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Ms. Theresa Evanson

Wisconsin Department of Natural Resources
Bureau of Solid and Hazardous Waste Management
101 S. Webster Street, GEF I1I

Madison, Wisconsin 53707

Re: Copies of Correspondence
Interim Remedial Measures
Refuse Hideaway Landfill
Project No. 13928.41

Dear Ms. Evanson:

Enclosed is one (1) copy of the December 1989 Engineering Design report,
entitled "Partial Gas and Leachate Extraction System", Warzyn Project No.
13928.41. It includes the enclosed text and Warzyn Drawings 13928-1 through
13928-7. These documents are being provided to you for distribution to

Mr. John DeBeck, per your request. The estimated cost to reproduce the design
text and drawings is $28.00.

[f you have any questions or comments regarding the above subject matter,
please contact us.

Sincerely,
WARZYN ENGINEERING INC.
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Joel V. Schittone, P.E.
Project Manager
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December 19, 1989

Ms. Theresa A. Evanson '
Wisconsin Department of Natural Resources
Bureau of Solid and Hazardous Waste Management
101 S. Webster Street, GEF II Building
Madison, Wisconsin 53707

Re: Engineering Design/Partial Gas and Leachate Extraction System
Interim Remedial Measures
Refuse Hideaway Landfill
Agreement No. 81217.89-2
Project No. 13928.41

Dear Ms. Evanson:

Enclosed are three copies of the Engineering Design for the Partial Gas and
Leachate Extraction System for the Refuse Hideaway Landfill project. The
design includes the enclosed text and separate drawing set.

Draft design drawings and calculations were submitted to the Wisconsin
Department of Natural Resources (WDNR) for review on November 1 and 3, 1989,
respectively, and much of the contents of the enclosed text were discussed
with the WDNR during several meetings and telephone conversations. Subsequent
comments made by the WDNR have been incorporated into this document.

If you have any questions, please contact us.
Sincerely,

WARZYN ENGINEERING INC.

K’/&//Co\ ( /J/C (//c,)( GD

Brian E. McVean
Project Engineer
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Joel V. Schittone, P.E.
Project Manager
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cc: Ms. Susan M. Fisher - WDNR | Warzyn Enginesning Inc

Mr. Mark Giesfeldt - WDNR
Ms. Sally Kefer - WDNR (w/o encl)
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University Research Park

PO Box 5385
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PARTIAL GAS AND LEACHATE EXTRACTION SYSTEM
INTERIM REMEDIAL MEASURES
REFUSE HIDEAWAY LANDFILL
DANE COUNTY, WISCONSIN

INTRODUCTION

General

The Wisconsin Department of Natural Resources (WDNR) has retained Warzyn
Engineering Inc. (Warzyn) to provide engineering and construction services in
relation to Interim Remedial Measures at the Refuse Hideaway Landfill
(Landfill). The Landfill is located in the Town of Middleton, Dane County,
Wisconsin and has been identified as a source of groundwater contamination,
including the presence of volatile organic compounds (VOCs) at three local
residential water supply wells. Additionally, off-site migration of landfill
gas, in excess of the lower explosive 1imit (LEL) of methane has been
recorded.

As an interim remedial measure to address these environmental
contamination/hazard issues, Warzyn is providing a partial gas and leachate
extraction system in a design-build format. This work is being performed
under Agreement No. 81217.89-2, and is described in Warzyn's May 1989 Proposal
(Proposal No. 81217.89), and October 9 and 19, 1989 documents entitled
"Revised Scope of Work" (Project No. 13928.40).

Purpose and Scope

This design document, consisting of Warzyn Drawings 13928-1 through 13928-7
and this text, will provide the WDNR an opportunity to review the proposed
partial gas and leachate extraction system design. Draft design drawings and
calculations were submitted to the WDNR for review on November 1 and 3, 1989,

respectively, and much of the contents of this text were discussed with the
WDNR during several meetings and telephone conversations. Subsequent comments
made by the WDNR have been incorporated into this document.

WARZYN



December 19, 1989 -2- 13928.41

The intent of this partial leachate and gas extraction system is to: 1)
evaluate leachate drawdown data and the gas well radius of influence and gas
flow characteristics, for use in final design of a full gas and leachate
extraction system; and 2) to reduce leachate head levels in the landfill and
reduce off-site migration of landfill gas. This partial system design
includes two gas/leachate extraction wells, three leachate/gas monitoring
wells, buried gas header and leachate conveyance piping, blower and flare
stations and a leachate holding tank.

As part of the partial system design activities, Warzyn designed a conceptual
layout for a full gas and leachate extraction system. To minimize future
construction costs and minimize duplication of efforts, Warzyn has designed
this partial system to be compatible with the conceptual full system design.
It is anticipated that the five wells (two extraction and three monitoring),
buried piping, blower station and leachate (and condensate) holding tank will
be directly incorporated into the full system when it is installed. The
partial system flare station will be available as a back-up flare for the full
system. Refer to Drawing 13928-1 for the partial system layout.

DESIGN

General

Design of this partial system includes the installation of two gas/leachate
extraction wells (extraction wells) located along the southern perimeters of
the site (within the refuse fill limits). The conceptual full system design
includes a total of thirteen extraction wells, five of which are to be located
along the southern perimeter. Because of the potential for elevated leachate
levels along the southern perimeter, Warzyn was directed by the WDNR tc size
the partial system for a minimum of five extraction wells, assuming that only
two were to be installed initially.

Because it is anticipated that a full system will be installed in the near
future, as much of the partial system was designed for incorporation into the

WARZYN
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conceptual full system as economically feasible. For example, the wells,
buried piping, blower station and and the leachate holding tank have been
sized for the anticipated full system design capacities.

The full system design referenced is a conceptual plan and is based on
Warzyn's past experience in gas and leachate extraction system designs and
utilizing minimal site-specific data from this Landfill. A full system will
be designed by Warzyn under the current Agreement after pump test data is
available from the partial system.

Gas Collection and Conveyance
Basis For Design

The proposed landfill gas (LFG) extraction system is designed to extract
methane gas produced by anaerobic decomposition of refuse. Refer to Appendix
A for an estimate of gas flow generation and the assumptions made. The
gas/leachate extraction wells serve the dual purpose of extracting gas as well
as leachate. A vacuum will be created to withdraw gas from the Landfill,
which will then be burned in a flare. System performance may depend on the
permeability of the fill, and refuse composition, moisture content, placement
and compaction techniques.

Gas/Leachate Extraction Wells

Each gas/leachate extraction well will be constructed of a non-perforated
section of 6-in. diameter Schedule 80 polyvinyl chloride (PVC) pipe extending
into a perforated section of 8-in. diameter Schedule 80 PVC pipe. The well
pipes will be placed in 36-in. diameter boreholes, with the annular space
around the perforated portion of the pipe consisting of a clear stone pack
(refer to Detail 1 of 2 on Drawing 13928-2). The wells will extend to the
base of the Landfill. A bentonite seal will be installed at the bottom of the
borehole. The partial system has been conservatively sized to draw a suction
of 10 in. water column, gauge (WC) at 50 standard cubic feet per minute (SCFM)
at each well.

Wells will be constructed with perforated pipe extending from the well bottom
to approximately 20 ft below the Landfill surface. A 6-in. x 8-in. PVC
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reducing slip coupler will provide a telescoping connection at the location
where the 6-in. diameter non-perforated well pipe slides into the 8-in.
diameter perforated pipe. This coupling was provided to attempt to compensate
for landfill settlement. It is anticipated that wells will range from 49 ft
to 52 ft in depth. The radius of influence is estimated to be a minimum of
150 ft, based on field experience at previous sites.

Each well head assembly will include a flexible tubing connection to the gas
header pipe to allow for differential settlement. A butterfly valve will be
provided at each well for control of gas flow rate. Ports will be provided on
each well for gas sampling and flow rate measurement. In addition, two 1-in.
diameter PVC pipes will be installed at each well to allow liquid level
measurement without dismantling the well head. The well head assemblies will
be insulated to minimize the potential for freezing of condensate in the
winter. Refer to Detail 1 of 3 on Drawing 13928-3 for a typical well head
detail.

Gas Header Piping
The gas header system will transport the landfill gas from the extraction

wells to the blower station and will be constructed with provision for
extension in the future by providing blind flanges in the gas header system at
key locations. The pipe inverts will be installed a minimum of 4 ft below
final grade for frost protection and to minimize condensate formation. A
continuous warning ribbon and tracing wire will be installed above the pipe to
alert excavators of the pipe location and aid in locating the pipe in the
future. To allow for potential differential settlement, liquids drainage, and
removal of condensate formed in the pipes, a minimum slope of 2.0% will be
maintained in the headers. Typical pipe bedding details are shown on Drawing
13928-3.

Trenching/Cover Restoration

The gas header and leachate conveyance pipes within the landfill refuse limits
will be placed in the same trench (see Detail 2 of 3 on Drawing 13928-3). The
trench will be constructed through the landfill cover and may extend into the

uppermost layer of refuse. The landfill cover areas disturbed will be
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restored to a condition equal to or exceeding the condition of the existing
cover at that location. Clay materials and placement methods will be in

conformance with s. NR 504.07(4), Wisconsin Administrative Code.

Blower Station

The LFG blower has been sized to draw gas from the wells and discharge it at a
pressure suitable for proper flare operation. Blower sizing calculations are
addressed in Appendix B. The New York Blower pressure blower selected is
suitable for the full system's flow rate of approximately 650 SCFM and the
vacuum/pressure requirements of the two- or five-well partial system. The
blower can be upgraded by changing wheel and motor sizes to supply the
pressure needed for full system operation, based on available data.

A flame arrestor will be installed at the inlet of the blower to isolate the
header system and well field from an explosion or flame initiated at the
blower station. A butterfly valve will be installed ahead of the flame
arrestor to assist in controlling and balancing the system. Ports will also
be provided on the blower inlet piping for monitoring of gas flow rate and for
pressure and gas sampling. |

Flare Station

LFG extracted from the wells will be combusted on-site by a VAREC 239A Series
Waste Gas Burner. The Varec 239A flare is suitable for burning saturated, low
BTU waste gas and will have an optional cycling electric pilot ignitor. LFG

will be used as the pilot gas. The 6-in. diameter flare has the capacity to
handle flows from the two-well extraction system as well as having the added
capacity to handle a five-well extraction system. Flare sizing calculations
and a detailed description of the Varec 239A Series Waste Gas Burner are
included in Appendix C. A flame arrestor will be placed at the inlet of the
flare to isolate the system from an explosion or flame initiated at the flare.

A condensate dripleg (DL2) will be placed between the blower and the flare to
collect and drain condensate formed in the gas discharge pipe. Condensate
will be routed by gravity to the leachate holding tank. Dripleg DL2 is
illustrated on Detail 2 of 4 on Drawing 13928-4.

WARZYN
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Condensate/Driplegs

Condensate produced by the cooling of the saturated gas mixture in the gas
header system will be removed using a dripleg assembly. A dripleg consists of
a liquid-filled trap and a connection to the leachate conveyance system, where
it will then drain to the leachate holding tank. Dripleg DL1 is located
within the refuse limits, on the gas header piping connecting the extraction
wells and the blower station. Dripleg DL2 is located between the blower and
flare to collect and drain condensate formed in the gas discharge pipe. Refer
to Drawing 13928-4 for dripleg details. Condensate flow is estimated to be
negligible.

The leachate/condensate conveyance pipes located outside the landfill refuse
limits will be encased in 2 ft of compacted clay (see Detail 3 of 3 on Drawing
13928-3). Clay materials and placement methods will be the same as for cover
restoration activities performed during trenching activities. In-situ soils
excavated will be used to supplement the clay backfill in trenches located
outside the landfill refuse limits.

Leachate Collection and Conveyance

Leachate Pump

A Grundfos Model 5S 4-in. diameter stainless steel submersible pump will be
installed in each well found to have an elevated leachate level. The pump's
flow rate capacity ranges from 2 to 7 gpm, depending on the liquid head.

Refer to Appendix D for pump sizing calculations and pump specifications. The
submersible leachate extraction pump will discharge through a 1-in. diameter
hose which will be piped through stainless steel (SS) fittings mounted in the
well head. The well pump will be suspended by a stainless steel cable for
ease of removal. After exiting the well head, the leachate discharge pipe
will transition from SS to HDPE and extend below grade for connection to the
6-in. SDR 17 HDPE gravity leachate conveyance pipe. This pipe will convey
leachate to the leachate holding tank by gravity flow. The leachate discharge
piping at the well head will be heat traced and insulated. Refer to Drawings
13928-2 and -3 for applicable details.
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The wells are designed so that pumps will be placed as close to the well pipe
bottom as possible while minimizing the intake of accumulated sediment.
Controls for each pump will be mounted in a control panel and include a manual
shut-off switch, elapsed time meter and an automated pump controller. The
pump controller includes a timer which activates the pump at pre-set intervals
ranging from 15 minutes to 5 hours, and an amperage/flow sensing device which
will shut off the pump when the well runs dry. Once the pump is activated by
the timer, it will operate until the well runs dry, at which time it will be
shut off by the amperage/flow sensing device. The pump will then remain off
for the pre-set time interval.

Leachate Conveyance Piping

The leachate conveyance piping will be placed in the same trench with the gas
header piping (see Detail 2 of 3 on Drawing 13928-3). The gravity leachate
conveyance piping has been sized for compatibility with the full system design

assuming open channel flow and discharge from each well to be 2 to 7 gpm (see
Appendix D). The flow contribution from condensate is assumed negligible.

Leachate Holding Tank
A double-wall steel STI-P3 tank will be installed below grade. The 25,000 gal
tank was selected based on an estimate of the future steady state leachate

production after the standing head has been drawn down (see Appendix D). The
double-wall STI-P3 steel tank was selected because of monitoring capabilities
of the interstice, warranty, cost, delivery time and compatibility with
leachate. The interstice will be monitored with a conductivity sensor which
will shut down the well pumps in the event moisture is detected between the
tank walls. Additionally, this alarm will activate an audible alarm and
warning light on-site, with capability for future telemetry (through a modem
and phone connection).

The leachate holding tank will have two, high-level float sensors which will
sound an alarm when triggered. This alarm will also shut down the well pumps,
activate an audible alarm and warning light on-site (different colors for the
different alarm conditions), with capability for future telemetry. Two
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independent float sensors have been included as a redundant safety precaution
to minimize the risk of having leachate overflow from the tank. Leachate and
condensate will be pumped from the holding tank on a regular basis.

The leachate holding tank will be ballasted with deadmen to minimize the
potential for buoyancy. The Steel Tank Institute (STI) will warranty the tank
for 30 years provided the installation is in accordance with their standards.
This STI-P3 system relies heavily on the cathodic protection attached to the
tank. To facilitate piping access, a STI-86 containment system has been
included which will contain tank piping in a 42-in. diameter manway with a
ladder. For details of the leachate holding tank and STI-86 containment
system, refer to Drawing 13928-6.

Leachate Removal and Disposal
Leachate will be removed from the holding tank by a suction stand pipe with a

quick-connect coupling for tanker truck suction pump adaptability. A leachate
loadout facility drain pipe has been included for a future full system loadout
apron to convey potential spills back to the tank. The pipe will be
temporarily capped during partial system construction. It is anticipated that
initially there may be frequent tank truck loading due to the high volume of
standing leachate in the landfill. After this standing head has been drawn
down, it is estimated that a steady state condition would require a less
frequent tank truck load out. We are anticipating that a leachate acceptance
agreement will be made between WDNR and Madison Metropolitan Sewage District
(MMDS) for ultimate acceptance and treatment of the leachate. Tanker trucks
will transport the leachate and condensate mixture to the MMDS Wastewater
Treatment Plant after the agreement is made.

Leachate/Gas Monitoring Wells

Basis For Design

Three leachate/gas monitoring wells (LH4, LH5 and LH6) will be installed
between the two gas/leachate extraction wells. These monitoring wells will be

constructed with multi-depth probes and will be spaced at horizontal intervals
of 25, 50, 50, and 90 ft, respectively, between extraction wells GW1 and GW2
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(refer to Drawing 13928-1 for leachate/gas monitoring well locations). These
monitoring wells have been designed and located to provide the capability to
monitor leachate head levels and LFG pressures and quality both before and
after partial system operation. This data will be used to evaluate the
effectiveness of the partial system and aid in determining the extraction well
spacing during full system design activities.

Monitoring Well Design

Each leachate/gas monitoring well will consist of a single 6-in. diameter
Schedule 80 PVC leachate head monitoring well and three 1-in. diameter
Schedule 80 PVC gas monitoring probes, all placed in a 3-ft diameter borehole
(see Detail 2 of 2 on Drawing 13928-2). The leachate head well will extend to
approximately 1 ft off the landfill base, with the bottom 10 ft screened
(perforated). The three gas monitoring probes will be placed at different
elevations within the borehole with each screened interval sealed with
bentonite. The three gas monitoring probes will be set at approximately the
same elevations relative to each of the leachate/gas monitoring wells, to
better evaluate the extraction well performance.

Temporary Storage, Sampling and Characterization of Excavated Waste
Characterization of waste excavated during drilling activities is required
before the waste can be permanently disposed. Wastes derived from drilling of
the extraction and monitoring wells will serve as “test borings" for

collection of samples of the waste excavated during the gas header and
leachate conveyance piping installation. These wells will be spaced on the
order of 25 to 90 ft on-center and wastes penetrated are anticipated to be
representative of the wastes excavated during trenching activities. Waste
excavated will be temporarily stored on-site in a manner which allows for
accessibility and identification. Completion of characterization testing will
indicate if the refuse possess characteristics of a hazardous waste. If the
waste is characterized as hazardous, it will be removed and disposed off-site;
otherwise it will be permanently disposed on-site.

WARZYN




December 19, 1989 -10- 13928.41

It is estimated that refuse excavated in the construction of the extraction
and monitoring wells will include approximately 100 cu yd of material. This
material will be contained on-site, such that it will not be wind blown and
exposure to precipitation and surface water run-on will be minimized.

Temporary Storage

The excavated refuse will be temporarily stored in a containment cell
constructed as follows:

+ Existing cover soils will be removed and salvaged ( a minimum of
approximately 1 ft of soils will remain above the waste);

« A synthetic membrane (plastic sheeting or tarps) will be placed and
coverid with approximately 1 ft of cover soils (to form a temporary
liner);

The cell will be graded such that surface water run-on will be diverted
around the contaminant cell and water exposed to waste, if any, will be
contained;

Waste materials will be covered with a synthetic membrane to minimize
exposure to water.

The containment cell will be constructed along the western perimeter of the
site, near the top of the saddle area. See Drawing 13928-1 for approximate
location.

As the drilling process or trenching operations proceed, waste representative
of each composite sample (i.e., either from above or below the leachate in
wells or of visually suspicious waste from trenching) will be segregated in
the temporary containment cell. This will be performed so that waste
representative of each composite sample can later be identified and separated
from other wastes if characterization testing indicates hazardous
characteristics.

Sampling Procedure for Excavated Waste

As drilling of wells proceed, two grab samples visually representative of the
waste being penetrated will be obtained at 5 ft intervals (maximum). These
samples will be placed in 32 oz. glass jars, labeled and temporarily stored
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until the well is completed. One of the samples from each 5-ft interval will
be identified as "duplicate" and be retained as a record of the material
penetrated.

When the well is completed, grab samples will be separated into two groups;
those above the leachate level and those below the leachate level. A
composite sample from each group will be obtained by emptying the contents of
all grab sample jars in the group on a hard, flat HDPE-lined surface, or in
the laboratory. The sample will be quartered and split in a manner consistent
with ASTM Method C702, Method B, "Standard Practice for Reducing Field Samples
of Aggregate to Testing Size". Two composite samples from each group obtained
by the above method will be placed in 8 oz. labeled glass jars. One of these
composite samples from each group will be identified as "duplicate".

In addition to the composite samples gathered during the drilling operation,
samples of visually suspicious waste excavated during trenching activities
will be sampled for analysis by EP toxicity testing.

Characterization of Excavated Waste

An EP toxicity test (in accordance with "Test Methods for Evaluating Solid
Waste-Physical/Chemical Methods" Method SW1310) will be performed on each
composite sample. The waste which the composite sample represents must be

disposed of as a hazardous waste if the extract of the sample contains
concentrations above the maximum limits listed in 40 CFR 261.31 - 261.33.

Disposal On-Site

Excavated refuse not characterized as hazardous, will remain in the temporary
containment cell and be buried. The procedure for burial at the containment
cell will include removal of the surface cover membrane and then puncturing

the synthetic liner, such that a perched leachate condition will not occur.
The refuse containment cell will then be expanded to include the refuse
generated by trenching activities, if required. The landfill cover will be
restored to a condition equal to or exceeding the condition of the existing
cover at that location. Clay materials and placement methods will be the same
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as for cover restoration activities performed during trenching activities.
Final cover will be graded in a way such that positive drainage and smooth

final contours will result.

Disposal Off-Site

In the event excavated refuse is characterized as hazardous, some or all of
the refuse will be disposed of off-site as a hazardous waste. This will
involve permitting and possibly additional characterization, volume
estimation, potentially out-of-state haulage by a licensed hazardous waste
hauler and the associated permitting and disposal fees.

CONSTRUCTION OBSERVATION

Construction of the partial system will be documented by video, still
photographs, record drawings and field reports. This information will be
incorporated into a Construction Observation Report and submitted to the WDNR.

In addition, soil testing of the clay bedding and cover soils will be
performed during construction. Field density tests will be performed at
approximately 100 lin. ft intervals, per 1ift, along the trenches. A Troxler
Model 3411-B nuclear density/moisture meter will be used to perform the
density tests. Modified Proctor curves will be developed for each 2500 cu yd
of clay placed. Grain size and Atterberg limits of the clay will also be
determined. Laboratory hydraulic conductivity tests of undisturbed Shelby
tube samples will be conducted for each 5000 cu yd of clay placed. The
results of the aforementioned field tests will also be presented in the
Construction Observation Report.

SYSTEM PERFORMANCE STANDARDS

Purpose
The following performance standards have been developed to demonstrate in the

field that the piping, blower, flare, submersible pumps and leachate holding
tank can meet or exceed the specifications presented in this document. It may
not be possible to duplicate the performance standards specified by the
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equipment manufacturer's specifications if the necessary quantity or quality
of LFG or leachate is not available from the Landfill, or if other
environmental conditions are not adequate (e.g., temperature, pressure, etc.).
However, documentation of the performance standards can be adequately
demonstrated to satisfy the intent of the specifications.

Piping
Gas header and leachate conveyance piping will be pressure tested. The pipes

will be air pressurized to 3.5 psi (gauge pressure) prior to closing the valve
on the pressurizing unit. The valve will then be closed and the pressure
monitored. A pressure of 3.0 psi or greater maintained for thirty minutes
after the valve closing will be considered acceptable.

Blower

The blower performance will be verified by measuring air flow through the
blower and suction and positive pressures developed at the blower. The blower
will be rated for 650 SCFM at 40 in. Static Pressure, 3321 RPM, 8.5 BHP at
0.0676 1b/cu ft air.

Flare

The flare performance will be checked in accordance with the manufacture's
recommendations. The burning capacity of the flare is rated at 20,100 cubic
feet per hour (CFH) in air at 60°F and 14.7 PSIA at 1/2 in WC pressure drop,
at sea level.

Submersible Pumps
The performance of the submersible leachate extraction pumps to be installed

in the extraction wells will be demonstrated before being installed in the
wells. The pumps will be placed in a 55 gal drum of clean water at
approximately 20°C and then run through a temporary piping setup consisting of
a pressure gage and ball valve. The pressure gage will be installed as close
as possible to the pump discharge and will be used to determine the head on
the pump. The ball valve will be used to control the discharge flow. The
pumps will be turned on and will discharge into a container with a known
volume. The time it takes the pump to fill the container will also be

WARZYN
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recorded. The flow rate can be determined by applying the time it takes to
fill the container to the volume of the container. Also, the head on the pump
will be determined by converting the pressure read from the pressure gage into
feet of head.

The determined flow rate and head will be used in conjunction with the
manufacturer's performance curves to verify pump performance. Additionally,
after system startup the pump run time will be compared with volume in the
leachate holding tank (as a rough check).

Leachate Holding Tank

During the tank installation, continuity testing will be performed to
demonstrate that the tank is electrically isolated from ground throughout to
maintain the cathodic protection and warranty. The cathodic protection test
post at the control panel will be an ongoing check on the cathodic protection.
The float switches and interstitial monitoring equipment will be tested in
accordance with the manufacturer's recommendations.

Additionally, the tank manufacturer will pressure test the tank and interstice
both at the factory and on-site. These tests will be performed in accordance
with the Petroleum Equipment Institute Recommended Practices (PEI/RP100).

JCK/kjw/JdVS/SGW
[wpmisc-600-54]
13928.41
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fetuse Characterization {2)

¥aste Type (%)

Coeponent Coaposite te th

Food Waste 9.0 0 0 1.3 3.9

barden Haste 10.0 0 0 7 30

Paper Products 42.0 0 - 0 10 30

Plastic/Rubber 12.0 0 0 20 40

Tertiles 2.0 0 0 7 20

Vood 6.0 0 0 13 350

Rubble/Inerts 19.0 0 . 0 0 0

Noisture Content 30 0

dry Solids 207 n o 1
: i

Volatile Solids 562 02 02 |

Volatile Solids 47 02 02

(Dry Wt. Basis)
Total Methane Production

Maxiaua Methane Production (3)
(cu.ft./1bn) 1,34 0.00 0.00 1.54  {cu.ft./1ba)

(2) Refuse characterization based on *Methane Generation and Recovery Froa Landfills®, EHCUN'Associates,
previous feasibility reports and Warzyn Engineering Inc.

(3) Raxisus nethane production based on the biodegradability of volatile solids present ih the refuse

as described in *Methane Generation and Recovery Froa Landfills®, EMCON Associates.
|

Hethane Generation Calculation (4)

First Stage Equation:

-k1(t8 - t)
6= (L/2)e |
Second Stage Equation:
-k2(t - t8)
B=L[l- .5 ]

Where:
§ = Voluae of gas produced prior to time t
L = Naxiaun aethane production
kl = 1n(50/18)
k2 = 1n{50)/(t¥ - t8)
1@ = tine when 302 of aethane has been produced in years
th = tine when 992 of aethane has been produced in years

{4) Based on the Palos Verdes Kinetic Model where the first stage eethane production rate;js
to the voluse of sethane already produced until half of the potential sethane has hEEﬁ gen ;
The second stage methane production rate is proportional to the voluse of setrane rengininq be produced,




Feet Fer Minute

ubic

)
=

NAZUYM

Refuse Hideaway Landfill, Middleton W

Landfill Gas Generation Projection

600
S 20 L ToTAL EST/MATED GAS Frow
500 — QENERATED GAS /PT\S\“
/‘5;5 ' \\.
.!5'1:’ I q.\_
.;/ | \\\
. ,/‘I l X
400 ~| JoraL €s7/M1aTED GAS FLow ¢ (75 %)
3907 ~hecoveoans e e = o e i e = —~ :
ECOVERABLE 64sS . | \
/
o I "~.
/ I 6\\
300 — / | |
2 | \\
/ . X
] \',‘
oW If' ' G\\‘
200 - / | N\
4 | X
; | ®
|'. I \\&
7 N
10C — // I &\\\
/o} | s
‘&\\ N
P | ﬁ'\“c‘;}\
r/a( l 3 }d
‘r—“,?r’"’:’/M :
] . | | | || [ | 1 1 1 1 | | T T | T 1 [ I | [ | I |
1975 1980 1985 1990 1995 2000 2005 2074
Year

<© Total Landfill




WARZYN ENGINEERING INC.
MADISON, WISCONSIN

SHEET NO. é/ OF

soBNo. /35928, 5/

CHKD. BY _ _ _ DATE__ —

T/ld Ceerive SA@WO o /'wra-e 3 f¢/'>r‘:.3:.;’/ﬁ':-‘ 7"4?
Tot%) ESHoncber Fos' Flow e The [andiFY
Hou/eva«-/ +he amovn? oF /Jand‘_,fz'.// &S TFeT
can be fecoverec! 1S eStiomares) Fo ¥ de  ond

TS5 G of Hhe  Toral ESrcrnciecs Fns Slped.

Fom curve Paf‘é 3)‘

Hexroriem Tota) Estimated Gas Flow in CFM (1595) ;

=S20 CFw |
\

|
Total Estimated Pecoverable Gas Flow /n CFut (MW—Q 75%/’

PSP ¢Fm X .75 = 390 CFy

|
ASa Sc:’.onc/ ma-,-"—lfzco/ 7o .zZS?‘/;naf-f +4£ pj'fa)//‘mum GAas
Flowo expectec) /o #he systom | ar assametion oF
SO CFry /O_ér‘ well wes aaa{'., T4 /s besec” o
Warzyn'S vexp¢n-cmce Wit S/f.m/é/‘ ar,»d'ﬁ//s/ +h e {’S‘?‘fmc‘u‘cc/
C/(p;% of +he wells (> 5D @-) cndd +he ('0/34/05/%/0/;
of the refuse. ‘

: o
Aosivov un Totaf Estrmetas Kecoverable Gos Flow
(Asscrin g /3 wells sn 4inal Sys7ér a/csfjﬂ J

)3 wtl/s X 5D SFrrfwell = 650 cFo

ﬁ(f&"éfﬁ , \

|
Mat/‘nﬂam %7‘22/ B”Zf;%@*"c'é/ /éf Cﬂderaé./c %I{Z—’W é

Gas Flhw /éanje = 390 — (SO ¥y




APPENDIX B
BLOWER SIZING CALCULATIONS

WARZYN




WARZYN ENGINEERING INC.
MADISON, WISCONSIN

' sv_ &Y _ _ DATE_J {7~ 2/SUBJECTEQ_-_LSE_/_‘_’/’_D_&—.Z(‘:L.I‘)I.____j_ SHEET NO.
CHKD. BYJN= DATE I0:24-27) _BloweRr S/2//M (AL LULA 7'70/(/¢ JOBNO._£ 372 g B4
______________ Sy it A€ -
FLow
Ay ys-fc,,,,- o Derived /: Dy, f;'!(f/t/é/)
g I
' z Wetl SO cFrjuwers T SO CF7
S Well SO CFadt /..'a/c// ¥ zsv C s
- e |
13 Well (F/MAL) SO CFM/LJ/(»// 65O S
Toval (/:/ AL s Genereton (erve f?& oy
' ¥ ZFazed o pras™ &y COLrIEnle aF Seomiii, ¢/!0'-r-///\5_

(Sece Gras' Flod Estiimarte Lalew forrons ).

'f[*i ?&J‘{C/ oN %Ac’ara‘/w/ o85S 6’_8/ S //3’“‘1'}70/5‘/
(56:, Gras Flou) é‘s—ﬂmqjc C&/Cu /,,7,/7__)

RESSURE |
Sy/s A0 FLow) (Fm )  Socmoxs (in.ive) Frsssoess o, i ) T T
l / % 0/"‘ x)/:?f}
Z el / o232 /2.7 gﬁf"’“/Oﬁ’;ﬂi’,’ Con f'rc!(;:"f/:j
—> 5 e/ o350 26.7 /a3 376
- - Nor :
Flarc Ca/)c:( 1L 3358 A 9”(, PCNELE S i
/ AT THIS TIus

Blower Select an

5ﬂsed o Fre ,/)7/(;/‘/V'c”/o/) aécyc /0 A~
New) Yorkl Brswer teas sSelected. ‘7'/>f— blower

605’ FA e -r[c;//O(,//l’\clr fa'/(/\\7 ‘
~ - WARZYN

C6SO Al @ Y /:f) SF? 3321 Ry, S BHIP & .‘ oMcu £+,



WARZYN ENGINEERING INC.
MADISON, WISCONSIN

BYf/_g_/Vl _ _ DATE(O-/7-5% SUBJECT KeFiSe€ ioqwsy | sHeeT no._ 7 OF_/_X__
CHKD. BY~d Ci- DATE [0- 2487 BLOWER S/z2/N6 CALLUCAT 1S osNo. L 252 Seney
St T/oM —f:?e Lsspes

"OI-F/ AJéd / f’.of""'/f— +

= ./_c—f””f’

A b ) ortre — D-f,'ermmy -
A\

//S'\‘/rf/ re /rCa' S ST o

7&}. 7&(‘ //-/ i S / 4/4"// 's S Ty — <O’9~€)fﬁ7/.//

a{/s//cn, ond whem setect| a Blrer

/Ja
Jse f/ou/ Crv Teria orp SO CFar S weil s/,\vcfg
A 7S FHE moST ConServatise,

S/ )/‘

/’/540//033 cue 7> HE Py .3
/ﬁm 7—3) /1 ﬁa/ '/ 2 Dr

V@CUUM Set ar /0. e ﬁf
J('n l/é// o) 4/_,1.:?/;), // = s 3 «.ﬁ/l:‘_)

P ConSé/‘(/aJ‘/u@ 4/45//44,

- G in. We /zeeoi(o/ ot #Ae "f onf /0//)7——

on Heec Liare.

- 3/’)»M/C /)660{‘6’6/ Q_,.‘L AL “'j/a /-/j‘ oYl ass
o VRREC Flare,

- ﬁ’ooosec/ cle s/an /S Lor e 2-well sys*em /—h//ch/
// 2y cess /ea'chrfc jesels c'/c efcoan'{f’/o /J )
S ac/dz# ore/ wells Mmay be in<sTar/ar TAJ{( %/r
Size é/ou,(r Hr a S el sys'fm oS difected & =%
P DS 7T

WDAL, S/ce 6/0¢/(r 76,- S-wezt/ gy-s-v/f-? Jore
chd /r/’/ S/S’f"'fﬂ'* 7£/014/.5. '

Ll Lolpplotians — Suction Pressere

Lall

:D€’f/¢f/}:f;’)€ juu/c/(nf //rafr‘“ 7, .,//,—-—} <
10 p2i0¢ /¢ AR Y A

and £strmate +Ae Stect10 jressures W N oy



WARZYN ENGINEERING INC.
MADISON, WISCONSIN

- .a‘: A//A

CHKD. BY&@_ DATELQ ?—4' 2.‘1_ ?ZL&J_S/ 2/46 QNLéw.A‘f Y5 os No.

Se TN PRESSUFSES

/3

SHEET NO.__‘Z__._ OF __.L
YA

Two - Well 1225 5m
|
){S'c,/',k%/.a/) Lewr 0 or C?e(z/‘yd;"?"'" -"'4"‘"‘;/’/ =N {;» '/
’ : CeferenCe
7"y 3" Pedvcer So’ J Lo 4ol 19
3”;2 Pae Yo'
" 90° EL 57’ Paje of |¥
3 Burters Yy Valve (Fux opex) (4o)( %) = /0" Pa 3 of /%
3" & ree g.0' | N
_ "X k3" T2e (Brrch) ((po)(;’n,) = /57 Paiz of I8
6" J Fee s’ /
5w "¥2" 72¢ (Run ) (70)6‘//?.) /0 Po13 ot i3
oY Ys° &L 6. Pole of %
o O P 1150 /
¢ 9° Elc. /2.9 Bz ot 1%
" & Ploe 3207
_ 6”_)('(4“ Cross CD@(D(_E&) :ZO_)(G/AJ:/Q’ Pc_? 12 of i3
6“ # Floe Yo ! ’ )
6" 450 ELe ¢4 Poiv oL i
6" Go° ErL (2’ 7 of 19
o ,@’/D/I‘o.e /0’ i J
6" 9SO gL b4’ Poiv of I8
6" & PIPE 2’ ’
&' ¥3' ReDucer 7’ Pj 4 o %
3B PPE 6’ |
3“ 90 £ s’ PO, 17/04,’?
"o PPE ‘ 3 | )
3" BomerbeY yiwe (Fues aren) (40)(¥) = /0" 13 ol 19
3" FeAmE AREESTER. LG W 5:’5;’ 1S of | S{
3" x6” TvekISER A .. ,,./ oL 1

- WARZYN




WARZYN ENGINEERING INC.

MADISON, WISCONSIN “

BY_ < _ _ oatelo-17-89 susiecT o mFSE_ A~ DENWAY SHEET NO._ 3 __ OF_./__.%_/_
CHKD. BY ST DATEW’%'% T oWER  S/2146 LRLLDLATZHN S joBNO. L2292 B %/

SLETION fAE STRES

e~ Wedl Desion
v

D EscripFion Lerott or Egedveien lomcn (5)
! /&%’r#’/’ Tl
5"y 3" Reducer s’ Potdof (%
3y P Zo i )
2" 9° ElLe ) s 7’ , | Pg 2of 19
3 Bc«ﬁ“{r-»q/ Yeive (f,/,: a}:/n) ’,"/),}/3/.32,) = 0.0 Pa120f (¥
3“F FPee ’ Y. 0 | )
G k3 TEe [/"s‘rzmaﬂ) (V(aO)/J//J = /5o Py 13,4 19
_C"o Ppe 2.0
ko2 e (fun) (2o)(ein) =r2.0 Purz £ /9
o P z/si0 )
Cre'¥3" T2e  (Pun) /0,0 Py 13oF /%
_ AP 200.0 : “'
Cre s’ 722 (Run) 9.0 | P 13of 19
_ 6" g P e /5.0 | N
GXC 2" Tee (Aun) /0,0 Pzof 19
G Pac /0.0 )
" 90° €L /29 - Peizof 1%
&’ %) /D//a./" S20/ | )
_6”,’((9"" Cros s (Zaj(é//a)f/()/‘; ?c{ Bm(/"é
G,’é/’;%,e 30’ | -
b s Sl 6.4’ o 1%
0" O/P/p,L /0.0
6" 90° ELL | | /2.9’ % o leof 1%
GH.@’ =" . /0.0 )
6" 4s® e Iz Per (20F |9
.(9" & PiPs r A “
6" x3'' Penucer it | 2% Ho[/?{
38 Pors ¢’ ’
3" % e Y | P vof 19
2 0 iPrE | 3 ; -
3" By ITERFLY Ve (FuedY ofen) o)) = to” P of 19
N 2’ ’
2

FLAME ARPESTER S in We | w Py S0 ¥ IS
3'X6" DV ReASER o’ | [oiat %




’ /WQ —vvo L

w2y (Flow = SO CFm st )

(s wiREquwdlf

JRGE T =

RE r0-s7- 55 . )

/352 %.%) PIPE HERD LOSS CALCULATION .
|
PIPE PIPE FLOW |HEAD LOSS|{HEAD LCSS| SUCTION
c R | BTWN. | PRESSURE )
WELL | DiGe | NN | REQUIEP |RER0%,| wELLS | REGD. COMMENTS

LR CoNSECIRTIvE APy

STHRT wf 0 W C wc:;—!

// TPy  FLLAME N
& /m/{;:v‘: /8/




! !

FIVE —We el “E 3080 (flye) = S0 char jweze ) RS SO/

- |
fOEFVSE MIRER WA )

3 -, O/ 9= rﬁ
e [T PIPE HERD LOSS CALCULATION <™ #7777 |

PIPE PIPE FLOW  |HEAD Loss|HEAD LCSSI SUCTION ‘
WELL | SIZE | LENGTH | REQUIRED |Pex ica' | ik |PRESSIRE COMMENTS |
{inchex) (taet) ) (ctm) (inchas w.C}| (4 ‘,r:._ w e Ginchas W el !

p, STeRT boj /O < vl & ille 7,
0.0 Lo CONSERVAre AI7II 4/

Mo THPD fATE R
== PelSpEsd




WARZYN ENGINEERING INC.
MADISON, WISCONSIN

Bv_g'g/f —  DATE/P/7-5FsuBiEcT LEFEVSE A4 DEAWARY _ sheeTno._ o of_/ Y

CHKD. By AL DATE W Z6-85) SL/ER S/ 2% CALCPLATIZS o No. /222 8. 9/
S c o ARESSICES

____________ ‘
|

ﬁ/sSamff/\? Con #ro ///hg;/ Section /7essure /s
o

“azee/ S - Wef//\’ ?;xs;"fﬂn. cle S/(/s: )

ToAn) Stc trorm JPesSeore estaiesd Js = 2¢.7 . WE

|

WARZYN




WARZYN ENGINEERING INC.
MADISON, WISCONSIN

BY B«EM DATEC-T5-89 gysyecT REFULUSE  HIDER WA _ SHEETNO.__ 7 _ OF /9

cHko. Byl paTe P2 09&_ BLo/ER SIZ2ING LALLVLAT/2VS  joBNO._ 22 25857
______________ POS/TIYE  FPESSVEES |

C 7 Caleawtotrans — Fosirive ?"S?,./«'
Objective — Determine blower Prcsn/rc (/n wc}
”dC@SS&f'f “+o ODQ/\QT'C 6 V/J CC 0/1}35
239A Was?e Gas B e a? tavran e
c/e«S/JQ/) and f/c?/(. Capac,,f/ ﬁ/dUJS‘,

/<)s Sump-}/}tw s —

~ Mox. desien €low = 250 chu (S wels @ SO chujusels)
\ | |
= Flare Copacity £low = 335 e (6" Ynece 2394 )"
|

- G mWe ¢ l2eFy reguired of 7o of ;:'z(ic’?‘/'

= 3mowe /Cfcu?‘dd’ o’ 70,0 oFf é&/(’?;’"/"

Schemeatic

BuURVER Preor
Lt 8ol V!
JY FLame AfLEsTER |
BLower OXG" 1 TEE Vo G207 &L
&'useil
. azé P | 3
e $ =
q'ef ¢ (' £ CI/.[’ ' A (’/ 7 T \—"'2,0‘[/“
1} ol t '” .
6 of b of G C'____.,. /S el ¢ 6" Y e | Y of G
RipLeG & X9 REDULER /Tuc RERSER
Caltculations

Determimne Covivalent }C”yr/J\S o;—ﬁ -f——mﬁs cmc/ P(D{

/603#\5 for /“tL, Ca’Cu(cu’-fcms and €S7‘!mq~‘<. +ine
POS(‘)"IV( /’re SSured, - WARZYN




WARZYN ENGINEERING INC. :
MADISON, WISCONSIN l

REFVIE e _ sHEeTNO._ 3B _or /%

CHKD. BY~NAC DATEVD-2B8A = 26/ S/ 2N (G LN LECLAT720/S o NO. L EEEF S/

______________ RS/ TIVE FFESSVEES
From Glocoer o 72797:

Description Length or Couivalent Lecath Refincg

BLOWER
'y PrPe g
6" ¥S° EL 0.7’ | Py 12 af |9
6" 7 Pre &’ R
A ="73 6.4’ 1 Py 2ot ¢
6" & FiE /0’ | ’
DOPLEG (06" ¥e” TEE - /c‘wv) (20)( 947,> =/o’ ‘ P\a /'gof (%
" & PrAE /s’ ‘
6" Ys° &Ll ¢.s | P20 f |4
6" & PrPe 6’ ]
67 40 10 ¢4’ Po |20¥ |¢
6"y RedUcse vad 1 [ 14 oF /¢
4" Fuave Aegesrer FEL WG & i ern Po isof 1%
4 Y6" TnCPersER 2’ jjf et /&
6" & Prie 2’ 1 '
&"x6"x )" TEE (TiANer) Col/re) =S’ Pa (204 /%
|" 90° €Ll 2’ assumed ‘
"G P 3’ |
(" ¥ V" ReDyeer 2/ assumec!
V2" 90¢ €L % £ ssumee

Pior ‘/Z" Y/ PIPE g’ |

From blower -+ 3Urner:

De Seripton Lenoth or Eovuvivalent L(LI;/"‘) /jez/r!n: <
BLoe R
SAUE AS ABOVE TO SEE  AFove | SEE ABwe
PornT @
6" O PIPE 7 |
6" 90° ELL /2.9 | Fa lzof 13
o' IR g’ 1

' WARZYN




My

R

Rl e udl

) <o o e

o

=t 01

FRGCE T oF /K

1392%.%/

rpé-p)se- MIDEARWAY

PIPE HERD LOSS CALCULATION

Ben /0-25- 8% )

PIPE PIPE FLOW  |HEAD LOSS|HEAD LOSS| Suermen
WELL SIZE | LENGTH | REQUIRED |PER 100' PRESSN COMMENTS
{inches) (teat) {etm) linchas W.C)|(inchas w.C}| (inches WC)
TAHCT wy C 7 il
RLoweER c-2 Aeene) i" (2L o7
My THEY gt FLabe e
ARAESTER  ~ SE 1% a#/{

/0. ,
assumeg

/L CFAT REQIRTEN
£or PILOT PSR pUNEICT..

RBLoweR |

{<SoA2r &) 6 in Wl . 7R

DL o7

L€
MREESTER

/'/L THPL SLAmE Q'/(&":;T:"T?
s Py lSof ¥




1T FROM CLOJER TO EORINE JRGE /O 9 /%
((REFUSE HIDELWAY BT T

/3928, </ PIPE HEAD LOSS CALCULATION

PIPE PIPE FLOW  |HEAD LOSS|HEAD LCSS| -sausman
WELL | SIZE | LENGTH | REQUIRED |PER 100’ | i | PRESSURE COMMENTS
{inchesx) (taat) , {etm)} (inches wC) Q0.

3 {inches WC'

BLowere|:

"710:27‘ s 2 /ﬂ u_/C
Afteeteer & TR =R

Mo TARL [FLawis R
SEE A /S F” )Y

| Crewsr

STHeT o Pom W7
P ;':z ¥ =,




WARZYN ENGINEERING INC. :
MADISON, WISCONSIN i

BY_ 7Y pATE/?-/1-89 susgemf@é:é[ﬁ?_é'ﬁ!ﬂf_'___; sheetno._ /! o /T
cHKD. BY A DATE U2 BS] Lo S/2000 £ReL ot v 77 S joBNO. L3FZ L. %
S OSITIVE I RESIVAET

ASSumene Con<rotline /Das/?“/)c /’chcSc/fa /S baSecs
/

~ 4 i N . | o,
o Seld systent o (Blower o P lor*)
|V j
Tota) 23.71 ¢ 17essure eStimetec!is = Jo. 3 . e

Selecrt S/oier

Fressore Sveton | /7ess. 2¢.7
DR - J/ y..-?
7:051‘;‘{ L4 P/c': sS.

—Total 520 m W

—

Flow :
@//S‘;/Sr’:m) F/&M/ %ér\}{. =- S%0 - 6so CFrryg

- Select blower V/h/‘c//j) neas Copac /.f;/ 74f 74/,/,'”' SIS~
7[‘/0(")/ bu PressSure capac f’\"}/ Sor ST Sy 5 e,
Select Blower that e Y &e Gre clre/ s
moFor el tohee! Size Sy S «’:"'1"3,’7 S A Pr2ISCrL

CQP(LC;}”’/’.# /
’K&Sed onN //’"{71'60/ é§5'¢4_m/07‘/2)n3 cr r'//S —rh e,

i
(163 OUTLET SIZE ~ Fmsmois
- : ressure Blowers with outlet duct .
b - and with or without infet duct. OUtIet area: 20 Sq' ft
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1 e (T F Y
FLOW OF AIR IN PIPES

L3852 - e -
P- ,;o?fo’;‘idfm FRITZSCHE FORMULA. - o

P df'OF In FI'ESSUI'E o /OOUﬂdS Per Sguare InC/) per )“OO/ OFP/DE
% gbsolurte Femperaiure in degress Fahrenbert s recorcles :‘emp irn degrees F* 459.6.
Q= cvbic reef oFf Free cu- per minuie af GO cfe rees fobrenhert.
* 0bsolute pressure in pounds per sguare thch = goge pressure *I2.7.
d* dioarmefer of Fhe pipe irn inches. :

,w_uﬁ} - .a“’“"' ".;"’".’.:' °’.5'..';‘.L".;"E.’:°.’. 22 N TABLE B- ECONOMICAL MAXIMUM
R ﬁfZﬂ e l SIZE OF |MAXIMUM] Si1ZE OF |MAximMUM
3., ﬂ/jf;ﬁff}"}j{}'j, s PIPE VELOCITY PIPE VELOCITY
) 7 9 g INCHES |FEETPERSEG| INCHES |FESZT PER SEC
£ 100 s % G 20 /G 50
. 2 g A1 £
224 ; }‘% 8 z38 20 sS4
3 Z; 10 35 24 57
& 4
3:. %3 12 4/ 30 Go
T ez =t
2 e — 43 :
‘S /-anu_;(;,/f::;\%x TR T z,§ :
& T AR A e LT g TABLE C - POWER REQUIRED
e LA T IR FOR COMPRESSING AIR. %
S s e PR A a > ot f lii
S FINAL | THEORETICAL] FINAL | THEORETICAL |
I3 e = e PRESSURE| WORK TO COM- [PRESSUREIWORK TO COM™ ™
3 T TR P M AR A~ MR N> M R L TR OF AIR | PRESS IMIL.CU{ OF AIR |PRESS I MIL.Ct
a i e T e L®. PER | FT. OF FREE AIR| L8®. PER |FT. OF FRES AIR
: i"‘rr j /ﬁM“HH'L\ i 'L”r‘r“ ]& SQ. INCH HP - HR. SQ.INCH HP - HR.
s 3.3%32 5 233 & 8387% ! 72.3 8 ¢290.2
Dmp-nhssuro,lbpequln.pcrlOOFf z 124.0 o 5956.5
FIG A-FLOW OF AIR IN CIRCULAR 3 200.8 2 c97.1
PIPES. MORRILLS CHART. 4 265.2 12 785.2
BASED ON FRITZSCHE FORMULA: G 382.7 16 875.9

TABLE D-RESISTANCE TO FLOW OF AIR THROUGH FITTINGS.

DIAMETER EQUIVALENT LENGTH OF STRAIGHT PIPE IN FEET
?bf ,Npé:gs G ATE ANGLE LONG RADIUS [ STANDARD |SIDE OUTLET
VALVE VALVE ELSOW 45° ELBOW 957 TEE
2 1.3 2.8 ’/.7 L 3.6. 7.7
3 Z.1 7.7 2.8 = | 5.7 /7.4
1 3.0 10.7 3.9 7.9 15.8
G 4.8 (7.4 6.4 12.9 25.6 1
8 G.7 24./ 8.2 L 17.9- 358.6
10 8.8 3/.5 /1.5 23.4 46.6
2 - 10.9 39.3 14.4 . 22,3 58.6
16 . /5.4 55.4 20.3 -Y 82.6
Z0 .20.2 72.7 26.G 54./ 108.2
24 . 25,1 20.4 33.17 P 67.3 134.6 RN
_ : 30 32.8 rt8 .7 243.3 - 87.9 175.8
o 36 20.9 127.2 54.0 109.6 213.2
¢72 23.72 t77.1 G2.9 ) 1 131.9 _ 263.8
48 57.7 207.7 76.2 n 309.2

¥Date from Metcalf é Eddy, American Sewerage Fractice, M<Gram-




A-30 APPENDIX A — PHYSICAL PROPERTIES OF FLUIOS AND FLOW CHARACTERISTICS OF VALVES, FITTINGS. AND PIPE CRANE

He&E /3 IF /Y

Schedule (Th;ckness) of Steel Pipe Used in Obtcmmg Resistance

Of Valves and Fittings of Various Pressure Classes by Test*

Valve or Fitting

ANSI Pressure Classification

Schedule No.

of Pipe
Steam Rating Cold Rating Thickness

= ' 250-Pound and Lower 500 psig Schedule 40
300-Pound to 600-Pound 1440 psig Schedule 80
900-P9i;nd 2160 ps.ig Schedule 120
1500-Pound 3600 psig Schedule 160

7 6 6000 psi xx (Double Extra Strong)

00-Pound| . 2 @ psig g
2500-Pound] g, 211 d larger | 3600 psig Schedule 160

*These schedule numbers have been arbi-
trarily selected only for the purpose of
identifying the various pressure classes
of valves and fittings with specific
pipe dimensions for the interpretation
of flow test data: they should not be
construed as a recommendation for
installation purposcs.

L
["?/.l;

'
s

Representative Equivalent Length® in Pipe Diameters (L/D) (L/DB (D/ =L,

Of Various Valves and Fxthngs / F

Description of Product

Equ lval:nt Length
ipe Diameters

(L/D)
Stem Perpendic- | With no obstruction in flat, bevel, or plug type seat Fully open | 340
Globe ular to Run With wing or pin guided disc ; Fully open 450
Valves (No obstruction in flat, bevel. or plug type sear)
Y-Pattern = With stemn 60 degrees (rom run of pipe line Fully open . 175
= With stem 45 degrees rom run of pipe line i Fully open 145
With no obstruction in flat, bevel. or plug t scat, Fully o 145
Angle Valves With wing or pin guided disc Plue YR Fullz oﬁ 200
. Fully open 13-
VDJ;SETC g‘fsf{. Threc-quartersopen |+ . 35
or Plug Disc One-hall open 160
Gate One-quarter open 200
VYalves ‘ Fully open 17
Pulp Stock Three-quarters open S0 -
One-hall open 260
One-quanter open 1200
Conduit Pipe Line Gate, Ball, and Plug Valves Fully open 3
. Conventional Swing 0.5t...Fully open 135
Check Clearway Swing 0.5%...Fully open S0
Valves Globe Lift or Stop; Stem Perpendicular to Run or Y-Pattern 2.0t...Fully open Same as Clobe
Angle Lift or Stop 2.0t...Fully open Same as Angle
In-Line Ball 2.5 vertical and 0.25 horizontalt. . .Fully open 150
. . With poppet lift-type dise . 0.3t...Fully open 420
Foot Valves with Strainer Wich lcafg:r—hingcd dise ot Fullz i 7
Butterfly Valves (8-inch and larger) - ¢ e A I T ) Fully open 40
Straight-Through | Rectangular plug port aren equal to 1007% of pipe area = Fully open 18
Cocks Three-Way Rectangular plug port area equal to Filow straight through 44
809 of pipe area (fully open) Flow through branch 140
90 Degree Standard Elbow 30
4S5 Degree Standard Elbow 16,
90 Degree Long Radius Elbow 20
90 Degree Street Elbow 50
Fittings| 45 Degree Street Elbow 26
Square Comner Elbow 57
Standard Tee With flow through run 0
With flow (hrough branch 60
Close Pattern Return Bend i S0
90 Degree Pipe Bends i Sce Page A-27
Pipe - Miter Bends | Sce Page A-27
Sudden Enlargements and Contractions Sce Page A-26

Entrance and Exit Losses

Sce Page A-16

**Exact equivalent length is
equal to the length between
Nange faces or welding ends.

For resstonce loctor *°X*°, equivaien! ‘mglh in {eet of pipe, ond equivalent low unﬁ»qcnmzm 11 ond A-32.

D o e o R

A o oI

STier Gt s i

- .

tMinimum calculaced pressure
(psi) across valve to provide | 2-11. For cffcct of end
icnt flow to hft disc fully. |

TlEE

T S e SOt i BN . o, S @I
e AT

¢For limitations, sec page

connections. sce page 2-10.
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b
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FIG. 10-14 )
Equivalent length of valves and fittings in feet
Enlargement Conlraction
v E z 430 ’::;' |;:f‘l’g Hard Solt 900 -Suddln stid. Sudden . Sid.
- E*é E v x 2| ot '"' ."' T. T. miter bends : red. v red,
fr | 2 4 I I
EE’. 4 H K} 2 ; 2 . Equiv, L In terms of small d
iy |s85) 2|2 |6
s 9= < £ M -~ -~ - N \ N o N S ,\" SN s: BN
AU B B I A N R L
EIxE 132 128 135 DL Dl e[ SIS SIS IS|S[S[S]3
1Va| 55 26 13 7 | 112] 35| 2|3 8l 91 2|3 5 J | 4 | k) 2 | | —_
2 70 RK) 17 14| 2| 2]3| 4|5 3|4] 10f11] 3|4 7 4 | 5 | 3 J | ] —
2Y2| 80 40 20 11 2| 2. S 3.1 12 k] 8 5 2 [ 2 4 J 2 2 —_
J 100 50 25 171 2| 2 6 4 14 4 10 6 2 8 2 5. 4 2 2 _
4 130 65 32 30 3| 3 7 5 19 5 12 8 J 10 J 6 5 3 3 —_
() 200 { 100 | 48 70| 4] 4 11 8 28 8 18 12 4 14 4 9 7 4 4 |
8 260|125 ) 64| 120| 6| 6 15 9 37 9 25| 16 5 19 5 12 9 5 S 2
10 330 | 160 80| 170 717 18 12 47 12 3l 20 7 24 7 15 12 ] 6 2
12 400 (190 ] 25| 170 9| ¢ 22 | 14 55 14 28 | 21 20| 37| 24 8 28 8 18 14 7 7 2
14 450 | 210 | 105 8ot 10|10 26 16 62 16 J2 | 24| 22 421 .26 9 — | —120] 16 8| —|—
16 5001240 120 | 1451 11N 29 18 72 18 38 27 | 24 47 130 | 10 — | — ] 24 18 9|l -1 —
18 550280 | 140 | 160} 12]12 33 | 20 82 20 42| 30| 28] 53| a5 | 11 —_ |l —]1 2612010 | — ]| —
20 650 | 300 | IS5 | 210 | 14] 14 36 | 23 90 23 46| 33| 32| 60| 38| 13 —t—J ||V —-=]| —
22 _|688 1335|170 225 15|15 | 40 | 25- 100|225 | -52|-36 |-34 65| 421 14 — =] 32 25|12 | — | —
24 750 | 370 | 185 | 254 | 16] 16 44 | 27 |10 27 ‘56| 39| 36| 70| 46| 1S5 — | —]13]271 13| —| —
30 — ] — ] —|312f21]|21 55 | 40 |[140 40 70| 51| 44
36 —-] =] — 25| 25 66 | 47 [170 47 84 | 60| 52
42. —_ =] — 30|30 77 | 55 |200 55 98 | 69| 64
48 | —] =] — 35135 | 88 | 65 [220 |65 | 112 81| 72 )
54 —_ - — 40| 40 99 | 70 |250 70 126 | 90| 80
60 —_] -] — 45145 |110 | 80 |260 80 190 | 99| 92
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PRESSURE
OUNCES PER SQUARE INGH

VACUUM
OUNCES PEA SQUARE INCH
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FLOW CAPACITY

VAREC

MODEL 5000/5010 FLAME ARRESTERS

INCHES OF WATER
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Note: Flow stated in SCFH air can be corrected for gas at 0.8 specific ngARZYN

and temperature at 90°F by multiplying above flows by 1.09 factorw
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FRICTION LOSS

To illustrate the use of Chart A, above, in measuring friction of
round ducts, assume that the reguirement is to pass 10,000
CFM through 50 feet of 24-inch diameter duct. Find the line
designating 10,000 CFM on the vertical scale at the left and
move horizontally to the right to the point of intersection with
the diagonal line marked 24”. The water gauge scale, repre-
sented by the vertical line, shows that the friction per 100

.0t 02 03.04 .06 08 !
looooo I:LIJ {‘I:! 11[1411_'1‘:”'“\‘;]11]'L‘ICL%\L%‘T\I l{yl\”l\ﬂf!dt' Iw/-;lll' I/J(;é]\(l%;\l:)}]{glﬂfjuy_imﬂig},’ )] :;LL?.F
Ll la tr 2 Bl R NP \P 47 Jaoisoa = DB L
0 — O -CO- — OO +o Q- y X VA
NP N % BN X 2
I Y U5 % B D 2 AN N S5 S s OArg Vgt
A\ X = Y
20 A g M SOTA A SPAN SR
30000\ S/l\ o [ N_A | Vb
TR S ST
- Q. 1IN S
20000 A IR B _ (D % Ry =
No ji(\w’ﬁ,\/\ B TS DS AN AL k\gg
5 »
L AN A T LBz S A NS A AU P~ GNLPZ WL (AT b=
80001 PraZauir ¢ SN N A e AP SN X sk
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6000 C e Y A ative e WA 2 H
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4 000201 8 < \ B\ 3 A Lot
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LIRS S =
ailation 2 PR S N IR U
Qf dud’ « 28 z b d ’\ V( J& '\»\ (T\ Jq NE
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2 R\ e WP NZANBZANAY SRS A o H
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DR NS DR ISRV
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PR I N N RS NN RN
100 = LN - AN . B U~ L U HAN N =
80K -g ~ AN N N WA I WA B W NS
GOR/ =AY NPz WAVAY VA BN e
AT LN DISTIIS TS AV A N AR S SN
a0l — s JENID e NENIND VAo NN E
301 TINe LI N DA DN N N AN AN
X LN RAZa EENAVAVI N Z AWANAVA U R
20057 AR Za NENTR WA NS NNE
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Ol .02 .03 .04 06 08 2 3 4 6 .8 1 2 3 4 6 810

IN INCHES OF WATER PER 100 FT

Reprinted from Chapter 41, Healing, V'M.ﬂnting 2 A Conditioning Guide, 1949

feet of duct length is .05 inches. Therefore, for 50 feet, fric-
tion would be 0.5” x .5 or 0.25 inches water gauge. The inter-
secting diagonal marked “velocity” indicates, in this case, an
air velocity in the duct of 3200 FPM. Similarly, any two vari-
ables may be determined by intersecting lines when two known

variables are plotted on the MRZYN

(9
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'MOUND AT SURFACE)
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(1 TYPICAL GAS/LEACHATE EXTRACTIO

/4 DA STAINLE;SS STEEL PULLOUT CABLE

t™ DIA. FLEXIBLE DISCHARGE PIPE ’
STAINLESS STEEL SAMPLE PORT

6" DiA. SCH. 80 PVC GAS WELL PIPE

ELECTRICAL WIRING FOR PUMP

SEAL-TIGHT ELECTRICAL CONDUIT AND %iRING FOR PUWP
6 x 6 « J SCH. 80 PVC TEE

EXPLOSIC's PROOF ELECTRICAL PLUG MOUNTED AND SELLED INTO WELL CASING
1" DA STAINLISS STEEL NIPPLE THRIADED THROUGH SLIND FLENGE

17 D:A. STAINLESS STEEL UMION

1 DA sTamLess STeeL 90° ELL

17 DA STAINLESS STEEL TO HDPE TR;J-SITIGP; FITIING
1/47 STANLESS STEEL £YIBOLT wWiTH WASHERS AND NUT
37 DA FLEXIBLE COUPLING WiTH CLAMPS (F.E?NCO)

3 DA SCH. BO PVC PIPE

17 DA HOPE PIPE (INSULATED £ND HEAT TRACED)

3/4" x 1/27 SCH. BO PVC REDUCING BUSHI*G WITH 1/2° D.A. SCH. B) PVC PLUG (MOMITORING PORT)
3 DiA. BUITERFLY VALVE (TILT FOR CONDENSATE DRAINAGE)

3 DiA. SCH. 80 PvC 90° ELL

3 DA FLEX:SLE TUBING WITH CLANPS

3 DA HDPE PIPE

6 x 67 x I HDPE TEE (ON GAS HEADER PIPE)

6 x 6 x 1° HOPE TEE (ON LEACHATE CONVEYANCE PiPE)

SCALE: - 1"-=.1'-0" -

N WELL HEAD DETAIL

3lva T T T A8 ‘GMHO

~N =N
/ W" -
ﬁ_ 103rans W@_ *T_—{B.LVG - %}—AB

NISNOOSIM ‘NOSIGVYIN

"ONI DNIHIINIONT NAZHVM

=1 =
e

Y=L

SO0
on133HS AT

"ON gor

Sk B R

YA




SEE DETRAILEH)

70

LEACHATE/HOLDING TANK
SEE DRAWING 13928-6,
CANTER LINE WEST EDGE =

;a SEE DETAI

~__FLARE STATION -~
S n‘(:) . 400,643 N e
e {87 2,112,732 J-
 SEE DgIAILégg
00 BLOWER STATION
400,590 N M

P‘l Ge

400,600 N,- 2,112,890 E
CENTER LINE EAST EDGET=7400,600 N, 2,112,921 E -

1Y oF 1§
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FLARE SIZING/SELECTION
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WARZYN ENGINEERING INC.
MADISON, WISCONSIN
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239A SERIES

WASTE GAS BURNER

e “Curtain of Flame”
Ring-Type Pilot

e 304SS Pilot Orifices

e Jnsulated Pedestal
Protects Pilot Lines

e Separable Mounting Base

INTRODUCTION

The VAREC 239A Series Waste Gas Burner is de-
signed for burning excess waste gas generated in the an-
aerobic digestion process to reduce the potential odor
nuisance from venting directly to the atmosphere. This
burner is suitable for burning low volumes of waste gas
which is typically very “wet”, with a low BTU value (be-
tween 550 and 600 BTU), and composed primarily of
methane.

OPERATION AND FEATURES

The VAREC 239A Burner is designed to ignite the
waste gas by passing it through a “curtain of flame” de-
veloped by the ring-type pilot. The pilot gas mixes with
air at the pilot ring and the pilot flame burns on top of
the ring. The waste gas is deflected across the pilot
flame by an integral baffle. A manually adjustable shut-
ter is provided at the bottom of the burner stack to
change the available air volume should the waste gas
flow rate fluctuate.

Dual pilot lines in the larger models are located 180°
apart to distribute the pilot flame around the entire
ring. The burner pedestal is insulated internally, enclos-
ing the pilot line(s) and waste gas piping. A gasketed,
separable mounting base is included for pre-installation
on a concrete foundation or other suitable support. A
covered pilot observation and ignition port with sepa-
rate inspection port are provided on the burner stack.

A low pressure natural gas pilot supply is recom-
mended with the VAREC 239A Burner. Since Waste Gas
is typically moist and dirty with fluctuating pressure
and BTU value, it may not provide the reliable pilot
flame necessary when using an automatic pilot ignition
and monitoring system. The Model 239A Waste Gas
Burner is not suitable for a propane or butane pilot gas

supply.

PDS 239WT
11/88

AUXILIARY EQUIPMENT

Flame Check, Model 52: Recommended for field in-
stallation in the pilot gas piping just upstream of the
burner to protect from possible flashbacks generated in
the pilot line. See PDS 52WT for details.

Electric Pilot Ignitor: Recommended for all burners
for improved operator safety. VAREC manufactures
several ignition systems. These systems are described in
data sheets PDS 240WT, PDS 240HOA, PDS 241 WT,
and PDS 242WT.

Secondary Stacks (by others): “Self-supporting” sec-
ondary stacks should be specified for field installation
on all 4”, 6”, and 8” burners to protect from winds
which can cause an unstable pilot and/or waste gas
flame. Consult VAREC for details.

SPECIFICATIONS
Sizes: 27, 3", 4", 6” and 8"
Connections:
Waste Gas — Nominal pipe size/weld connection
Pilot Gas — Single 1/2” NPT (2" through 4"
sizes)
Dual 1/2” NPT (6” and 8" sizes)
Mounting: Concrete pad or other suitable support
Waste Gas:
Composition: Primarily methane
BTU Value: 550 to 600
Maximum Inlet Pressure: 20" WC (508 mm WC)

Material:
Burner — Fabricat el
Pilot Flame Ringw
Pilot orifice/fittin
Observation/Ignition

— Castiron
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VAR H C 239A SERIES WASTE GAS BURNER SelecT

DIMENSIONAL DRAWING {}
SIZE
CODE 02 03 04 06 08
D

3-3/16" 2 3 4 6 8

(DIA) (81 mm) A 50 75 100 150 200

- OBSERVATION PORT B 84 10 1 13 15

222 254 279 330 381

MOUNTING FLANGE

(FOR ELECTRIC c 171/2 | 18 20 22 24

PILOT IGNITOR) 44 476 508 559 610

oo YT 5 2vs | u 16 20 24

324 356 406 508 610

""" E 68 | 68 68 9% 9%

1730 | 1730 | 1730 | 2440 | 2440
F 20 /4 2414 24 V4 32 Vs 48 3/8

AIR INLET 514 616 616 819 1229

SHUTTER SHIPPING 465 590 700 860 1500

WEIGHT 211 268 318 391 682

E . —
Inches and Ib in bold, mm and kg in light
l & -ﬂ Sl BURNING CAPACITY
s.1/4" { Al I \U [ Flow stated in air at 60°F and 14.7 PSIA at 172" WC
(133 mm) . 'I' l : A N (13 mm WC) pressure drop, at sea level. For capacities

T _J_* U L at higher site elevations, consult factory.
T |
e

PILOT LINE SIZE FT3/HR M3/HR
-t A e \ CONNECTION 2" 1,850 52
e B — 1/2" NPT (TYP) 3" 4,025 114
N\~ WASTE GAS 4" 7,875 223
C CONNECTION SELECT [> [ 6" 20,100 569 |
8” 33,475 948
Installation, mounting arrangement, and dimensions are preliminary general Note: Flow stated in SCFH air can be corrected for

information not to be used for construction. Certified drawings are available. waste gas at other specific gravities and tem-

peratures. (See Technical Section)

ORDERING INFORMATION

[ 2394 WASTE GAS BURNER
Code Size (Select One)
02 2"
03 3
04 4”
06 6"
08 8"
| 239A 06. (EXAMPLE)

VAREC
' 10800 Valley View St., Cypress, CA 90630 (714) 761-1300 Telex: 4722%"52 701

a Rosemount Division

© Varec Division, Rosemount, Inc., 1988 All Rights Reserved




240 H-O-A SERIES

PDS 240HOA
11/88

MANUAL/CYCLING
ELECTRIC PILOT IGNITOR

e Unattended Ignition
Spark

e Adjustable “On” and
“Off” Cycles

e Hand-Off-Auto
Functions

INTRODUCTION

The VAREC Model 240HOA Manual/Cycling Elec-
tric Pilot Ignitor is designed for use with the VAREC
239A Series Waste Gas Burner. The unit provides a
manually initiated ignition spark and provision to con-
tinuously cycle the spark on and off. This model is rec-
ommended when an electrical means of pilot ignition is
desired, yet automatic pilot monitoring and status
alarms are not required.

The ignition control enclosure should be located at
least 10 feet (3 m) away from the waste gas burner to
protect operating personnel and enclosure components
from radiant heat.

OPERATION AND FEATURES

A compact ignition transformer with a dual cycling
timer switch are provided inside a weatherproof enclo-
sure. The enclosure is fitted with an external “Hand-
Off-Auto” switch, and is suitable for panel or wall
mounting. The transformer and switches are pre-wired
to a terminal strip at the factory. An ignition electrode
assembly with weatherproof housing are also provided,
and are easily field mounted to the primary stack of the
VAREC 239A Burner.

With the three-way switch in the “Hand” position,
the ignition transformer is energized. The transformer
delivers a continuous high voltage to the ignition elec-
trode which sparks across an air gap to the pilot flame
ring, igniting the pilot gas. Once the pilot flame has
been established, the switch is turned off.

To provide for unattended re-ignition in the event of
pilot flame failure, the switch is placed in the “Auto”
position. In this position the timer is activated, alter-
nately energizing and de-energizing the transformer, cy-
cling the ignition spark. The dual cycling timer provides
separate adjustment for the spark duration and the time
between sparking.

CONSTRUCTION

The Model 240HOA Ignitor is housed in a NEMA 4
rated enclosure. The ignition electrode housing is steel
with an aluminum cover. Both the control enclosure and
electrode housing are provided with 1/2-inch NPT fe-
male conduit connections.

The transformer is rated for continuous duty with
110 VAC, 60 Hz primary, and 6000 VAC secondary. The
timer is adjustable from 3 to 300 seconds for both the
“Ignition Spark On’ and the “Ignition Spark Off” cy-
cle.

OPTIONAL IGNITION SYSTEMS

VAREC manufactures several additional models of
electric pilot ignition systems for use with the 239A
Waste Gas Burner. These systems include Model 240
Manually Operated Ignitor, Model 241UV Manual
Start/Automatic Re-Ignition, and Model 242UV Auto-
matic Start/Automatic Re-Ignition. These ignition sys-
tems are described fujl ective data sheets,
PDS 240WT, PDS 24 242WT.
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A4 g 240 H-O-A SERIES MANUAL/CYCLING ELECTRIC PILOT IGNITOR

DIMENSIONAL DRAWING

—r—

THREE-WAY
SWITCH
[c] [o]
/[ .
TRANSFORMER
CYCLING
TIMER
16 BURNER
(406 mm) _ _ IGNITION STACK ,
ELECTRODE . r{
3 Z -.-.JA
© | ! T
‘ ! 7=
2% . SN
L] H o= (f'h":"
Lnd Lnd Y G ]T r_i ee-
127 . JJ :I | |
(305 mm) ! : el | ' |
| | PILOT
T L ke -1 TERMINAL l F;-;_ME RING
| | STRIP |  REF)
7-3/8" v o o e . — J
(187 mm) 1
| , O O |, Vv O
T '

TO POWER SUPPLY

NEMA 4 120 VAC, 60 Hz

CONTROL ENCLOSURE
NOTES:
m. USE 18 AWG WITH 7 mm INSULATION RATED FOR 10,000 VAC AT 250°C.
2. ALL FIELD WIRING AND CONDUIT BY OTHERS.

3. CONTROL PANEL TO BE MOUNTED NOT LESS THAN 10 FEET (3 m) AWAY FROM WASTE GAS BURNER.
4. SHIPPING WEIGHT: 50 LBS (23 KG).

Installation, mounting arrangement, and dimensions are preliminary general information not to be used for construction. Certified drawings are available.

ORDERING INFORMATION

240 MANUAL/CYCLING ELECTRIC PILOT IGNITOR

Code { Model
HOA | Hand-Off-Auto Switch with Cycling Timer
Code Size (Same as Model 239A Burner Size — Select One)

02 2"
03 3"
04 4
06 6"
08 8"

Code Enclosure Rating (Select One)
4 NEMA 4 (Standard)

| 240 HOA 04 4 (EXAMPLE)

“& A R E : @ 10800 Valley View St., Cypress, CA 90630 (714) 761-1300 Telex: 4722044 FAX: (714) 952-2701
a Rosemount Division WARZYN

© Varec Division, Rosemount, Inc., 1988 ' W Rights Reserved




APPENDIX D
LEACHATE EXTRACTION AND STORAGE CALCULATIONS
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WARZYN ENGINEERING INC.
MADISON, WISCONSIN
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WARZYN ENGINEERING INC.
MADISON, WISCONSIN
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Fiow Capacity and Friction Loss for Schedule 80 ThAermo'plaStIC Pipe Per 100 Ft.

a a a a a a a a
= a “» z a “ zZ o “» z= a “ z o v = a @ z a «» = o “»

w e « vex o = AxE S « e S = neE s = e =3 - e a - Am= =3 < axX
e5 EZE ® S¥E rE ¥ SEE zE ¥ SUE xZ ¥ OSEE r§ P SWE 23 2 SUE @ = SUE rg ¥ Su
S5 8= 28 Zgw Sc =8 3gw Sz 38 Zgw Sc 2 Zgw S 3 Zgw 8- zE 32w Sc zf Zgw 8- zE Zgw
3. ma £w EEZ3 ¥ Sw £EES gl Ew £EEXT gl Sv SES ¥ B EET ¥ Ew EES g Sw £EE g¥ I =2=3
®L > 2 253 >. 2 233 . 2 2533 >, 2 253 >. 2 253 >. 2 253 >. 2 2533 >. 2 233

S @e gt uom £% WogE EFA W oE £%e b R 8% T & 8% W o3 E% W = 2%«

e e . - - ™ o -
" in. ¥ in. 1 in 1% in 12 in 2 in 2% in Jin

1 148 402 174 074 .86 037

2 295 803.348 157 172 074 094 088 038 052 021 009 038 010 0041

S 733 4523 1959 392 967 419 234 275 119 130 066 029 034 030 0126 056 0.0 0040 039 005 0022 025 002 0009

7 1034 83.07 3597 S49 1776 769 328 S04 219 182 121 053 132 0S5 024 078 015 0065 054 007 0032 035 0028 0012
10 784 3384 1465 468 961 416 260 230 100 188 104 045 112 029 013 078 012 0052 050 004 0017
15 4 ln. W76 770 3105 701 2036 882 390 48 211 281 220 095 168 062 027 117 02 011 075 009 0039
20 057 004 0017 335 3468 1502 520 830 359 375 3715 162 223 1.06 046 156 044 019 100 015 0065
25 072 006 002 1169 5243 2270 650 1255 541 463 567 246 279 160 069 195 067 023 125 022 0095
30 08 008 0035 1403 7348 3182 780 1759 762 56) 344 335 225 097 234 094 041 143 03 013
35 100 0110048 910 2330 1013 657 1058 3458 391 299 129 273 125 0S4 14 03 018
0 115 01 006 1040 2997 1298 750 1355 987 447 38 166 JI12 160 069 199 054 023
45 129 017 0074 i 170 3727 1614 844 1685 730 503 76 207 351 199 086 224 06/ 029
S0 143 021 0091 063 ©00) 003 1300 4530 1961 938 2048 887 558 579 251 390 232 105 249 081 035
60 172 030 013 075 004 0017 1126 2870 1243 §70 @812 352 468 339 147 299 114 049
70 201039 047 088 005 0022 782 1080 468 S46_ 451 195 133 151 065
75 2105 045 0.9 094 006 002 838 227 531 585 512 222 3718 112 014
80 229 050 022 100 007 0030 89 138) 599 624 577 250 399 194 084
90 258 063 027 113 008 0035 8 in. 005 1720 745 702 716 311 448 241 104
100 287 076 033 125 010 0043 1.7 2090 905 780 872 378 498 200 127
125 359 116 050 157 016 0068 090 0045 0019 10 in, 975 1321 572 6§23 443 192
150 430 161 070 188 022 0095 107 005 002 1170 1848 800 747 620 g
175 502 215 093 220 029 012 125 0075 0033 872 826 158
00 573 275 119 251 037 016 143 009 0039 090 0036 0015 997 10.57 458
250 716 4.16 181 314 056 024 179 04 06 114 0045 002 12 In. 1246 16.00 693
300 880 58) 252 376078 034 214020 0087 136 007 003
350 1003 776 336 439 104 045 250 027 012 159 0085 0037 112 0037 0016
400 1147 993 430 502 13) 058 286 034 015 181 011 0048 128 005 002
450 S64 165 071 321 042 018 204 014 0061 144 006 0.026
500 627 200 08 35 0S5 022 227 017 0074 160 007 0030
750 940 425 184 536108 047 340 036 016 240 015 0065

Equivalent Length of Pipe, Feet

Voo % % 1 1w 1y 2 v 3 47 6" 8t 10" 127

90° Standard Elbow 09 16 21 26 35 40 55 6.2 7.7 10.1 152 20.0 25.1 29.8

40° Standard Elbow 05 08 1.1 14 18 21 28 33 41 54 8.1 10.6 13.4 159

90° Long Radius Elbow 06 10 14 17 23 27 43 51 63 8.3 125 16.5 20.7 247

ATTINGS  90° Street Elbow 1.5 26 3.4 44 58 6.7 8.6 103 12.8 16.8 25.3 33.3 41.8 49.7
45° Street Elbow 08 13 18 23 30 35 45 54 6.6 8.7 13.1 17.3 21.7 259

Square Corner Eibow 1.7 3.0 39 50 65 7.6_9.8 11.7 14.6 19.1 28.8 37.9 47.6 56.7

Standard With Flow through run 06 1.0 14 17 23 27 43 51 6.3 8.3 125 16.5 20.7 24.7

Tee With Flow through branch 1.8 4.0 51 6.0 6.9 8.1 12 14.3 16.3 22.1 32.2 39.9 50.1 59.7

WARZYN
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WARZYN ENGINEERING INC.
MADISON, WISCONSIN
\

BY_~i2C~ _ oatell- P susiecT _EEHLLE _fij;‘:féf_J/::..J_ SHEET NO. _—~—__ oF_lL2

CHKD. BY DATE _ — —

JoB NO.__ [ ZA2ZD

FLOW RANGE PERFORMANCE CURVES

1.2t0 7 GPM

PUMP OUTLET

1" NPT

'

5515-26 (1%2HP)|

| P w—

=% pesroarsss
2 5507-18(%HPE

HEAD (FEET)

——1- [5505-13 (V2 HP)) =~
e

3 4
CAPACITY (GPM)

DIMENSIONS AND WEIGHTS

LENGTH WIDTH APPROX. UNIT
MODEL NO. HP (INCHES) (INCHES) SHIPPING WT. (LBS.)
5S03-9 A 24% 3Ya 27
5S05-13 2 28 ‘% 3% 31
5S07-18 Ya 33 Y 3% 34
5810-22 1 7% 3% 42
5515-26 1'% 42 3% 46
5S15-31 1% 477% 3% 58

Specifications are subject b change without notice.

WARZYN
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WARZYN ENGINEERING INC.
MADISON, WISCONSIN

P A - — iy
BY & paTell: k2] suBiecT _BEEELLS  HITEEAWAYY

CHKD. BY DATE _ WELe PATE  SXTRALT o

crunoros [IEfc =Y

¢

SHEET NO._ = _ OF_ .=
JosNO._\ZTAZ2%

SELECTION CHARTS FLOW RANGE PUMPOUTLET
(Ratingsare in GALLONS PER HOUR~ GPH) 1.2t07 GPM 1"NPT
PUMP MODEL | HP | PSI DEPTH 10 PUMPING WATER LEVEL (LIFT) IN FEET
20 | 40 [ 60 | 80 [ 100 [120 | 140 160 180 ] 200 ] 220 | 240 | 260 | 280 ] 300 | 340 | 400 | 460 | 520 ] 600 | 700 | 800 [900 [ 1000 [1100| ~
0 428 | 401 | 374 | 347 | 320 | 268 | 256 [ 191 | 127
2 20 [ 393 | 366 | 339 [ 312 | 277 (262 | 169 | 95
% 5503-9 a [ 389 | 362 | 335 [ 306 | 276 [225 [ 174 | a7
40 | 400 | 358 | 330 | 303 | 265 | 228 | 143
S0 | 369 | 327 | 296 | 265 208 150 | 75
60 | 337 | 294 | 253 ] 211 | 114
ShelsnPSL_| 102 | 94| 85| 76| 58| 59| 0| 42| 33| 24| 6] 7
0 423 [ 435 | 386 [ 367 | 349 [ 330 | an | 289 | 267 | 233 [ 137
2 437 | 418 | 399 | 380 | 362 | 343 | 326 | 305 | 282 | 259 [222 [ 185 | 7
5505-13 Ya [30 434 | 415 396 [ 377 | 359 | 340 [ 322 [ 301 [ 281 [ 251 [ 222 [ 170 [ 117 B
40 [ 31 412[ 393 [ 975 [ 356 [308 | 318 | 299 [275 [250 | 210 | 170 | o4
50 [ 409 [ 390 | 372 | 353 | 335 | 316 | 295 |23 [242 [ 210 [153] 95
60 | 388 | 369 | 350 | 382 | 312 [ 293 | 267 [ 241 | 197 [ 153 ] 76
Shwt-o PSI; | 152 | 143 | 134 | 126 | 117 [ 108 [100 | 91| S2 | 74| 55| % | # ] 39| 30[ 1 »
0 427 | 413 [ 400 | 386 | 373 | 360 | 346 | 333 | 305 | 254 | 163
2 473 | 409 | 396 | 362 | 369 | 355 | 342 | 329 | 315 | 300 | 267 | 193
5807-18 [ Y[ 421 [ %07 | 394 [ 380 | 367 [ 353 | 340 | 327 | 313 | 299 | 282 | 262 | 149
0 32 | 419 [ 405 | 392 [ 378 | 365 | 351 | 338 | 325 | 311 | 296 | 281 | 261 | 212 | %2
<0 430 | 417 | 403 | 390 | 376 | 363 [ 349 | 336 | 323 | 308 | 294 | 277 | 259 | 235 | 13
50 | 428 | 415 401 | 388 | 374 | 361 | 347 | 334 | 320 | 307 | 291 | 275 | 255 | 234 | 203 | 123
Shut-of PSL_| 213 | 204 | 195 | 187 | 178 | 169 | 161 [ 152 | 143 | 135 | 126 [ 117 | 109 | 100] 91| 74| B | 2
0 426 | 415 | 404 [ 390 | 382 | 371 | 349 [ 316 | 279 | 228 | 103
2 423 [ 412 | 401 | 390 | 379 [ 368 | 357 | 346 | 324 | 289 | 241 | 167
5510-22 1 [ 421 [410 [ 399 388 [ 377 | 388 [355 [ 344 [ 334 [3n [273[ 216 [ 126
0 20 | 409 | 398 | 387 | 376 | 365 | 354 | 343 | 302 | 321 | 297 | 255 | 186 | 75
B 423 | 418 | 507 | 396 | 385 | 374 | 363 | 352 | 341 | 30 | 319 | 307 | 282 | 233 | 149
50 427 | 416 [ 405 [ 394 | 363 | 372 | 361 | 350 | 340 | 329 | 317 [ 306 | 293 | 265 [ 207 | 03
hut-of PSE 245 | 237 | 228 | 219 | 211 | 202 | 194 | 185 | 176 | 168 | 159 | 150 | 142 | 124 | 88| 72| % | 12
o 427 418 | 408 | 399 | 381 | 353 | 325 | 296 [ 245 | 126
2 24 | 415 | 406 | 396 | 387 | 378 | 359 | 332 | 303 | 269 | 202
35815-26  |1'%[ % 423 | 414 | 404 | 395 | 386 | 376 | 367 | 349 | 321 | 290 | 253 | 175
) 422 | 412 | 403 | 394 | 384 [375 | 366 | 357 | 308 | 310 | 277 | 235 | 1&2
%0 320 [ 411 | 401 | 392 | 363 | 374 | 364 | 355 | 346 | 327 | 208 262 | 214 | 102
60 419 [ 09 | 400 | 391 | 381 [ 372 | 363 | 354 | 345 | 335 | 317 | 286 | 245 | 168
Shat-on PSE 769 | 260 | 252 | 243 | 234 | 226 | 217 | 208 | 200 | 191 | 74 | 148 | 122 | % | 61| 18
0 425 | 417 [ 401 | 378 | 355 | 331 | 299 | 246 | 158
2 423 | 415 | <07 | 399 | 383 | 360 | 337 | a3 | 277 [212 | 94
381531 (14> 321 | 413 [ 406 | 398 | 390 | 374 | 361 | 328 | 503 [ 265 [191 | 3
0 420 | 413 | 205 [397 | 389 | 381 | 365 | 342 | 318 | 293 | 252 | 168
% 427 | 419 | 411 [ 403 | 395 388 [ 380 | 372 | 357 | 333 | 309 | 283 | 237 | 138
60 426 | 418 | 410 | 402 | 395 | 387 | 379 | 371 | 363 | 348 | 324 | 300 | 271 | 219 | 104
Sher-on Pt 320 | 311 | 303 | 294 | 285 | 277 | 268 | 259 | 251 | 233 | 207 [ 181 [ 188 [121 | 77 | %4

WARZYN
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MEMORANDUM

November 1, 1989
To: File 13928.40 - H

From: Jan C. Kucher, P.E. .. -5

Re: Leachate Generation and Storage
Refuse Hideaway Landfill

The purpose of this memorandum is to summarize and outline analysis performed
to estimate leachate generated and holding tank sizing at Refuse Hideaway
Landfill.

Based on leachate level data obtained from the January 1988 In-Field
Conditions Report, by RMT Inc. a 10 to 12 ft leachate head was documented on
the base of the landfill in the area of leachate headwells LH-1 and LH-2.
This information was used in conjunction with an infiltration estimate as a
basis for estimating the size of leachate holding tank required.

Typically the HELP model (Hydrologic Evaluation of Liner Performance) is used
to determine the flow of precipitation into the landfill through the cover.
This model takes into consideration many factors, of which we do not have
adequate data.

Based on Help model analyses run on covers of a similar design, a conservative
conductivity through the cover would be 3 to 5 inches per year, with a maximum
of 12 inches per year. The tank will be designed for three days of leachate
storage. Using these assumptions, at three inches per year, the infiltration
through the cover is estimated at 4,200 gallons per day, with three-day
storage at 12,800 gallons. At five inches per year, infiltration through the
cover is estimated at 7,100 gallons per day with three-day storage of 21,300
gallons. At 12 inches per year, infiltration though the cover is estimated at
17,000 gallons per day with three-day storage at 51,000 gallons. Assuming an
infiltration of five inches per year through the cover, we anticipate that a
25,000 gallon leachate storage tank will be adequate.

A 30-year design life for the tank is assumed. After determining the size
necessary for the leachate tank, an analysis was performed to compare various
types of tanks, both below grade and above grade. For above-grade tanks,
either double-wall tanks would be needed, or single-wall with a containment
berm containing the total volume of the tank. Additionally, tank insulation
and heat tracing would be essential, with alarms in the event the leachate
temperature dropped near freezing. This would of course incur energy costs
for the heating of the tanks, as well as maintenance costs associated with
frost protection on both the piping and the tank. Based on these factors, we
recommend a below-grade tank.

Both steel and fiberglass double wall tanks were evaluated. A steel tank was
found to be most cost effective for this application based on warranty, cost,
integrity, monitoring capability, delivery time, and compatibility with
leachate.

JCK/kjw/JVS R
[wpmisc-111-99] $i)
13928.40
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WARZYN ENGINEERING INC.
MADISON, WISCONSIN
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Resistance of Valves and Fittings to Flow of Fluids

Example: The dashed
line shows that the resis-
tance of a 6-in. standard
elbow is equivalent to
approximately 16 ft of
6-in. standard pipe.
Note: For sudden
enlargements or sudden Gate Valve
contractions, use the p— 3000
smaller diameter, d on 40 2500
the pipe-size scale. % Closed
Head loss through check Y Closed r
valves varies with types Fully Open
manufactured. Consuit [£1000 -
with manufacturer for Inal e 48—
lues. = C
l correct values. LF . 42
Standard Tee = 36—
F [ 300 30— 30
a0 200 24
" Square Elbow r 22
(‘ | #%9 20 ——20
=3 == =100 1 8=t
Swing Check Valve, —%E' C 161,
Fully Open . 5. 14
' Borda Entrance 'ibo 12—
. C
(=) F30 3 10—1-10
F280 o & - 9—1
Close Return Bend [ ro g g 88—
— || Sudden Enlargement  ~|— & 2 74+ 3
dD-% _%: ‘E‘s‘-—s-—_ i
— |_— dD-% F10 = @ - —
- p- c B T
dD-% = 5 S S
Standard Tee al L = 544 - g
Through Side Outlet 4 = s 2 g 4= 5
— = 3 O P p— @
tin - = a 2 - -]
Ca & kS = 2
@'@' Ordinary Entrance 3 lé = 3— 13 =
-2 g‘ § 2V m—d™
Standard Elbow or runof ____J iy 42
Tee reduced 2 i o— 2
= Sudden Contraction =1 49—
0 - 2 -
] dD-% £ 1%—
- ~0.5
Medium Sweep Elbow or D= L.
run of Tee reduced % L 1 —1_q
S :
[ ¥—
Q L 45°Elbow 702 -
I Vo—rd_
Long Sweep Elbow or 0.1 -
runof Standard Tee Los

Courtesy of Crane Co.
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WARZYN ENGINEERING INC.
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144 25,381 109 20,612 74 13,139 39 5,553
143 25,356 108 20,419 73 12,915 38 5, 354
142 25,311 107 20,224 _72  12.690 37_ 5,157
141 25,252 106 20,026 71 12, 466 35 4,962
140 25,183 105 19,828 70 12,242 35 1,769
138 25,019 103 19,426 68 11,793 33 1,387
137 24,926 102 19,223 67 11,569 32 4, 200
136 24,286 101 19,018 66 11,345 31 4,014
134 24,609 99 18,604 64 10,899 30 3,831
133 24,492 98 18,396 63 10,676 29 3,650
132 24,371 97 18,186 62 10,453 28 3, 471
130 24,244 96 17,975 6L 10,232 27 3, 294
130 24,114 95 17,763 60 10,010 26 3,120
129 23,979 94 17,550 59 9,789 25 2,949
128 23,839 93 17,335 58 9,568 24 2,781
127 23,696 92 17,120 57 9,349 23 2, 615
126 23,550 91 16,904 56 9,130 22 2, 452
125 23,400 90 16,687 S5 3,911 21 2,292
124 23,246 89 16,470 54 8,693 20 2,135
123 23,089 88 16,251 53 8,477 19 1,981
122 22,929 87 16,032 52 8,261 18 1,831
121 22,766 86 15,812 51 8,045 17 1,684
120 22,600 85 15,592 S0 7,831 16 L, 512
19 22,432 84 15,371 49 7,618 15 1,403
118 22,260 83 15,149 48 7,406 14 1,268
117 22,086 82 14,927 47 7,195 13 1,137
116 21,910 8L 14,705 46 6,985 12 1,010
115 21,731 80 14,482 45 6,776 11 888
114 21,550 79 14,259 44 6,569 10 172
113 21,367 78 14,035 43 6,363 9 661
212 21,181 77 13,811 42 6.158 8 555
11l 20,993 76 13,587 41 5,955 I 155
110 20,804 75 13,364 40 5,753 6 362
5 276

4 198

3 129

* 2 70

1 25
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VLOME (R TR POR oPERATIoN A<t MWARZYN
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