracking, frost action, root penetration, slope stability, and

erosion.

4.2 Cap Components

In conformance with Part 360 the cap will consist of the following components:

35180.02/New-DAR.%4/mm

Gas-vent risers (1 per acre) - The 6-inch diameter gas-vent risers will be installed
3 feet into the landfill (waste), and will have at least 3 feet exposure above the

final grade of the cap.

Gas-venting system - The gas-venting system can be of a 12-inch sand layer with
a minimum coefficient of permeability of 1x10° cm/sec or a HDPE drainage net
sandwiched by geotextile filter fabric that provides hydraulic transmissivity
equivalent to that of 12-inch sand layer (equivalent minimum transmissivity of
3x10° m?*/sec). The HDPE drainage net with geotextile filter fabric is preferred

and included in the design based on economic considerations.

Low permeability barrier layer - The barrier layer will be an 18-inch layer of low
permeability soil (1x107 cm/sec or less) placed to reduce surface water
infiltration into the landfill.

Barrier protection layer - A 24-inch barrier protection layer will be placed above

the low permeability barrier to protect it from cracking, frost, root penetration,
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and erosion.

° Topsoil - A 6-inch topsoil layer will be placed above the barrier protection layer

to support vegetative growth.
. Vegetative cover

A typical section of the Part 360 cap is presented in Figure 4-1.

4.3 Cap Design

The cap will be designed with slopes varying from 4 to 20 percent to provide positive
drainage and a stable final cover. The cap will be installed on areas where the slopes of the
existing landfill surface are less than 33 percent. Areas that have slopes between 20 to 33 percent
will be regraded to a slope of no more than 20 percent. The 20 percent maximum slope was
selected based on the final landfill cap and a interface friction angle between the low permeability
soil and geotextile fabric of 17 degrees. Regrading will consist of the optimization of cutting and
filling of the landfill to minimize the amount of off-site fill material required. In the event that
landfill waste is encountered during grading operations, such material will be handled in

accordance with provisions contained in the Project Specifications.

The cap will be installed to the limits defined in the RI/FS excluding the steep
embankment where slopes are higher than 33 percent and the area along the wetland located on
the northwestern edge of the site where waste has been extended to the edge of the wetland. The
remediation of these slopes and the area along the wetland are discussed in section 5 and 6

respectively.

The typical perimeter transition will be approximately 12 feet, based on a 3 horizontal:

1 vertical slope of the transition to tie into one of the four following condition:

o Existing Grades: The cap will be terminated at the limits of fill, as identified in

the RI/FS reports, and transition to the existing grade.
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Railroad: The cap will be terminated at the right-of-way where it will meet

existing grade.

Steep Slopes: The cap will be terminated at the limit of final cover and transition

to the existing grade.
Wetland: The cap will be terminated approximately 25 feet outside the limits of

the wetlands and transition to the edge of the wetland. The waste outside the

limit of the final cover will be removed and backfilled with grading fill.
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5.0  STEEP SLOPES

51 Design Rationale

The western side of the landfill has steep slopes and is divided into two different areas

as follows:

o “very steep” slopes at the south western edge of the site which are characterized

by bedrock out-crops; and

"steep” slopes on the remaining steep slope area which has slopes that generally

exceed 33 percent and have significant existing vegetative cover.
The limits of the "very steep" and "steep" areas of the landfill are shown on Figure 5-1 .

Among the goals for the remedial program set forth in the ROD is the reduction of
erosion of contaminated material from the site into The Gulf. To that end, as shown on Figure
5-1, the potentially unstable waste along the "very steep” slope at the southwestern edge of the
site will be removed and placed under the cap. The remaining section of the steep slope area has
existing dense vegetative cover which contributes significantly to the current stability of the
slopes. In order to minimize the risk of contaminant migration through erosion during
construction and the risk of actual slope failure as a result of vegetative cover removal, minimal
disturbance is proposed. Waste removal in the "steep" slope area will consist of removing only

protruding and surficial waste, with a minimal disturbance to the existing vegetative cover.

Figure 5.1 shows the relationship between the area to be capped and the steep slopes.

The location of the limit of the cap is chosen for the following reasons:

. West of the selected cap location, the existing slopes encountered generally
exceed the 33 percent slope maximum discussed in Section 4.3 - Cap Design.
Although there are areas as shown on Figure 5-1 which appear to have relatively

slight grades, there are steep slopes within those areas that do not appear as such
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on the drawings because of the 10-foot contour line interval.

During several site walk-through performed by URS throughout this project
bedrock out-crops have been observed in the vicinity of the cap edge. As such
it is anticipated that, in many instances, bedrock is only slightly below the
existing surface. This condition would present major obstacles in regrading the
steep slopes to a 20 percent maximum slope. As discussed in Section 4.3 -Cap
Design, the 20 percent maximum slope has been selected based on a interface
friction angle between the low permeability soil and geocomposite gas vent layer

of 17 degrees.

The location of the cap edge is essentially that of the eastern edge of the
successional shrub savanna which extends to the western edge of the landfill. It

would be best for the environment if that habitat were left undisturbed.

Deviations from the requirement of a final cover over the entire landfill surface are

permitted under certain conditions under 6 NYCRR Part 375-1.10(c)(1)(i). Specifically the

following sub-sections apply:

(b) "Conformity to such standard or criterion will result in greater risk to the

public health or to the environment than alternatives”

(c) "Conformity to such standard or criterion is technically impracticable from an

engineering perspective”

These sub-sections are applicable to this site because:

35180.02/New-DAR.94/mm

As discussed in the RI, while there is virtually no present or future risk of harm
to humans or the environment from the currently stable waste, there would be a

substantial potential for short term damage if the vegetation is disturbed from:

- Soil contaminant migration
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- Sediment runoff to The Gulf

- Damage to existing habitat

The presence of bedrock at or near the surface makes it technically impracticable

to produce the grades required for cap design.

Leaving the existing vegetation in-place will preserve the veneer stability of the

steep slope area.

The steep slope area is currently stable.

The existing dense vegetation and steep slope promotes evapotranspiration and

runoff which minimizes infiltration.

52 Infiltration/Runoff Analysis

The Hydrologic performance of the steep slope area was evaluated using the USEPA

Hydrologic Evaluation of Landfill Performance (HELP) Model. In this evaluation, the following

site parameters were used:

20 years of synthetic rainfall, temperature and solar radiation for Buffalo, NY
6 to 18 inches of clayey silt on top of waste

20 ft of waste

site heavily vegetated

Based on the above assumptions, the following average annual distribution of total

precipitation was obtained:

35180.02/New-DAR.94/mm

Precipitation of ~ 36 in/yr

Run-off of 0.006 to 0.008 in/yr (/0% of precipitation.)
Evapotranspiration of = 27 in/yr (= 75% of precipitation)
Infiltration of ®9 in/yr (® 25% of precipitation)
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The analysis indicates that a significant portion of the average annual precipitation would
result in evapotranspiration (75 percent) while only a small portion would result in run-off.
However, the HELP model uses the Soil Conservation Service (SCS) method for calculating
runoff. This procedure estimates the runoff based on the type of soil and land use. It was
developed mostly for relatively large and flat areas and it does not account for the slope of the
watershed. Therefore, we believe the HELP model significantly underestimates the runoff from

steep slopes. HELP model analysis calculations are included in Appendix B.

Slopes on the steep slope area generally exceed 33 percent and will likely cause significant
runoff. Runoff from the steep slope areaas during precipitation events can be estimated using the

Rational Method. The following formula is used to estimate the runoff by this method:

Q = Cia
Where Q = runoff, cubic feet per second
C = runoff coefficient
i = rainfall intensity, inches per hour

®
]

drainage area, acres

The run-off coefficient represents a ratio of the runoff to rainfall. The Erie and Niagara
Counties Regional Planning Board (ENCRPB) Storm Drainage manual was used to estimate the
runoff coefficient for the steep slope area. Based on a hydrologic soil group D for open space
and a slope of greater than 6 percent, the runoff coefficient is in the range of 0.31 to 0.41.
Therefore, 30 to 40 percent of precipitation on the steep slope area would result in runoff during

precipitation events. The Rational Method support data are included in Appendix B.

In summary, we believe the HELP model correctly demonstrates that a substantial portion
of the total precipitation will result in evapotranspiration but that it underestimates the runoff from
steep slopes. The Rational Method shows that a significant portion of the precipitation during
rainfall events will result in runoff. While there is no direct correlation between the HELP model
analysis and the Rational Method, we conclude that the percentage of infiltration will likely be
in the range of 15 to 17.5 percent.
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53  Slope Stability

Since the potentially unstable waste and the thin layer of the surficial soils along the "very
steep” slope area will be excavated to bedrock, a slope stability analysis is not warranted for this
area. As discussed earlier in Section 5.1, it is anticipated that bedrock is only slightly below the

existing grade. This condition will be verified as part of the preconstruction activities.

URS conducted a visual inspection of the face of the "steep" slope area and found it to
be densely vegetated and currently stable. In addition, preliminary calculations using the wedge
method of analysis were completed. The wedge method of analysis was used for the following

conditions:
a) Groundwater Level (GWL) at toe of slope - dry condition
b) GWL at Elevation +515 (seepage head of 15")
c) GWL at Elevation +515 with final cap in place

Computed factors of safety for cases (a), (b) & (c) are 1.55, 1.38, and 1.38, respectively.
By limiting the rise of the groundwater table after capping, adequate factors of safety for the
overall landfill stability will be maintained.

In order to extend the cap over the steep face of the landfill, flattening of the steep slope
areas would be necessary since existing slopes are as steep as 1.33 H on 1.0 V. Clearing the
slope of dense vegetation would be necessary if slope flattening were to be undertaken. In the
absence of slope flattening there are advantages to leaving the vegetation on the slopes as it exists.
The cover and its root structure is effective in preserving veneer stability of the steep slope face.
In addition, there is substantial potential for short term damage if the vegetation is disturbed from
soil contaminant migration and sediment runoff to the Gulf. For the above reasons it is
recommended that the existing vegetation be left in place over the steep landfill areas when the

flat areas on the top are capped.
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5.4 Soil Sampling/Analysis

As part of the Remedial Investigation, soil samples (SPS-2 and SPS-3) were collected in
the vicinity of the steep slope area and analyzed for TCL list parameters. The surface soil results
for SPS-2 and SPS-3 (copy included in Appendix B) were compared to NYSDEC TAGM for
determination of soil cleanup objectives (November 1992). Six polynuclear aromatic
hydrocarbons (PAHs), a pesticide, and a PCB exceeded recommended SCG values. This

indicates that the surface soil is contaminated along the steep slope.

In order to minimize exposure to this surface soil (via dust and soil erosion), we
recommend not disturbing the dense vegetation already present in the steep slope area (all surface
debris will be removed). Leaving the vegetation will help reduce erosion and also help keep the
compounds which exceeded cleanup goals in the soil. It should also be noted that during the
course of the Remedial Investigation, waste samples taken in the vicinity of the steep slopes were
subjected to EPTOX testing with no results exceeding SCG values. (RI Report, April 1992,
Table 6-9, page 6-15 copy included in Appendix B). Thus, it would appear that there is no health
risk from that material. The EPTOX test results indicated that the resulting groundwater should

not become contaminated
5.5 Waste Removal
Waste removal in the steep slope areas will be carried out as follows:

. Along the "very steep” slopes at the southwestern edge of the site, waste will be

removed down to bedrock and hauled for placement under the cap.

. In the remaining steep slope area, only the protruding and surficial waste (drums,
debris, etc.) will be removed and placed under the cap. Existing vegetation will
remain undisturbed to the maximum extent feasible. The Contract Specifications
will require that the Contractor prepare and submit a waste removal plan for
review and approval of the Engineers. This plan will be submitted to the

NYSDEC for review and comments prior to approval.

35180.02/New-DAR.94/mm 5-6



The boundary between these two areas will be verified in the field during construction by

visual inspection of the following:

. Evidence of current and potential slope instability
. Integrity of vegetative cover
. Change in relative slope steepness.

All work will be performed in conformance with an Erosion and Sedimentation Control

Plan which will be a specification requirement. This plan will be based upon:

. April 1991 Memorandum titled "Erosion and Sediment Control
Guidelines for New Development” issued by NYSDEC Division of
Water.

. New York State "Guidelines for Urban Erosion and Sediment Control."
The Remedial Action Contractor will be required to prepare an Erosion and Sedimentation
Control Plan for review and approval by the Engineer. This Plan will be submitted to the

NYSDEC for review and comments prior to approval. The Contractor will not be permitted to

begin construction of the work until his erosion and sediment control plan is approved.
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6.0 AREA ADJACENT TO THE WETLAND

As shown on Figure 5-1, waste materials extend laterally toward the edge of a wetland
located on the northwest corner of the site. As discussed in Section 4.3 - Cap Design, the cap
will be terminated approximately 25 feet outside the limits of the wetland and transition to the

edge of it.

In order to minimize disruption in the wetland area, the contractor will use the following

sequence for cap construction:

. The area between the limit of waste and the limit of the cap will be excavated to

a depth which insures that the waste is removed.

. Excavated waste material will be placed on the surface of the landfill to be

covered by the cap construction.

. The excavation will be filled with the same material used for the barrier

protection layer, covered with topsoil, and seeded to matching existing grades.

* The barrier protection layer and topsoil layer will transition into the filled

excavation in accordance with the design documents.
The contractor, as required by the Contract Specifications, will, prior to any excavation,

prepare a description of erosion and sedimentation controls adequate to protect the wetlands. That

description will be submitted to NYSDEC for approval prior to Engineer's approval.
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7.0 SURFACE WATER MANAGEMENT PLAN

7.1 Design Rationale

In order to reduce erosion in the steep embankment area caused by the surface run-off
from the landfill cap and to maintain the integrity of the cap from erosion caused by the surface
run-on, the surface water must be managed. The surface water management plan will also serve

to preserve the current drainage patterns to the maximum extent possible.

7.2 Surface Water Management Plan

References used in developing the surface water management plan are:

o Guidelines for Urban Erosion and Sediment Control, New York.
. Storm Drainage Design Manual, Erie and Niagara Counties Regional Planning
Board.

Key components of the surface water management plan are described briefly as follows:

. A diversion berm (drainage swale) will be constructed at the western edge of the
cap (along the edge of the steep embankment) to intercept surface run-off from
areas of the landfill cap between the railroad tracks and steep slope areas. Where
possible, the grass-lined diversion berm will have a ridgeline approximately 10
feet inside the western limit of the cap. It will convey surface run-off from south
to north, draining to The Gulf through riprap-lined down chute and outlet

protection apron into the wetland area.

o For the eastern portion of the landfill, a grass-lined perimeter drainage ditch will
be constructed to collect surface run-on from areas north and east of the landfill.
The perimeter drainage ditch will convey surface run-on to the existing ditch at
the east side of the railroad tracks. The collected run-on will join the current

drainage pathways in the northern portion of the landfill.

35180.02/New-DAR 94/mm 7-1



35180.02/New-DAR.94/mm

In the extreme northwestern part of the landfill, the cap will be contoured to
provide a final cover slope of between 4 and 20 percent, utilizing the current
drainage pathway as much as possible. No diversion berm is to be constructed
for this area.the surface run-off is expected to flow to the northwest, draining into

the wetland.

The existing drainage ditch east of the railroad will be retained, and a new

drainage ditch will be constructed west of the railroad.

The landfill cap would have a run-off drainage distance no greater than 600 feet.
This is achieved by inclusion of a grass-lined drainage swale at the northern part
of the landfill. This swale will intercept surface flow from the northern part of
the landfill and convey the flow from east to west. It will join the riprap-lined

down chute, draining to the wetland.



8.0 FENCING

8.1 Design Rationale

To protect the landfill cap against damage from unauthorized vehicles that may jeopardize
the cap integrity, a chain-link fences will be installed as a part of the remedial action at the
Lockport City Landfill.

8.2 Fence Installation

The site is bounded by the Gulf, running along the north and west boundary by Sutliff
Rotary Park and Railroad Street on the east, and by the City Highway Garage on the south. -

Fences will consist of six-foot high chain link fence including fabric, top and bottorﬁ,

tension wire, bracing, and truss rods. Gates will also be installed as required.
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APPENDIX A.1

DITCH SIZING
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246 FLOCD ROUTING a6

TABLE 4.2

Effective Roughness Parameters for
Overiand Flow

SURFACE N
Dense Growth® 0.4-0.5
Pasture® 0.3-0.4 -
Lawns® 0.2-03 & Ave=02s]
Bluegrass sod** 0.2-0.5
Short-grass prairie®* 0.1-0.2
Sparse vegetation*®® 0.05-0.13
Bare clay-loam soil (eroded)** 0.01-0.03
Concrete/asphalt
Very Shallow Depths* 0.10-0.15
(depths less than 1/4 inch)
Small Depths* 0.05-0.10

(depths on the order of /4 inch
to several inches)

* From Crawford and Linsley (1966)
** From Woolhiser {1975)

Rewriting equations in terms of flow per unit width for overland flow,
we have

do = Q)™ (4.44)

where

1.49 '
Qg = ~ JS, = conveyance factor,

my = 5/3 from Manning's equation,
S, = average overland flow slope,
yo = mean depth of overland flow.

The continuity equation is

Yo , 999 _ .
— + ——— 2 | —
at ox i=4 (4.43)
where

i — f == rate of excess rainfall (ft/s),
qo = flow rate per unit width (cfs/ft),
¥o = mean depth of overland flow (ft).




[%

346 LRBAN HYDRCLOGY 5.2 REV:
) {. The time of concentration is the travel time of a wave to move from
the hydraulically most distant point in the catchment to the outlet.
M 3. The time of concentration is the time to equilibrium of the catchment wh
! under a steady rainfall excess (i.e.. when the outflow [rom the catch-
! ment equals the rainfall excess onto the catchment).
Note especially that ¢, is not the travel time taken by a parcel of water to
1 move down the catchment, as is so often cited in texts. The catchmentisin Cz
{ equilibrium when the time . is reached because the outlet then “*feels” the le
inflow from every portion of the catchment. Since a wave moves faster ex
- than a parcel of water does, the time of concentration (and equilibrium) s
occurs sooner than if based on overland flow (or channel) water velocities m
{Overton and Meadows, 1976). For overland flow, the wave speed (celer-
X ity) is usually given by the kinematic wave equation
1 c=mV=amy™!, (6.2)
L
where
¢ = wave speed, 1 W
V = average velocity of water, ] va
. y = water depth,
. . . . a
) a, m = kinematic wave parametersin the uniform {low momen-
1 tum equation, and b
1 q=yV=oay"” - (6.3) W
where g = flow per unit width of the catchment. : we
Using Manning's equation, the parameter m is 5/3 for turbulent flow : sC
and 3 for laminar flow. Thus the wave can travel at a rate of from 1.7t0 3 La
times as fast as does a parcel of water. Corresponding values of the param- (6.
eter « for turbulent and laminar flow, respectively, are 10
a kn IS (m=5/3)  turbulent < 6.4
= m= urbulent flow, )
n (6.4)
a=gS/3v (m=13) laminar flow, (6.5) Fo
where )
3 S = slope (small, such that sin § = tan § = S).
n = Manning's roughness,
g = acceleration of gravity, <,_ 6.
] v = kinematic viscosity, and
k.= 1.49 for units of ft and s in Eq. (6.4),
= .0 for units of m and s. E
. . - . O
The time of concentration for overland flow by kinematic wave cac
theory is ———
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t/m
le= (“‘é‘:) ‘ < — (6.6)

where

L = length of overland flow piane,

i, = rainfall excess.
Care should be taken to use consistent unitsin Eq. (6.6). [t can be seen that
t. depends inversely on the rainfall excess; thus higher-intensity rainfall
excess will reduce ¢.. Alternative equations for ¢, based on water parcel

travel times seldom include this inherent physical property of the catch-
ment (McClen et al., 1984; Huber, 1987).

EXAMPLE 6.2

KINEMATIC WAVE FLOW COMPUTATION

Water flows down an asphalt parking lot that has a 1% slope. What are the
values of a and m (Eq. 6.3) for the following two cases:

a) laminar flow (T = 20°C),

b) turbulent flow (n = 0.013)?
What is the flow per unit width g (cfs/ft) for each of the two cases, for a
water depth of 0.3 in.?
SOLWUTION
Laminar flow has an exponent m = 3 and a coefficient a, given by Eq.
(6.5). At a temperature of 20°C, v = 1.003 X 10"2 cm?/s = 1.086 X
10~* ft3/s (Table C.1). Thus

32.2X0.01

3IX 1.080 X 10™*

For turbulent flow, the exponent m = 5/3, and from Eq. (6.4),

- 1.49593 - 1.49 X 0.0193
n 0.013

A depth of 0.3 in. = 0.025 ft. The flow per unit width is given by Eq.
(6.3):

o= gS/3y - = 9938 A~'s™",

= | |.46 ft'//s.

Laminar: g =9938 X 0.025% = 0.155 cfs/ft,
Turbulent: g =11.46 X 0.025°2 = 0.024 cfs/ft.

For the same depth, the laminar flow rate is higher, but in most actual
cases turbulent flow is observed.
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: no need to make an arbitrary assumption about the shape of the hyeto-
graph. The use of historical storms also has an advantage when dealing
with the public, because 2 design can be presented to prevent the flooding
that occurred from a specific real event in the public’s memory. The main
disadvantage is simply the extra effort involved in a continuous simula-
1 tion or a frequency analysis based on storm events rather than on condi-
tional frequencies readily available from published IDF data. As a result, ’ 2
synthetic design storms are most often used in practice. }

64 i

METHODS FOR QUANTITY ANALYSIS

PR RRTTSY

Peak Flow, Volume, or Hydrograph?

Recall that there are several possible parameters to be determined in an
urban hydrologic analysis, but most often they include peak flow, runoff
volume, or the complete runoff hydrograph. Related parameters might be
the hydraulic grade line or flooding depths. If hydrographs are predicted,
then peaks and volumes are an implicit part of the analysis, but some of
the simpler methods will not necessarily provide all parameters of possi-

ble interest.

——

ar

Peak Flows by the Rational Method _ 5

The rational method dates from the 1850s in Ireland (Dooge, 1973)andis
called the Lloyd-Davies method in Great Britain. It is one of the simplest
and best-known methods routinely applied in urban hydrology, although
it contains subtleties that are not always appreciated. Peak flows are

i predicted by the simple product

a 0, =k Cid, T (6.8)

where
Q, = peak flow (cfs or m?/s),
. C = runoff coefficient,
] i = rainfall intensity (in./hr or mm/hr),
A = catchment area (ac or ha),
k.= conversion factor.

WU.S. customary units are used, the conversion factor k. = | .008 to

L BT e S

it ac-in./hr to ofs and is routinely ignored; this conversion is the
- the term “rational” in the rational method. (The approximate
equivalence of ac-in./hr tocfsis worth remembering for convenient rough
calculations.) For the alternative metric units given with Eq. (6.8), the
conversion factor k. = 0.00278 to convert ha-mm/hr to m?/s.

R S e SR b SN
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TABLE 6.8
Typical C Coeflicients for 5- to 10-yr
Frequency Design®
RUNOFF
DESCRIPTION OF AREA COEFFICIENTS
Business
Downtown areas 0.70-0.95
Neighborhood areas 0.50-0.70
Residential
Single-family areas 0.30-0.50
Multiunits, detached 0.40-0.60
Multiunits, attached 0.60-0.75
Residential (suburban) 0.25-0.40
Apartment dwelling areas 0.50-0.70
Industrial
Light areas 0.50-0.80
Heavy areas 0.60-0.90
Parks, cemeteries 0.10-0.25
Playgrounds 0.20-0.35
Railroad yard areas 0.20-0.40
Unimproved areas 0.10-0.30
Streets
Asphalt 0.70-0.95
Concrete 0.80-0.95
Brick 0.70-0.85
Drives and walks 0.75-0.85
Roofs 0.75-0.95
Lawns, Sandy Soil
Flat, 2% 0.05-0.10
Average, 2-7% 0.10-0.15
Steep, 7% 0.15-0.20
Lawns, Heavy Soil
Flat, 2% 0.13-0.17
Avel 2-7% 0.18-0.22 .
§teep, ;7% 0.25-0.35

* Viessman et al., 1977.

73

Ave-= 0.2

x Toavoid the complications of an iterative process, constant overland
e ifilet times are often used to approximate the time of concentration.
Thest vary from 5 to 30 min with 5 to |5 min most commonly used

(American Society of Civil Engineers and Water Pollution Control Feder-
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EXAMPLE 7.2
A —————

UNIFORM FLOW IN A TRAPEZOIDAL CHANNEL
A trapezoidal channel with side slopes of 2 to ! is designed to carry a
normal flow of 200 cfs. The channel is grass-lined with a Manning’s » of
0.025 and has a bottom slope of 0.0006 fi/ft. Determine the normal
depth, bottom width, and top width (see Fig. E7.2) assuming normal flow
and the bottom width (BW) as 1.5 times the normal depth.

——]

FIGURE E7.2

SOWTION
Given

Q=200 cfs,
n=0025,
So = 0.0006 R/ft,
BW=15y,.
Equation (7.4) gives

foe U'S. customary units. Since 0 = VA,

1.49
Q=—=AR¥S,, =
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Figure 4.47
Outiet Protection Design - Minimum Tailwater Condition
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URBAN HYODRQLOGY

no need lo make an arbitrary assumption about the shape of the hyeto-
graph. The use of historical storms aiso has an advantage when desling
with the public, because a design can be presented to prevent the flooding
that occurred [rom & specific reai event in the public’s memory. The main
disadvantage is simply the extra effort involved in a continuous simula-
tion or a frequency analysis based on storm events rather than on condi-
tional frequencies readily available from published IDF data. As s result,

synthetic design storms are most often used in practice.

64

METHODS FOR QUANTITY ANALYSIS

Peak Flow, Volume, or Hydrograph?

Recall that there are several possible parameters to be determined in an
urban hydrologic analysis, but most often they include peak flow, runoff
volume, or the complete runoff hydrograph. Related parameters mightbe
the hydraulic grade line or flooding depths. [l hydrographs are predicted,
then pesks and volumes are an implicit part of the analysis, but some of
the simpler methods will not necessarily provide all parameters of possi-

ble interest.

Peak Flows by the Rational Method

The rational method dates from the 1850s in Ireland (Dooge, 1973) and is
called the Lloyd-Davies method in Great Britain. Itis one of the simplest
and best-known methods routinely applied in urban hydrology, although
it contains subtleties that are not always appreciated. Peak Gows are

predicted by the simple product

where

Q, = peak flow (cfs or m’/s),
C = runoff coefficient,
{ = rainfall intensity (in./hr or mm/hr),

A = catchment area (ac or ha),

k, = conversion factor.
When U.S. customary units are used, the conversion factor k, = 1.008 to
convert ac-in./hr to cfs and is routinely ignored; this conversion is the
basis for the term “rational” in the rational method. (The spproximate
equivalence of ac-in./hr to cfs is worth remembering for convenient rough
calculations.) For the alternative metric units given with Eq. (6.8). the
conversion factor k, = 0.00278 to convert ha-mm/hr to m’/s.




Ry L
ks,
P 3t *
KTy




s1oe aed sy buyTyemp y 03 1 - TeFIUpYsey A3Tsusg o] /s
exoe Jed sayum BuyITenp T O3 § - TeyIuspisey Ajysusg wnypsy /v

sAensse3dxy
pue siemsexl

sowedg usdp

Texmynoraby

TeTIUspISAY

~AJTsusq mo7
A

TeTIuepYSYY
ﬂ.»uu!oa enTpeR

TeTIUSPTERY
\mLE Tsueg ybTH

TeTO3I0mWMN0)

TerxasnpUl
asn anvi

shuwy ®»301S

~ sxoe 1ed E37Un BUTLTSAP Y uwyy Isyweib - TeyIuspysey Ayysusq ubyH /T
- ‘230w 10 £IPBA-G7 JO STRAIWIUT SOUBIINOBI WIOIE YITA B8N JOJ SIuUSTOTIIe0d Jjyouma IoybyH \.m
» -g1eedk G UMP EES] STEWAISIU] SOUSIINDOI WICIE YITA O8N I0J SJUSTITIJSCO Jjouml IBAc] /1
a
-
m BL'O SL°0 €L°o 9L°0 €0 TL o L0 Lo Lo tL o Lo oL"o
w ¥9°0 79°0 09°0 £9°0 19°0 65°0 19°0 09°0 850 09°0 6S°0 L$°0
6€°0 L0 TT°o o €T°0 810 9T 0 6170 »T°0 ot-o 9170 11°0
8T 0 1T°0 9170 | 24 1] L1°o I1°0 61°0 £€1°0 80°0 v1°0 (1) 1] €0°0
Iv°0 6770 ¥Z°o Yo sT°o 0r°o 8z 0 1T°0 91°0 re-o 8T°0 *T°0
IC°0 £T°o 81°0 9z 0 6170 170 1T°0 s1°0 1170 91°0 €T o 80°0
9r°0 S{°0 1€°0 or'o o 8T o ' o 8r°o ¥z 0 6T°0 90 Tr°o
SC°0 8T 0 vz o 1€°o sT°0 or-o 9T 0 1z°0 LT°0 rT°o 61°0 1 0
»S°0 Sv°0 10 6r°-0 r°o er-o o 6£°0 sL°0 oy'0 L0 €€°o
v°o 9(°0 £ 8r°0 €ttt o 0t°o SL°0 ot°o Lo 1€°0 ez o sT°0
69°0 v9°0 T9°0 9970 T9°0 09°0 »9°0 19°0 65°0 19°0 09°0 ° 8570
95°0 £€5°0 15°0 »5°0 1$°0 6¥°0 Ts°0 05°0 (1] A ) 05°0 6y°0 Lv°o
06°0 68°0 668°0 06°0 68°0 69°0 68°0 68°0 68°0 68°0 68°0 88°0
Lo IL°o Lo Lo Lo TL°o Lo Lo o Lo Lo o
88°0 98°0 98°0 L8°0 98°0 98°0 98°0 98°0 <8°0 98°0 $8°0 \mnu.e
oL"0 69°0 €9°0 69°0 69°0 89°0 69°0 89°0 89°0 89°0 89°0 \wnc.e
449 19-7 -0 "9 ¥9-T -0 439 '9-7 $7-0 9 9-T -0
a o) ] Y

YINUOA IVMOIIVY FHL NI ASN WOl
SINIID1I30D AIONM

dnoan (Y08
srbotoapii



-

5

EXHIBIT L1 - 3
t

OVERLAND TIME OF FLOW
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. SOURCE: Airpert Drainoge Federal Aviation Agency
Deportment of Transportation Cireulor-AC 150-5320-58
Washington, D.C., 1970

W‘ﬁn: T = time - minutes T 1.8 (1.1 "C! D’/,

D = distance - feet ] ™
$ = slope - percentage 8"
C = runoff- coefficient
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Open-Channel Flows

TABLE 9.2 VALUES OF n FOR VARIOUS STAGES OF THE
NISHNABOTNA RIVER FOR THE AVERAGE GROWING SEASON

e e———————"

Floodpiain cover

Depth of Channel Smalt Brush
water, ft wection Curn Pasture Meadow grains and weste

Under | v 0l 006 008 0o 01u on
f1o0l [\ Xi)] 006 008 Y us ow o H
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Saurce: From Open Channel Hydraulics by Ven Te Chow Cupyright © 1959 by
McGraw-Hill Book Compsny. Uted with the permission of McGraw-Hill Bouk

Company.
If the discharge is so high that the stream overflows its banks, 3 portion o]
flow will be atong the ficodplain. The n value of the floodplain is generally grester
that of the channel proper. the exact value depending on surface conditions and
tation, as illustrated in Table 9.2.
The corresponding formulas for the average velocity and the volumetric flow
are :

1.49

1.0
Vi = —— R (s’ = — (R mi¥'sy’

149 e 1.0 .
Q= TMR“ (R)l”'S‘;’\' —';'AlR. G

1

respectively.

Exsmple 9.1
Use both the Manning formula and the [riction factor analysis to calculate the disch
water flowing in @ trapezoidal channel. Using the nomenclature of Fig. 9.8. %
b= d4m andd = 50°. The floor of the channel slopes at 0.5°. The lining of the ci

. is finished concrete.

______{ Figure 9.8 Nomencisture for ¢
trapezoidel section. !
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362 URBAN HYDROLOGY
TABLE 4.8
Typilcal C Coefficients for 5- to 10-yr
Frequency Design®
RUNOFF
DESCRIPTION OF AREA COEFFICIENTS
Business
Downtown areas 0.70-0.95
Neighborhood areas 0.50-0.70
Residential
Single-family areas 0.30-0.50
Multiunits, detached 0.40-0.60
Multiunits, attached 0.60-0.75
Residential (suburban) 0.25-0.40
Apartment dwelling areas 0.50-0.70
Industrial
Light areas 0.50-0.80
Heavy areas 0.60-0.90
Parks, cemeteries 0.10-0.25
Playgrounds 0.20-0.35
Railroad yard areas 0.20-0.40
Unimproved areas 0.10-0.30
Streets
Asphalt 0.70-0.95
Concrete 0.80-0.95
Brick 0.70-0.85
: Drives and walks 0.75-0.85
; Roofs 0.75-0.95
i . Lawns, Sandy Soil
Flat, 2% 0.05-0.10
Average, 2-7% - 0.10-0.15
Steep, 7% 0.15-0.20
Lawns, Heavy Soil
Flat, 2% 0.13-0.17 _
Average, 2-7% 0.18-022 . Ave-= 0.2
Steep, 7 ~0.25-0.35

* Viessman et al., 1977.

; To avoid the complications of an iterative process, constant overland
! flow inlet times are often used to approximate the time of concentration.
| These vary from 5 to 30 min with 5 to 15 min most commonly used
(American Society of Civil Engineers and Water Pollution Control Feder-
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APPENDIX B.1

EPTOX RESULTS
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APPENDIX B.2

ANALYTICAL SOIL RESULTS
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APPENDIX B.3

RUN-OFF/INFILTRATION ANALYSIS

35180.02/New-DAR.94/mm
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LOCKPORT CITY LANDFILL INFILTRATION ANALYSIS
BY M.O., AUG 17, 1993
RUN #1: 6" SOIL #8(VPL), 240" SOIL #18(VPL)

khkkkhddhdkhhkhhhhkhkhhkdkhkkdhkhkkdhhhkhkkhhhhhhdhhhkhhhhkdkrhrhkkhhhhhhkbhrrhhhhrhhkdd
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EXCELLENT GRASS

VERTICAL PERCOLATION LAYER

6.00 INCHES

0.4630 VOL/VOL

0.2320 VOL/VOL

0.1157 VOL/VOL

0.2614 VOL/VOL
0.001850000001 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

VERTICAL PERCOLATION LAYER
240.00 INCHES
0.5200 VOL/VOL
0.2942 VOL/VOL
0.1400 VOL/VOL
0.3300 VOL/VOL
0.000199999995 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

I I

GENERAL SIMULATION DATA

SCS RUNOFF CURVE NUMBER = 69.27
TOTAL AREA OF COVER = 43560. SQ FT
EVAPORATIVE ZONE DEPTH = 36.00 INCHES



UPPER LIMIT VEG. STORAGE = 18.3780 INCHES
INITIAL VEG. STORAGE = 12.3318 INCHES
SOIL WATER CONTENT INITIALIZED BY PROGRAM.

CLIMATOLOGICAL DATA

SYNTHETIC RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND

SOLAR RADIATION FOR BUFFALO NEW YORK
MAXIMUM LEAF AREA INDEX = 5,00
START OF GROWING SEASON (JULIAN DATE) = 138
END OF GROWING SEASON (JULIAN DATE) = 279

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
23.50 24.50 33.00 45.40 56.10 66.00
70.70 68.90 62.10 51.50 40.30 28.80

khkkhkkhdkkkhdhhhhhhkdehhdkhdkdhhhhhhdhhhkdhhkhkhhkhhdhhhhhhhkkhkkhhhkkhkhkixhkhkhhkkkkk

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 20

- . G NS WS W GE S GR wS W k  we WED S S - ——— - - A———

PRECIPITATION
TOTALS 3.06 2.24 2.73 2.91 2.87 2.00
2.91 3.92 3.01 3.10 4.02 3.17
STD. DEVIATIONS 0.91 0.97 0.86 0.87 0.88 0.75
1.75 2.03 1.31 1.31 1.20 0.89
RUNOFF
TOTALS 0.000 0.000 0.004 0.000 0.000 0.000
0.000 0.002 0.000 0.002 0.000 0.000
STD. DEVIATIONS 0.001 0.000 0.014 0.000 0.000 0.000
0.000 0.007 0.000 0.011 0.000 0.000
EVAPOTRANSPIRATION
TOTALS 0.402 0.635 2.068 3.233 3.136 5.450

2.782 3.516 2.781 1.813 0.824 0.455

STD. DEVIATIONS 0.113 0.136 0.239 0.600 0.971 0.748
1.236 1.350 0.791 0.380 0.084 0.100

PERCOLATION FROM LAYER 2



TOTALS 0.6631 0.7448 1.0365 1.0733 1.0191 0.8660
0.7712 0.6707 0.5751 0.5335 0.4730 0.5246

STD. DEVIATIONS 0.2606 0.2927 0.4079 0.4441 0.3718 0.2721
0.2116 0.1635 0.1267 0.1074 0.0890 0.1664

khkkhkkkhkhkhhhkhdhhhhhhdhhhhhhhhkhhkhhkhhhhhkhkhhhhkhhhkhhrrkrhhkhrhbhhkhhkhrhrkkhrtid

hkkkkhhkhkhhkhhhdkhkhkhhhhhkhkhhkhhkkhhhhkhhhhhhhhhhhkhkhhkkkhhhkhkhhhhhrhkkhkhkrhhhhkdk

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 20
T T T T Y nemes) | (cu. FT.) pERCENT
PRECIPITATION 35.95  ( 4.196) 130488,  100.00
RUNOFF 0.008 ( 0.019) 31. 0.02
EVAPOTRANSPIRATION 27.096 ( 3.033) 98357, 75.38
PERCOLATION FROM LAYER 2 8.9509 ( 2.6721) 32492. 24.90
CHANGE IN WATER STORAGE -0.108 ( 2.711) -392. -0.30

hhkdkkhkhhkdkhhkhhhhkhhkhkdhhkhhkhdhhhkhkhhhhhhhhhhhhhkhkkkkhhkhh kb hhhhkhkrkkkhkhkkkk

% ke & o e o o e de o e de dde g de ok o e e e g ke ok ok ok ke e ke ok ek ke gk ke ko gk ok ok ok ok o ok ok e ok e e e e e ok ke ko ke kK Rk

PEAK DAILY VALUES FOR YEARS 1 THROUGH 20
T T T T ey (cu. pay
' PRECIPITATION 281 102003
RUNOFF 0.063 229.3
PERCOLATION FROM LAYER 2 0.0783 284.3
SNOW WATER 3.42 12422.8
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.4036
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.1359

kkkkkkkdkhhhkhdhddhddkkhkhhddhdddhdhdhddddhkkkkkkdkkdikkkkkkdkkdddkkddkkkdikkk

khkkhkhkhkkhkhhhhhhhkhhkhhhhhkhhhhhhhhhhkhhhkkhhkhkhhhkhhhhhkkkrkhhkhhkrhhrkrdkhk

FINAL WATER STORAGE AT END OF YEAR 20



1 ' 1.59 0.2652
2 77.06 0.3211
SNOW WATER 0.00
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LOCKPORT CITY LANDFILL INFILTRATION ANALYSIS
BY M.O., AUG 17, 1993
RUN #2: 12" SOIL #8(VPL), 240" SOIL #18(VPL)

khkkkkhkdkkkhkhhhhkhhhkhhbhhhhhhhohbhhhkhhkhkhkhkhhhkhkdhhkhkhhhkhkhkhkhhhhhkrhkhhbhkhkhths
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EXCELLENT GRASS

VERTICAL PERCOLATION LAYER

12.00 INCHES

0.4630 VOL/VOL

0.2320 VOL/VOL

0.1157 VOL/VOL

0.2631 VOL/VOL
0.001850000001 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

a0 nn

VERTICAL PERCOLATION LAYER
240.00 INCHES
0.5200 VOL/VOL
0.2942 VOL/VOL
0.1400 VOL/VOL
0.3302 VOL/VOL
0.000199999995 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

I 1

GENERAL SIMULATION DATA

——————— - - — . —— - - - — - -

SCS RUNOFF CURVE NUMBER = 69.27
TOTAL AREA OF COVER = 43560. SQ FT
EVAPORATIVE ZONE DEPTH = 36.00 INCHES



UPPER LIHIT VEG. STORAGE = 18.0360 INCHES
INITIAL VEG. STORAGE = 11.7939 INCHES
SOIL WATER CONTENT INITIALIZED BY PROGRAM.

CLIMATOLOGICAL DATA

SYNTHETIC RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND

SOLAR RADIATION FOR BUFFALO NEW YORK
MAXIMUM LEAF AREA INDEX = 5.00
START OF GROWING SEASON (JULIAN DATE) = 138
END OF GROWING SEASON (JULIAN DATE) = 279

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
23.50 24.50 33.00 45.40 56.10 66.00
70.70 68.90 62.10 51.50 40.30 28.80

kkkkhkkhkhkhhkhkhhhhhhhhhhhkkhkhkhkdhhhkrhhhhkhhhkhhrhkhhhhhkhhkkkkhkhhhhkhhhhkhhkhhhkhkk

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 20

PRECIPITATION
TOTALS 3.06 2.24 2.73 2.91 2.87 2.00
2.91 3.92 3.01 3.10 4.02 3.17
STD. DEVIATIONS 0.91 0.97 0.86 0.87 0.88 0.75
1.75 2.03 1.31 1.31 1.20 0.89
RUNOFF
TOTALS 0.000 0.000 0.003 0.000 0.000 0.000
0.000 0.002 0.000 0.002 0.000 0.000
STD. DEVIATIONS 0.001 0.000 0.010 0.000 0.000 0.000
0.000 0.007 0.000 0.009 0.000 0.000
EVAPOTRANSPIRATION
TOTALS 0.403 0.637 2.076 3.236 3.154 5.221
2.698 3.556 2.787 1.809 0.828 0.457
STD. DEVIATIONS 0.113 0.138 0.241 0.608 0.966 0.722

1.238 1.394 0.815 0.388 0.085 0.102

PERCOLATION FROM LAYER 2

2



TOTALS

STD.. DEVIATIONS

0.6968
0.7836

0.2648
0.2082

0.7756
0.6830

0.2948
0.1613

1.0689
0.5867

0.4076
0.1252

1.0948
0.5448

0.4383
0.1063

1.0354
0.4854

0.3652
0.0891

0.8788
0.5483

0.2672
0.1742

khkhkkhkkkhkkkhkkkkhkhkhhkhkhkhkhhkhkhhkhhkhkhhhkkhdhkhhhohkhhhkhkhkhhkhhhkhkhhkhhhkhkhrhhkhkhkkkik
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 20

(INCHES) (CU. FT.) PERCENT
PRECIPITATION 35.95  ( 4.196)  130488.  100.00
RUNOFF 0.006 ( 0.015) 23. 0.02
EVAPOTRANSPIRATION 26.863 ( 3.075) 97512. 74.73
PERCOLATION FROM LAYER 2 9.1821 ( 2.6536) 33331. 25.54
CHANGE IN WATER STORAGE -0.104 ( 2.693) -379. -0.29

kkkhkkkhkkkhkhkhhhhhhhkhkhhhkhhkhkhkhkhhkkkhhkkhhhhkhhkhkhhrhhhhkhhhokhkhhhkkkrdbhhhkhks

khkkhkkhkhkkhkhkkhkhkhkhkhkhhhhkhhhbhkhhbhhhhkhhhkhkkhkdkkhkhkkhkhhkkhkh kbbb hkhhkhkhhkrhhhhhdk

PEAK DAILY VALUES FOR YEARS 1 THﬁOUGH 20

(INCHES) (CU. FT.)
' PRECIPITATION T 281 10200.3
RUNOFF 0.044 161.4
PERCOLATION FROM LAYER 2 0.0787 285.9
SNOW WATER 3.42 12419.5
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.3872
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.1318

dkkkdkhkhkhhkhhkhkhkhhhhkhkhkhdhhkhhkdkhkhhkhhhhkhhrhhhkhkhhhkhkhkrhkhkhkhkhhhbdkhkrrdhrrdhhrrkhk

hkkhkkkhkhkhkhbkhkhhhhhhhbhkdhhhbhdhhkhdhdhhhhhhhdkhhhhkhkhrhkhhhkhhhhahbhhhbrdhkbhik

FINAL WATER STORAGE AT END OF YEAR 20
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1 3.34 0.2780
2 77.03 0.3210
SNOW WATER 0.00

khkkhkhkhkhkhkhhhhhddhhhhhdhhkhkhhkhdhkhkhkhkkhh A hr kA A kA ke kkh kb hhkhkhhkkkhkhkkdk
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LOCKPORT CITY LANDFILL INFILTRATION ANALYSIS
BY M.O., AUG 17, 1993
RUN #3: 18" SOIL #8(VPL), 240" SOIL #18(VPL)

Akkkdkkkhhkhkhhdhdhkhhhkhhhhkhhhkhhkhddhkhhkdkhkhhkhkhhdhhhhdkdhkhkhkhdhhdkdhdhhdkidhhdkir
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EXCELLENT GRASS

VERTICAL PERCOLATION LAYER

18.00 INCHES

0.4630 VOL/VOL

0.2320 VOL/VOL

0.1157 VOL/VOL

0.2658 VOL/VOL
0.001850000001 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

mnmn

VERTICAL PERCOLATION LAYER
240.00 INCHES
0.5200 VOL/VOL
0.2942 VOL/VOL
0.1400 VOL/VOL
0.3302 VOL/VOL
0.000199999995 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

nuwuunu

GENERAL SIMULATION DATA

SCS RUNOFF CURVE NUMBER = 69.27
TOTAL AREA OF COVER = 43560. SQ FT
EVAPORATIVE ZONE DEPTH = 36.00 INCHES



UPPER LIMIT VEG. STORAGE 17.6940 INCHES
INITIAL VEG. STORAGE : 11.2627 INCHES
SOIL WATER CONTENT INITIALIZED BY PROGRAM.

i

CLIMATOLOGICAL DATA

SYNTHETIC RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND

SOLAR RADIATION FOR BUFFALO NEW YORK
MAXIMUM LEAF AREA INDEX = 5.00
START OF GROWING SEASON (JULIAN DATE) = 138
END OF GROWING SEASON (JULIAN DATE) = 279

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
23.50 24.50 33.00 45.40 56.10 66.00
70.70 €8.90 62.10 51.50 40.30 28.80

khkhkhhkhkkhkdkkkhkhkhkhkkhkhkhkhkhhhkhkdkhhkhkhhhkhkhkdhkhhbhhhdhkhhhhdkkhhhkhhhkhbhhhkhhhkhhhkhhhk

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 20

- —— . W WS AR S N YR W AN A G N GO e YD D W S WA W R e MR W e N s e e

PRECIPITATION
TOTALS 3.06 2.24 2.73 2.91 2.87 2.00
2.91 3.92 3.01 3.10 4.02 3.17
STD. DEVIATIONS 0.91 0.97 0.86 0.87 0.88 0.75
1.75 2.03 1.31 1.31 1.20 0.89
RUNOFF
TOTALS 0.000 0.000 0.002 0.000 0.000 0.000
0.000 0.002 0.000 0.002 0.000 0.000
STD. DEVIATIONS 0.000 0.000 0.008 0.000 0.000 0.000
0.000 0.007 0.000 0.009 0.000 0.000
EVAPOTRANSPIRATION
TOTALS 0.404 0.639 2.088 3.234 3.159 4.972
2.646 3.590 2.793 1.821 0.835 0.460
STD. DEVIATIONS 0.114 0.141 0.242 0.623 0.953 0.678

1.209 1.440 0.825 0.396 0.086 0.103

PERCOLATION FROM LAYER 2



TOTALS 1 0.7303 0.8059 1.0986 1.1128 1.0479 0.8890
0.7942 0.6939 0.5970 0.5552 0.4978 0.5743

STD. DEVIATIONS 0.2696 0.2971 0.4066 0.4321 0.3579 0.2617
0.2045 0.1589 0.1236 0.1051 0.0898 0.1827

kkkkdkhkhhdkdkdhhdhhhddhkddkhhkhdkhhkbhhkhkrAhhrhhhhhkhr bk hkkhhhkhbhkhkhhkhhhhhkkikd
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 20
T wemms) | (cu. Ty pERCENT.
PRECIPITATION 35.95  ( 4.196)  130483.  100.00
RUNOFF 0.006 ( 0.013) 20. 0.02
EVAPOTRANSPIRATION 26.642 ( 3.123) 96709. 74.11
PERCOLATION FROM LAYER 2 9.3969 ( 2.6348) 34111. 26.14
CHANGE IN WATER STORAGE -0.097 ( 2.711) -353. ~-0.27

khkhkkhkdhhhhhkdhkhkhkhkhkkhkkhkkhkhkdhhhhkrhhhhhhhhhhhhhkhkhkhkkhkrhkhhhhhkhkhhhkhkkhrxkd
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PEAK DAILY VALUES FOR YEARS 1 THROUGH 20
T T N menEs) | (ew. Py
' PRECIPITATION --;ng-- -16;58?;-
RUNOFF 0.038 138.9
PERCOLATION FROM LAYER 2 0.0793 287.9
SNOW WATER 3.42 12414.8
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.3723
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.1278

khkhkhhkkhhhhhhhhkhhhhkhhkhhkhhkhkhhhhhhkdhhhhdokkhhhhhhhhohhhdhdhhhhhhkbkkrkkrhx

khkkkkkkkhkdhhhhhhhkhhhdhhhhhkhhkhhhhhhhkhkkkhdhhhhhhhhhhhhhkhhhkkkhkhkkkhhhdk

FINAL WATER STORAGE AT END OF YEAR 20

a
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1 5.06 0.2808
2 77.09 0.3212
SNOW WATER 0.00

kkhkkhkkhkkkhkrhkhhhkhhhkhkhhkhhdthhhhhhrrhhkhhkhhdhdhhkhhhhhhhhkhhhrhrhdhkbhkhkkrkdd
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APPENDIX B.4

SLOPE STABILITY ANALYSIS

35180.02/New-DAR.S4/mm
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