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1.0 INTRODUCTION

This Operation, Maintenance, and Monitoring (OM&M) Manual provides procedures for
performing routine operation, maintenance, and process/compliance monitoring for the soil
vapor extraction (SVE) system in the Big Mo and Former Benzene Pipeline treatment areas
(refer to Figure 1) at the W.G. Krummrich facility in Sauget, IL (site). The objective of the SVE
system is to remove volatile organic compounds (VOCs), consisting primarily of benzene, from
unsaturated zone soils.

1.1 INTENT OF OM&M MANUAL

This OM&M Manual is for the operation of the SVE treatment system. This OM&M Manual
will be used in conjunction with the Work Plan for Full-Scale Soil Vapor Extraction dated
November 2010 (Work Plan) and the 100% Soil Vapor Extraction System Design — Big Mo &
Former Benzene Pipeline Areas, dated October 2011 (100% design). The Work Plan includes
complete details on the site background and remedial goals, the design approach, and a general
overview of operations and monitoring. The 100% design document includes the complete
system design process and instrumentation diagrams (P&IDs) and specification tables.

1.2 OvERVIEW OF OM&M MANUAL
This OM&M Manual is organized as follows:

Section 2.0 — Project organization and contact information.

Section 3.0 — Overview of the process equipment.

Section 4.0 — Initial system startup/shakedown procedures.

Section 5.0 — General operations, process and compliance monitoring procedures, and
data evaluation for the SVE system.

Section 6.0 — Safety guidelines and procedures.

e Section 7.0 — SVE system maintenance information.

e Section 8.0 — SVE system troubleshooting procedures.

e Section 9.0 — Contingency plan for interruptions in system operations.
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20 PROJECT OVERVIEW AND COMMUNICATIONS

2.1 PROJECT ORGANIZATION

Solutia Inc. (Solutia) is the Project Owner, and has overall responsibility for carrying out the
SVE Work Plan. The Solutia W.G. Krummrich Facility personnel are providing logistical
support for the project.

Solutia has retained XDD, LLC (XDD) to design, build, implement, and operate the SVE
program. For the purposes of this OM&M Manual, XDD personnel will act in the Project
Engineer and_System Operator roles.

2.2 PERSONNEL CONTACT LIST

The project personnel representing the above organizations and their contact information are
presented in Table 1. Other pertinent contact information (e.g. Security, etc.) is also provided in
Table 1.

2.3  PROJECT MEETINGS
The following regular communications will be conducted as part of the system operation:
1. Monthly Project Conference Calls: The purpose of the monthly conference call will be

to discuss general status of system operation, any operational/maintenance issues that
may have arisen over the period, and coordination of future activities.

2. Monthly Facility Meetings/Drills: There are two monthly facility meetings to be
attended by one representative from the System Operator personnel (and Project Engineer
personnel, if on-site):

a. All Contractors Safety Meeting — Conducted on the last Thursday of each month,
10:00 a.m. at the W.G. Krummrich Facility.

b. Plant-Wide Headcount Drill — Conducted second Thursday of each month, 1:30 p.m.
(assembly point is the ACL Control Room to the northeast of the treatment area, or,
if not at the treatment area, the closest control room may be used).

3. Quarterly Project Status Meetings: XDD will meet on-site with Solutia every quarter
to discuss the project status and any operational issues.

24 QUARTERLY SCHEDULE UPDATES

A detailed project schedule that covers anticipated activities over a running six-month period
will be updated and submitted to Solutia on a quarterly basis. The schedule will provide details
of the upcoming activities and other planned events. The Project Engineer will be responsible
for performing the schedule updates.

25 SYSTEM STARTUP/SHUTDOWN PROCEDURES AND OPERATION SUMMARY FORMS

Procedures for system startup/shutdown as well as system operation summary forms are
provided in Appendix A. Applicable system operation summary forms will be completed and

©
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submitted to Solutia every month. The forms provide a summary of the system operational
statistics and other system activities (e.g., routine maintenance, shutdowns, etc.). The system
operation summary forms include:

General system performance monitoring results.

Documentation of compliance sampling.

Routine maintenance logs.

Documentation of non-routine maintenance, repairs, and any corrective measures.
Description of any interruptions in system operation (reason, duration, etc.).
Documentation of water treatment and discharge to sewer.

S

2.6 AUTOMATED SYSTEM NOTIFICATIONS/ALARMS

The system is equipped with a wireless-based telemetry and alarm/fault autodialer system. All
alarm or other fault conditions will be immediately communicated to the Project Engineer and
the System Operator via the autodialer. The responses to alarm conditions are provided in this
manual (see Section 9.0 of this manual).

The System Operator will communicate any developing operational issues or maintenance items
to the Project Engineer as soon as they are recognized.

2.7 SAFETY AND EMERGENCY COMMUNICATIONS

During system operations, the System Operator (and other project personnel as needed) will
check in with the facility Security desk upon arrival to the site and upon exit at the end of the
activities.

EMERGENCY COMMUNICATION: A two-way radio with an emergency “man-down” call
button will be supplied by Solutia. In the event of a serious accident or other medical
emergency, use of this feature will provide an expedited response.

©OXxDD
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3.0 PROCESS EQUIPMENT

SVE will be implemented within the unsaturated portion of the Shallow Hydrogeologic Unit
(SHU) (approximately 0 to 15 feet below ground surface [bgs]) using a dual-level SVE and air
injection (Al) well network (i.e., shallow and deep well screens). The SVE process equipment
consists of two main systems: The SVE and the Al systems. The SVE and Al systems Process
and Instrumentation Diagrams (P&IDs) are presented in Appendix B.

The SVE portion of the process will extract vapors containing chemicals of concern (COCs), and
the vapor will be treated using a thermal oxidation (ThermOx) unit prior to atmospheric
discharge. During approximately the first year of operation, two ThermOx units will be operated
to increase the total capacity of the system to treat vapors. The Al portion of the process will be
used to provide a source of dilution air to the subsurface which improves the overall performance
of the SVE process.

Condensation that is collected by the SVE system will be separated from the process stream
using three separate air-moisture separator (AMS) units in parallel. Condensate (soil moisture
and potentially non-aqueous phase liquid [NAPL]) collected in each AMS will be automatically
transferred to the oil water separator (OWS), which is equipped with an internal NAPL storage
tank. When the NAPL storage tank in the OWS reaches capacity, the NAPL will be manually
transferred into 55-gallon drums to be disposed of by Solutia. Water from the OWS will be
pumped through two liquid-phase granular activated carbon (LGAC) units for treatment. The
treated water will then be discharged to a facility process sewer.

Specific details of each piece of the process equipment are discussed in the following
subsections.

3.1 GENERAL DESCRIPTION OF PROCESS FLOW

The general system process flow is described below, starting from the wellfield, through the
various process equipment, and finally through the air/water discharge treatment systems:

1. Vapor Extraction/Air Injection at the SVE and SVE/AI Wells:

The SVE and Al systems are designed to operate within the shallow fill, upper silty sand,
and the lower silty sand soil layers of the SHU. The combination SVE/AI wells are
designed to be operated in either vapor extraction or air injection modes. The mode they
operate in is controlled by configuring the gate valves provided on the wellhead
assemblies. By configuring the combination SVE/AI wells in either mode, subsurface air
flow patterns can be modified.

The SVE system will be operated in one of the two target soil layers at a given time.
Seasonal fluctuations of the water table will not allow continuous operation in the lower
silty sand layer; therefore, it is more cost-effective to operate the SVE system to focus on
one target layer at a time.

As SVE treatment progresses, it is typical that some areas will clean up faster. During
system optimization, those areas which have achieved remediation objectives can be

©
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taken offline, and the system resources can be refocused in both the deep and shallow
areas concurrently.

The majority of the SVE and combination SVE/AI wells are completed above grade with
manifold piping. Wells installed in road/access ways are completed below grade in a
flush mounted road box with subsurface piping leading to the main system manifold.

2. FEield Piping Manifold Systems: The SVE and Air Injection systems are connected to
the process equipment using separate manifold piping systems. Air and potential
moisture is conveyed between the wells to the process equipment through these manifold
systems.

To facilitate water drainage within the process piping, the main manifold piping is angled
in an upward direct away from the SVE equipment at a slope of 1 inch per 100 feet and
the branch lines are angled down away from the main SVE line towards the wells at a
slope of 1 inch per 100 feet. All Al manifolding are angled from the SVE equipment
towards the wells at a slope of 1 inch per 100 feet. Cleanouts are included on the
terminus of each branch line.

3. Air-Moisture Separation: Soil vapor extracted by the SVE system will manifold into
three separate lines, each with its own AMS unit located inside of the equipment shed.

Water collected in the air-moisture separators will be pumped to a common oil-water
separator unit (see Item No. 6 for the continuation of this liquid process stream).

4. SVE Blowers/Air Injection Equipment: The SVE and Air Injection systems are
installed within the equipment shed.

For the SVE system, inlet air is separated into three air/vapor streams. Each air/vapor
stream will first pass through its respective AMS unit, and will then be drawn through the
corresponding SVE blower. The three air/vapor streams are then combined into single air
discharge manifold after passing through the blowers.

The Air Injection is a completely independent process from the SVE system and will use
two separate air compressors to provide flow to the combination SVE/AI wells (when the
wells are set to operate in pressurized injection mode).

5. Air Treatment and Discharge to Atmosphere: The combined air flow from the
discharge of the two SVE systems will initially be routed through two ThermOx units.
The ThermOx units will destroy VOCs in the air stream prior to discharge to the
atmosphere (treated per the requirements of the Illinois Environmental Protection Agency
(IEPA) air permit, as discussed later in this manual).

6. Oil-Water Separation: As discussed in Item No. 3 above, water and potential NAPLs
will be collected in the AMS units. These liquids will be pumped to the Oil Water
Separator unit. The NAPL component will be separated and stored within an internal
storage tank (14-gallon capacity). NAPL will be manually pumped from the OWS NAPL
storage tank to a United States Department of Transportation (USDOT)-approved
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55-gallon steel drum equipped with secondary containment, for off-site disposal. The
water component will be pumped from the OWS for treatment (see Item No. 7).

7. Water Treatment and Discharge: As discussed in Item No. 6 above, water from the
process will be pumped through a bag particulate filter and two LGAC units prior to
discharge into the plant storm sewer (treated per requirements of the site discharge
permit, as discussed later in this manual).

3.2 SVE SYSTEM WELLS AND VAPOR PROBES

As-built construction details of the SVE wells and vapor probes are provided in Table 2 and the
locations are shown on Figure 2. Schematics of typical SVE well and vapor point construction
are shown on Figure 3.

There are a total of 156 SVE wells and 32 vapor points in the target area. SVE wells and probes
are constructed of stainless steel well screens with galvanized steel risers.

Shallow and Deep SVE Wells:

There are 75 shallow and 81 deep wells for a total of 156 wells. A total of 72 of the SVE wells
are co-located shallow and deep, with an additional 12 single well locations (3 shallow and
9 deep). A total of 84 wells (39 shallow and 45 deep) will be connected to SVE piping only and a
total of 72 wells will be connected to combination SVE/AI wellheads (36 shallow and 36 deep).

The shallow well screens vary in length (between 2 to 5 feet), and are generally positioned less
than 10 feet bgs. The deep well screens are approximately 4 feet long, and are positioned
between 11 and 15 feet bgs. The shallow and deep wells are designed to target the fill/upper
silty sand, and lower silty sand layers, respectively.

Vapor Probes: In addition to the SVE wells, a total of 32 vapor probes are installed at 16
locations throughout the target area at various depths (Refer to Figure 2). Each vapor probe
consists of 1" diameter nested shallow and deep wells constructed with 1 foot stainless steel
screens with galvanized steel risers.

3.3 SYSTEM PROCESS EQUIPMENT DETAILS

The system P&IDs are presented in Appendix B. Component specifications are included in
Appendix C. The major system components within the equipment shed are discussed in this
section.

3.3.1 AIR-MOISTURE SEPARATORS (AMS 101, AMS 201, AMS 301)

The AMS units are part of the SVE system. Equipment specifications are provided in
Appendix C.

All three AMS units are equipped with level transmitters (LT 101, LT 201, LT 301). The level
transmitters use high-frequency microwave pulses that are coupled to a rod and guided along a
probe. The pulses are reflected by the liquid surface and the time from emission to reception of
the signals is proportional to the level in the vessel. The level is transmitted to the programmable
logic controller (PLC) which translates the signal into a percentage “full”. Low, high, and high-
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high-level percentages are set in the system control logic. The low-level and high-level signals
operate the corresponding AMS transfer pump (see Section 3.3.2). The high-high-level signal is
designed to prevent overfilling of the AMS units and will trigger a controlled shutdown of the
entire system.

3.3.2 AIR-MOISTURE SEPARATOR WATER TRANSFER PUMPS (TP 101, TP 201, TP 301)

Water transfer pumps TP 101, TP 201, and TP 301 are designed to transfer water/liquids from
the corresponding air-moisture separators (see Section 3.3.1) to the Oil Water Separator (OWS
701, see Section 3.3.6). Pump specifications are provided in Appendix C.

3.3.3 AIR PARTICULATE FILTERS (APF 101, APF 201, APF 301)

The filters are designed to remove any particles from the air/vapor streams to protect the system
blowers. Filter specifications are provided in Appendix C.

3.3.4 SVE PoSITIVE DISPLACEMENT BLOWERS (PDB 101, PDB 201, PDB 301)

The SVE Blowers are ROOTS™ 711 Universal RAI Rotary Positive Blower (rotary lobe type).
Each electric motor is a 40 horsepower (Hp), Totally Enclosed, Fan Cooled (TEFC) Class I
Division II motor. The motor operates at 460 volts (V), 3-phase (¢), and 52 full-load Amps
(FLA); the motor electrical specification is abbreviated as 460/3/52. Each blower is sized to be
capable of maintaining a flow of 750 standard cubic feet per minute (scfm) at 10 inches of
mercury (in. Hg) vacuum at the equipment shed inlet. The blowers are each equipped with a
muffler/silencer to reduce noise (SI 101, SI 201, SI 301). Refer to the manufacturer
specifications for full details on the blower and the electric motor, provided in Appendix C.

3.3.5 AIR INJECTION POSITIVE DISPLACEMENT BLOWERS (AC 901, AC 1001)

The Air Injection Blower is a ROOTS™ 59 Universal RAI Rotary Positive Blower (rotary lobe
type) 30 Hp, TEFC, Class I Division II motor. The motor operates at 460 V, 3¢/ | and 40 FLA.
Each blower is sized to be capable of supplying 750 scfm at 15 pounds per square inch gauge
(psig) pressure at the equipment shed outlet. The blowers are equipped with a muffler/silencer to
reduce noise (SI 901 and SI 1001). Refer to the manufacturer specifications for full details on
the blower and the electric motor, provided in Appendix C.

3.3.6 OIL-WATER SEPARATOR UNIT (OWS 701) AND TRANSFER PumP (TP 701)

The oil/water separator unit is a Hydro Quip, Inc unit. This unit is designed to separate free and
dispersed NAPL contained in water pumped from the AMS units. See Section 3.4.2 for the
vapor venting system that is associated with this unit.

The OWS will have a maximum treatment flow capacity of 30 gallons per minute (gpm). The
OWS will have a 90-gallon capacity, effluent pump out compartment and integral NAPL storage
compartment. The OWS equipment specifications and manufacturer’s operation manuals are
provided in Appendix C.

Coalesced NAPL is skimmed from the water surface via a weir system and collected in an
internal, sealed NAPL tank (NT 701). The NAPL tank is equipped with a high-level transmitter
(LT 702, as described in Section 3.3.1) that is programmed with a high-level alarm that will send
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an autodialer signal to the System Operator and Project Engineer when the NAPL tank within the
OWS unit has reached a pre-determined level (and requires draining). The level transmitter is
also programmed with a high-high level alarm in the event the NAPL tank has reached its
capacity. The high-high alarm will trigger a full shut-down of the SVE/AI systems, including
the ThermOx unit(s). The NAPL will be drained manually as needed using the NAPL product
pump (TP 702, see Section 3.3.8 of this manual).

Water from the OWS unit (after NAPL separation) is pumped via transfer pump TP 701 and
filtered through a bag particulate filter (BPF 701). The water is then treated by the LGAC units
(LGAC 701 and LGAC 702) (discussed in Section 3.3.7).

3.3.7 LIQUID-PHASE GRANULAR ACTIVATED CARBON VESSELS (LGAC 701 AND LGAC 702)

Each of the two LGAC units contains 500 pounds of activated carbon and is rated for a 30-gpm
flow capacity. The LGAC equipment specifications and manufacturer’s operation manuals are
provided in Appendix C.

3.3.8 NAPL Probuct Pump (TP 702)

NAPL collected in the OWS internal NAPL Tank will be transferred to a storage drum
(see Section 3.4.1) using a manually operated, gear-type chemical pump. Product pump
specifications are provided in Appendix C.

Refer to Section 3.4.1 for a description of the chemical transfer hose system and NAPL storage
drum equipment used to contain and store any product removed from the Oil Water Separator
internal NAPL Tank.

3.4 EXTERNAL PROCESS EQUIPMENT

This section provides details on the process equipment located outside of the process equipment
shed. The system process and instrumentation diagrams (P&IDs) are presented in Appendix B.

34.1 NAPL STORAGE DRUM

The NAPL storage drum will be a standard USDOT-approved 55-gallon steel drum with two
bung openings. The NAPL storage drum will be placed on a secondary containment unit in a
satellite accumulation area. See Section 7.4 for additional information associated with the
inspection of the satellite accumulation area.

The outlet from the OWS internal NAPL tank (see Section 3.3.6) is connected to the chemical
transfer pump (see Section 3.3.8), which will then discharge through a chemical-compatible hose
(Transfer Hose) into the NAPL storage drum.

The Transfer Hose system will be equipped with ball-valves on each end. The Transfer Hose
system will only be connected to the NAPL drum during the actual NAPL transfer. Also, during
filling of the NAPL storage drum, the drum will be vented (using the second bung opening)
using a flexible piping system connected to a carbon filter vent unit (refer to Section 3.4.2).
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3.4.2 CARBON FILTER VENTILATION SYSTEM

The OWS unit (see Section 3.3.6) is passively vented through a 100-pound granular activated
carbon (GAC) drum (CF 701) via flexible hose connections. The discharge of the GAC drum is
equipped with a flame arrestor (FA 701) and a PVC pipe discharge stack. As discussed in
Section 3.4.1, the vent (bung) of the NAPL storage drum will also be connected to this GAC
drum via flexible hose connections (but only during manual filling of the drum) for passive
ventilation purposes.

3.4.3 THERMAL OXIDATION UNITS (THERMOX)

Initially, two Intellishare Environmental, Inc. (Intellishare) Thermal Oxidation Units (ThermOx
Units TOX 501 and TOX 601) will be used to treat the air discharge from the SVE systems prior
to discharge to atmosphere. Full details of the operation of the ThermOx units are provided in
the Operation & Maintenance Guide provided by Intellishare in Appendix D. ThermOx P&IDs
and other drawings are also included in Appendix D.

Each ThermOx unit is equipped with:

1. A manual process air inlet air valve. This valve controls the vapor influent flow from
the SVE system. When this valve is shut off, no vapor from the SVE system can
enter the ThermOx unit.

2. An air-inlet dilution valve with in-line blower system. The in-line blower system is
designed to induce flow (i.e., under slight vacuum) from the discharge of the SVE
system into the ThermOx unit. Also, when the air-inlet dilution valve is opened
(located on the inlet to the in-line blower), this induces flow of ambient air into the
SVE process flow (thereby adding dilution air to the process stream entering the
ThermOx).

3. Combustion air-inlet valve. This is a fully automatic blower system/air inlet that
feeds air into the combustion chamber of the ThermOx unit. This valve is not
adjustable by the System Operator.

4. Lower Explosive Limit (LEL) meter. An LEL meter is located on the ThermOx inlet
of each unit, after the air-inlet dilution valve. This LEL meter is set to shut down the
ThermOx at 40% LEL during thermal mode and 25% LEL during catalytic mode. If
the LEL meter shuts down the ThermOx, this will signal the entire SVE system to
also shut down.

Each ThermOx unit has been designed and built to be in compliance will all applicable National
Fire Protection Association (NFPA) codes.

3.5 INSTRUMENTATION AND CONTROL INTERFACE

3.5.1 PROCESS INSTRUMENTATION

The following process instrumentation is included on the system:

Parameter _Indicators/Transmitters:  These controls provide measurement of various
parameters, and transmit these readings (electronically) to the control panel/telemetry system for

remote readings.
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Flow Indicator, Analog (FIA 401 located on the combined discharge side of the SVE blowers
and FIA 2001 on the combined discharge site of the Al blower) — These controls are designed to
provide an air flow rate measurement and readout (on a digital or analog meter) in the various
process piping systems. These controls also transmit the air flow readings to the control
panel/telemetry system for remote readings.

Temperature Indicators, Analog (TIA 901 and TIA 1001 on the discharge side of the Al
blower) — These controls are designed to provide a temperature measurement and readout (on a
digital or analog meter) in the various process piping systems. These controls also transmit the
temperature readings to the control panel/telemetry system for remote readings.

Vacuum Indicators, Analog (VIA 101, VIA 201, and VIA 301 on the SVE blower intake lines)
— These controls are designed to provide vacuum measurement and readout (on a digital or
analog meter) in the various process piping systems. These controls also transmit the vacuum
readings to the control panel/telemetry system for remote readings.

Pressure Switch /Pressure Transducer (PS/PT 401 on the SVE discharge line, PS/PT 701 on
the discharge side of the oil water separator transfer pump, and PS/PT 2001 on the discharge side
of the AI system) These controls are designed to transmit a pressure reading to the control
panel/telemetry system, and also to detect over-pressure conditions (due to pipe blockage or
improper valve settings in the process piping), which would trigger a system shutdown.

Flow Totalizer (FT 701) — Analog water totalizer unit to measure total water/condensate
discharge from the process. FT 701 is located at the discharge of bag particulate filter BPF 701.

Control/Alarm_Sensors and Transmitters: These controls are designed to sense air flow,
pressure levels, or liquid levels to trigger equipment responses (such as turning liquid transfer
pumps on or off), or indicate alarm conditions (such as high liquid levels in tanks). Alarm
conditions triggered by these controls are presented in Table 3. The status of these sensors can
be observed from the control panel/telemetry system for remote tracking purposes.

Flow Switches (FS 101, FS 201, FS 301 located on the discharge side of the SVE blowers, and
FS 901 and FS 1001 on the discharge side of the Al blowers). These are designed to indicate an
alarm condition of minimal flow/no flow (due to shutdown of the blowers, break/blockage of the
process piping, or improper valve settings). These are flow vane type switches, actuated by the
momentum of the air flow within the process piping, and deactivated when the air flow ceases
within the respective piping system. These are set with a 30-second delay before arming, to
allow the SVE systems to come up to speed when initially started.

Level Transmitters (LT 101 on AMS 101; LT 201 on AMS 201; LT 301 on AMS 303; LT 701
on OWS 701; LT 702 on NAPL Tank 701). These sensors are designed to trigger the transfer
pump cycles (on and off), and to sense liquid levels to prevent overfilling of each of the tanks.

Manual Read Instruments/Ports: Miscellaneous air flow meters, vacuum/pressure, and
temperature gauges are located along the system manifold, wellheads, and process piping to
monitor these operating parameters. In addition, liquid totalizers and sample ports for
vapor/liquids are provided in key locations.
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Flow Meters (FM) — Direct-read instruments for measuring vapor flow rates at the specific
process location.

Hour Meters (HM) — Indicates run time of the associated equipment, and can be used for
tracking maintenance schedules or evaluating operational/shutdown time periods.

Pressure Indicators (PI) — Direct-read instruments for measuring pressure at the specific
process location.

Sample Ports (SP) — Used to sample liquid or vapor at the specific process location. Some
sample ports (such as on the individual wellheads) serve multiple purposes and can be used to
measure vacuum or pressures, or can be used to measure wellhead flowrates with portable
instrumentation.

Temperature Indicators (TI) — Direct-read instruments for measuring temperature at the
specific process location.

Vacuum Indicators (VI) — Direct-read instruments for measuring vacuum at the specific process
location.

All instrument specifications are provided in Appendix C. The alarm schedule for the
applicable instrumentation above is also provided in Table 3.

3.5.2 PLC INTERFACE

System operation and responses to instrumentation and alarm conditions is controlled via a PLC
interface (Allen-Bradley CompactLogix 1768). Equipment specifications are provided in
Appendix C. The system interlocks, control schedules, and input/output response table is
presented in Table 3.

PLC Inputs: The PLC interface accepts inputs from the applicable process instrumentation
(described in Section 3.5.1). It also accepts electronic outputs integral to several pieces of
equipment (such as “on/off” status of the blowers/ThermOx, or thermal overload detection for
the blowers or transfer pump electric motors, etc.).

PLC Outputs: The PLC interface provides outputs to trigger a specific response depending on
the various input signals (as presented in Table 3).

The PLC also communicates system telemetry inputs/outputs to the autodialer and control panel
interface/wireless modem (for remote access to equipment/instrumentation parameters).

3.5.3 AUTODIALER

An autodialer system is used to transmit specific system status and alarm conditions to the
System Operator and the Project Engineer (per Table 3). The autodialer is integrated with the
system interface (see Section 3.5.4).

©



Operations, Maintenance & Monitoring Manual
W. G. Krummrich Facility June 2012
Sauget, Illinois Page 12

3.5.4 SYSTEM INTERFACE AND WIRELESS MODEM TELEMETRY SYSTEM

A graphical user interface (GUI) to access system operating statistics and other system features is
provided on the main control panel (specifications are provided in Appendix E). The GUI is a
C-More EA7 Touch Panel unit. The operating instructions/manual for the GUI is provided in
Appendix E.

A wireless modem (Sierra Wireless Cellular Modem) is connected to the system interface to
remotely access system status and view operating parameters. The wireless modem
specifications are provided in Appendix C.

3.5.5 HEATING AND VENTILATION

A thermostatically controlled ventilation unit with inlet vent and electric exhaust fan is designed
to ventilate the equipment shed and maintain temperatures within design limits. A
thermostatically controlled heating unit (for cold weather operations) is also provided.

A heat detector/alarm (TSH 801) is also provided in the event that temperatures exceed design
parameters within the equipment shed. If the set point is reached inside the shed, the entire
system will shut down. Specifications are provided in Appendix C.

3.5.6 OUTDOOR SIGNAL BEACON
An alarm beacon/strobe light is located above the height of the equipment shed, above the
control panel location, and is set to activate in the event of any alarm condition.
3.6 ELECTRICAL DIAGRAMS

Electrical diagrams for the major system control panels (i.e., ThermOx, equipment shed control
panels) are provided in Appendix F.
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40 PRE-STARTUP COMMISSIONING

Prior to full-scale startup of the SVE system, the following activities will be completed:

Pre-startup safety review (PSSR) meetings.

Complete pre-startup checklists.

Startup ThermOx units.

System component checks for proper installation/operation.
SVE and Al System start-up.

Water removal.

A

4.1 PRE-STARTUP SAFETY REVIEW MEETINGS

PSSR meetings were conducted on January 5 and 13, 2012. The purpose of the meetings is to
confirm that the system construction and final installation satisfies the results of the Process
Hazard Analysis (PHA) review and PSSR checklist.

4.2 PRE-STARTUP CHECKLISTS

Prior to first-time start-up of the SVE system, the Pre-Startup Checklists will be completed.
The checklists are provided in Appendix A. The checklists are designed to ensure that the
systems are properly activated, and any potential for unsafe operating conditions or system
damage is eliminated. These checklists may also be used for system re-starts after planned or
unplanned shutdown events.

For the pre-start/shakedown activities, the SVE blowers will operate on full dilution air, with no
extraction of vapors from the wellfield. In addition, the Al blower will operate on full air-bleed
off mode. To configure the system for these conditions, the following valves will be manually
operated (per the Pre-Startup Checklists):

- The main manifold valve to the wellfield will be closed to prevent any extraction of
air/water from the test wells, or injection of air (GV 001).

- The manual dilution valves on the SVE blowers will be fully opened initially
(GV 101, 201, and 301).

- Al blower bleed-off valves (GV 901 and GV 1001) will be fully opened initially.

Note that the above valve settings will also be applicable to start-up procedures for the full-scale
system operation (see Section 5.0 of this manual).

4.3 INITIAL STARTUP OF THERMAL OXIDIZER UNITS

Operation of the ThermOx units and the SVE/AI systems are interlocked through the PLC
program. The SVE system cannot be started unless the ThermOx units are running. Therefore,
the ThermOx units must be started before the SVE system is activated.
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Also, the following alarm conditions affect the overall operation of the systems:

- If either of the ThermOx units shut down, a signal is sent to the SVE control panel which
turns off the entire SVE system.

- If the SVE system shuts down, a signal is sent to each of the ThermOx control panels,
which turns off the ThermOx units as a fuel-saving measure after a one-hour delay.

This operating logic is designed for safety reasons, as well as for maintaining compliance with
the air discharge permit for the site (i.e., to prevent untreated vapor discharge to ambient air).

4.3.1 NATURAL GAS FUEL SUPPLY LEAK TEST

Prior to operation of each of the ThermOx Units, the natural gas manifold system will be leak-
tested under operating pressure. The leak testing will be conducted using a soapy water solution
at all manifold pipe connections to verify that there are no leaks.

4.3.2 THERMOX STARTUP PROCEDURES

The Intellishare Operation & Maintenance Guides for each of the ThermOx units are provided in
Appendix D (refer to this manual for detailed instructions on system operation). Intellishare will
provide on-site training for operation of each of the ThermOx units.

In general, the ThermOx unit start-up procedure is conducted with the SVE system turned off.
However, all SVE/AI alarm conditions must be cleared and in ready mode. Should the SVE
system be in an alarm condition, the ThermOx control panel will display an alarm condition and
will not be able to start.

The main process inlet valve (i.e., controlling the process vapor flow from the SVE system into
the ThermOx units) will be fully closed initially. This valve will be locked out by all personnel
performing the startup. The air-inlet dilution valve on each of the ThermOx units will be fully
open. In this configuration, no air/vapor from the SVE system will enter the ThermOx inlet (i.e.,
all air will come from the ThermOx air inlet dilution valve).

Start-up of each ThermOx is partially automated, so that after pushing the start/on button on the
control panel, the units automatically ramp up to the required set point (approximately
1,500 degrees Fahrenheit [°F] in thermal mode). Once the required operating temperature is
reached, the ThermOx is ready to receive the process air from the SVE system. See
Appendix G for the permitted operating temperatures.

4.3.3 OPERATION OF THE SVE SYSTEM WITH THE THERMOX UNITS

Once the ThermOx units are ready, the pre-start testing of the SVE systems can be conducted
(see Section 4.4). However, the following control logic will affect the subsequent testing
procedures:

1. Once a portion of the SVE system is enabled, each ThermOx will receive a signal from
the SVE system control panel indicating that the SVE is operating.
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2. However, if the SVE system is subsequently shut off (via alarm or via manual shut-
down), each ThermOx will then shut down after a four-hour delay. This operating logic
is designed for safety, and cannot be overridden by the System Operator.

Refer to Table 3 for a description of the PLC control logic that controls the interlocks between
the ThermOx units and the SVE system.

To begin flow of the SVE system process air into each ThermOx:

1. As previously discussed, during the initial startup of the SVE system, the main valve to
the wellfield will be closed (GV 001), and the manual air inlet/dilution air valves on the
SVE blowers will be fully open (GV 101, GV 201, and GV 301).

2. Fully open the main process vapor inlet valve on each of the ThermOx inlets (this will

allow air from the SVE blowers to enter the ThermOx).

Start the SVE blower system(s) to be tested.

4. Slowly close the air dilution valve on the inlet to each ThermOx unit. Once the air-inlet
dilution valve on each ThermOx closes, only vapor from the SVE system will be entering
the ThermOx inlet. Note that the air-inlet dilution valve on each ThermOx may not need
to be fully closed in order to maintain the desired total air flow entering the inlet of the
ThermOx.

5. At this point, the SVE systems will be running on full-dilution air, and the ThermOx will
be receiving the SVE system discharge. Proceed with the system component checks
discussed in Section 4.4 of this manual.

(98]

4.4 SYSTEM COMPONENT INSTALLATION/OPERATION CHECK

Equipment shakedown will be performed to ensure individual automation and safety controls are
fully functional. The equipment shakedown will be performed with the SVE/AI wellfield shut
off from the system so that there is no potential discharge during the pre-start testing:

1. The main manifold valve to the wellfield will be closed to prevent any extraction of
air/water from the test wells, or injection of air (GV 001).

2. The manual dilution valves on the SVE blowers will be fully opened initially
(GV 101, GV 201, and GV 203). These valves will be used to perform some of the later
testing operations.

3. Al blower bleed-off valves (GV 901 and GV 1001) will be fully opened initially. This
valve will be used to perform some of the later dry testing operations. Be aware that
noise and pressure levels produced by operating the Al system with the bleed-off valves
open may be high, so exercise proper caution and confirm that personnel working near
the outlet on the outside of the equipment shed wear ear plugs, eye protection, and stand
clear of the discharge.

The Pre-Startup Checklists are provided in Appendix A. These checklists cover the operations
that are discussed in more detail in the following sections.
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4.4.1 MANUAL ELECTRIC MOTOR CHECKS

All system valves will first be confirmed to be in their proper operating positions, per the pre-
start checklist. The following equipment will then be manually checked for proper operation:

- SVE/AI blowers will be briefly turned on (“bumped”) to confirm proper rotation of
electrical motors, using the Hand/Off/Auto (HOA) switch in “manual” position.

- Water/product pumps will be briefly turned on (‘bumped”) to confirm proper rotation of
electrical motors, using the HOA switch in “manual” position.

- Follow the Intellishare Pre-Start Checklist for each of the ThermOx units motor rotation
check.

4.4.2 PRESSURE AND VACUUM RELIEF VALVES SETTINGS CHECK

Pressure relief valves will be confirmed to actuate at their proper set-points as follows:

- Start the blower system to be tested (HOA switch in manual mode).

- For the SVE blowers, operation will be confirmed by slowly closing the process air inlet
valve* on the ThermOx unit, while observing the pressure at which the pressure relief
valves (PRV 101, PRV 201, PRV 301, all set at 2 psig) release.

For the AI blower, operation will be confirmed by slowly closing the bleed-off valves
(GV 901, GV 1001) until the pressure relief valves (PRV 901 and PRV 1001) release (set point
at 16 psig). Note that PS/PT 2001 will need to be temporarily deactivated in order to achieve
this pressure (i.e., since PS/PT 2001 is set to trigger an alarm shutdown at 16 psig).

Vacuum relief valves will be confirmed to actuate at their proper set-points as follows:

- For the SVE blowers, this will be accomplished by slowly closing the ambient air inlet
valves (GV 101, GV 201, GV 301), while observing the vacuum at which the vacuum
relief valves (VRV 101, VRV 201, VRV 301, set at 16 in. Hg.) release. Low vacuum
sensors VIA 101, VI 201 and VIA 301 are set at 2 in. Hg.

PRV and VRV design set-points are also provided on the Pre-Startup Checklist (see
Appendix A). After testing, make any adjustments if necessary. Change of the PRV and VRV
design set-points will be guided by Solutia’s Management of Change (MOC) process (Section

6.2).
4.4.3 THERMOX PRE-STARTUP OPERATION CHECK

Follow the Intellishare pre-startup checklist provided in the Intellishare Operations &
Maintenance Guides (Appendix D) and Condition 8b of the CAAP permit (Appendix G) for all
pre-startup safety and operation checks.

4.4.4 SYSTEM AUTOMATION/ALARM CONDITIONS CHECK

Alarm-trigger-response tests will be performed on alarm conditions, automated valve operations,
interlocks, control panel operations, telemetry system, and auto-dialer interface controls. The
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PLC input/output table (Table 3) provides all the alarm conditions. The Alarm-Trigger-
Response Checklist is presented in Appendix A.

This checklist will be completed prior to full system start-up. As previously discussed, as long
as the SVE system is running, each of the ThermOx units can remain in operation. This method
will reduce the need to perform excessive re-starts of the ThermOx units. Run these tests with
each air-inlet dilution valve fully or partially open as needed.

4.4.5 TELEMETRY CHECK

A list of signals/data available for remote telemetry is presented in Table 3. A laptop computer
with a wireless internet connection (or direct connection to the control panel interface) will be
used to log on to the telemetry system during the dry testing to ensure that the telemetry system
is transmitting, receiving, and logging all the required signals/data during the shakedown testing.
Refer to Section 3.5.4 for a description of the equipment involved and software requirements to
connect to the telemetry system.

45 WATER REMOVAL

Upon completion of a successful system shakedown, the SVE and Al system will be ready to be
activated for initial water removal. The full SVE startup procedures (discussed in Section 5.0)
are similar to the procedures discussed in the prior sections.

A significant amount of water and minor amounts of NAPL may be present in some of the SVE
wells during the initial system startup. Prior to startup, water/NAPL will be removed from the
subsurface using the system as follows:

1. Perform system start-up (per Section 5.0 of this manual), with SVE blowers on full-
dilution air (standard start-up procedures).

2. Begin by selecting half of the SVE wells and open the wellhead valves at these locations.

3. Slowly close the dilution air valves (GV 101, GV 201, and GV 301) until vacuum
influences the wells that are turned on.

4. A trial and error process of alternatively opening some SVE wells, while closing others
(to induce higher vacuums at the wells head), will then be used to promote water removal
at individual wells. Care must be taken not to restrict total system air flow to the point
that may trigger shut-down alarm conditions (e.g., low flow alarm [FS 101,
FS 201, or FS 301], etc.).

5. Continue this process until all wells are mostly free of water/NAPL, or the water/NAPL
extraction rate is at a steady state, with all the SVE wells operating.

6. A log will be completed measuring the total quantity of water/NAPL removed during this
phase of the shakedown process.

7. If the NAPL Tank in the Oil Water Separator becomes full during these operations, then
follow the NAPL Tank transfer pump operation procedures (Appendix A) discussed in
Section 5.5.6 of this manual.

©
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5.0 OPERATIONS

To meet the objective of the 100% Design, the SVE system must operate continuously with
minimal interruptions. This section provides the general day to day operation tasks, including
process monitoring, general maintenance, and logging/reporting requirements. The technical
objectives of the SVE system operation are presented in the 100% Design.

5.1 SYSTEM MONITORING

The general system monitoring events include monthly site visits that will include:

1. Process monitoring.
2. Compliance monitoring.
3. System maintenance checks.

In addition to the monthly site visits, the following tasks will be completed on a quarterly basis:

1. Performance monitoring.
2. System optimization.

Annual performance monitoring will also include soil sampling via direct push methodology for
laboratory analyses.

As previously discussed in Section 2.5 of this manual, system operation summary forms are
provided in Appendix A. All monitoring forms will be submitted at the end of the month
through the duration of the site activities. Portions of these forms will also be completed during
non-routine site visits (i.e., when responding to system alarm/system shutdown events).

The schedule and tasks associated with the system monitoring are detailed in Table 4.

5.1.1 MONTHLY GENERAL SYSTEM MONITORING

Process monitoring generally includes measurement and recording vacuums, flow rates, vapor
concentrations, and temperature data at multiple points within the SVE and Al process streams.
This also includes monitoring water/condensate (e.g. totalizer readings [FT 701]), NAPL
recovery rates, and the operating parameters of the ThermOx units. Process monitoring data is
recorded on the applicable system operation summary forms provided in Appendix A.
Information collected as a component of the process monitoring will serve multiple uses,
including permit compliance review by the IEPA.

This process data is used to evaluate the mechanical performance of the system to ensure that
equipment is operating within the manufacturer’s specifications, to track system operating
conditions, to identify any developing mechanical issues, and for system troubleshooting
purposes (troubleshooting is discussed in Section 8.0 of this manual). Some of this process

monitoring data is also used to evaluate the treatment performance of the system (see
Section 5.1.2).

A Water Level Monitoring Log (provided in Appendix A) will be used for monthly monitoring
of water levels in groundwater monitoring wells in the SVE treatment area (BSA-MW-1S;
Figure 2A). A set of nested piezometers will be installed in the sandy fill/upper silty sand and
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lower silty sand layers at three locations to provide additional water level monitoring data. The
OM&M manual will be revised with the location of the piezometers following installation. The
water level information will be used to determine the optimal timeframe to focus the SVE system
on the deeper treatment interval that may periodically be below the water table.

Compliance monitoring data has a specific purpose to satisfy the air and water discharge permit
requirements (copies of the permits are in Appendix G). However, some of the compliance
monitoring data can be used to assess the remedial performance of portions of the system.
Therefore, the performance monitoring and compliance monitoring schedules are integrated
together.

Compliance monitoring generally includes:

1. Sampling the SVE system vapor concentrations, primarily to confirm treatment
efficiency of the ThermOx units, and ensure air permit compliance.

2. Sampling the LGAC influent/effluent water concentrations, primarily to confirm
treatment efficiency of the LGAC units and ensure water discharge permit compliance.
XDD will submit the appropriate profiles for effluent waste stream, which may include
signature by plant representatives.

Solutia will notify the IEPA within 15 days of a direct (untreated) release to the atmosphere of
COCs. The notification will provide the following information for each incident:

1. A description of the incident,
The date and duration.

3. At what point in operations the incident occurred (startup, malfunction, breakdown,
shutdown, etc.).

Additional deviations from the requirements set by the air (CAAP) permit (Appendix G) will be
reported quarterly and include the above referenced information.

The compliance sampling schedule, required parameters, and pertinent laboratory information is
summarized in Table 5.

A System Maintenance Checklist Form is provided in Appendix A. The general maintenance
schedule is provided in Table 6. Refer to Section 7.0 of this manual for a detailed description of
the required system maintenance and procedures.

System maintenance includes (but is not limited to):

1. Site safety checks (i.e., condition of eyewash station, fire extinguishers, first aid kit, etc.).
2. General manufacturer’s recommended maintenance on blowers/pumps, etc.
3. Physical inspections of all piping, structures, and miscellaneous equipment.

Action items that require system repair or adjustment will be completed through the MOC
process described further in Section 6.2.
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5.1.2 ADDITIONAL QUARTERLY SYSTEM MONITORING

Performance monitoring data is also recorded on the applicable system operation summary forms
provided in Appendix A. A Wellfield Monitoring Log (provided in Appendix A) will be used
periodically for measuring performance parameters at the SVE/AI wells, and the vapor points.

The overall purpose of the performance monitoring is to assess the remedial performance of the
system. For example: removal rates of contaminants, or radius of influence of SVE/AI wells,
etc. Some of the process monitoring data will be used in the system performance evaluation. In
addition, compliance monitoring data (see Section 5.1.1) will also be used in the evaluation of
the system performance. Data evaluation using the process/performance monitoring data is
discussed in Section 5.2 of this manual.

Performance monitoring data generally includes:

1. Vapor concentrations in the SVE process (via field PID measurement and/or vapor
samples for laboratory analysis).

2. Vapor concentrations, vacuums/pressures, flow rates, temperatures at wellheads and
vapor points (to assess subsurface air flow patterns and dynamic contaminant
distributions).

5.1.3 ADDITIONAL ANNUAL PERFORMANCE MONITORING

In addition to the quarterly performance monitoring, annual performance monitoring will include
the collection of soil samples for laboratory analysis. The SVE system will be shut down and
samples collected throughout the treatment area in accordance with the Sampling and Analysis
Plan.

The analytical soil results will be used to estimate remedial progress and focus the system on
sub-areas that may require further treatment.

5.2 DATA EVALUATION

Process and performance monitoring data will be entered into a database to track trends in the
data. The Project Engineer will maintain this database and perform the data evaluation tasks.

Review of this data (with graphical presentation of trends as applicable) will allow evaluation of:

1. Overall contaminant mass removal rates and totals (as vapor, water, and NAPL).
Changes in operational parameters of system process equipment (such as increasing or
decreasing flowrates, vacuums/pressures, temperatures, etc.) that may indicate changes in
the remedial process, or impending maintenance issues.

3. Wellfield performance (including observations of vacuums/pressures and changes in
VOC:s levels at the wellheads and vapor points).

4. Optimal periods to address deeper soil impacts.

The Project Engineer will recommend on a quarterly basis any additional monitoring to be
conducted (for example, if blower temperatures collected during the process monitoring indicates
a potential impending maintenance issue). Additionally, the Project Engineer will also determine
if reconfiguration of the wellhead flows is necessary to optimize the system performance
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5.3 GENERAL RECORDKEEPING

In addition to routine record-keeping related to the process, performance, and compliance
monitoring previously discussed, general records keeping will be conducted. General record
keeping will include:

1. Records of all personnel, subcontractors, deliveries, or other visitors to the work area.

Weather observations.

General synopsis of the daily activities including:

a. Arrival and departure times to the site.
b. Activities performed while on site (i.e., types of monitoring conducted,
maintenance or repair activities, NAPL drum movement, etc.).

4. System operating status (all clear or alarm/faulted conditions on specific pieces of
equipment, and approximate downtime).

5. Specific issues identified (i.e., upcoming maintenance required, major changes in
operating conditions, etc.) and actions taken (if any)

6. General repair/site maintenance observations (condition of asphalt pad, shed, etc.) and
actions taken (if any).

7. Changes in wellfield operating configuration (i.e., rebalanced/optimized flow, changed
extraction/injection status on combination SVE/AI wells, etc.). Or, if applicable, indicate
that no changes to wellfield operating configuration was made during the site check.

8. Observations of general equipment conditions, wear and tear, or signs of potential failure
or damage to the process equipment or piping systems.

bl

Most of the above information may be accounted for in the various system operation
checklists/forms provided in this manual, but general record keeping will aid to correlate the
data, minimize discrepancies in data forms, and call attention to specific issues as needed.

5.3.1 LoG BOOKsS

Field log books will be maintained with the general record keeping notes previously described.
Clear copies of the field notes will be made immediately after each field event so if the field log
is ever lost, there will be back-up copies. Copies will be made for the file, in addition to
electronic copies that will be sent to the Project Engineer.

5.3.2 DATA SUBMITTAL

Copies of the system checklists and monitoring forms completed during each field event, and
copies of the field log book notes, and any other paper work (delivery receipts, chains of
custody, etc.) will be submitted to the Project Engineer by the Friday after every site visit, for the
duration of the project. Copies of the maintenance checklists will also be maintained in a binder
to remain in the equipment shed.

54 DATA REPORTING

As per the Work Plan, progress reports will be submitted to Solutia and will detail:

e Total mass removed and mass removed for each COC for each month and cumulatively

over the operational lifetime of the system.
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e Process parameters recorded during Site visits and downloaded via the telemetry system.
e Flow, pressure, vacuum, and field-total VOC measurements collected at the SVE/AI
wellheads.

Laboratory sample results and the associated laboratory and data validation reports.
Monthly SVE discharge monitoring results.

Report any system outages and corrective measures taken.

Scheduled maintenance, reconfiguration, or system optimization events.

5.5 SYSTEM STARTUP/OPERATION PROCEDURES

System start-up procedures are similar to the initial start-up procedures previously discussed in
Section 4.0 of this manual. A System Startup Checklist is provided in Appendix A.

5.5.1 SVE/AI WELLHEAD CONFIGURATIONS

Configuration of the individual SVE/AI wellheads (i.e., valves open or closed) will control the
subsurface air flow patterns.

Since the SVE/AI process equipment has a finite maximum air flow and vacuum (or pressure)
capacity, it will be required to restrict flow from some wells in order to increase flow at others
(i.e., balancing wellfield flows). Also, each well has the potential to have a different flow vs.
vacuum/pressure response behavior, which depends on a number of factors including: well
screen length, soil permeability, water table elevations, and soil moisture content in the vicinity
of each well. Therefore, balancing or optimizing the wellfield flow requires some compromise
between wells in order to achieve the desired configuration.

Initial Startup, Initial Well Configuration: For the purposes of this OM&M Manual, during
initial startup of the SVE and Al systems, all SVE/AI wellhead valves will be fully closed, all
SVE dilution, and all Al bleed-off valves will be open prior to start-up. This will help to prevent
the possibility of starting the blower systems under a “zero flow” condition (which could damage
the equipment), or for applying excessive vacuum or pressure at individual wells. Once the SVE
and Al systems are operating, individual wells will be slowly opened while the corresponding
dilution and bleed off valves are slowly closed. The process will prevent the possibility of
overloading the capacity of the Thermal Oxidizers to treat the benzene impacted vapors.

Balancing and Optimizing Well Configurations: After the initial start-up, individual wellhead
configurations will be methodically changed with one of the following objectives:

1. Maximize vacuum/flow in wells during the initial water removal phase (see Section 4.5
of this manual).

2. Evenly balance the SVE/ALI extraction or injection rates between wells.

3. Optimize extraction or injection rates at specific SVE/AI wells for the purpose of
maximizing system performance (i.e., mass removal rates, etc.). For example, it may be
desirable to maximize the extraction rate from a few selected wells, which would be
accomplished by reducing the flowrate from the other wells.

System Re-Start Well Configuration: If the system is shut down (either via manual controlled
shutdown, or by alarm conditions), and the wellfield configuration has not been changed, the
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SVE system may be restarted without the need to readjust the wellhead valve configurations
(unless the configuration of the wellhead valves caused an alarm condition, then readjust as
necessary).

5.5.2 AVOIDING ALARM CONDITIONS WHEN ADJUSTING SVE/AI CONFIGURATION

While modifying wellhead valve configurations, it is important to ensure that the overall SVE
process system flow does not trigger the following alarms or mechanical protection devices:

Low flow conditions (SVE systems) — FS 101, FS 201, and FS 301.
Low flow conditions (Al system) — FS 901 and FS 1001.

Vacuum relief valves — VRV 101, VRV 201, and VRV 301.
Pressure relief valves (Al system) — PRV 901 and PRV 1001.
Pressure Switch/Transmitter (Al system) — PS/PT 2001.

e LEL (ThermOx System) — AE 1

The above alarm conditions can be triggered by shutting off (or significantly restricting the flow
at) too many wells.

In addition, the above alarm conditions may also be triggered by improper settings of the
wellfield manifold valves during system start-ups or re-starts, as follows:

1. SVE System: Closing GV 001 during start-up of the SVE system (unless the air-inlet
dilution valve GV 101, GV 201, GV 301 are opened).

2. Al System: Closing GV 2001 on the AI System (unless bleed-off valves GV 901 and
GV 1001 are opened).

3. SVE Process Inlet Flow to ThermOx System: Closing the SVE process flow inlet valve
on the ThermOx unit when starting the SVE system.

4. ThermOx Systems Air-Inlet Dilution Valves: If the SVE process equipment is operating
under a low flow condition, the air-inlet dilution valve may need to be opened to provide
make-up air flow.

Therefore, be aware of the alarm condition set-points and monitor the SVE/AI process during
any changes in wellfield configurations. Dilution air may be added to the SVE system inlets
(opening GV 101, GV 201, GV 301), or pressure may be relieved within the Al system (opening
air bleed off valves GV 901 and GV 1001) to keep the systems operating within safe limits and
avoid potential shutdowns.

In general, ensure that the proper valve settings are engaged prior to starting or restarting, as
discussed previously in this section. The SVE system has safeguards (via the flow and pressure
switches, and vacuum/pressure relief valves) to protect against inadvertent system overpressures
or zero-flow conditions. However, maintaining proper valve settings will avoid these conditions.

5.5.3 THERMOX STARTUP PROCEDURE
Start up each ThermOx unit per Intellishare’s Operation & Maintenance Guide in Appendix D.
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Also, ensure that the following valves are set properly:

1.

2.

3.
4.

Manifold valves to the wellfield will be closed to prevent any extraction of air/water from
the wells (GV 001).

Manual dilution valves on the SVE blowers will be fully opened
(GV 101, GV 201, GV 301).

The SVE process inlet valve on each ThermOx unit will be closed.

The air-inlet dilution valve on each ThermOx unit will be opened.

5.5.4 SVE SYSTEM STARTUP PROCEDURE

The startup procedures for the SVE system are as follows:

1.

Start ThermOx Units: Start up the ThermOx unit per Intellishare’s Operation &
Maintenance Guide in Appendix D. The ThermOx unit will always be started with the
SVE process inlet valve closed and the air-inlet dilution valve fully open.

Isolate SVE Wellfield from Process: Close the main manifold valve (GV 001) for the
wellfield to prevent any extraction of air/water from the wells during the startup process.
Open SVE Blower Dilution Valves: Open the manual dilution valves on the SVE
blowers (GV 101, GV 201, and GV 301).

Prepare the ThermOx Units to Receive SVE Process Flow: Open the SVE process
inlet valve on the ThermOx units.

Start the SVE Blowers: Use the HOA switch in “Auto” mode to start the SVE blowers.
The SVE blowers will still be on full dilution air.

Confirm Wellhead Valve Configuration: See Section 5.5.1 for proper valve settings
for the individual SVE wells. For initial startup, SVE wellhead valves will all be fully
open for the initial wellfield balancing process. Re-starts may be conducted, as needed,
without reconfiguring the wellfield valve settings. This is because the wellheads will
have been already configured to operate in a tested and/or balanced operating
configuration.

Close Air-Inlet Dilution Valve on the ThermOx Units: Slowly close the air-inlet
dilution valve per Intellishare’s Operation & Maintenance Guide in Appendix D. The
ThermOx units will now be receiving the SVE process flow. However, the SVE process
flow is still operating on full dilution air (per Step 3 above). It may not be possible to
fully close the air-inlet dilution valve on the ThermOx unit (depending on the
configuration of the SVE systems). Ensure that the SVE process is operating within the
flow/vacuum/pressure conditions to avoid triggering an alarm shutdown, per Section
5.5.2.

Open Main SVE Manifold Valves: Slowly open the main SVE valve (GV 001)
controlling the wellfield to begin extraction from the system.

Close SVE Blower Dilution Valves: Slowly close the air-inlet dilution valves on the
SVE systems (GV 101, GV 201, and GV 301). This step will allow contaminant vapors
to begin entering the ThermOx unit. The process flow from the SVE system will be
gradually increased by closing the SVE system air-inlet dilution valves (GV 101, GV
201, and GV 301) in increments. Monitor the ThermOx operating conditions closely
during this process per Intellishare’s Operation & Maintenance Guide in Appendix D.
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After following these steps, the SVE system and ThermOx unit(s) will be on-line. Changes in
wellfield configurations may be made at this time, following the protocols discussed in
Section 5.5.2 “Avoiding Alarm Conditions When Adjusting SVE/AI Configuration”.

5.5.5 AI STARTUP PROCEDURE

The startup procedure of the Al system is as follows:

1. Fully open the Al blower bleed-off valves (GV 901 and GV 1001).

2. Ensure that wellfield inlet valve, GV 2001, is fully opened.

3. Ensure that all Al wellhead valves to be operated are fully opened (for initial startup
only; for restarts, valves settings may remain unchanged unless the wellhead valves
setting caused a system shutdown and require modification. Refer to Section 5.5.2).

4. Use the HOA switch in “Auto” mode to start the Al blower.

5. Slowly close the bleed-off valves (GV 901 and GV 1001) to begin injection air into the
wellfield.

6. Adjust wellfield inlet valve (GV 2001) as needed to achieve the desired total injection
rate/pressure to the manifold.

After following these steps, the Al system will be on-line. Changes in wellfield configurations
may be made at this time, following the protocols discussed in Section 5.5.2 “Avoiding Alarm
Conditions When Adjusting SVE/AI Configuration”.

5.5.6 NAPL TRANSFER PUMP OPERATION PROCEDURES

The high-level sensor (LS 705) will send an autodialer signal that the NAPL Tank within the Oil
Water Separator is approximately 75% full and needs to be drained. The high-high level sensor
(LS 704) will detect that the NAPL Tank has reached its full capacity and will trigger a full shut-
down of the SVE/AI systems.

One NAPL storage drum will be placed on the secondary containment pallet. Remove the
protective rain cover from the drums (designed to keep rain water from accumulating within the
secondary containment unit) prior to proceeding with the below steps. Note that Level C
respiratory protection is mandatory when connecting or disconnecting the NAPL transfer
hose/vent line, and opening the drum bungs. This requirement is specified in the NAPL
Transfer Pump Operation Procedure Checklist in Appendix A.

When the NAPL Tank (within OWS 701) needs to be drained, the following procedures will be
followed (also refer to the NAPL Transfer Pump Operation Procedure Checklist in
Appendix A):

Prepare the NAPL Storage Drum and Transfer Hose for NAPL Transfer:

1. When filling a new NAPL storage drum, the drum must first be prepared for use (note
Level C respiratory protection is not needed when preparing a new, clean drum for use):
a. Remove the inlet bung on the NAPL storage drum.
b. Attach the cam-lock and ball valve assembly to the inlet bung via the threaded
connections. The threaded connections will be of all steel construction. Use
Teflon tape and ensure that a leak-free threaded seal is established.
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c. This assembly will remain attached to the NAPL drum until the drum is filled and
ready to be transferred to the designated accumulation area.
d. The cam-lock/ball valve assembly will be fully closed at all times unless actively
filling the drum.
Ready the chemical-compatible hose system (Transfer Hose) and inspect it for potential
leaks or signs of wear (cracking, checking, discoloration, etc.). The Transfer Hose is
equipped on both ends with ball valves and cam-lock fittings.
NOTE: The Transfer Hose system will only be connected to the NAPL drum during the
actual NAPL transfer.
Connect one end of the Transfer Hose system to the 1-inch galvanized steel discharge
pipe from the NAPL product pump (TP 702). The outlet of the discharge pipe is located
to the right of the equipment shed personnel door, and passes through the shed wall. The
outlet will be equipped with a cam-lock fitting (Teflon taped threads to ensure a leak-free
seal).
Connect the other end of the Transfer Hose system to the cam-lock fitting assembly that
is connected to the NAPL storage drum inlet. Ensure that the weight of the hose
connection does not apply excessive strain to the fitting assembly on the drum inlet.

Connect the NAPL Storage Drum Ventilation System:

1.

Remove the vent bung of the NAPL storage drum.

The drum will be vented (using the vent bung opening) using a flexible piping system
connected to a carbon filter vent unit (refer to Section 3.4.2).

Connect the vent bung cam-lock fitting assembly to the NAPL storage drum. Use Teflon
tape to create a leak-free, positive seal with the drum.

Connect the flexible vent piping system to the carbon vent unit. The NAPL storage drum
will be vented in common with the vent for the Oil Water Separator unit. A tee fitting
with cam-lock fitting assembly will be provided on the manifold for the carbon filter vent
unit.

Prepare the NAPL Tank/Product Pump Valves for Transfer:

1.

Confirm that the chemical transfer hose fittings are fully engaged on both ends.

2. Ensure the following process valves are fully opened:

a. BV 722 and BV 723 (outlet valves of NAPL Tank/inlet isolation valve on TP
702).

b. BV 725 (outlet isolation valve for TP 702).

c. BV 725 (final outlet valve for the discharge pipe prior to penetrating the shed
wall).
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The system is now ready to begin the NAPL transfer.

IMPORTANT: Before transferring NAPL to the NAPL storage drum:

1. The NAPL Tank in the Oil Water Separator has a maximum capacity of 14 gallons.

2. BEFORE turning on the NAPL product pump (TP 702) ensure that there is sufficient

capacity in the NAPL storage drum to receive the NAPL. The 55-gallon NAPL storage

drum will have a maximum useable capacity of approximately 50 gallons. A NAPL

accumulation log will be kept with each drum to aid in this determination.

Gauge the product level in the NAPL storage drum (use the vent bung opening).

4. Use extreme caution to avoid overfilling the NAPL storage drum. Leave at least 3-inches
of unfilled head space within the drum (for thermal expansion).

(98]

Begin NAPL Product Transfer:

1. Use the “Hand/Off” (HO) switch in manual or “Hand-Operated” mode to operate the
product pump.

2. There is no automatic shut off for TP 702, so listen to the pump for signs of the pump

running dry.

When the NAPL tank is drained/pump begins to run dry, immediately turn off TP 702.

Open BV 729 to break the vacuum seal within the line.

5. Close BV 722, BV 723, BV 724, BV 725, and BV 726.

P w

Disconnect the Transfer Hose:

Allow the Transfer Hose to fully drain into the NAPL storage drum.

Close the ball valve, and disengage the cam-lock on the inlet end of the Transfer Hose.
Close the ball valve on the NAPL storage drum.

Close the ball valve, and disengage the cam-lock on the outlet end of the Transfer Hose.

b s

Disconnect the NAPL Storage Drum Ventilation System:

1. Close the ball valves located on each end of the ventilation hose.
2. Disconnect the flexible vent piping system using the cam-lock fittings.

The NAPL transfer process is complete. Log the amount of product transferred (on the
Water/NAPL Monitoring Log, Appendix A), and replace the protective rain cover over the
NAPL storage drum and secondary containment unit.

5.5.7 NAPL DrRUM CHANGE-OUT/MOVEMENT PROCEDURES

After the NAPL storage drum is full (50 gallons or 3-inches head space remaining in the drum),
the drum will be sealed, labeled, and moved to the designated hazardous waste accumulation
area. Product characterization and disposal will be the responsibility of Solutia.

A new drum will be obtained from Solutia, visually inspected, and prepared for initial use as
discussed in Section 5.5.6.
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5.6 SHUTDOWN PROCEDURES

Normal shutdown of the SVE system is conducted as follows (refer to the System Shutdown
Procedures provided in Appendix A):

1. Prior to shutting down the SVE system(s), slowly open the air-inlet dilution valve on the
ThermOx units to prevent a low flow condition. The air-inlet dilution valve may only
need to be opened enough to compensate for the anticipated reduction in total flow when
the SVE blower(s) are shut off. If only the Al system is being shut off, then this step is
not required.

2. Shut off the SVE/AI process equipment by using the associated HOA switches for the
equipment being turned off. Be aware that shutdown will change the air flow and
vacuum/pressure within the process, which may affect the operating status of the
ThermOx units (refer to Step 1 above).

3. In controlled shutdown conditions, the ThermOx will typically be the last piece of
equipment to shut off. To shut down the ThermOx, refer to the Intellishare Operation &
Maintenance Guide in Appendix D.

4. All manual valves that are left unattended after being placed in a position other than the
normal operating position for that specific valve will be tagged and remain tagged until
the valve is returned to its normal position.

5. If the system will be off for an extended period, also shut off the main water discharge
line from the process equipment (BV 701).

Final decommissioning of the SVE will be conducted in accordance with the shutdown protocol
as presented in Appendix H.

5.7 EMERGENCY SHUTDOWN PoLICY AND PROCEDURES

The SVE system was designed with safeguards to prevent dangerous situations or catastrophic
failures of the equipment (such as vacuum/pressure relief valves, thermal protection, liquid level
sensors to prevent overfilling of tanks, etc.). However, in the unlikely event that these
safeguards do not function properly, or emergency conditions arise, the SVE/AI and related
systems can be shut down manually. Some of the potential emergency conditions are:

1. Personnel health and safety emergency.

2. Imminent equipment failures observed through process monitoring (i.e., high

temperature, etc.)

Fire.

Leaks in process piping (water or air lines), or failure of pipes.

5. Vapor accumulation within the equipment shed (LEL conditions and/or unacceptable
contaminant exposure levels).

6. Overfilling/overtopping Oil Water Separator/NAPL tanks, Air Moisture Separators, etc.
in the unlikely event that level sensors fail to trigger a shutdown.

W

The following sections describe the emergency shutdown procedures for critical process
equipment. If the system requires a shutdown for emergency conditions, the appropriate
information will be to be communicated to plant emergency personnel (Table 1). Refer to the

Emergency Shutdown Procedures provided in Appendix A.
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5.7.1 THERMOX EMERGENCY SHUTDOWN

An emergency shut-down is conducted by pressing the SYSTEM STOP button on each of the
ThermOx Control Panels or any of the emergency stop buttons on the SVE system. If safe to do
so, also close the supply valve for the propane fuel source. Refer to Intellishare’s Operation &
Maintenance Guide in Appendix D for additional information on system shutdown procedures.

5.7.2 SVE/AI EMERGENCY SHUTDOWN

Shutting off the SVE system in an emergency is accomplished by pressing the EMERGENCY
STOP buttons located inside the equipment shed and on the control panel located on the outside
of the equipment shed.

Shutting off the SVE/AI will automatically send a control signal to shut off the ThermOx unit.
Close the natural gas fuel inlet valve on the ThermOx units.

5.7.3 NATURAL GAS SHUTOFF

If a leak is detected, and only if safe to do so, close the main supply valve. The ThermOx units
will automatically detect that the natural gas fuel supply is shut off, and will shut down
automatically. This will also trigger an automatic shutdown of the SVE system.

5.8 PoLicY REGARDING OVERRIDING SYSTEM ALARMS AND INTERLOCKS

The SVE system was designed with instrumentation and mechanical safeguards to prevent
damage to the equipment, potential vapor/liquid releases, or unsafe conditions, in the event that a
component of the system fails.

In general, the system protection controls (including, but not limited to liquid level sensors, flow
switches, pressure/vacuum sensors, LEL meter, PLC interlocks between the process equipment,
etc.) will not be overridden by any means.

The only time that system alarms or interlocks may be overridden is during the initial pre-start
shakedown operations (where alarms and interlocks are tested to confirm they are fully
operational).  Troubleshooting operations may require a temporary override of system
controls/interlocks, which will be guided by the MOC process described further in Section 6.2.
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6.0 SAFETY

6.1 OVERVIEW

This section of the OM&M Manual describes specific safe working practices presented in the
Site Health and Safety Plan (HASP). XDD and any other personnel performing work on the
SVE system will read and sign the HASP prior to accessing the treatment area.

Some of the basic health and safety precautions are:

1. General Personal Protective Equipment (PPE): Protective safety gear must be worn
during general operation and maintenance of the system. The required general safety
gear is as follows:

a. Safety glasses with side shields.

b. Hearing protection (as required when noise levels exceed 85 dBA, and at all times
when working inside the equipment shed and near the ThermOx).

c. Work clothes, consisting of long pants and a long-sleeve work shirt.

d. Steel-toed shoes.

e. Gloves (as appropriate per task).

2. Electrical Service: Power service to the control panel is 460 volts. If electrical service
is required, a qualified electrician will perform all electrical repairs. The power supply to
the equipment will be disconnected prior to service, maintenance, or inspection. Lock-
Out/Tag-Out procedures will be followed per Section 6.10 of this manual and the site
HASP.

3. Mechanical Service: If mechanical service is required (i.e., repairing pump seals,
changing out filters, etc.), the Lock-Out/Tag-Out procedures will be followed per
Section 6.10 of this manual and the site HASP. Prior to re-energizing the SVE system,
The appropriate Pre-Startup Checklist (Appendix A) will be completed by the field
personnel.

4. General Precautions:

a. Protective covers/equipment guards will never be removed while equipment is
operational. All guards will be replaced prior to equipment being restarted.

b. Body parts, loose clothing, hair, and foreign objects must be kept away from
contact with moving parts.

c. High noise levels and temperatures will be present within the equipment shed.
Use proper PPE and caution when touching pipes or equipment.

5. Contaminant Exposure Prevention:

a. Vapor Exposures: Since the COCs are volatile, the major potential exposure
route is through inhalation. In general, when the potential for exposure to vapors
exists, breathing zone air monitoring will be conducted using a photoionization
detector (PID). The specific hazards associated with contaminant vapors, and
additional safety procedures to avoid potential exposures, are detailed in the
HASP. Refer to Section 6.4 of this manual for specific procedures that are
designed to prevent potential exposure to contaminant vapors.

b. Liquid Exposures: COCs will be dissolved in the groundwater/condensate, and
will also be present as a liquid product. When repairing or performing
maintenance on system components in contact with the general water/liquid
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process, additional PPE will be required. The specific hazards associated with
liquid-phase contaminants, and additional safety procedures to avoid potential
exposures, are detailed in the HASP. Additional PPE will be required, including
chemical splash goggles and chemical-resistant gloves, for operations that may
result in direct exposure to liquids.

6.2 MANAGEMENT OF CHANGE (MOC) PROCESS FOR THE SVE SYSTEM

Alterations or modifications to technology, equipment, procedures, or materials outside
approved limits are considered changes and require a MOC process. Changes that do not require
change management following this procedure include:
1. “Like for like” replacements/“replacements in kind”,
2. Changes that do not affect the process, its equipment, or its personnel responsibilities and
3. Changes inside documented, approved Safe Operating Limits. Examples include:
a. Tuning changes
b. Temperature set points

During the operation of the SVE system, XDD will be following the Solutia Standard Procedure
for MOC (ESH 504), with the exception of procedures associated with the exception of “process

recipe” changes, which are not applicable.

At a minimum the personnel associated with the MOC process are as follows:

Title: Personnel: Company:
“Department Supervisor” William Johnson Solutia Inc.
“Department Engineer” Dennis Keane XDD, LLC
“First Line Supervisor” Erin Stanisewski XDD, LLC
Safety and Health Brett Shank/Tom Gartzke  Solutia Inc.

Contact information for the personnel involved in the MOC is presented in Table 1.

6.3 CONTAMINANTS OF CONCERN

The primary COCs are VOCs. Benzene represents the majority of the contamination, and has
been measured at up to 42,000 milligrams per kilogram (mg/kg or ppm) in the soil. Additional
COCs include chlorobenzene, ethylbenzene, xylenes, and toluene. All of these compounds have
relatively high vapor pressures, and are amenable to removal using the SVE process.
Dichlorobenzenes have been detected, but at lower soil concentrations (up to 10 mg/kg or ppm).
The vapor pressures of dichlorobenzenes are approximately an order of magnitude lower than
that of chlorobenzene, which makes them amenable to SVE, but at a much lower removal rate.
Refer to the Site HASP for detailed information regarding the COCs at the site.

6.4 PHOTOIONIZATION DETECTOR AND CALIBRATION

A PID will be used for air/vapor monitoring. The PID will be calibrated to isobutylene gas. The
sensitivity of the PID varies depending on the actual gas that is being sampled. For example, the
actual PID response to benzene is approximately twice as sensitive as it is for isobutylene. As a
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result, when measuring benzene vapor concentrations using a PID which has been calibrated to
isobutylene, the output reading on the instrument will be approximately two times the actual
benzene reading.

Therefore, the PID measurement can be adjusted by an appropriate compound-specific Response
Factor (RF). The compound-specific RF is multiplied by the PID output reading to determine
the equivalent concentration for that specific compound.

Note that the PID is a non-selective instrument, and measures the total response of all the
detectable compounds within an air or vapor sample. Since the actual air/vapor sample may be
composed of several compounds, a single compound-specific RF may not always provide a
completely accurate conversion. However, since benzene is the primary compound at this site,
and the other compounds detected in the area have similar response factors, conversion of the
field PID readings using the benzene response factor should be acceptable.

BENZENE RESPONSE FACTOR: Since benzene is the primary COC in the treatment area, in
general, a Response Factor of 0.53 (RF = 0.53) can be used for interpreting field PID readings.
For quick assessment purposes, the PID reading will be approximately twice as high as the actual
vapor concentrations being measured (assuming they are comprised primarily of benzene).

6.4.1 PID INSTRUMENT SPECIFICATION

A PID equipped with a 10.6 electron volt (eV) lamp will be used for air monitoring. For the
purposes of this OM&M Manual, it was assumed that a Rae Systems miniRAE PID will be used
(although other models are acceptable). Refer to the calibration procedures provided by the
specific manufacturer of the PID being used. Be aware that the response factors for instruments
by another manufacturer may be different than listed in this manual. Obtain and use the proper
response factors if using another manufacturer/model PID.

6.4.2 INTERPRETATION OF PID READINGS FOR HEALTH AND SAFETY PURPOSES

For general health and safety monitoring purposes, the direct read output of the PID will be used
for action level responses. Do not apply the compound-specific response factor to the PID
reading. This will provide a safety factor of approximately two for air monitoring operations.

The appropriate PID response factor (as discussed above in this section) will be applied to the
PID readings for interpreting actual performance of the system (i.e., mass removal rates,
inlet/outlet vapor concentrations of the process, etc.).

6.5 SPECIFIC SAFETY PROCEDURES

6.5.1 EQUIPMENT SHED PRE-ENTRY OBSERVATIONS

Before entering the equipment shed (either through the personnel door, or through the
maintenance doors), perform the following procedures:

1. Observe any unusual noises (i.e., unusual mechanical noise, actuation of PRV or VRV
release valves, etc.), or other indications of potential safety issues (such as smoke,
excessive heat, liquid leaks around the doors, or unusual odors). Depending on the
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conditions, either shut the system down, or exercise proper precautions when opening the

shed doors.

2. If the system was shut down due to an alarm condition, assess the nature of the alarm
prior to entering.
3. [If there is no power to the Site or a malfunction associated with the LEL reading on the
control panel, collect a vapor reading from the port adjacent to the personnel door using a
handheld PID and compare against applicable LEL levels (Section 6.5.2) prior to
entering the equipment shed.

6.5.2 LEL MONITORING
Equipment Shed: Prior to entering the equipment shed, the LEL value of the system will be

checked at the control panel. If readings at LEL 701 at the control panel approach 10% of the
LEL, or approach concentrations that are Immediately Dangerous to Life and Health (IDLH)
conditions, DO NOT enter the equipment shed. If safe to do so, immediately shut the equipment
down. Also, shut off the main power disconnect at the main power panel. If conditions are 10%
LEL or higher, notify W.G. Krummrich Emergency Response/Security of the situation.
Otherwise, allow the vapors to dissipate and notify Project Engineer. In the event of a power
outage, a sample port on the side of the shed and a handheld PID will be used to evaluate the
interior relative to the LEL.

LEL and IDLH Conditions for Site COCs

Compound

10% LEL; Conc. (ppmv).

IDLH

P1D Response Factor

(RF)*

Benzene 1.2%; 1,200 ppmv 500 ppmv 0.53
Chlorobenzene | 1.3%; 1,300 ppmv 1,000 ppmv 0.40
Dichlorobenzene | 2.5%; 2,500 ppmv 150 ppmv 0.47
Ethylbenzene | 0.8%; 800 ppmv 800 ppmv 0.52

Toluene 1.1%; 1,100 ppmv 500 ppmv 0.50

Xylenes gp9m\t;0 1.1%; 900 to 1,100 900 ppmv 0.39 to 0.46
Notes:

LEL/IDLH Data Source: http://www.cdc.gov/niosh/npg/npgsyn-a.html
PID Response Factors based on RAE Systems, MiniRAE PID calibrated to isobutylene gas, using 10.6 electron volt

(eV) lamp. http://www.raesystems.com/~raedocs/App_ Tech Notes/Tech Notes/TN-

106_Correction_Factors.pdf
10% LEL/Conc. = (concentration representing 10% of the Lower Explosive Limit of the compound, and the
equivalent concentration in ppmv). These concentrations are unadjusted for the PID response factors.

IDLH = Immediately Dangerous to Life and Health conc. (based on LEL or health effects, whichever is lower).
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Process LEL Monitoring: Each of the ThermOx units are equipped with an inlet LEL meter
which is set at 40% of the LEL for benzene (4.8%; 4,800 ppmv) in thermal mode. If the process
vapor exceeds 40% LEL in thermal mode for benzene, the ThermOx units will shut down,
followed by shutdown of the SVE system. In catalytic mode the LEL meter will be set to 25%
of the LEL for benzene. Refer to the ThermOx manuals located in Appendix D.

6.6 PROCESS AND EQUIPMENT SAFETY CHECKLISTS

The process and equipment safety checklists are incorporated into the appropriate system
operation summary forms, and System Maintenance Checklists, in Appendix A.

6.7  SITE SAFETY AND SECURITY

During system operations, the System Operator (and other project personnel as needed) will
check in with the Krummrich Security desk upon arrival to the site, mid-shift (approximately
12:00-1:00 p.m.), and upon exit at the end of the activities.

EMERGENCY COMMUNICATION: A two-way radio with an emergency “man-down” call
button will be supplied by the facility. In the event of a serious accident or other medical
emergency, use of this feature will provide and expedited response from Krummrich Emergency
Response/Security.

6.8 EMERGENCY EVACUATION PROCEDURES

In the event of an emergency, shut down the SVE system per the emergency shutdown
procedures in Section 5.7. If necessary, call for medical or rescue assistance as soon as possible.

1. Treatment Area Emergency: In the event of fire or natural gas leaks, exit the treatment
area using the safest route (i.e., away from danger). Notify Krummrich Emergency
Response/Security of the nature of the emergency.

2. Plant-Wide Emergency: In the event of a plant wide emergency, proceed to the
designated muster point (if safe to do so).

ASSEMBLY POINT: The designated assembly point for a plant-wide emergency is the ACL
Control Room, located northeast of the treatment area. If a plant-wide emergency occurs when
in another location within the facility, the closest control room may be used.

6.9 EMERGENCY EYEWASH STATION

An emergency eyewash station will be mounted inside the personnel door of the equipment shed
to allow unimpeded access. In the event that the eyewash must be used, use the “man-down”
button on the two-way radio to call for aid. The eyewash station will be checked during every
site visit to ensure the saline level is full and that the saline solution is not expired (refer to
System Maintenance Checklist, Appendix A).
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6.10 Lock-OuT/TAG-OUT PROCEDURES

All maintenance and repair activities will be conducted using the appropriate Lock-Out/Tag-Out
procedures, as applicable, and according to the Site HASP (refer to Appendix A of the
Operations, Maintenance and Monitoring Addendum of the Site HASP).

6.11 FIRE EXTINGUISHERS AND FIRST AID KITS

Multipurpose fire extinguishers (for Class A, B, C, and D fires) will be maintained within the
equipment shed and carried on personnel vehicles at all times. These extinguishers will be
capable of extinguishing ordinary combustibles, flammable liquids and gases, and electrical
equipment fires. Two 2A-20BC fire extinguishers will be maintained (one inside the equipment
shed and one mounted on the power pole closest to the Main Power Panel). Fire extinguishers
will be inspected on a monthly basis.

A first aid kit will also be maintained within the equipment shed and will be inspected on a
monthly basis to ensure the contents are current.

Fire Extinguisher/First Aid Kit Inspection Logs (reproduced from the Site HASP) are
provided in Appendix A of this OM&M Manual.
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7.0  MAINTENANCE

7.1 OVERVIEW

The System Maintenance Checklist is provided in Appendix A. The general maintenance
schedule is provided on Table 6. The maintenance program includes physical inspections of the
system piping, general system maintenance, handling NAPL drums, and replenishing of
expendables (e.g. filters).

1.2 PHYSICAL INSPECTIONS AND GENERAL MAINTENANCE

Maintenance of the SVE system will include physical inspections of the process piping,
equipment components located in the system shed, and external equipment.

The physical inspections will include:

Inspection of the physical integrity of the wells and wellheads.

Inspection of the physical integrity of the interior and exterior piping and manifolds.
Inspection of the physical integrity of vessels.

Inspection of relief devices.

Inspection of rotating equipment.

Inspection of the physical integrity of the ThermOx stack(s).

Identification of visible leaks of water or oil from equipment.

Measurement of total VOC concentrations within the equipment shed (via LEL 701),
indicating a potential leak inside the shed.

9. Signs of piping degradation (via chemical reaction, corrosion, or heat related stresses).
10. Monitoring of heat/temperature within the equipment shed.

NN R WD =

In addition to the physical inspections above, general system maintenance includes (but is not
limited to):

1. Site safety checks (i.e., condition of eyewash station, fire extinguishers, first aid kit, etc.).
2. General manufacturer’s recommended maintenance on blowers/pumps, etc.

The above inspection items are included on the System Maintenance Checklist (Appendix A).
Copies of these forms will be kept up to date and stored in a dedicated binder within the system
shed. Copies of this form will also be submitted to the Project Engineer per Section 2.5 and
5.3.2 of this manual.

7.2.1 PROCEDURES FOR BREAKING INTO PIPING AND EQUIPMENT

In the event that process air/vapor or liquid piping needs to be disassembled or cut into for
repairs, or equipment needs to be accessed, the following procedures will be used. (These
procedures do not apply to routine connection/disconnection of flexible process piping or other
transfer hoses). In all instances, breaking into piping and equipment will require a controlled
system shutdown (Appendix A) and that appropriate Lock-Out/Tag-Out procedures presented in
the HASP are followed.
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Air/Vapor Process:

Wellfield Manifolds: If breaking into wellfield manifolds, first open the cleanout fittings at the
terminus of each of the manifold lines to be repaired by removing the threaded plug. Next, close
all wellhead valves connected to the manifold that is being repaired. Allow fresh air to flush
vapors from the manifolds for several minutes. Monitor the vapor concentrations in the manifold
line using a PID until concentrations are less than 1 ppmv (measured at the appropriate sampling
ports SP 101, SP 201, and SP 301). Shut down the system being repaired, and use appropriate
Lock-Out/Tag-Out procedures prior to conducting pipe repair operations.

Process Equipment in the Equipment Shed: If breaking into process equipment downstream
of air-inlet dilution valves on the SVE system (i.e., downstream of GV 101, GV 201, and/or GV
301), first open the appropriate air-inlet dilution valve of the system being repaired. Next, close
the main valve for the wellfield (GV 001), as appropriate. Operate the blower(s) for several
minutes to allow fresh air to flush through the process equipment/piping. Monitor the vapor
concentrations in the line using a PID until concentrations are less than 1 ppmv (measured at the
appropriate sampling ports SP 102, SP 202, and/or SP 302). Shut down the system being
repaired, and use appropriate Lock-Out/Tag-Out procedures prior to conducting pipe repair
operations.

Water/NAPL Process: It is highly unlikely that water process piping will need servicing since
all water piping inside the equipment shed is made of steel. The only items that may require
periodic service are:

1. Transfer pumps (TP 101, TP 201, TP 301, TP 701, TP 702). Transfer pumps will have
union fittings and isolation valves upstream and downstream of the pumps to allow
maintenance.

2. Bag Particulate Filter (BPF 701). BPF is equipped with isolation valves upstream and
downstream of the filter housing to allow maintenance. A manual drain valve is also
located on BPF 701.

3. Level Transmitters (LT 101, LT 201, LT 301, LT 701, and LS 702). These are accessed
through a removable cap on the air moisture separators, with the exception of LT 702 in
the NAPL Tank, which are accessible from the inside of the tank.

4. Flow Totalizers (FT 701).

To conduct maintenance on the above items:

1. Shut off the SVE system and follow proper Lock-Out/Tag-Out procedures.

2. Isolate the pump/equipment with the nearest upstream and downstream valves.

3. Drain equipment of free liquids using available drain ports. Capture liquids in
compatible buckets. During these processes, monitor breathing zone with a PID and use
the air monitoring action levels in the HASP (note that the action levels are also
presented in Section 6.5.2 of this manual). Water will be temporarily drummed during
maintenance, and added back into the system either upstream of the oil water separator or
into the air moisture separator once the system has been repaired. NAPL liquids may be
disposed of in the NAPL Storage Drum.
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Procedures for specific equipment:

0 The Oil Water Separator can be manually drained using its transfer pump
(TP 701), or if necessary, using the manual drain valve (MD 701).

0 The Air Moisture separators can be drained manually using their respective
transfer pumps (TP 101, TP 201, and TP 301). After liquids are removed, the
level sensors can be removed from the Air Moisture Separators by removing the
level sensor assembly fittings located at the top of the site tubes.

0 The Bag Particulate Filter can be manually drained using its manual drain valve.

0 The NAPL Tank (in OWS 701) can be drained using its transfer pump (TP 702).
Completely drain the NAPL Tank prior to accessing the interior of OWS 701.

After conducting the required maintenance, ensure that all valves are returned to their proper
operating status before restarting the system.

7.3 EQUIPMENT MAINTENANCE

Maintenance of equipment components will be conducted according to manufacturer’s
guidelines or when system performance dictates (e.g., decrease in pump performance below the
design criteria indicating impending pump failure, leaks, etc.).

In general, the equipment listed in the following subsections will require routine maintenance
and/or routine checking to ensure that the equipment is maintained in good working order. Other
equipment not listed below, such as the transfer pumps, the oil-water separator, instrumentation,
etc., will typically not require any specific maintenance unless there is a fault (such as a seal
failure, etc.). These will be dealt with on an as-needed basis.

Process monitoring data trends (as applicable) and physical inspections will be used to identify
and impending maintenance issues for all equipment not specifically listed below.

The general maintenance and inspection items are included on the System Maintenance
Checklist (Appendix A). Specific maintenance procedures for major equipment are discussed
in the following sections.

In all instances, equipment maintenance will require a controlled system shutdown
(Appendix A) and that appropriate HASP procedures (Lock-Out/Tag-Out and respiratory
protection) are followed.

7.3.1 SVE AND AI BLOWER MAINTENANCE

The manufacturer’s recommended maintenance schedules for the SVE/AI blowers are provided
in Appendix C. The following equipment is included:

1. SVE Blowers (PDB 101, PDB 201, PDB 301).
2. Air Injection Blowers (AC 901 and AC 1001).

Used oil will be disposed of in either the west shop or in the ACL maintenance building located
on the grounds of the facility.
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7.3.2 THERMOX MAINTENANCE

Refer to Intellishare’s Operation & Maintenance Guide in Appendix D for the maintenance
requirements of the ThermOx units.

The operational parameters will be downloaded on a monthly basis. The calibration of the LEL
meter on the inlet to the ThermOx will also be checked on a monthly basis.

7.3.3 AIR PARTICULATE FILTERS

Replacement of the elements within the Air Particulate Filters (APF 101, APF 201, and APF
301) is indicated by excessive head losses across the filter housings (indicated by the vacuum
gauge readings upstream and downstream of the filters). Refer to the manufacturers
specifications in Appendix C for maintenance information.

7.3.4 LIQUID GRANULAR ACTIVATED CARBON MAINTENANCE

Moisture generated by the SVE system will be treated via two 500 Ib activated carbon units
(LGAC 701 and LGAC 702) and discharged to the Plant sewer system under permit. Monthly
monitoring will consist of laboratory testing of water samples collected from ports located before
and after carbon treatment vessels LGAC 701 and LGAC 702, at the beginning of each calendar
month. Water samples will be collected and submitted to an off-site laboratory for analysis via
USEPA Method 8260B. The sample results will be used to verify compliance with the site water
discharge permit and to determine if the activated carbon has become saturated with respect to
any of the COCs presented in Section 2.0.

If the activated carbon becomes saturated with a COC, the spent media in the first vessel will be
replaced and sent off-site by Solutia Inc., for either regeneration or disposal. Replacement of the
activated carbon will consist of implementing a controlled shutdown of the SVE and ThermOx
units. The activated carbon will be removed by a dedicated vacuum truck for disposal or
regeneration by Solutia. The LGAC vessels will be refilled with a total of 500 pounds of virgin
activated carbon and the system restarted via the startup checklists presented in Appendix A.

7.3.5 BAG FILTER MAINTENANCE

Cleaning out (or replacement) of the filter within the Bag Filter (BPF 701) unit is indicated by
excessive headlosses across the filter housing (indicated by the pressure gauge readings upstream
and downstream of the filters) and/or flowrate reduction. Refer to the manufacturers
specifications in Appendix C for maintenance information.

7.3.6 CARBON FILTER VENTILATION SYSTEM MAINTENANCE

The passive vent system GAC drums will require replacement when VOCs breakthrough is
encountered at the discharge stack of the each unit. Once detectable vapor concentrations can be
measured, replace the carbon drum with a new drum, and properly dispose of the spent carbon
drum. The schedule for carbon filter maintenance is included on the System Maintenance
Checklist (Appendix A).
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7.4 DRUM AND SATELLITE WASTE ACCUMULATION INSPECTIONS

As discussed in Sections 3.1 and 3.4.1, NAPL will be manually pumped from the OWS 301
NAPL storage tank to a satellite waste accumulation area. The satellite waste accumulation area
has a 55-gallon steel drum equipped with secondary containment, for later off-site disposal by

Solutia. The drum will be inspected on a weekly basis to check for integrity, leaks, and proper
labeling.

Inspection Logs are provided in Appendix A of this OM&M Manual.
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8.0 TROUBLESHOOTING PROCEDURES

Due to the complexity of the system, a comprehensive troubleshooting procedure for every piece
of equipment cannot be provided. However, some of the more common and general system
faults are included in the below table. Refer to the manufacturer’s documentation for
information and troubleshooting procedures for a specific piece of equipment.

No. Problem Fault/Possible Actions

1. No power 1. Check main disconnects to ensure that system breakers have not
been thrown. Do not reactivate system until reason for breaker
fault is determined (motor failure, thermal overload, etc.).

2. Power outage, wait for power to return, and restart system.

2. High Vacuum /High 1. Check that inlet, outlet, or other in-line valves for the appropriate

Pressure Conditions in equipment are set properly.

Process 2. Assess possible change in subsurface conditions (high water table
elevations affecting SVE/AI wells).

3. Check in-line particulate filters for high headlosses (SVE) and
clean/replace filters if needed.

4. Check inlet air particulate filter (Al).
5. Check bag filter headlosses (clean filter if needed).
3. No/Low Flow 1. Check Item No. 2, Steps 1-5.
Conditions 2. Check blower or pump operation to ensure equipment is operating
properly (refer to manufacturer’s specifications).
4. Low Vacuum/Low 1. Check Item No. 3, Steps 1, 3, and 4.
Pressure Conditions in | 2. Ensure wellhead valves are properly set.
Wellfield 3. Check that PRV/VRV are not actuated.
5. High Pressure in 1. Check Item No. 3, Steps 1 and 2.
Wellfield 2. Ensure wellhead valves are properly set.
6. Vapor Breakthrough 1. Replace GAC vent unit.
Detected at Carbon
Vent Filtration Units
7. Vapor Discharge 1. Shut system down.

Concentration at 2. ThermOx not operating properly, or wellfield concentrations

ThermOx Higher Than exceeding capacity of unit. Refer to Intellishare’s Operation &

Permissible Levels Maintenance Guide in Appendix D for additional troubleshooting
procedures.

8. ThermOx Shutdown or | 1. SVE System shutdown, go to Item 9.

Cannot Restart 2. ThermOx faulted/alarm - refer to Intellishare’s Operation &
Maintenance Guide in Appendix D for additional troubleshooting
procedures.

9. SVE/AI Shutdown, or | 1. Refer to Table 3 for potential alarm conditions that would result in

Cannot Restart system shutdown, and take appropriate actions.

2. No power (refer to Item No. 1).
ThermOx is not turned on or faulted (refer to Item No. 8).

10. | Vapor 1. Refer to Section 6.5 of this manual for procedures.
Concentrations
Detected in
Equipment Shed
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No. | Problem Fault/Possible Actions

11. | Vapor or Liquid 1. Shut entire system down, or leaking piece of equipment as
Leaks in Process appropriate.

2. Conduct repairs as appropriate (follow appropriate health
and safety procedures discussed in Section 6.0 of this
manual).

12. | Transfer Pumps Not | 1. Check level sensors for proper operation/fouling.
Turning On/Off 2. Check transfer pumps for proper operation.
Automatically, 3. Check that inlet flowrates to tanks are not higher than
and/or Tanks capacity of discharge transfer pumps.

Overfilling.

©OXxDD
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9.0 OPERATING CONTINGENCY PLANS

It is required that the SVE system operates with minimal interruptions to achieve the objectives
of the SVE Work Plan.

SHUTDOWN RESPONSE: In the event of an unplanned shutdown (non-emergency), the
System Operator will be on call to respond Monday through Friday, during normal business
hours (8:00 a.m. to 5:00 p.m.).

Any shutdown will trigger the alarm beacon on the outside of the equipment shed. The routine
site patrols by Krummrich Security will be able to take note of a general alarm condition, and
visually identify any emergency issues (fire, smoke, major leaks in equipment, etc.).

In the event of an emergency situation, the system will be shut down per Section 5.6, by the
nearest qualified responder, if safe to do so. Major emergencies, such as fire, will require
immediate notification of Krummrich Emergency Response/Security.

9.1 POWER FAILURE

In the event of a power failure, the system will shut down and send an autodialer message. The
system will not restart automatically.

The System Operator will respond as soon as possible to ensure that downtime is minimal. Refer
the startup/re-start procedures in Section 5.0, and if needed, the troubleshooting procedures in
Section 8.0.

9.2 MANIFOLD PIPING FAILURE

In the unlikely event of a manifold piping failure (overpressure/bursting, chemical related failure,
cracking due to ultraviolet deterioration, or physical damage), there are a number of alarm
conditions (see Table 3) that will shut the system down and notify the System Operator. For
these conditions, the System Operator will respond as soon as possible to repair the piping, as
needed, and ensure that downtime is minimal.

The standard maintenance and inspection schedule will be used to identify and prevent failures in
the above specific portions of manifold piping. If damage or leaks are identified during the
inspections, then the manifolding will be replaced immediately.

9.3 BLOWER FAILURE

In the event of a blower failure, the system will shut down and send an autodialer message. The
System Operator will respond as soon as possible to ensure that down time is minimal. If the
blower requires repair, the appropriate manufacturer, or local service company, will be contacted
for expedited repair. Refer the startup/re-start procedures in Section 5.0, and if needed, the
troubleshooting procedures in Section 8.0.

94 DISCHARGE PERMIT NON-COMPLIANCE

In the event that the treated vapor discharge or water discharge from the system does not meet
the required specifications (per the applicable permits in Appendix G), the system will be shut

©
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down and troubleshooting procedures (Section 8.0) will commence. Frequent routine
monitoring of the various discharge streams, and evaluation of the trends in discharge
concentrations, will be performed to identify, as possible, any emerging issues with the treatment
processes (ThermOx and LGAC units) to avoid potential non-compliance scenarios.

9.5  LIQUID RELEASE/SPILLS

In the event of a minor water, liquid, or NAPL spill, a spill kit is located near the personnel door
of the equipment shed. Absorbent pads for minor clean-ups, or for use to absorb minor excess
liquids during maintenance activities, will also be available for use.

Use the required air monitoring protocols discussed in Section 6.5 of this manual (also in Section
7.0 of the Site HASP) when dealing with potentially contaminated liquids.

In the unlikely event of a major release, immediately contact Krummrich Emergency
Response/Security, then contact the XDD Project Manager.

©OXxDD
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TABLE 1

Project Contact Information

SVE Operation, Maintenance, and Monitoring Manual
W.G. Krummrich Facility, Sauget, Illinois

Revision 1.0: January 2012

SOLUTIA INC.

Company Name Function Office Mobile E-Mail
Krummrich EMERGENCY From Facility Phone, Dial Station 2000
RESPONSE From Mobile Phone, Dial 618-482-2000
Plant Dispatch (Anne Green) Dial 618-271-5835
Jerry Rinaldi Overall Project Manager 314-674-3312 314-306-4418 gmrina@solutia.com
Bill Johnson Big Mo SVE Project Manager 314-674-1161 314-452-2269 wgjohn@solutia.com

Tom Gartzke

Krummrich ESHS Lead

618-482-6353

618-980-9320

trgart@solutia.com

Brett Shank

Krummrich Environmental Specialist

618-482-6545

314-452-3510

bdshan@solutia.com

Dave Richardson

Krummrich Facilities/Services

618-482-6432

dhrich@solutia.com

Dennis Kuhl Krummrich CMR 618-482-6459 618-520-9819 dmkuhl@solutia.com
Ron Dill Krummrich CMR 618-978-3366 ridill3@solutia.com

John Schwable Krummrich CMR 618-520-0499 jcschwl@solutia.com
Jeff Hannah Krummrich Electrical Engineer 618-482-6554 618-973-3990 jthann@solutia.com

XDD (SVE Project Engineer)

Scott Crawford

Overall Project Manager

603-418-3104

603-321-6985

crawford@xdd-llc.com

Dennis Keane

Project Manager

603-418-3103

603-339-2793

keane@xdd-llc.com

Erin Stanisewski

Site management/engineer

603-418-3121

603-545-9793

white@xdd-llc.com

Curt Fahnestock

Operator

618-340-2229

curtfahnestock@yahoo.com

Rev. 1.0: January 2012
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TABLE 2

SVE Well and Vapor Probe Construction Details

SVE Operation, Maintenance, and Monitoring Manual

W.G. Krummrich Facility, Sauget, lllinois

Soil Geology* Shallow Interval Deep Interval
Well ID Date Installed SF/USS ISC LSS Bentonite Sand Filter Pack | Top of Screen ng?erglff Bentonite Sand Filter Pack | Top of Screen ng?erglff
(ft) () (ft) () () (ft bgs) () () (ft bgs)
SVE Wells

SVE-05 S/D
SVE-06 S/D**
SVE-07 D
SVE-08 D
SVE-09 S/D
SVE-10 S/D
SVE-11 S/D
SVE-12 S/D
SVE-13S
SVE-14 S/D
SVE-15 S/D
SVE-16 S/D
SVE-17 S/ID

SVE-20 S/D
SVE-21 S/D
SVE-22 S/D
SVE-23 S/D
SVE-24 SID
SVE-25 S/ID
SVE-26 S/ID
SVE-27 SID
SVE-28 S/D
SVE-29 S/D
SVE-30 S/D

SVE-33 S/ID
SVE-34 S/ID
SVE-35 S/D
SVE-36 S/D
SVE-37 S/ID
SVE-38 D
SVE-39 S/D
SVE-40 S/D
SVE-41 S/D
SVE-42 S/D
SVE-43 S/D

9/2/11
8/31/11
8/31/11

9/2/2011
8/31/2011
8/31/2011
8/30/2011

8/30/11
8/18/11
8/18/11
8/18/11
8/18/11
8/19/11

8/25/11
8/24-25/11
8/24/11
8/24/11
8/24/11
9/6/11
8/24/11
8/24-25/11
8/25/11
8/25/11
8/25/11

8/26/11
8/26/11
8/25/11
8/25/11
8/25/11
9/6/11

8/25/11
8/25/11

8/25-8/26

8/26/11
8/26/11

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

to
to
to
to
to
to
to
to
to
to
to

10.0
9.5
9.0
7.0
6.5
55
7.0
7.0
7.0
5.0

5.9
10.0
25
4.8
4.0
7.0
8.6
8.2

55
7.0

5.1
35
55
4.3
7.0
7.0
105
4.0

7.0
10.0
9.5
9.0
7.0

5.5
7.0
7.0
7.0
5.0

to
to
to
to
to
to
to
to

to
to
to
to
to
to
to
to
to
to

to
to
to
to
to
to
to
to
to
to

9.2
10.7
10.8
10.6

8.6
10.0
123
11.3

105
9.5

12.2
9.5
10.0
8.0
13.9
9.7
15.0
8.0

105
11.0
10.0
11.0
115

10.0
10.0
11.0
10.5
11.0

11.6

9.2
10.7
10.8
10.6

8.6
10.0
12.3
11.3

5.0

55

105
9.5

12.2
9.5
10.0
8.0
13.9
9.7

8.0

10.5
11.0
10.0
11.0
115
6.5
10.0
10.0
11.0
10.5
11.0

to
to
to
to
to
to
to
to
to

to

to
to
to
to
to
to
to
to

to

to
to
to
to
to
to
to
to
to
to
to

15.0

15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0

6.0

15.0
15.0

15.0
15.0
15.0
15.0
15.0
15.0

15.0

15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0

3.0 to
15 to
25 to
25 to
15 to
15 to
15 to
25 to
25 to
2.5 to

15 to
25 to
15 to
15 to
15 to
25 to
15 to
15 to
15 to
25 to
15 to

25 to
35 1o
25 to
25 to
15 to
15 to
25 to
25 to
25 to
1.5 to

35
3.5
25
25
2.5
3.5
35
3.5

25
3.5
2.5
25
25
3.5
2.5
25
25
3.5
2.5

3.5
4.5
3.5
35
25

25
35
3.5
3.5
2.5

4.0 to 6.5

25 to 7.0
35 to 8.0
25 to 7.0
25 to 7.0
25 to 5.0
35 to 6.0
25 to 7.0
25 to 8.0
25 to 8.0
35 to 8.0
2.5 to 7.0

35 to 7.0
45 to 8.0
35 to 8.0
35 to 8.0
25 to 7.0

25 to 5.0
35 to 8.0
35 to 8.0
35 to 7.0
25 to 5.0

A A WW WD DA

WA WwWw W wWWwwsw

w b s

[XIF NN

o o o g0 U oo O

N 0 00O o 0NN 0N

~N 0 0 o N

U N 0 00 U

9.5

9.5
9.5
9.5
9.5
9.5
9.5
6.0
9.5
9.5
9.5
9.5

9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5

9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5

to
to
to
to
to
to
to
to
to
to
to
to

to
to
to
to
to
to
to
to
to
to
to

to
to
to
to
to
to
to
to
to
to
to

105

10.5
105
105
10.5
105
105
15.0
10.5
10.5
105
10.5

105
105
10.5
10.5
105
105
10.5
10.5
105
105
10.5

105
10.5
10.5
105
105
10.5
105
105
105
10.5
10.5

10.5

10.5
10.5
10.5
10.5
10.5
10.5

10.5
10.5
105
10.5

105
10.5
10.5
10.5
105
10.5
10.5
10.5
10.5
10.5
10.5

10.5
10.5
10.5
105
10.5
10.5
10.5
105
10.5
10.5
10.5

to
to
to
to
to
to
to
to
to
to

to
to
to
to
to
to
to
to
to
to
to

to
to
to
to
to
to
to
to
to
to
to

15.0

15.0
15.0
15.0
15.0
15.0
15.0

15.0
15.0
15.0
15.0

15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0

15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0

11

11
11
11
11
11
11

11
11
11
11

11
11
11
11
11
11
11
11
11
11
11

11
11
11
11
11
11
11
11
11
11
11

SVE-46 S/ID 8/30/11 00 to 90 - 90 to 15025 to 35|35 to 70 4 7 95 to 105[105 to 150 11 15
SVE-47 SID 8/30/11 00 to 50|50 to 90|90 to 150|15 to 25|25 t© 60 3 6 95 0 105|105 to 150 11 15
SVE-48 S/D 8/30/11 0.0 to 701 7.0 to 102|102 to 150| 15 to 25| 25 to 6.0 3 6 9.5 to 105|105 to 150 11 15
SVE-49 S/ID 8/30/11 00 to 60|60 to 105[/105 to 150| 25 to 35|35 to 80 4 8 95 to 105|105 to 150 11 15
SVE-50 S/D 8/26/11 0.0 to 65 | 65 to 95 | 95 to 15.0| 25 to 35 | 35 to 7.0 4 7 9.5 to 105|105 to 150 11 15

SVE-51 D 9/6/11 00 to 28|28 to 70|70 to 150 - - - - 95 0 105|105 to 150 11 15
SVE-52 S/ID 9/6/11 00 to 60|60 to 70 - 25 to 35|35 to 60 4 6 95 to 105|105 to 150 11 15
SVE-53 S/D 8/30/11 00 to 40|40 to 97|97 to 150|15 to 25|25 to 6.0 3 6 95 to 105|105 to 150 11 15
SVE-54 S/D 8/30/11 00 to 55|55 to 9494 to 150|115 to 25|25 to 70 3 7 95 to 105|105 to 150 11 15
SVE-55 S/ID 8/30/11 00 to 58|58 to 70 - 15 to 25|25 to 70 3 7 95 0 105|105 to 150 11 15
SVE-56 SID 8/30/11 00 to 75|75 to 81|81 to 150|15 to 25|25 to 70 3 7 95 to 105|105 to 150 11 15
SVE-57 SID 8/30/11 00 to 85|85 to 102 - 15 to 25|25 to 70 3 7 95 to 105|105 to 150 11 15

| svesssp | o711 |oo to 74| 74 |85 t 150|25 to 35|35 © go| 4 | 8 |95 t 105(105 © 0| u | 15 |

SVE-59 S/ID 9/7/111 00 to 63 - 63 to 150|130 to 40|40 t 75 45 75 95 0 105|105 to 150 11 15
SVE-60 S/D 9/7/11 0.0 to 6.0 | 6.0 to 85 | 85 to 15.0] 25 to 35 | 35 to 7.0 4 7 9.5 to 105|105 to 15.0 11 15
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TABLE 2

SVE Well and Vapor Probe Construction Details
SVE Operation, Maintenance, and Monitoring Manual
W.G. Krummrich Facility, Sauget, lllinois

Soil Geology* Shallow Interval Deep Interval
Well ID Date Installed SF/USS ISC LSS Bentonite Sand Filter Pack | Top of Screen ng?erglff Bentonite Sand Filter Pack | Top of Screen ng?ergl?f
(ft) (3] () () () (ft bgs) () () (ft bgs)
SVE Wells (continued)
SVE-61 S/D 8/30/11 0.0 to 48 | 4.8 to 104|104 to 150| 15 to 25| 25 to 7.0 3 7 9.5 to 105|105 to 150 11 15
SVE-62 S/D 8/30/11 00 to 49149 to 91|91 to 150]15 to 25|25 to 70 3 7 95 to 105[105 to 150 11 15
SVE-63 S/ID 9/6/11 00 to 50|50 to 60110 to 150| 25 to 35|35 to 6.0 4 6 95 0 105|105 to 150 11 15
SVE-64 SID 9/7/111 00 to 65|65 to 80|80 to 150|25 to 35|35 t 7.0 4 7 95 to 105|105 to 150 11 15
SVE-65 S/D 9/6/11 0.0 to 125(125 to 140(140 to 150]| 35 to 45 | 45 to 8.0 5 8 9.5 to 105|105 to 150 11 15
SVE-66 S/D 8/31/11 00 to 70|70 to 130|130 to 150] 25 to 35|35 to 80 4 8 95 to 105[105 to 150 11 15
SVE-69 S/D 9/8/11 00 to 45|45 to 74|74 to 150|25 to 35|35 to 6.0 4 6 95 to 105|105 to 150 11 15
SVE-70 S/D 9/8/11 0.0 to 45 | 45 to 101|101 to 150| 25 to 35 | 35 to 7.0 4 7 9.5 to 105|105 to 150 11 15
SVE-71 SID 9/9/11 00 to 30 - 130 to 150| 25 to 35|35 t 7.0 4 7 95 0 105|105 to 150 11 15
SVE-72 SID 9/7/111 00 to 70|70 to 80|80 to 15030 to 40|40 t 65 45 6.5 95 to 105|105 to 150 11 15
SVE-73 SID 9/7/111 00 to 57|57 to 90|90 to 15030 to 40|40 to 55 45 55 95 to 105|105 to 150 11 15
SVE-74D 9/7/11 00 to 74|74 to 100[100 to 150 . - - - 95 to 105|105 to 150 11 15
SVE-75D 9/9/11 00 to 35|35 to 105|105 to 150 - - - - 95 to 105|105 to 150 11 15
SVE-76 D 9/8/11 00 to 85 - 85 to 150 - - - - 95 to 105|105 to 150 11 15
SVE-77D 9/8/11 00 to 10.0 - 100 to 15.0 - - - - 95 to 105|105 to 150 11 15

SVE79sD | 9811 |00 to 2424 10 1001100 © 150/25 1t 35/35 t 70| 4 | 7 |95 © 105105 1 150

svesisp | 9811 00 to 6060 to 1001100 © 15025 t 35/35 to_ 70 85 10 105[105 10 150
svesasp | 9811 | - |60 0 108/108 © 150]30 © 40|40 © 75 95 1 105[105 10 150

SVE-85 S/D 9/8/11 0.0 to 20| 2.0 to 117|117 to 150| 15 to 25 | 25 to 6.0 3 6 9.5 to 105|105 to 15.0 11 15
Vapor Probes
VP-01 S/ID 9/2/11 0.0 to 79179 to 115|115 to 150] 3.0 to 4.0 | 4.0 to 6.0 4.5 5.5 6.0 to 125|125 to 150 13 15
VP-02 S/D 8/22/11 00 to 82|82 to 100[/100 to 150]| 30 to 40|40 to 70 45 6.5 70 to 125|125 to 150 13 15
VP-04 S/ID 8/22/11 00 to 36|36 to 92|92 to 150|25 to 35|35 o 65 4 6 65 to 125[125 to 150 13 15
VP-05 S/D 8/22/11 00 to 72|72 to 113|113 to 150| 30 to 40|40 to 70 45 6.5 70 to 125[125 to 150 13 15
VP-06 S/D 8/23/11 0.0 to 8.0 | 80 to 10.0(100 to 150| 25 to 35 | 35 to 6.5 4 6 6.5 to 125(125 to 150 13 15
VP-07 S/ID 8/23/11 00 to 55|55 to 62|62 to 150|35 to 45|45 to 75 5 7 75 to 125|125 to 150 13 15
VP-08 S/D 8/23/11 00 to 46|46 to 9494 to 150|30 to 40|40 to 70 45 6.5 70 to 125[125 to 150 13 15
VP-09 S/D 8/23/11 0.0 to 56 | 5.6 to 95 | 95 to 150]) 25 to 35| 35 to 6.5 4 6 6.5 to 125(125 to 150 13 15
VP-10 S/D 8/24/11 0.0 to 50 | 5.0 to 9.0 [ 9.0 to 150]| 25 to 35| 35 to 6.5 4 6 6.5 to 125(125 to 150 13 15
VP-11 S/D 8/23/11 0.0 to 6.0 | 6.0 to 95 | 95 to 15.0] 3.0 to 4.0 | 40 to 7.0 4.5 6.5 7.0 to 125[125 to 150 13 15
VP-12 S/D 9/7/11 - 35 to 4.5 4.5 to 75 5 7 7.5 to 125|125 to 15.0 13 15
VP-13 S/D 9/8/11 0.0 to 6.0 | 6.0 to 7.0 | 7.0 to 150] 35 to 45 | 45 to 7.5 5 7 7.5 to 125[125 to 150 13 15

SF/USS = sandy fill/upper silty sand
ISC = intermediate silty clay
LSS = lower silty sand

ft bgs = feet below ground surface
* Soil geology is an estimate and is based on level of recovery
** Shallow and deep wells not installed due to presence of active loading dock in the immediate area.

Notes:

1. Vapor probe screens include 1 ft screen and 1 ft sump

= wells/vapor probes completed above grade

[ = wells/vapor probes completed below grade

2. Carbon steel risers installed to 6 inches above ground surface, except for below grade wells
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TABLE 3
System Alarm Schedule

SVE Operation, Maintenance, and Monitoring Manual
W.G. Krummrich Facility, Sauget, lllinois

Revision 1.0: January 2012

Type System Data Notes Description Function
Flow sensor, indicates minimumino air flow (alarm Allow blower PDB 101 operation when activated. Shall have ~30 second delay to allow PDB 101 to
FS 101 (1] [2] [3] [4] ' condition) get up to speed. PDB 101, AC 901 and AC 1001 shut down/alarm condition in the event of low/no flow
detection.
Flow sensor, indicates minimumino air flow (alarm Allow blower PDB 201 operation when activated. Shall have ~30 second delay to allow PDB 201 to
FS 201 (1] [2] [3] [4] ' condition) get up to speed. PDB 201, AC 901 and AC 1001 shut down/alarm condition in the event of low/no flow
detection.
Flow sensor, indicates minimum/no air flow (alarm Allow blower PDB 301 operation when activated. Shall have ~30 second delay to allow PDB 301 to
FS 301 (1] [2] [3] [4] ' condition) get up to speed. PDB 301, AC 901, and AC 1001 shut down/alarm condition in the event of low/no
flow detection.
LS 101 (1] [2] [4] [5] Alr moisture separator AMS 10»1_h|gh, high level Shut down PDB 101 and provide alarm notification when LS 101 gets wet.
sensor (alarm condition)
LS 102 Air moisture separator AMS 101 high level sensor Activate transfer pump TP 101 when LS 102 gets wet.
LS 103 Air moisture separator AMS 101 low level sensor Shut off transfer pump TP 101 when LS 103 becomes dry.
LS 201 (1] [2] [4] [5] Alr moisture separator AMS 20»1_h|gh, high level Shut down PDB 201 and provide alarm notification when LS 201 gets wet.
sensor (alarm condition)
LS 202 Air moisture separator AMS 201 high level sensor Activate transfer pump TP 201 when LS 202 gets wet.
LS 203 Air moisture separator AMS 201 low level sensor Shut off transfer pump TP 201 when LS 203 becomes dry.
LS 301 (1] [2] [4] [5] Alr moisture separator AMS 30»1_h|gh, high level Shut down PDB 301 and provide alarm notification when LS 301 gets wet.
sensor (alarm condition)
LS 302 Air moisture separator AMS 301 high level sensor Activate transfer pump TP 301 when LS 302 gets wet.
LS 303 Air moisture separator AMS 301 low level sensor Shut off transfer pump TP 301 when LS 303 becomes dry.
Oil Water Separator OWS 701 high, high level Shut down PDB 101, PDB 201, PDB 301 AC 901, and 1001 and provide alarm notification when LS
LS 701 [1][2] [4] [5]
sensor (alarm condition) 701 gets wet.
Digital Inputs SVE LS 702 Oil Water Separator OWS 701 high level sensor Activate transfer pump TP 701 when LS 702 gets wet.
LS 703 Oil Water Separator OWS 701 low level sensor Shut off transfer pump TO 701 when LS 703 becomes dry.
LS 704 {11121 (41 (5] Oil Water Separator NAPL Tank NT 701 high, high Shut down PDB 101, PDB 201, PDB 301, AC 901, AC 1001 and ThermOx and provide alarm
level sensor (alarm condition) notification when LS 704 gets wet (at 90% full).
LS 705 Oil Water Separator N:e:';;a"k NT 701 high level Indicates the NAPL Tank NT 701 is 70% full.
PDB 101 [1] [2] [4] [6] [10] Blower PDB 101 overload (motor fault) PDB 101 shut down/alarm notification in the event of motor overload (motor fault) detection.
PDB 101 [21[71[9] Blower PDB 101 operation PDB 101 on/off
PDB 201 [1] [2] [4] [6] [11] Blower PDB 301 overload (motor fault) PDB 201 shut down/alarm notification in the event of motor overload (motor fault) detection.
PDB 201 [21[71[9] Blower PDB 201 operation PDB 201 on/off
PDB 301 [1] [2] [4] [6] [12] Blower PDB 301 overload (motor fault) PDB 301 shut down/alarm notification in the event of motor overload (motor fault) detection.
PDB 301 [21[71[9] Blower PDB 301 operation PDB 301 on/off
PS/PT 401 [11[2] (41 (5] [30] Pressure switch/pressure transmitter, set at 14 psi |Shut down PDB 101, PDB 201, PBD 301, AC 901, AC 1001, TP 101, TP 201, TP 301, TP701, TP 702,
(alarm condition, also an analog input) TP 703 when activated, and alarm notification in the event of high pressure detection.
Pressure switch/pressure transmitter, set at 1 psi Shut down PDB 101, PDB 201, PBD 301, AC 901, AC 1001, TP 101, TP 201, TP 301, TP701, TP 702,
PS/PT 701 [1] [5] [30] pré ! P TP 703, TP 801 and AS 801 when activated, and alarm notification in the event of high pressure
(alarm condition, also an analog input)
detection.
TP 101 [1][4] [gz[]ligé]le] 7] Transfer pump TP 101 overload (motor fault) TP 101 and PDB 101 shut down/alarm notification in the event of motor overload (motor fault)

detection.
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TABLE 3
System Alarm Schedule

SVE Operation, Maintenance, and Monitoring Manual
W.G. Krummrich Facility, Sauget, lllinois

Revision 1.0: January 2012

Type System Data Notes Description Function
TP 201 [1] [4] [7] [14] [18] [19] Transfer pump TP 201 overload (motor fault) TP 201 and PDB 201 shut down/alarm notl;f:i:gggnln the event of motor overload (motor fault)
TP 301 [1] [4] [7] [15] [20] [21] Transfer pump TP 301 overload (motor fault) TP 301 and PDB 301 shut down/alarm notmcathn in the event of motor overload (motor fault)
[22] [23] detection.
SVE
TP 701 121 (7] [24] (251 Transfer pump TP 701 overload (motor faul) TP 701, PDB 101, PDB 201, PDB 301, AC 901, and AC 1001 shut down/alarm notification in the
event of motor overload (motor fault) detection.
P 702 121 (7] [24] (251 Transfer pump TP 702 overload (motor faul) TP 702, PDB 101, PDB 201, PDB 301, AC 901, and AC 1001 shut down/alarm notification in the
event of motor overload (motor fault) detection.
FS 901 [11126] Flow sensor, indicates minimum/no air flow (alarm | Allow air compressor AC 901 operation when activated. Shall have ~30 second delay to allow AC 901
condition) to get up to speed. AC 901 shut down/alarm notification in the event of low/no flow detection.
FS 1001 [11126] Flow sensor, indicates minimum/no air flow (alarm | Allow air compressor AC 1001 operation when activated. Shall have ~30 second delay to allow AC
condition) 1001 to get up to speed. AC 1001 shut down/alarm notification in the event of low/no flow detection.
AC 901 [1] [27] [28] Air compressor AC 901 overload (motor fault) AC 901 shut down/alarm notification in the event of motor overload (motor fault) detection.
Air Injection
AC 901 [21[71[9] Compressor AC 901 operation AC 901 on/off
Digital Inputs
AC 1001 [1] [27] [29] Air compressor AC 1001 overload (motor fault) AC 1001 shut down/alarm notification in the event of motor overload (motor fault) detection.
AC 1001 [21[71[9] Compressor AC 1001 operation AC 1001 on/off
Pressure switch/pressure transmitter, set at 16 psi,
PS/PT 2001 [1][30] or compressor pressure capacity (alarm condition, AC 901 and AC 1001 shut down/alarm notification in the event of high pressure detection.
also analog input)
. - . . Shut down entire system and provide alarm notification in the event of building high temperature
BulldmgATlaerr:ﬂperalure [1][5] [32] BulI(ilgghh'\:g:\all:mpsg:x:IeDrS‘W;tl(;f;/l;ra\lsgnI\llnerijts)e\ a shutdown/shutoff condition. Alarm conditions for the high temperature alarm will need to be manually
' 9 inp! reset before the entire system can restart. Thermostat to be adjustable between 0-150° F.
Manual emergency stop power interruption (alarm Shut down entire system and provide alarm notification in the event of interior/exterior emergency stop
Emergency Stop gency corl\)d:jlion) P activation and send alarm notification. Alarm will need to be manually reset, and emergency stop
deactivated, before the entire system can restart.
General General Power Failure Power failurefinterruption (alarm condiition) Shut down entire system and provide a\_arm _notmcatlon in th<=T event of power failure/interruption, send
alarm notification when power is restored.
General ThermOx Alarm condition/signal from thermal oxidizer Shut down entire system and provide alarm notification in the event of thermal oxidizer ThermOx
[1] [3] [5] [31] 9 shutdown/shutoff conditions. Alarm conditions for the general thermal oxidizer ThermOx alarm will
Alarm - Therm 501 ThermOx control panel
need to be manually reset before the entire system can restart.
Shut down entire system and provide alarm notification in the event of building/container high % LEL
9 9
LEL 701 [1] [5] [32] High 9 LEL switch/% L.EL transmitter, set at 10 % shutdown/shutoff condition. Alarm conditions for the high % LEL alarm will need to be manually reset
LEL (alarm condition, also analog input)
before the entire system can restart.
PDB 101 [71[33] [34] [35] Blower PDB 101 permissive operation PDB 101 permissive on/off
PDB 101 [31] [36] [37] Blower PDB 101 operation and alarm shut down PDB 101 on/off
PDB 201 [7][33] [34] [35] Blower PDB 201 permissive operation PDB 201 permissive on/off
PDB 201 [31] [36] [37] Blower PDB 201 operation and alarm shut down PDB 201 on/off
PDB 301 (71 [33] [34] [35] Blower PDB 301 permissive operation PDB 301 permissive on/off
Digital Outputs SVE PDB 301 [31] (36] [37] Blower PDB 301 operation and alarm shut down PDB 301 on/off

TP 101, TP 201, TP
301, TP 701, TP 702

[71[33] [34]

Transfer pumps TP 101, TP 201, TP 301, TP 701,
TP 702 permissive operation

TP 101, TP 201, TP 301, TP 701, TP 702 permissive on/off

System Alarm
Notification

System alarm notification to auto dialer/security
system/remote telemetry system

In the event of any system alarm condition, provide alarm notification to autodialer/security
system/remote telemetry system.

System Operational

Status

System operational status to remote telemetry

system

Under normal operating conditions, provide system operation status (on/off) to remote telemetry
system.
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LEL (alarm condition, also analog input)

Type System Data Notes Description Function
TP 101, TP 201, TP Transfer pump TP 101, TP 201, TP 301, TP 701,
e 301, TP 701, TP 702 [B1136] TP 702 operation and alarm shut down TP 101, TP 201, TP 301, TP 701, TP 702 on/off
TP 702 [8] Transfer pump TP 702;xzraﬂon and alarm shut Manual operation of Transfer Pump TP 702 with on/off switch
AC 901 (71 [33] [34] [35] Air Compressor AC 901 permissive operation AC 901 permissive on/off
Digital Outputs 8 8
AC 901 [2] [4] [31] [36] [37] [40] | Air Compressor AC 901 operation and alarm shut AC 901 on/off
. . [41] down
Air Injection
AC 1001 [71[33] [34] [35] Air Compressor AC 1001 permissive operation AC 1001 permissive on/off
AC 1001 [2] [4] [31] [36] [37] [40] |Air Compressor AC 1001 operation and alarm shut AC 1001 on/off
[41] down
FIA 401 [38] Analog air flow rate indicator Provide SVE system air flow rate data to remote telemetry system
FT 701 [38] Analog liquid totalizing flow meter Provide discharge water flow rate/totalizer reading to the remote telemetry system.
HM 101 [38] [39] Total run time/hour meter Provide blower PDB 101 total run time/hour data to remote telemetry system.
HM 102 [38] [39] Total run time/hour meter Provide AMS 101 transfer pump TP 101 total run time/hour data to remote telemetry system.
HM 201 [38] [39] Total run time/hour meter Provide blower PDB 201 total run time/hour data to remote telemetry system.
HM 202 [38] [39] Total run time/hour meter Provide AMS 201 transfer pump TP 201 total run time/hour data to remote telemetry system.
HM 301 [38] [39] Total run time/hour meter Provide blower PDB 201 total run time/hour data to remote telemetry system.
HM 302 [38] [39] Total run time/hour meter Provide AMS 301 transfer pump TP 301 total run time/hour data to remote telemetry system.
LEL 701 138] High % LEL switch/% LEL transmitter, set at 10 % | Provide %LEL data to telemetry system. Also shut down PDB 101, PDB 201, PDB 301, AC 901, AC
LEL (alarm condition, also analog input) 1001, and ThermOx when activated, and alarm notification in the event of high %LEL detection.
SVE HM 701 [38] [39] Total run time/hour meter Provide oil water separator transfer pump TP 701 total run time/hour data to remote telemetry system.
HM 702 38 [39] Total run time/hour meter Provide oil water separator NAPL tank transfer pump TP 702 total run time/hour data to remote
telemetry system.
Pressure switch/pressure transmitter, set at 16 psi | Provide combined SVE discharge pressure data to telemetry system. Also shut down PDB 101, PDB
PS/PT 401 [1] [5] [30] [38] or blower pressure capacity (analog input, also an | 201, PDB 301, AC 901, AC 1001, and ThermOx when activated, and alarm notification in the event of
alarm condition) high pressure detection.
Pressure switch/pressure transmitter, set at 30 psi | Provide combined SVE water discharge pressure data to telemetry system. Also shut down PDB 101,
Analog PS/PT 701 [1] [5] [30] [38] or LGAC pressure capacity (analog input, also an PDB 201, PDB 301, AC 901, AC 1001 and ThermOx when activated, and alarm notification in the
Inputs/Outputs alarm condition) event of high pressure detection.
Analog vacuum indicator and switch - set b/w 0  [Provide PDB 101 line vacuum data to remote telemetry system. Also shut down PDB 101, and provide
VIA 101 [1] [5] [38] " " P N
and 2" Hg (also an alarm condition) alarm notification in the event of low/no vacuum detection.
Analog vacuum indicator and switch - set b/w 0  |Provide PDB 201 line vacuum data to remote telemetry system. Also shut down PDB 201, and provide
VIA 201 [1][5] [38] "
and 2" Hg (also an alarm condition) alarm notification in the event of low/no vacuum detection.
Analog vacuum indicator and switch - set b/w 0 [Provide PDB 301 line vacuum data to remote telemetry system. Also shut down PDB 301, and provide
VIA 301 [1] [5] [38] " " P N
and 2" Hg (also an alarm condition) alarm notification in the event of low/no vacuum detection.
FIA 2001 38] Analog air flow rate indicator Provide Air Injection system total air flow rate data to remote telemetry system.
HM 901 [38] Total run time/hour meter Provide air compressor AC 901 total run time/hour data to remote telemetry system.
HM 1001 38] Total run time/hour meter Provide air compressor AC 1001 total run time/hour data to remote telemetry system.
Pressure switch/pressure transmitter, set at 16 psi Provide air compressor AC 901 and AC 1001 (Al system) discharge pressure data to telemetry
Air Injection PS/PT 2001 [1] [5] [30] [38] or AC pressure capacity (analog input, also an system. Also shut down AC 901 and AC 1001 when activated, and alarm notification in the event of
alarm condition) high pressure detection.
TIA 901 [1]5] (38] Analog temperature indicator and switch - set at Provide air compressor AC 901 discharge temperature data to remote telemetry system. Also shut
140° F (also an alarm condition) down AC 901 and provide alarm notification in the event of high temperature detection.
TIA 1001 [1]5] (38] Analog temperature indicator and switch - set at Provide air p AC 1001 p ire data to remote telemetry system. Also shut
140° F (also an alarm condition) down AC 1001 and provide alarm notification in the event of high temperature detection.
9 9
General LEL 701 28] High % LEL switch/% LEL transmitter, set at 10 % | Provide %LEL data to telemetry system. Also shut down PDB 101, PDB 201, PDB 301, AC 901, AC

1001, and ThermOx when activated, and alarm notification in the event of high %LEL detection.
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Design Notes:

[1] Reset for all the alarm conditions will be located on the control panel.

[2] Air compressors AC 901 and AC 1001 will operate continually with no alarm conditions present. Under normal operating mode (on "AUTQ"), air compressors AC 901 and AC 1001 will only operate if two or more PDBs (PDB 101, PDB 201,
PDB 301) are operating. Under normal operating mode, any shutdown/shutoff condition or more of the PDB's will shut down AC 901 and AC 1001.

[3] Alarm condition for FS 101, FS 201, and FS 301 will need to be manually reset before PDB 101, PDB 201, PDB 301, AC 901, AC 1001 and the ThermOx can restart.

[4] If PDB 101, 201, and 301 switch is in "HAND" or "AUTO" position, any shutdown/shutoff condition of any two PDBs (PDB 101, PDB 201, PDB 301) will shut down AC 901 and AC 1001, if AC 901 and AC 1001 are in "AUTO" position.
[5] Alarm conditions for the general building temperature alarm, thermal oxidizer ThermOx alarm, LEL 701, LS 101, LS 201, LS 301, LS 701, LS 707, PS 301, PS/PT 401, PS/PT 701, PS/PT 2001, VIA 101, VIA 201, VIA 301, TIA 901, TIA 1001
will need to be manually reset before PDB 101, PDB 201, PDB 301 AC 901 and AC 1001 and ThermOx can restart.

[6] Alarm condition for PDB 101, PDB 201, and PDB 301 overload will need to be manually reset before PDB 101, PDB 201, PDB 301, AC 901, AC 100 and ThermOx can restart.

(7] PDB 101, PDB 201, PDB 301, AC 901, AC 1001, TP 101, TP 201, TP 301, and TP 701 shall be controlled with HOA (Hand/Off/Auto) switches.

[8] TP 702 will only run under manual operation, and will be controlled with an On/Off switch.

[9] If PDB 101, PDB 201, and PDB 301 switch is in "OFF" position, AC 901 and AC 1001 will operate in "HAND" position, not in "AUTO" position.

[10] If PDB 101 switch is in "HAND" or "AUTO" position, PDB 101 overload shutdown condition will shut down PDB 101.

[11] If PDB 201 switch is in "HAND" or "AUTO" position, PDB 201 overload shutdown condition will shut down PDB 201.

[12] If PDB 301 switch is in "HAND" or "AUTO" position, PDB 301 overload shutdown condition will shut down PDB 301.

[13] Alarm condition for TP 101 overload will need to be manually reset before TP 101 and PDB 101 can restart.

[14] Alarm condition for TP 201 overload will need to be manually reset before TP 201 and PDB 201 can restart.

[15] Alarm condition for TP 301 overload will need to be manually reset before TP 301 and PDB 301 can restart.

[16] If TP 101 switch is in "HAND" or "AUTO" position, TP 101 overload shutdown condition will shut down PDB 101.

[17] 1f TP 101 switch is in "OFF" position, PDB 101 will operate in "HAND" position, not in "AUTO" position.

[18] If TP 201 switch is in "HAND" or "AUTO" position, TP 201 overload shutdown condition will shut down PDB 201.

[19] If TP 201 switch is in "OFF" position, PDB 201 will operate in "HAND" position, not in "AUTO" position.

[20] If TP 301 switch is in "HAND" or "AUTO" position, TP 301 overload shutdown condition will shut down PDB 301.

[21] If TP 301 switch is in "OFF" position, PDB 301 will operate in "HAND" position, not in "AUTO" position.

[22] If TP 101, TP 201, and TP 301 switches are in "OFF" position, PDB 101, PDB 201, PDB 301, AC 901, AC 1001, TP 101, TP 201, TP 301, and thermal oxidizer ThermOx will operate in "HAND" position, not in "AUTO" position.

[23] If any two transfer pump (TP 101, TP 201, TP 301) switches are in "HAND" or "AUTO" position, an overload shutdown condition (from any two TP's) will shut down the corresponding PDB's, AC 901 and AC 1001, if they are in "AUTO"
position.

[24] If TP 701 and TP 702 switches are in "HAND" or "AUTO" position, TP 701, and TP 702 overload shutdown conditions will shut down PDB 101, PDB 201, PDB 301, AC 901, AC 1001, and ThermOx respectively, if they are in "AUTO" position.

[25] If TP 701 switch is in "OFF" position, PDB 101, PDB 201, PDB 301, AC 901, AC 1001, TP 101, TP 201, TP 301, and thermal oxidizer ThermOx will operate in "HAND" position, not in "AUTO" position.

[26] Alarm condition for FS 901, FS 1001 will need to be manually reset before AC 901 and AC 1001 can restart.

[27] Alarm conditions for AC 901 and AC 1001 overload will need to be manually reset before AC 901 and AC 1001 can restart.

[28] If AC 901 switch is in "HAND" or "AUTO" position, AC 901 overload shutdown condition will shut down AC 901.

[29] If AC 1001 switch is in "HAND" or "AUTO" position, AC 1001 overload shutdown condition will shut down AC 1001.

[30] Alarm condition for PS/PT 401, PS/PT 701, and PS/PT 2001 will need to be manually reset before PDB 101, PDB 201, PDB 301, AC 901, AC 1001 and thermal oxidizer ThermOx can restart.

[31] The General alarm condition for thermal oxidizer TOX 501 will need to be manually reset before the entire system (both the SVE and Al systems) can restart. Also, under normal operating mode (on "AUTO"), the entire system will only
operate if thermal oxidizer ThermOx is operating.

[32] The General alarm condition for thigh % LEL and the building temperature alarm will need to be manually reset before the entire system (both the SVE and Al systems) can restart. Also, under normal operating mode (on "AUTQ"), the entire
system will only operate if the LEL meter/transmitter is reading <10% LEL, and the building temperature alarm is reading <120° F.

[33] The General alarm condition for thermal oxidizer TOX 501 will need to be manually reset before the entire system (both the SVE and Al systems) can restart. Also, under normal operating mode (on "AUTO"), the entire system will only
operate if thermal oxidizer ThermOx is operating.

[34] When TP 101 or TP 201, TP 301, TP 701, TP 702, PDB 101, PDB 201, PDB 301, AC 901, AC 1001 switch is in "OFF" position, the corresponding motor will remain off.

[35] When PDB 101, PDB 201 and PDB 301 switches are in "AUTO" position, operation of AC 901 or AC 1001 will start PDB 101, PDB 201, and PDB 301, unless PDB 101, PDB 201, or PDB 301 is shut down due to any alarm condition that
requires manual reset.

[36] On power up with no active alarms and all HOA switches in "AUTO" position.

[37] Shut down of AC 901 and AC 1001 (Al system), will not shut down PDB 101, PDB 201, and PDB 301 (SVE system).

[38] All analog data signals will be sent to the remote telemetry system through the control panel.

[39] Total run time/hour meter can either be an analog device or a digital input signal (to PLC) to provide/calculate motor run time in hours for remote telemetry system.

[40] AC 901 and AC 1001 will only operate if two or more PDBs (PDB 101, PDB 201, PDB 301) are operating.

[41] Shutdown of AC 901 will not shutdown AC 1001, and vice versa.

General Notes:

Refer to Figure D-1 for the SVE system process equipment details.

Refer to Figure D-2 for the Air Injection (Al) system process equipment details.

All system controls are to be housed in one or two control panels.

Indicator lights on the control panel shall indicate all alarm conditions.

All alarm conditions/system shutdown events and analog inputs/outputs are to be logged via the remote telemetry system. The logging frequency/interval for the analog inputs/outputs is to be determined.

arONE

General Control Logic:

1. The SVE and Al systems will have independent system skids interlocked with each other, as specified in this table.

2. The Al system will be interlocked with the SVE system and will not operate without the SVE system operating. Under normal operating mode, any shutdown/shutoff condition of the SVE will shut down the Al system. Under normal operating
mode, shutdown of the Al system will not shutdown the SVE system.

3. The Al and SVE system will include liquid-phase granular activated carbon (LGAC) for treatment of moisture generated by the SVE system and a Thermal Oxidation unit to be located near the exterior of the equipment container will treat the
vapor stream.

4. The entire system (both the SVE and the Al systems) will be interlocked with the thermal oxidizer and will not operate without the thermal oxidizer operating. Under normal op mode, any sht witoff condition of the thermal
oxidizer will shut down the entire system. Also, the Thermal Oxidizer will not operate for more than 30 minutes without at least one of the SVE blowers operating. Shut down of all three SVE blowers, simultaneously, will shut down the Thermal
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TABLE 4
System Monitoring Schedule

SVE Operation, Maintenance, and Monitoring Manual
W.G. Krummrich Facility, Sauget, IL

Revision 1.0: May 2012

- . . . Measurement Analytical
Frequency Task Description Media Sampling Location Type Samples per Event Method
Air/vapor flow, pressure, vacuum, Vapor Process equipment NA NA
temperature
Flow meters and
Process Monitoring Extracted perched water/condensate Water Process equipment | Pressure, vacuum & NA NA
volume temperature gauges
Total vapor extraction flowrate Vapor Process equipment NA NA
. . . Per Permit,
Water permit compliance Water Post-treatment Laboratory analysis 1 see Table 5
2>
:E Compliance Monitoring ~ |Air permit compliance Vapor Post-treatment Laboratory analysis 1 TO-15
o
= - -
To confirm treatment effectiveness Vapor Pre- & post Field measurement 1 PID
treatment
. X X Vapor Field measurement 1 PID
. . Combined SVE stream prior to the air .
Air Treatment Sampling N Process equipment
treatment unit .
Vapor Laboratory analysis 2 TO-15
Water Level Monitoring  [Collection of Water Levels Groundwater BSA-MW-1S Field measurement 1 NA
Vapor extraction rates at individual Vapor SVE wells Field measurement All active SVE wells NA
SVE wells
Vacuum at individual SVE wells Vapor SVE wells Field measurement All active SVE wells NA
M Air injection rates at individual wells Vapor SVE wells Field measurement All active SVE wells NA
]
% Performance Monitoring
=3
© Pressure at individual air injection wells Vapor SVE wells Field measurement All active SVE wells NA
Vacuum/pressure atvapor Vapor Vapor probes/points | Field measurement All vapor probes NA
probes/points
Soil vapor samples Vapor SVE Wells and Field measurement All active SVE wells PID
Vapor Probes
% - . SVE Wells and . "
*;‘ Performance Monitoring |Soil vapor samples Vapor Vapor Probes Laboratory analysis 13 TO-15
S
s
< " . Soil sampling via direct push . : 4
Soil Sampling technology for laboratory analysis Soil TBD Laboratory analysis 30 8260B
Notes:
* = Quarterly event is inclusive of monthly event
** = Annual event is inclusive of quarterly and monthly events
* = Minimum number of samples. Actual number may vary depending upon operational configuration of the wellfield (shallow versus deep operation)
NA - not applicable
PID - photoionization detector
TBD - to be determined
TO-15 - U.S. EPA Method TO-15 for VOC analysis
8260b - U.S. EPA Method 8260B for VOC analysis
Rev. 1.0: May 2012 Page 1of 1 XDD, LLC




TABLE 5

Compliance Monitoring Schedule
SVE/AI Operation, Maintenance, and Monitoring Manual
W.G. Krummrich Facility, Sauget, IL

Revision 1.0: January 2012

No. Task Frequency Sampling Dates Notes
Total emissions shall not exceed 2.4 LBs/Hour, or 10.4
Air Treatment Compliance Tons/Year (7.9 Tons/Year for a single compound).
1 Monitoring Monthly Last Monday of the Month Contaminant destruction of 85% required by ThermOXx.
Quatrterly reporting required, see Permit in Appendix G.
2 Water Tregt;:sgltin%omphance Monthly Last Monday of the Month See Permit in Appendix G for requirements.

Rev. 1.0: January 2012
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TABLE 6

Maintenance Schedule

SVE/AI Operation, Maintenance, and Monitoring Manual

W.G. Krummrich Facility, Sauget, IL
Revision 1.0: January 2012

No. Task Frequency Start Date End Date Estimated No. Required Checklists
of Events

1 Initial Shakedown At initial startup Jan-06-2012 Jan-20-2012 - System Maintenance Checklist, Appendix A

2 Routine Site Checks (Initial Month) Weekly Jan-23-2012 Feb-24-2012 5 System Maintenance Checklist, Appendix A

3 Routine Site Checks (Ongoing) Monthly Feb-27-2012 2016 NA System Maintenance Checklist, Appendix A
Notes:
NA = not applicable

Page 1 of 1
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System Startup/Shutdown Procedures and
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SVE/AI System, Big Mo SVE Treatment System
W.G. Krummrich Facility, Sauget, IL

Pre-Start Checklists

Date Completed:
Operator Name (print)
Operator Signature

SVE/AI System and ThermOx Pre-Start Checklist

Step Task Check
(X)
1. Fully close the main manifold valves to the wellfield (GV 001).
2. Fully open the manual dilution valves (GV 101, GV 201, and GV 301) on the SVE blowers.
3. Fully open the Al blower bleed off valve (GV 901, GV 1001).
4, Start up both ThermOx units (refer to the Intellishare ThermOx Operations & Maintenance Guide in
Appendix D). Follow the Intellishare Pre-Start Checklist for all pre-start up safety and operation
checks.
5. Ensure the main process vapor inlet valve on each ThermOx inlet is fully open.
6. Start the SVE blower system(s) to be tested.
7. Turn the Hand/Off/Auto (HOA) switch to the "manual" position.
8. Briefly turn on the SVE/AI blowers and confirm proper rotation of the electrical motors.
9. Briefly turn on the water/product pumps and confirm proper rotation of the electrical motors.
10. Follow the Intellishare Pre-Start Checklist and confirm the proper rotation of each ThermOx unit
motor.
11. Pressure Release Valve Test on SVE System:
Conduct the following on the each of the three SVE systems independently.
Manually close BV 001. With PDB 101 operating slowly close BV 101 on the ThermOx unit while
observing the pressure at which the pressure relief valves (PRV 101 set at 1.9 psig) release. Continue
process with PDB 201 and PDB 301.
12. Pressure Release Valve Test on Al System:
Temporarily deactivate PS/PT 2001. Slowly close the bleed off valve (GV 901) until the pressure
relief valve (PRV 901) releases (set point at 16 psig). Follow same procedure for GV 1001 and PRV
1001.

13. Vacuum Relief Valve Tests on SVE System:
Conduct the following on each of the three SVE systems independently.
Close Ball Valve on the inlet while Ball Valve 101 is open. Slowly close the ambient air inlet valves
(GV 101) while observing the vacuum at which the vacuum relief valves (VRV 101, set at 16 in. Hg)
release. Continue Process for line containing PDB 201 and PDB 301.

14. Complete Alarm-Trigger-Response Checklist to confirm proper PLC/control functions.
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SVE/AI System, Big Mo SVE Treatment System
W.G. Krummrich Facility, Sauget, IL

ThermOXx Pre-Start Checklist

Step Task Check
(X)
1. Start up each ThermOx unit (refer to the Intellishare ThermOx Operations & Maintenance Guide in
Appendix D). Follow the Intellishare Pre-Start Checklist for all pre-start up safety and operation
checks.
Notes:
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Big Mo SVE Treatment System
W.G. Krummrich Facility, Sauget, IL

Alarm-Trigger-Response Checklist

Date Completed:
Operator Name (print)
Operator Signature

SVE System Blowers (PDB 101/201/301)

Step Task Check
(X)
1. | VIA101 or 201 or 301 Low/No Vacuum — Shut down PDB 101/201/301, respectively
2. | FS101 or 201 or 301 Low/No Flow (30 second delay on start of PDB 101/201/301) — Shut down PDB
101/201/301, respectively
3. PDB 101 or 201 or 301 HOA “Off” — Shut down PDB 101/201/301, respectively
4, PDB 101 or 201 or 301 — Motor thermal overload — Shut down PDB 101/201/301 respectively
5. If two blowers (PDB 101 or 201 or 301) shutdown for any alarm condition, then shutdown AC 901 and
AC1001
6. | TP 101 or 201 or 301 — Motor thermal overload — Shut down, TP 101/201/301 respectively, and PDB
101/201/301 respectively
7. | TP 701 or 702 — Motor thermal overload — Shut down TP 701 or 702, and PDB 101/201/301, and AC
901/1001
8. | PS/PT 401 High Pressure (set at 14 pisg) — Shut down PDB 101/201/301, AC 901/1001 and TP
201/301/701/702/703
9. | FIA 401 - Shut down PDB 101/201/301 and AC 901/1001
10. | TIA 001 — Shut down PDB 101/201/301 and AC 901/1001
Notes
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Big Mo SVE Treatment System
W.G. Krummrich Facility, Sauget, IL

Air Injection Blowers (AC 901/1001)

Step Task Check
(X)

1. | TIA901/1001 High Temperature (set at 200 Deg. F) — Shut down AC 901/1001

2. | PS/PT 2001 High Pressure (set at 16 psig) — Shut down AC 901/1001

3. FS 901 or 1001 — No/Low Flow (30 second delay on start of AC 901/1001) — Shut down AC 901/1001,
respectively

4. | AC901 or 1001 — Motor Thermal Overload — Shut down AC 901/1001 respectively

d

AC 901 or 1001 HOA “Off” — Shut down AC901/1001, respectively

6. FIA 401 — Shut down AC 901/1001

Notes:

Liquid Level Transmitters

Step Task Check
(X)

1. LT 101 or LT 201 or LT 301 Actuated — AMS 101/AMS 201/AMS 301 Level Alarm — Shut off PDB 101/PDB
201/PDB 301/AC 901/AC 1001

2. LT 701 Actuated — OWS 701 Level Alarm — Shut off PDB 101/PDB 201/PDB 301/AC 901/AC 1001

3. LT 704 Actuated — NT 701 High, High Alarm — Shut down PDB 101/PDB 201/PDB 301, AC 901/AC 1001,
ThermOx 501/ThermOx 601

Notes:
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Big Mo SVE Treatment System
W.G. Krummrich Facility, Sauget, IL

System Interlocks

Step Task Check
(X)
1. | TP 301 - OWS 701 Transfer Pump, Motor Thermal Overload — Shut down PDB 101, AC 901, AC 1001,
ThermOx, TP 101, TP 201, TP 301
2. | PS/PT 701 High Pressure (set at 1 psig) — Shut down PDB 101/201/301, AC 901/1001, TP
201/301/701/702/703/801 and AS 801
3. | Interlock — SVE (PDB 101/201/301) ready/no-alarms to enable ThermOx startup
4. Interlock — ThermOx 501 or 601 must be ready/no alarms to enable SVE (PDB 101) startup
5. Interlock — ThermOx 501 or 601 alarm — Shut down entire system, do not allow restart until ThermOx
501/601 ready signal, respectively
6. Interlock — Power Failure — Do not restart system automatically after power restored (manual restart)
7. Interlock — Emergency Stop (Manual) — Shutdown entire system, manual system reset, emergency stop
switch deactivation required
8. | TSH 801 — Building high temperature (set at 120°F) — Shut down entire system, manual system reset
required
9. LEL 701 High %LEL (set at 10% LEL) — Shut down entire system, manual system reset required
Notes:

Refer to Table 3 of OM&M for a complete description of all controls/alarms and other PLC program details
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SVE/AI System, Big Mo SVE Treatment System
W.G. Krummrich Facility, Sauget, IL

ThermOx Start-Up Procedure

Date Completed:
Operator Name (print)

Operator Signature

Step Task Check
(X)

Fully close the main manifold valves to the wellfield (GV 001).

Fully open the manual dilution valves (GV 101, GV 201, and GV 301) on the SVE blowers.

Close the SVE process inlet valve on each ThermOx unit.

Open the air-inlet dilution valve on each ThermOx unit.

b Bl Bl

Start up both ThermOx units (refer to the Intellishare ThermOx Operations & Maintenance Guide in
Appendix D)
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SVE/AI System, Big Mo SVE Treatment System
W.G. Krummrich Facility, Sauget, IL

SVE System Start-Up Procedure

Date Completed:
Operator Name (print)
Operator Signature

Step Task Check
(X)
1. Start up both ThermOx units (refer to the Intellishare ThermOx Operations & Maintenance Guide in
Appendix D)
2. Fully close the main manifold valves to the wellfield (GV 101, GV 102, and GV 201).
3. Fully open the manual dilution valves (GV 101, GV 201, GV 301) on the SVE blowers.
4, Open the SVE process inlet valve on each ThermOx unit.
5. Use the HOA switch in “Auto” mode to start the SVE blower(s).
6. Confirm Wellhead valve configuration/confirm proper valve settings for the individual SVE wells.
7. Slowly close the air-inlet dilution valve on each ThermOx unit (per the Intellishare ThermOx
Operations & Maintenance Guide in Appendix D).
8. Slowly open the main manifold valve (GV 001).
9. Slowly close the air-inlet dilution valves (GV 101, GV 201, and GV 301)* on the SVE system. Monitor
the operating conditions of both ThermOx units closely during this process (per the Intellishare
ThermOx Operations & Maintenance Guide in Appendix D).
* It may not be possible to fully close the air-inlet dilution valve depending on the configuration of the
SVE system(s)
Notes:
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SVE/AI System, Big Mo SVE Treatment System
W.G. Krummrich Facility, Sauget, IL

Al Start-Up Procedure

Date Completed:
Operator Name (print)

Operator Signature

Step Task Check
(X)

Fully open the Al blower bleed off valves (GV 901 and GV 1001).

Ensure that the well inlet valve (GV 2001) is fully open.

Ensure that all Al wellhead valves to be operated are fully opened (first time start up only).

Use the HOA switch in “Auto” mode to start the Al blower.

Slowly close the bleed off valves (GV 901 and GV 1001) to begin air injection into wellfield.

QR |WINIE

Adjust well field inlet valve (GV 2001) as needed to achieve the desired total injection rate/pressure
to the manifold.
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SVE/AI System, Big Mo SVE Treatment System
W.G. Krummrich Facility, Sauget, IL

Standard Shut-Down Procedures

Date Completed:
Operator Name (print)
Operator Signature

Step Task Check
(X)
1. Slowly open the air-inlet dilution valve on each ThermOx unit to compensate for reduced air flow
when the SVE blowers are shut off. (This step is not required if only shutting off the Al system).
2. Shut off the SVE/AI process equipment by using the associated HOA switches. Be aware that during
this process, the air flow and vacuums/pressure will change which may affect the operating status of
each ThermOx unit (refer to step 1 above).
3. Shut down each ThermOx unit (refer to the Intellishare ThermOx Operations & Maintenance Guide
in Appendix D)
4. Shut off the main water discharge line from the process equipment (BV 720) if the system will be off
for an extended period of time.
Notes:
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SVE/AI System, Big Mo SVE Treatment System
W.G. Krummrich Facility, Sauget, IL

Emergency Shut-Down Procedures

Date Completed:

Operator Name (print)
Operator Signature

ThermOx Emergency Shut-Down

Step Task Check
(X)
1. Press the SYSTEM STOP button on ThermOx Control Panel.
2. Close the supply valve for the natural gas fuel source (if safe to do so).
3. Refer to the Intellishare ThermOx Operations & Maintenance Guide in Appendix D for additional
information on system shut down procedures.
SVE/AI Emergency Shut-Down
Step Task Check
(X)
1. Press the EMERGENCY STOP button located within the equipment container or by shutting the
system off at the SVE/AI control panel.
2. A signal should automatically be sent to shut off each ThermOx unit.
3. Close the natural gas fuel inlet valve on each ThermOx unit and the main natural gas supply valve
located at the supply line manifolds.
Natural Gas Supply Tanks Shut Off
Step Task Check
(X)
1. If a leak is detected, and only if safe to do so, close the main supply valve at the natural gas supply
line manifold.
2. Each ThermOx unit will shut down automatically.
3. The SVE/AI system will shut down automatically.
Notes
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SVE/AI System, Big Mo SVE Treatment System
W.G. Krummrich Facility, Sauget, IL

System Maintenance Checklist

Date Completed:
Operator Name (print)
Operator Signature

GENERAL SAFETY PROCEDURES BEFORE CONDUCTING SITE OPERATIONS:

L .

Always check-in/sign-in with the facility upon arrival, mid-shift, and upon leaving the site.

Facility will supply a two-way radio with a “man-down” signal button.

Use required Personal Protective Equipment (PPE) per Site HASP.

Monitor breathing zone with a PID (per Section 6.0 of this OM&M Manual, and the Site HASP), before entering
the system equipment container per the Site HASP.

An eye-wash station is located on the inside of the personnel door of the equipment shed, ensure it is operable
before conducting site maintenance operations (see checklist below).

Before performing equipment maintenance, power down the appropriate equipment. Use proper Lock-
Out/Tag-Out procedures, per the Site HASP, that are appropriate for the task.

Monitor breathing zone with a PID during maintenance procedures that may result in vapor release (e.g., NAPL
pump repair, air or bag filter element replacement, repair/replacement of manifold piping, cleaning level
sensors, etc.), and follow appropriate action levels (per Section 6.0 of this OM&M Manual, and the Site HASP).
Ensure personnel vehicle is equipped with an ABC fire extinguisher, of proper size (per Solutia requirements). A
dedicated fire extinguisher is also mounted on the inside of the personnel door (do not remove).

Ensure that a personal first aid kit is available, and is fully equipped and non-expired.

Maintenance Safety Checklist

Item Task Frequency | Check
(X)

1. Read LEL of ambient air in equipment trailer with LEL meter (located on exterior Daily
control panel). Confirm non-detect, or follow action levels/response procedures
provided in Section 6.0 of this manual, and the Site HASP.

ENTER PID MEASUREMENT: (ppmv).

2. Check condition of eyewash station per mfg’s specifications, and ensure saline Once per
solution is full, and not expired (fill out log sheet to be kept with eye wash station). Site visit
Refill solution as needed.

3. Check condition of fire extinguishers, and record on inspection tags (use supplied Per Mfg.
inspection tags, or use inspection forms in Appendix A of the Site HASP). Req.
Replace/recharge immediately if required.

4. Check condition of first aid kits (use inspection forms in Appendix A of the Site HASP). Per Mfg.

Replace immediately if required. Req.
Notes:
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SVE/AI System, Big Mo SVE Treatment System
W.G. Krummrich Facility, Sauget, IL

Date Completed:
Operator Name (print)
Operator Signature

Monthly Maintenance Checklist

Item Task Issue?

(N/Y)

1. Complete Safety Checklist (above)

Physical Inspections: Check for signs of physical damage, chemical reaction/corrosion, discoloring, heat related stress,
deformation, or leaks, etc. for the following equipment. Indicate “no issues” (N), or “issues/damage observed” (Y), and
describe issue in detail below in the notes section.

1. Wellheads and wellhead instrumentation (valves, sample ports)
2. Field manifold piping systems
3. VOC concentrations within equipment shed (via LEL701)
4. Temperature inside equipment shed
5. Process piping inside equipment shed
6. Relief devices (e.g. pressure and vacuum relief valves)
7. Rotating equipment (e.g. motors and belts)
8. External piping/flex hose connecting ThermOx.
9. Integrity of ThermOx and NAPL drum/secondary containment.
10. Integrity of ThermOx exhaust stacks
11. Process instrumentation (leaks, damage, check that digital readouts operable, etc.)
12. Excessive heat in the equipment container, exhaust fan operating (thermostatically controlled).
13. (During cold weather only) heater operational
14. Signs of leaks (vapor, liquid drips, puddles, or staining on piping/floors)
15. Signs of piping degradation (via chemical reaction, corrosion or heat-related stress)
16. Discharge water line to sanitary sewer, and pipe road protector condition
17. (Enter other by Sys. Op.)
Notes:

Mechanical Inspections: Check process monitoring data and perform equipment specific maintenance as per the
manufacturers’ recommendations. Visual inspection required for all monthly checks. Check off that inspection was
performed, and indicate (Y) yes or (N) no if maintenance is required and performed. Describe the steps taken in the

notes section.
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SVE/AI System, Big Mo SVE Treatment System
W.G. Krummrich Facility, Sauget, IL

Item Task Frequency Check
(X)/(Y/N)

1. Complete Process Monitoring Log (Appendix A of OM&M Manual) Monthly

2. SVE Blower (PDB 101/201/301) — check process monitoring data (TI 101/201/301, VI | Monthly
101/201/301, FM 101/201/301) to ensure operating within normal range. Check /
HM 101/201/301 for run time and perform mfg’s recommended maintenance if
required.

3. Air Injection Blower (AC 901, AC 1001) — check process monitoring data (TIA Monthly
901/1001, P1 901/1001, FM 901/1001, TIA 901/1001, PI 901/1001, FM 1002) to /Per Mfg. /
ensure operating within normal range. Check HM 901 and HM 1001 for run time Req.
and perform mfg’s recommended maintenance if required. Check AFS 901 and AFS
1001 for excessive head loss (at VI 901 and VI 1001), and perform mfg’s
recommended maintenance if required

4, Transfer Pump (TP 101, TP 201, and TP 301) - Check HM 101, HM 201, HM 301 for Monthly
run time and perform mfg’s recommended maintenance if required. /Per Mfg. /

Req.

5. Perform ThermOx maintenance per Intellishare’s Operation & Maintenance Guide in Per Mfg. /
Appendix D of this manual Req.

6. Air Particulate Filters (AF 101, APF 201, and APF 301) — check head loss across filter Per Mfg. /
(VI 102/103, V1 202/203, and VI 302/303) and perform mfg’s recommended Req.
maintenance if required.

7. Bag Filter 701 — check head loss across filter (PI 701/702)and perform mfg’s Per Mfg. /
recommended maintenance if required. Req.

8. Check for carbon vent unit breakthrough ( Enter PID Readings): Monthly /

PRV Unit OWS 701 Vent Unit
9. (Enter other by Sys. Op.) /
10. (Enter other by Sys. Op.) /
Other Maintenance Items:

1. Check regulator failure light and pressure indicators on natural gas lines of each Monthly

ThermOx unit
Notes:
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SVE/AI System, Big Mo SVE Treatment System
W.G. Krummrich Facility, Sauget, IL

NAPL Transfer Pump Operation Procedures

Date Completed:
Operator Name (print)
Operator Signature

IMPORTANT: Before transferring NAPL to the NAPL storage drum:

Level C respiratory protection (half- or full-face air purifying respirator) is required for NAPL transfer and when
connecting or disconnecting the NAPL transfer hose/vent line.

Prepare the NAPL Storage Drum and Transfer Hose for NAPL Transfer

Step Task Check
(X)
1. Prepare a new drum:
a. Remove the inlet bung on the NAPL storage drum.
b. Attach the cam-lock/ball valve assembly * to the inlet bung via the threaded (to be of all
steel) connections using Teflon tape.
2. Ready the chemical-compatible hose system (Transfer Hose) and inspect for leaks or signs of wear.
3. Connect one end of the Transfer Hose system to the 1-inch galvanized steel discharge pipe from the
NAPL product pump (TP702). The outlet of the discharge pipe (located to the right of the equipment
container personnel door) will be equipped with a cam-lock fitting.
4. Connect the other end of the Transfer Hose system to the cam-lock fitting assembly that is
connected to the NAPL storage drum inlet.
5. Ensure that the weight of the connected hose does not apply excessive strain to the fitting assembly
on the drum inlet.
This assembly remains attached to the NAPL drum until drum is full. The assembly will be fully
closed at all times unless actively filling the drum.
Connect the NAPL Storage Drum Ventilation System
Step Task Check
(X)
1. Remove the vent bung of the NAPL storage drum.
2. Connect the vent bung cam-lock fitting assembly to the NAPL storage drum using Teflon tape.
3. Connect the flexible vent piping system to the appropriate carbon vent unit. Note: the NAPL storage
drum will be vented in common with the vent for the Oil Water Separator unit using a tee fitting.
Prepare the NAPL Tank/Product Pump Valves for Transfer
Step Task Check
(X)
1. Confirm that the chemical transfer hose cam-lock/ball valve fittings are fully engaged on both ends.
2. Ensure the following process valves are fully opened:
a. BV 722/723 (outlet valve of NAPL Tank/inlet isolation valve on TP 702)
b. BV 724 (outlet isolation valve for TP 702)
c. BV 725 (final outlet valve for the discharge pipe prior to penetrating the container wall).
3. Note that the NAPL Tank in the Oil Water Separator has a maximum capacity of 14 gallons.
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SVE/AI System, Big Mo SVE Treatment System
W.G. Krummrich Facility, Sauget, IL

Prepare the NAPL Tank/Product Pump Valves for Transfer (continued)

Step Task Check
(X)

4. BEFORE turning on the NAPL product pump (TP 702) ensure that there is sufficient capacity in the
NAPL storage drum to receive the NAPL (maximum useable capacity of approximately 50 gallons). A
NAPL accumulation log will be kept with each drum to aid in this determination.

5. Gauge the product level and record the level on the NAPL accumulation log.

6. Avoid overfilling. Ensure at least 3 inches of unfilled head space remain in the drum.

Begin NAPL Product Transfer

Step Task Check
(X)

Use the “Hand/Off” (HO) switch in manual or “Hand-Operated” mode to operate the product pump.

Listen for signs of the pump running dry, as there is no automatic shut off for TP 702.

When the NAPL tank is drained/pump begins to run dry, immediately turn off TP 702.

bl Bl Bl

Close BV 722/723, BV 724/725.

Disconnect the Transfer Hose

Step Task Check
(X)
1. Allow the Transfer Hose to fully drain into the NAPL storage drum.
2. Close the ball valve, and disengage the cam-lock on the inlet end of the Transfer Hose.
3. Close the ball valve on the NAPL storage drum
4. Log the amount of product transferred on the System Operation Summary Form, Appendix A.
5. Replace the protective rain cover over the NAPL storage drum and secondary containment unit.

Disconnect the NAPL Storage Drum Ventilation System

Step Task Check
(X)
1. Close the ball valves located on each end of the ventilation hose.
2. Disconnect the flexible vent piping system using the cam-lock fittings

NAPL Drum Change-Out/Movement Procedures

Step Task Check
(X)
1. Once full, seal and label the drum.
2. Move the drum to the designated hazardous waste accumulation area.
3. Obtain a new drum from Solutia.
4. Visually inspect and prepare the drum for initial use.
5. Fill out the Weekly Drum Inspection Checklist (Appendix A)

Notes:

Page 2




Process Monitoring Log - SVE System Date: Time:
@XDD XDD, LLC, 22 Marin Way, Unit 3, Stratham, NH 03885 Page of

Tel: (603) 778-1100 Fax: (603) 778-2121 Personnel:

Combined Influent SVE Line

TIA
T . °
emp CF) 001
" \ " Vi " Vi
Vac ("Hg) 001 Vac Out ("Hg) 101 Vac In ("Hg) 103
FM Vac Out " VIA o Tl
Flow (cim) 001 (analoq) (Ha) 101 Temp. Out P 102
PID - VOCs (ppm) SP Temp. Out °F) T Flow (cfm) FM
001 101 102
FM - Pl
Flow (cfm) 101 Press Out (psi) 101
Press Out (psi) 1|(3)|2 Run Hours ((hours)
Run Hours (hours) HM
102
- Pl
P Out
Run Hours (hours) HM Vac Out ("Hg) Vac In ("Hg) Temp. °F) T
202 201 203 401
Vac Out VIA Tl ; Pl
"H T . Out ° P Out
I N G | v | o o] 0 | g o | o9 | g
- Pl o Tl FM FM
Press Out (psi) 202 Temp. Out °F) 201 Flow (cfm) 202 Flow (cfm) 201
Run Hours (hours) HM Flow (cfm) FM Press Out (psi) Pl Flow (analog) (&P) FIA
302 201 201 401
SP SP SP
PID - VOC PID - VOC: PID - VOC
s | (eem) s|  (ppm) 02 s | (oom) o1
Press BPF ] Pl
Inlet (psD 701
Press BPF ] Pl
Outlet (psD 702
Flow FT
I
Totalizer (@a) 701
HM
Run H h Vac Out "H Vac | "H
un Hours (hours) 701 B ac Ou ("Hg) 201 ac In ("Hg) 203
Water Sample Collected SP Vac Out - VIA o T
H T . Out
(YIN)2 701 (analog) CHo) 301 emp. out |(F) 302
Run Hours (hours) HM Temp. Out °F) Tl Flow (cfm) FM
702 301 302
Flow (cfm) ;;vll Press Out  [(psi) 3':)'1
SP SP
PID - VOC PID - VOC:
s |®pm) 201 s|(ppm) 202
Run Hours ((hours) HM
301
- Pl \l
P t Vac | "H
res ou (psi) 708 ac In ("Hog) 202
Water Sample Collected |SP Notes:
Y/N)? 702

. Pl
Pres out Si
(psi) 704
Water Sample Collected SP

(YIN)? 703




Process Monitoring Log - Al System
XDD, LLC, 22 Marin Way, Unit 3, Stratham, NH 03885

Tel: (603) 778-1100 Fax: (603) 778-2121

Al 901 Skid
Temp. In °F 921
Vac In (psi) 9\(/)I1
Temp. Out (°F) 922
Temp. Out o TIA
(analog) ) 901
Pres Out (psi) gF(;Il
Flow (cfm) 5(’)\1
Run Hours| (hours) ;g\gl_

Date: Time:
Page of
Personnel:
Al 1001 Skid
TI
0
Temp. In CF) 1001
. \Y|
Vac In (psi) 1001
TI
0
Temp. Out (°F) 1002
Temp. Out oF TIA
(analog) CR) 1001
. PI
Pres Out (psi) 1001
FM
Flow (cfm) 1001
HM
Run Hours| (hours) 901

Combined Effluent Al Line

o Tl
Temp. Out CF) 2001
Pres Out (psi) Pl
2001
Pres Out . PT
(anaog) (psD) 2001
FM
Flow (cfm) 2001
Flow FIA
(analog) (cfm) 2001

Notes:




SVE Performance Monitoring Log

©XDD XDD, LLC, 22 Marin Way, Unit 3, Stratham, NH 03885
Tel: (603) 778-1100 Fax: (603) 778-2121

Instructions: Monitor sample ports and fill in PID readings (in

SP SP
201 301

Date:
Page

Personnel:

Time:
of

mv) at time of collection of vapor sample for laboratory analysis

SP
101
1 1
| i o i i e s e s e e
SP
102
1 1
e m e e e e e mmmm === ==l | Dilution Air Open at GV 101, GV 201, and GV 301? (YIN)
1
1
i
____________________________________.}I
1
Flow Measurements (Enter Units ) 1
+
FM
PDB 101 Assembly Skid 101 ThermOx Effluent
. FM SP
PDB 201 Assembly Skid 201 501
FM Vapor Sample
PDB 301 Assembly Skid 301 Collected (Y/N)?
FM
Post Blower (PDB 101) 102
FM
Post Blower (PDB 201) 202
FM
Post Blower (PDB 301) 302
Combined PCB 101, PCB FM/FIA
201, and PCB 301 Effluent 401

Calibration Notes:

PID Instrument Model:

PID Cal. Gas/Conc.(ppmv):

PID Cal. Reading (ppmv):

Notes:




Well Field Monitoring Log
XDD, LLC, 22 Marin Way, Unit 3, Stratham, NH 03885
XDD

Tel: (603) 778-1100 Fax: (603) 778-2121

PID Instrument Model:

PID Cal. Gas / ppmv:

PID Cal. Reading (ppmv):

Date:
Page

Personnel:

Time:
of

Pressure / Vacuum Gauge Type/Model:

Flow Meter Type/Model:

Manifold ID PDB 101 PDB 201 PDB 301

Fombined effluen|  Enter Units  |NOt®S:

Flow Rate

Vacuum (- )/ Pressure (+)

PID

ppmv

Well or Vapor Flow Rate

Vacuum ( - )/ Pressure (+)

! Time
Point ID Value Enter Units

PID (ppmv)
Value Enter Units

Notes

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Notes:




i i (Cumulative Log - Leave Copy In Trailer)
Water / NAPL Monitoring Lo
@ >‘?.D EI:EXDDY LLC, 22 Marin Way, Unit 3, Stratham, NH 03885
-l

Tel: (603) 778-1100 Fax: (603) 778-2121

No.

Date

Time

Water Recovery Log

NAPL Recovery Log

Start Date:
Page

Personnel:

Time:
of

Totalizer P-er:gs;irn NAPL Tank Cumulative
Gall Effluent D Vol.

(Gallons) Time (Hours) uen rum Vo
FT 701 HM 701 (Est. Gal) (Est. Gal)

Notes:

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

Notes:




Water Level Monitoring LOg (Cumulative Log - Leave Copy In Trailer)

Start Date: Time:
@XDD XDD, LLC, 22 Marin Way, Unit 3, Stratham, NH 03885 Page of
Tel: (603) 778-1100 Fax: (603) 778-2121 Personnel:
Depth to water (ft bgs)
Date Time . . . . . . . Notes:
BSA-MW-1S Other: Other: Other: Other: Other: Other: Other:
Notes:

ft toc = feet below top of casing
*BSA-MW-01S (Figure 4A): screen interval = 19.68 - 24.68 ft below ground surface (ft bgs); casing elevation (NAVD 88) = 412.31 ft above
mean sea level (ft msl)




Satellite Accumulation Area Weekly Inspection LOg (cumuiative Log - Leave Copy In Trailer) Start Date: Time:
@XDD::D LLC, 22 Marin Wa.y. Unit 3, Stratham, NH 03885 Page. of
: (603) 778-1100 Fax: (603) 778-2121 Personnel:
Waste
Label Drum Compatible | <55 total
Inspection Label on Date on Complete and| Lid/Bung with gallons in | Inspected
Date Drum Label Legible? Secured? | Anyleaks? | Container? SAA By

Notes:

SAA = Satellite Accumulation Area

XDD, LLC



AIR SPARGING AND SOIL VAPOR EXTRACTION

EQUIPMENT SET POINTS
BIG MO SVE TREATMENT SYSTEM
W.G. KRUMMRICH FACILITY, SAUGET, IL

Adjustment Date/Value
Design Set
System Alarm Description Point Units
PS/PT401 Analog High Pressure Switch and Indicator 0.5| PSI
PS/PT701 Analog High Pressure Switch and Indicator 22| PSI
TIA001 Analog Influent High Temperature Switch and Indicator 32to 248 °F
VIA101
VIA201 Analog Low Vacuum Switch and Indicator 1{ "Hg
VIA301
PRV101
PRV201 Mechanical Pressure Relief VValve 1| PSI
PRV301
VRV101
VRV201 Mechanical Vacuum Relief VValve 17] "Hg
VRV301
PS/PT2001 Analog Low Pressure Switch and Indicator 1| psi
Analog High Pressure Switch and Indicator 8| psi
PRV901
Al Mechanical Pressure Relief VValve 9] bpsi
PRV1001
TIA 901
Analog High Temperature Switch and Indicator 140| °F
TIA 1001
TAL1 Low Operating Temperature Switch and Indicator 1400 °F
High Operating Temperature Switch and Indicator (Bypass 1600 °F
Thermal Oxidizers' ~ |TAH1 np LU (Bypass)
High Operating Temperature Switch and Indicator (HX) 1550 °F
ASH1 Lower Explosive Limit Meter 40%LEL
. LEL701 Lower Explosive Limit Meter 10%LEL
General Trailer
TSH801 Trailer Interior Temperature High Switch 120 °F

NOTES:

[N

ThermOx set points may only be modified in accordance with Intellishare’s OM&M plan and will likely be modified by Intellishare personnel during the addition of the catalyst and activation of the heat exchanger.
psi = pounds per square inch

"Hg = inches of mercury

"H20 = inches of water

°F = degrees Fahrenheit

HX = heat exchanger mode



Operations, Maintenance & Monitoring Manual
W. G. Krummrich Facility
Sauget, Illinois June 2012

APPENDIX B

Process and Instrumentation Diagrams (P&I1D) and
Drawings
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Pow4e8rolcpui. Pow]ezrolcpui. I Bonking Plate \‘ Sample Port W_ I
60 Hz 60 Hz ! BypassMode ————— | |
3 Phase | R Heat !
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Dwyer Model DS-300-6 Air Sparge & SVE Flow Element Specifications (FM-910 &
FM-1001; FM-102, FM-202 & FM-302)

Dwyer Model DS-300-8 Air Sparge, SVE & Vapor Discharge Manifold Flow Element
Specifications (FM-101, FM-201 & FM-301; FM-401; FM-2001)

Dwyer Series DS-300 Flow Element Installation & Operating Instructions

Dwyer Model MS-111-LCD Air Sparge Air Flow Transmitter Specifications (FM-2001)
Dwyer Model MS-131-LCD Soil Vapor Extraction System Discharge Manifold Air
Flow Transmitter Specifications (FM-401)

Dwyer Series MS Air Flow Transmitter Installation & Operating Instructions

Dwyer Model V4-2-U SVE & Air Sparge Flow Switch Specifications (FS-101, FS-201
& FS-301; FS-901 & FS-1001)

Dwyer Series V4 Flow Switch Installation & Operating Instructions

Dwyer Model DS-400-12 SVE Manifold Flow Element Specifications (FM-001)
Dwyer Series DS-400 Flow Element Installation & Operating Instructions

Istec Model 1810 Bag Filter Effluent, Water Flow Totalizer Specifications

Istec Series 1800 Flow Totalizer Installation Instructions

Delta P (IWC) vs. Flow Rate (SCFM) Graph - DS-400 - FM-001

Delta P (IWC) vs. Flow Rate (SCFM) Graph - DS-300 - FM-101, FM-201 & FM-301
Delta P (IWC) vs. Flow Rate (SCFM) Graph - DS-300 - FM-102, FM-202 & FM-302
Delta P (IWC) vs. Flow Rate (SCFM) Graph - DS-300 - FM-901 & FM-1001

Delta P (IWC) vs. Flow Rate (SCFM) Graph - DS-300 - FIA-401

Delta P (IWC) vs. Flow Rate (SCFM) Graph - DS-300 - FIA-2001

Sub Section 5D - Level Devices

Section

Vegaflex Model FX61 Moisture Separator, Oil Water Separator & Product Tank Level
Transmitter Product Information
Vegaflex Model FX61 Level Transmitter Operating Instructions

6 - Control Panel

Control Panel Schematics

Pfannenberg Filter Fan Installation & Operating Instructions

Pfannenberg Model FLZ 530 Thermostat Installation & Operating Instructions
Cutler-Hammer Series KD Circuit Breaker Installation Instructions

Ferraz Shawmut Surge Trap Installation & Maintenance Instructions
SymCom Motor Saver Model 460 Installation Instructions

Sola HD Series SDU Uninterruptible Power Systems Instruction Manual

ABB 24VDC Power Supply Operating & Installation Instructions
Allen-Bradley Overload Relay Application & Installation Bulletin

Johnson Controls A19 Series Thermostat Installation & Adjustment Instructions
Allen-Bradley Model 855 PS B10LE422, Strobe Light Indicator Specifications



Section

Section

Section

C-More Model EA Operator Interface Terminal Hardware User Manual
Allen-Bradley (Rockwell) Compact GuardLogix Controller User Manual
Sierra Wireless Raven X Wireless Modem Quick Start Guide

Sierra Wireless Raven X Wireless Modem User Guide

7 - Enclosure HVAC & Accessories

Killark Class 1, Division 2 Hazardous Location Light Specifications

Marley G Series Class 1, Division 2 Heater Installation & Operation Instructions
Dayton Class 1, Division 2, 20" Ventilation Fan Installation & Maintenance
Instructions

Grainger Model 6JEN2 Emergency Light Specifications

Safe T Net 100 LEL Monitor External Display Operator's Manual
Combustible Gas Diffusion Transmitter (65-5001) Operator's Manual

Net Safety Millennium Smoke Detector Specifications

Net Safety Air Particle Monitor (Infrared Smoke Detector) User Manual
Grainger Model 5KDGO Exterior Audio/Visual Indicator Specifications
Grainger Model 5KDG1 Exterior/Visual Indicator Back Box Specifications
Grainger Model 1N90O Interior Visual Indicator Specifications

Grainger Model 3WU54 Interior Audio Indicator Specifications

8 - System Drawings

Vapor Extraction & Air Injection System Process & Instrumentation Diagram (3
Sheets)
SVE / Air Injection System Shed Layout

9 — Warranty
Limitation of Warranty & Limitation of Remedy
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Section 1 - Soil Vapor Extraction System

Roots Model 711URAI Blower Specifications & Performance Curves

Roots Model 711URAI Blower Modeling

Roots Series URAI Blower Installation, Operation & Maintenance Instructions
Marathon Model E984B Motor Specifications

Marathon Motor Installation, Operation & Maintenance Manual

Belts & Sheaves Information

Stoddard Model D33H-6 Silencer Specifications

Stoddard Model F65V-8 Inlet Filter Specifications

Solberg Model FS-275P-600F Dilution Filter Specifications

Solberg Filter Silencers & Inlet Filters Maintenance Manual

Kunkle Model 215V-K01AQEO0006 Vacuum Relief Valve Specifications
Kunkle Model 0337-K10ANEOOO1 Pressure Relief Valve Specifications
Kunkle Relief Valve Installation & Operating Instructions

DelVal Model 52-080-111-E-1-L-0 8" Butterfly Valve Specifications

DelVal Model 52-080-111-E-1-L-0 6" Butterfly Valve Specifications

Delval Model 52-080-111-E-1-L-0 12" Butterfly Valve Specifications

DelVal Series 50/52 Butterfly Valve Installation, Operation & Maintenance Manual
US Valve Model 09-1-0 6" SVE Discharge Check Valve Specifications

US Valve Model 09-1-0 8" Moisture Separator Inlet Check Valve Specifications
US Valve Check Valve Installation & Maintenance Instructions

Moyno Model 35601 Transfer Pump Specifications

Moyno 331-367 O&M Manual

240 Gallon Moisture Separator Tank Dimensional Drawing

ACS Model 5CA Demister Modeling

ACS Demister Design Manual



SPECIFICATIONS

ROOTS" UniversaL RAI

Rotary PosITIvE BLOWERS
Frames 22 thru 718

BASIC BLOWER DESCRIPTION

Universal RAI® blowers are heavy-duty rotary blowers
designed with detachable rugged steel mounting feet

that permit easy, in-field adaptability to vertical or
horizontal installation requirements.

Because of the detachable mounting feet, these

units can be easily adapted to any of four drive shaft

positions: right, left, bottom, or top. The compact,
sturdy design is engineered for continuous service
when operated in accordance with speed and
pressure ratings.

The basic model consists of a cast iron casing,
carburized and ground alloy steel spur timing gears
secured to steel shafts with a taper mounting and
locknut, and cast iron involute impellers. Oversized

antifriction bearings are used, with a cylindrical roller
bearing at the drive shaft to withstand V-belt pull. The

Universal RAI® features splash oil lube on the gear
end and grease lube on the drive end. ROOTS’

— INLET & DISCHARGE CONNECTIONS.

exclusive “figure-eight” gearbox design improves
oil distribution to maximize gear and bearing life.
After testing, the unit is sprayed with a protective
paint, and boxed or skid mounted for delivery.

Available accessories include driver, relief valve,
inlet and discharge silencers, inlet filter, check
valve, extended base, V-belt or flexible coupling
and drive guards.

OPERATING PRINCIPLE

(‘; | <—P‘ —
|— M— :
1
! Sa:FT :
1L
f
n Py ©- POSITION 1 POSITION 2 POSITION 3 POSITION 4
D
h Two figure-eight lobe impellers mounted on parallel
sorrom_§ ! \ shafts rotate in opposite directions. As each
crrosamice = AT ner oo impeller passes the blower inlet, it traps a definite
volume of air and carries it around the case to the
blower outlet, where the air is discharged. With
INLET constant speed operation, the displaced volume is
Fame| A | A | B | C| D |DI|D2| M| O} O} P| PP|R] U]JDICH]|AX WGT| ggsentially the same regardless of pressure or
20 | 513 ] 513 ] 500 | o75 | 875 | 625] 75| 613] oes| es8| 625] e25] 500 | e25] 10NPT[125] 32| temperature.
24U | 513 | 513 | 7.00 | 11.75 | 3.75| 6.25| 3.75| 6.13| 9.63| 6.88| 6.25| 9.25| 500 | .625| 20NPT [ 125| 43
ao} il on] oo snl sl oo Lol sul 1l o rmliserhi] B Timing gears contol the mpellers relative postions
36U 7:25 7:25 10:00 14:63 5:00 8:50 5:00 7:56 12:81 8:88 7:75 12:13 6:75 :750 2:5NPT 1:75 102 alrl]d mamtaln-sma”- but dEfInI-te C-learanCF-'\S' This
42U | 800 | 800 | 7.25 |13.00 | 625 |1025| 6.25| 6.86|15.06| 1063| 8.75| 1363 | 825 | .875| 1.5NPT[200| 88 a QWS operat.|0n V\{IthOUt lubrication reqUIrements
45U | 800 | 800 | 1000 | 1550 | 625 | 1025 625] 8001506 1063] 875 1363] 825 | 875] 25npT | 200] 100 | INSide the unit casing.
47U | 8.00 | 8.00 | 11.75 | 1763 | 6.25 | 10.25| 6.25| 9.25|15.06| 10.50 | 8.50 | 13.63 | 8.25 | .875| 3.0NPT [ 2.00| 128
53U | 1050 [10.50 | 8.38 [ 1538 | 6.25 | 1125| 6.75| 8.18 |17.38| 11.88| 10.25 | 17.25| 8.75 | 1.125 | 2.5NPT | 2.50 | 143
56U | 10.50 | 10.50 | 11.00 | 18.00 | 6.25 [ 11.25| 6.75| 9.19|17.38] 12.25| 11.00 | 17.25| 8.75 [ 1.125 | 4.0NPT | 2.50 | 170
59U | 10.50 [ 10.50 | 14.00 [21.18 | 6.25 [ 11.25| 6.75] 11.19 [ 17.38]| 12.25| 11.00 | 17.25| 8.75 | 1.125 | 40NPT | 2.50 | 204
65U | 11.00 | 11.00 | 10.00 | 18.38 | 8.75 | 14.75| 8.75| 9.19|21.63| 1513 | 12.75 | 19.75 | 11.75 | 1.375| 3.0NPT | 3.00 | 245
68U | 1100 | 11.00 | 13.00 [21.38 | 875 | 1475 | 875] 10.82 | 21.63| 1513 1275 | 19751175 | 1.375 | 5.0NPT | 300 | 285 —ﬁ
615U | 11.00 | 11.00 | 20.00 | 28.38 | 8.75 | 14.75| 8.75| 14.32 | 21.63| 16.25 | 15.00 | 19.75 [ 11.75 | 1.375 | 6.0 FLG | 3.00 | 425
EPTN BTN TR YR T Yo T R B Bl KX B b YT 5 W K DRESSER.
711U [ 14.00 [21.00 | 16.75 [ 25.19 | 11.00 [ 18.00 | 11.00] 12.75 | 26.13] 19.50 [ 17.00 | 23.25 [14.50 | 1562 6.0 FLG | 350 530]
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Frame 4 PSI 5 PSI 6 PSI 7PsI 8 PSI 9 PSI 10 PSI 12 PSI 13 PSI 14 PSI 15 PSI VACUUM DATA
Size Speed | CFM | BHP | CFM|{ BHP | CFM | BHP | CFM | BHP | CFM| BHP | CFM | BHP | CFM | BHP | CFM | BHP | CFM | BHP | CFM | BHP | CFM | BHP | INHGV |CFM | BHP
22 2950 31 0.9 29 141 27 1.3 26 15 24 1.7 23 1.9 21 21 13 20 13
3550 40 | 1.0 39| 13 37 1.5 35 1.8 34 2.0 32| 23 31 25 28| 3.0 14 28| 1.7
5275 68 | 1.6 66 | 2.0 64 24 63 2.7 61 3.1 60 | 35 5 | 38 56| 4.6 15 53] 2.8
24 2950 68 | 1.7 65| 2.1 63 25 60 2.9 14 481 2.8
3550 88 | 2.0 85| 25 82 3.0 79 35 14 67| 34
5275 143 | 31 140 | 39 | 137 | 46 | 134 54 15 | 119] 55
32 1750 54 | 14 51 1.7 48 | 241 45 24 43 2.8 41 31 39| 35| 35 4.1 13 37| 22
2950 108 | 24 105| 3.0 | 102 3.6 99 42 97 47 95| 53 93| 59| 89 71 87| 76 86 | 82 8 | 88 15 84| 43
3550 135 | 3.0 132 | 3.7 | 129 | 44 | 126 51 [124 58| 122 | 65| 120 72| 116 86| 1M4| 93| 13 [10.0] 111 ]10.6 16 | 108 | 5.6
33 1750 75| 1.9 7| 24 67 29 64 33 61 3.8 58 | 43 56 | 47| 51 5.7 13 53| 3.0
2950 149 | 3.3 145 | 4.1 | 141 49 | 138 57 [ 135 65| 132 73| 130 | 81| 125 9.7 15 | 119 59
3550 186 | 4.1 182 | 5.0 | 178 6.0 | 175 6.9 [ 172 79| 169 | 88 | 167 | 98| 162 | 11.7 15 | 156 | 7.2
36 1750 132 | 3.2 126 | 3.9 | 121 47 | 117 55 14 95| 54
2950 254 | 55 249 | 6.8 | 244 81 | 239 94 15 | 212| 9.8
3550 316 | 6.7 310 | 8.3 | 305 99 | 300 | M5 15 [ 273|119
42 1750 78 | 1.9 74| 24 71 2.8 69 33 66 37 64 | 4.2 61 47| 57 5.6 55| 6.0 14 55| 3.2
2950 150 | 3.3 147 | 41 | 144 | 49 | 141 57 139 65| 136 | 7.2 | 134 | 8.0| 130 96| 128 | 103 | 126 | 111 | 124 | 11.9 16 | 121 6.2
3550 187 | 441 183 | 5.1 | 180 6.0 | 177 7.0 [ 175 79| 172 | 88 | 170 | 98| 166 | 11.6| 164 | 126 | 162 | 13.5 | 160 | 14.4 16 | 157 | 7.6
45 1750 161 | 3.8 155 | 4.7 | 150 56 | 145 6.6 | 140 75| 136 | 84 | 132 | 93 14 | 121| 64
2950 306 | 6.7 300 | 82| 29 98 | 290 | 1.3 [285 [ 129 | 281 | 144 | 277 | 16.0 16 | 253 (125
3550 379 | 82 373 1101 | 368 | 12.0 | 363 | 13.9 [358 | 157 | 354 | 17.6 | 349 | 195 16 | 326 |15.2
47 1750 215 | 5.0 208 | 6.2 | 201 74 | 195 8.6 14 | 165| 8.4
2950 407 | 8.8 399 [ 10.8 | 392 | 129 | 386 | 14.9 15 | 348|154
3550 502 {10.9 495 | 133 | 488 | 158 | 482 | 183 15 | 444188
53 1170 13| 27 108 | 34 | 103 | 441 99 4.8 96 54 92| 6.1 89| 68| 82 8.1 13 85| 4.3
1750 189 | 4.2 184 | 52 | 180 6.2 | 176 72 (172 82| 168 | 92 | 165 | 10.3| 159 | 123 | 156 | 13.3 | 153 | 14.3 15 | 151 75
2850 334 | 74 329| 9.0 325|107 | 321 | 123 | 317 | 140 | 313 | 156 | 310 | 17.2| 304 | 20.5| 301 | 221 | 298 | 23.8 | 295 | 254 16 | 291134
56 1170 196 | 4.6 188 | 5.7 | 182 6.9 | 175 8.0 [ 170 91| 164|102 | 159 | 11.4| 150 | 13.6 14 | 146 | 7.8
1750 324 | 70 316 | 87| 310 | 104 | 304 | 121 | 298 | 13.8 | 292 | 155 | 287 | 17.2| 278 | 205 | 273 | 22.2 15 | 266 [12.6
2850 567 [12.2 560 | 15.0 | 553 | 17.7 | 547 | 205 | 541 | 232 | 536 | 26.0 | 530 | 28.7| 521 | 342 | 517 | 37.0 16 | 501|224
59 1170 299 | 6.7 290 | 84| 281|100 | 273 | 1.7 14 | 237|114
1750 486 |10.3 477 | 12.8 | 469 | 152 | 461 | 17.7 15 | 414|184
2850 842 [18.0 832 | 22.0 | 824 | 26.0 | 816 | 30.0 15 | 770(30.8
65 1170 223 | 5.2 215 | 6.4 | 208 7.7 | 202 89 (19 | 102 | 190 | 11.5 | 185 | 12.7| 175 | 15.2| 171 | 165 | 166 | 17.7 14 | 171 | 8.7
1750 365 | 8.0 358 | 99| 351 | 11.8 | 344 | 13.7 | 339 | 156 | 333 | 17.4 | 328 | 19.3| 318 | 23.1| 313 | 249 | 309 | 26.8 | 305 | 28.7 16 | 297 [15.1
2350 513 [ 114 505|139 | 489 | 16.4 | 492 | 19.0 | 486 | 215 | 481 | 24.0 | 475 | 26.5| 465 | 31.6 | 461 | 341 | 456 | 36.6 | 452 | 39.1 16 | 44520.6
68 1170 358 | 8.3 3451103 | 334 | 123 | 324 | 143 | 314 | 163 | 305 | 18.3 | 297 | 20.3| 281 | 244 | 274 | 26.4 | 267 | 284 14 | 275139
1750 587 [12.7 574 | 15.7 | 563 | 18.7 | 553 | 21.8 | 544 | 24.8 | 535 | 27.8 | 526 | 30.8| 510 | 36.8 | 503 | 39.8 | 496 | 42.9 16 | 478 |24.0
2350 824 [17.8 811218 | 800 | 259 | 790 | 29.9 [781 | 340 | 772 | 38.0 | 763 | 421| 747 | 50.2| 740 | 542 | 733 | 58.3 16 | 715 |32.8
615 1170 670 (154 647 | 19.1 | 626 |22.9 607 | 26.7 11 | 581(20.5
1750 | 1099 |23.4 (1076 | 29.1 | 1055 |34.7 | 1036 | 404 12 | 989|337
2350 | 1543 [324 |1520 | 40.0 | 1499 |47.6 | 1480 | 552 12 (1433 46.0
76 1170 393 | 86 383 | 10.6 | 374 |12.7 367 | 148 [359 |16.8 | 352 | 189 | 346 | 21.0| 333 | 251 | 328 | 27.2 | 322 | 29.2 | 317 | 31.3 15 | 319 (154
1750 628 |13.4 618 | 16.5 | 609 |19.6 601 | 22.7 | 594 | 25.8 | 587 | 289 | 580 | 32.0| 568 | 38.1| 562 | 41.2 | 557 | 44.3 | 552 |47.4 16 | 543|249
2050 L LA S I L L A £ L T LA AT LS I A 0 A A ™ A e B B Tl A A" A I
Il 1170 738 [15.5 7231 19.2 | 710 |23.0 697 | 268 | 686 | 30.5| 675 | 34.3 | 665 | 38.1 15 | 623 |27.9
1750 1166 |23.9 (1151 | 29.5 | 1138 |35.2 1125 | 40.8 (1114 | 46.4 | 1103 | 52.0 | 1093 | 57.7 16 (1035 |45.0
2050 | 1387 [28.6 |1372 | 35.2 [1359 |41.8 | 1347 | 484 [1335 | 55.0 | 1324 | 61.6 [1314 | 68.2 16 1256 |53.1
1750 | 1920 |38.2 [1898 | 47.4 | 1879 |56.5 12 (1818 |54.8
2050 | 2280 |45.5 |2258 | 56.2 | 2239 (66.9 12 (2178 |64.7
NOTES: 1. Performance based on inlet air at standard pressure of 14.7 psia, standard temperature of 68° F, and specific gravity of 1.0.

2. Vacuum ratings based on inlet air at standard temperature of 68° F, discharge pressure of 30" Hg and specific gravity of 1.0.

DESIGN AND CONSTRUCTION FEATURES
1. Detachable steel mounting feet
2. Rigid one-piece cast iron casing

3. Anti-friction bearings

4. Splash oil lubricated spur timing gears
5. Connections in standard pipe sizes

6. Ground steel shafts
7. Straight, precision machined two-lobe impellers
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111 URAI: Variable Speed Performance
Diresser ROOTS
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INLET COWDITIONS: AIR
EH = 100.00%, MW = 28.712, & = 1.334, Tin = 55 deg ¥
DESICN: Speed = 1835 RRU
Syatem Inlet P = 10 in Hy Vac, Inlet P Less = 22.0 in
H20
System Disch P = 14.7 PSIA, Disch P Loss = 15.0 in HZO
5TD: BH=36% T=4¢8degF, P=14.7 PEIA

CUSTOMER: Solutia

PROJECT: .G, Knmnrich - SYE (40 HP)
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Company: ROOTS Division
Address: 16240 Port Northwest Drive, Houston, Texas 77041
Ph: 832-590-2305/1-877-393-7668 Fax: 832-590-2326

Customer: Solutia
Project: W.G. Krummrich - SVE (40 HP)
ROOTS BLOWER PERFORMANCE SUMMARY : Program Version 6.000 Release Date 2/28/2008
Program Mode: SELECTION Run Date: 09/27/2011
AMBIENT CONDITIONS:
Gas AIR
Relative Humidity 100%
Molecular Weight 28.712
k-Value 1.394
Specific Gravity -991
Ambient Temperature 95 deg F
Ambient Pressure 14.7 PSIA
Elevation 0 feet

STANDARD CONDITIONS:

Pressure 14.7 PSIA
Temperature 68 deg F
Relative Humidity 36 %
INPUT CONDITIONS:
Actual Inlet Volume 1200 ICFM +/-5 %
Standard Volume 750 SCFM
Mass/Weight Flow 56.22 #/min  +/-5 %
System Inlet Pressure 10 in Hg Vac
Inlet Pressure Loss 22.0 in H20
Blower Inlet Pressure 11.62 in Hg Vac
Blower Discharge Pressure 15.24 PSIA
Discharge Pressure Loss 15.0 in H20
System Discharge Pressure 14.7 PSIA
Inlet Temperature 55 deg F
SELECTED UNIT DETAIL:
Model 711 URAI
Speed 1895 RPM 92 _4%
Blower Differential Pressure 6.23 PSI 62.3%
Power at Blower Shaft 39.18 BHP +/- 4%
Temperature Rise 115 deg F 51.0%
Discharge Temperature 170 deg F
System Discharge Volume 868 ACFM
Relief Valve Setting NO RELIEF VALVE SPECIFIED
V-Belt: Est. B10 Brg Life: 367013 hours
Coupling: Est. B10 Brg Life: 389034 hours
Est. Free Field Noise 92.8 dBa

Measured as sound pressure level per 1SO 2151:2004E with +/-3 dBA tolerance.
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Universal RAI®, URAI-DSL,
URAI-J"-DSL, URAI-G™ and

Metric Series

The original ROOTS blower still leads the way™

Installation, Operation & Maintenance
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Do These Things To Get The Most From Your ROOTS™ blower

[ Check shipment for damage. If found, file claim with
carrier and notify Roots.

4 Unpack shipment carefully, and check contents against
Packing List. Notify Roots if a shortage appears.

4 Store in a clean, dry location until ready for installation.
Lift by methods discussed under INSTALLATION to avoid
straining or distorting the equipment. Keep covers on
all openings. Protect against weather and corrosion if
outdoor storage is necessary.

d Read OPERATING LIMITATIONS and INSTALLATION
sections in this manual and plan the complete installation.

4 Provide for adequate safeguards against accidents to
persons working on or near the equipment during both
installation and operation. See SAFETY PRECAUTIONS.

4 Install all equipment correctly. Foundation design must be
adequate and piping carefully done. Use recommended
accessories for operating protection.

(1 Make sure both driving and driven equipment
is correctly lubricated before start-up. See
LUBRICATION.

ISRB-2002 rev. 0710

1 Read starting check points under OPERATION. Run
equipment briefly to check for installation errors and make
corrections. Follow with a trial run under normal operating
conditions.

4 In event of trouble during installation or operation, do
not attempt repairs of Roots furnished equipment. Notify
Roots, giving all nameplate information plus an outline
of operating conditions and a description of the trouble.
Unauthorized attempts at equipment repair may void
Roots warranty.

4 Units out of warranty may be repaired or adjusted by
the owner. Good inspection and maintenance practices
should reduce the need for repairs.

NOTE: Information in this manual is correct as of the date
of publication. Roots reserves the right to make design or
material changes without notice, and without obligation to
make similar changes on equipment of prior manufacture.

For your nearest Roots Office, dial our Customer Service Hot
Line toll free; 1 877 363 ROOT(S) (7668) or direct 832-590-
2600.



Roots products are sold subject to the
current General Terms of Sale, GTS-5001 and
Warranty Policy WP-5020. Copies are
available upon request.

Contact your local Roots Office
or Roots Customer Service
Hot Line 1-877-363-ROOT(S) (7668)
or direct 281-966-4700.

2 | Dresser Roots



Safety Precautions

It is important that all personnel observe safety precautions to
minimize the chances of injury. Among many considerations,
the following should be particularly noted:

e Blower casing and associated piping or accessories
may become hot enough to cause major skin burns on
contact.

e Internal and external rotating parts of the blower and
driving equipment can produce serious physical injuries.
Do not reach into any opening in the blower while it is
operating, or while subject to accidental starting. Protect
external moving parts with adequate guards.

e Disconnect power before doing any work, and avoid
bypassing or rendering inoperative any safety or protec-
tive devices.

e If blower is operated with piping disconnected, place a
strong coarse screen over the inlet and avoid standing in

Operating Limitations

A ROOTS™ blower or exhauster must be operated within
certain approved limiting conditions to enable continued
satisfactory performance. Warranty is contingent on such
operation.

Maximum limits for pressure, temperature and speed are
specified in TABLE 1 for various models & sizes of blowers &
exhausters. These limits apply to all units of normal construc-
tion, when operated under standard atmospheric conditions.
Be sure to arrange connections or taps for instruments,
thermometers and pressure or vacuum gauges at or near
the inlet and discharge connections of the unit. These, along
with a tachometer, will enable periodic checks of operating
conditions.

PRESSURE - The pressure rise, between inlet and dis-
charge, must not exceed the figure listed for the specific unit
frame size concerned. Also, in any system where the unit inlet
is at a positive pressure above atmosphere a maximum case
rating of 25 PSI gauge (1725 mbar) should not be exceeded
without first consulting Roots. Never should the maximum
allowable differential pressure be exceeded.

On vacuum service, with the discharge to atmospheric
pressure, the inlet suction or vacuum must not be greater
than values listed for the specific frame size.

TEMPERATURE - Blower & exhauster frame sizes are ap-
proved only for installations where the following temperature
limitations can be maintained in service:

the discharge air stream. CAUTION: Never cover the
blower inlet with your hand or other part of body.

e  Stay clear of the blast from pressure relief valves and the
suction area of vacuum relief valves.

e Use proper care and good procedures in handling, lifting,
installing, operating and maintaining the equipment.

e (Casing pressure must not exceed 25 PSI (1725 mbar)
gauge. Do not pressurize vented cavities from an
external source, nor restrict the vents without first
consulting Roots.

e Do not use air blowers on explosive or hazardous gases.

e (Other potential hazards to safety may also be associated
with operation of this equipment. All personnel working
in or passing through the area should be trained to
exercise adequate general safety precautions.

e Measured temperature rise must not exceed listed
values when the inlet is at ambient temperature. Ambient
is considered as the general temperature of the space
around the unit. This is not outdoor temperature unless
the unit is installed outdoors.

e |finlet temperature is higher than ambient, the listed
allowable temperature rise values must be reduced by
2/3 of the difference between the actual measured inlet
temperature and the ambient temperature.

e The average of the inlet and discharge temperature must
not exceed 250°F. (121°C).

e  The ambient temperature of the space the blower/motor
is installed in should not be higher than 120°F (48.8°C).

SPEED - These blowers & exhausters may be operated

at speeds up to the maximum listed for the various frame
sizes. They may be direct coupled to suitable constant speed
drivers if pressure/temperature conditions are also within
limits. At low speeds, excessive temperature rise may be a
limiting factor.

Special Note: The listed maximum allowable temperature
rise for any particular blower & exhauster may occur well
before its maximum pressure or vacuum rating is reached.
This may occur at high altitude, low vacuum or at very low
speed. The units’ operating limit is always determined by the
maximum rating reached first. It can be any one of the three:
Pressure, Temperature or Speed.
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Installation

ROOTS blowers & exhausters are treated after factory
assembly to protect against normal atmospheric corrosion.
The maximum period of internal protection is considered to be
one year under average conditions, if shipping plugs & seals
are not removed. Protection against chemical or salt water
atmosphere is not provided. Avoid opening the unit until ready
to start installation, as corrosion protection will be quickly lost
due to evaporation.

If there is to be an extended period between installation
and start up, the following steps should be taken to ensure
corrosion protection.

4 Coat internals of cylinder, gearbox and drive end bearing
reservoir with Nox-Rust VCI-10 or equivalent. Repeat once
a year or as conditions may require. Nox-Rust VCI-10
is petroleum soluble and does not have to be removed
before lubricating. It may be obtained from Daubert
Chemical Co., 2000 Spring Rd., Oak Brook, lll. 60521.

1 Paint shaft extension, inlet and discharge flanges, and
all other exposed surfaces with Nox-Rust X-110 or
equivalent.

4 Sealinlet, discharge, and vent openings. It is not recom-
mended that the unit be set in place, piped to the system,
and allowed to remain idle for extended periods. If any part
is left open to the atmosphere, the Nox-Rust VCI-10 vapor
will escape and lose its effectiveness.

1 Protect units from excessive vibration during storage.

(W]

Rotate shaft three or four revolutions every two weeks.

4 Prior to start up, remove flange covers on both inlet and
discharge and inspect internals to insure absence of rust.
Check all internal clearances. Also, at this time, remove
gearbox and drive end bearing cover and inspect gear
teeth and bearings for rust.

Because of the completely enclosed unit design, location

of the installation is generally not a critical matter. A clean,

dry and protected indoor location is preferred. However,

an outdoor location will normally give satisfactory service.
Important requirements are that the correct grade of lubricating
oil be provided for expected operating temperatures, and that
the unit be located so that routine checking and servicing can
be performed conveniently. Proper care in locating driver and
accessory equipment must also be considered.

Supervision of the installation by a ROOTS Service Engineer is
not usually required for these units. Workmen with experience
in installing light to medium weight machinery should be able to
produce satisfactory results. Handling of the equipment needs
to be accomplished with care, and in compliance with safe
practices. Unit mounting must be solid, without strain or twist,
and air piping must be clean, accurately aligned and properly
connected.

Bare-shaft Units: Two methods are used to handle a unit
without base. One is to use lifting lugs bolted into the top of
the unit headplates. Test them first for tightness and fractures
by tapping with a hammer. In lifting, keep the direction of cable
pull on these bolts as nearly vertical as possible. If lifting

lugs are not available, lifting slings may be passed under the
cylinder adjacent to the headplates. Either method prevents
strain on the extended drive shaft.

Packaged Units: When the unit is furnished mounted on a
baseplate, with or without a driver, use of lifting slings passing
under the base flanges is required. Arrange these slings so that
no strains are placed on the unit casing or mounting feet, or

on any mounted accessory equipment. DO NOT use the lifting
lugs in the top of the unit headplates.

Before starting the installation, remove plugs, covers or seals
from unit inlet and discharge connections and inspect the
interior completely for foreign material. If cleaning is required,
finish by washing the cylinder, headplates and impeller
thoroughly with an appropriate solvent. Turn the drive shaft by
hand to make sure that the impellers turn freely at all points.
Anti-rust compound on the connection flanges and drive shaft
extension may also be removed at this time with the same
solvent. Cover the flanges until ready to connect piping.

Mounting

Care will pay dividends when arranging the unit mounting. This
is especially true when the unit is a “bare-shaft” unit furnished
without a baseplate. The convenient procedure may be to
mount such a unit directly on a floor or small concrete pad, but
this generally produces the least satisfactory results. It definitely
causes the most problems in leveling and alignment and

may result in a “Soft Foot” condition. Correct soft foot before
operation to avoid unnecessary loading on the casing and
bearings. Direct use of building structural framing members is
not recommended.

For blowers without a base, it is recommended that a well
anchored and carefully leveled steel or cast iron mounting
plate be provided. The plate should be at least 1 inch (25 mm)
thick, with its top surface machined flat, and large enough to
provide leveling areas at one side and one end after the unit is
mounted. It should have properly sized studs or tapped holes
located to match the unit foot drilling. Proper use of a high
quality machinist’s level is necessary for adequate installation.

With the mounting plate in place and leveled, set the unit

on it without bolting and check for rocking. If it is not solid,
determine the total thickness of shims required under one
foot to stop rocking. Place half of this under each of the
diagonally-opposite short feet, and tighten the mounting studs
or screws. Rotate the drive shaft to make sure the impellers
turn freely. If the unit is to be direct coupled to a driving motor,
consider the height of the motor shaft and the necessity for

it to be aligned very accurately with the unit shaft. Best unit
arrangement is directly bolted to the mounting plate while the
driver is on shims of at least 1/8 inch (3mm) thickness. This
allows adjustment of motor position in final shaft alignment by
varying the shim thickness.

Aligning

When unit and driver are factory mounted on a common
baseplate, the assembly will have been properly aligned and is
to be treated as a unit for leveling purposes. Satisfactory instal-
lation can be obtained by setting the baseplate on a concrete
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slab that is rigid and free of vibration, and leveling the top of
the base carefully in two directions so that it is free of twist. The
slab must be provided with suitable anchor bolts. The use of
grouting under and partly inside the leveled and shimmed base
is recommended.

It is possible for a base-mounted assembly to become twisted
during shipment, thus disturbing the original alignment. For this
reason, make the following checks after the base has been
leveled and bolted down. Disconnect the drive and rotate the
unit shaft by hand. It should turn freely at all points. Loosen the
unit foot hold-down screws and determine whether all feet are
evenly in contact with the base. If not, insert shims as required
and again check for free impeller rotation. Finally, if unit is direct
coupled to the driver, check shaft and coupling alignment
carefully and make any necessary corrections.

In planning the installation, and before setting the unit, consider
how piping arrangements are dictated by the unit design and
assembly. Drive shaft rotation must be established accordingly
and is indicated by an arrow near the shaft.

Typical arrangement on vertical units has the drive shaft at the
top with counterclockwise rotation and discharge to the left.
Horizontal units are typically arranged with the drive shaft at
the left with counterclockwise rotation and discharge down.
See Figure 4 for other various unit arrangements and possible
conversions.

When a unit is DIRECT COUPLED to its driver, the driver
RPM must be selected or governed so as not to exceed
the maximum speed rating of the unit. Refer to Table 1 for
allowable speeds of various unit sizes.

A flexible type coupling should always be used to connect the
driver and unit shafts.

When direct coupling a motor or engine to a blower you must
insure there is sufficient gap between the coupling halves and
the element to prevent thrust loading the blower bearings.
When a motor, engine or blower is operated the shafts may
expand axially. If the coupling is installed in such a manner
that there is not enough room for expansion the blower shaft
can be forced back into the blower and cause the impeller

to contact the gear end headplate resulting in damage to the
blower. The two shafts must be in as near perfect alignment
in all directions as possible, and the gap must be established
with the motor armature on its electrical center if end-play ex-
ists. Coupling manufacturer’s recommendations for maximum
misalignment, although acceptable for the coupling, are
normally too large to achieve smooth operation and maximum
life of the blower.

The following requirements of a good installation are recom-
mended. When selecting a coupling to be fitted to the blower
shaft ROOTS recommends a taper lock style coupling to
insure proper contact with the blower shaft. If the coupling
must have a straight bore the coupling halves must be fitted

to the two shafts with a line to line thru .001” interference

fit. Coupling halves must be warmed up per coupling
manufacturer’s recommendations. Maximum deviation in offset
alignment of the shafts should not exceed .005” (.13 mm) total
indicator reading, taken on the two coupling hubs. Maximum

deviation from parallel of the inside coupling faces should not
exceed .001" (.03 mm) when checked at six points around the
coupling.

When a unit is BELT DRIVEN, the proper selection of sheave
diameters will result in the required unit speed. When selecting
a sheave to be fitted to the blower shaft ROOTS recommends
a taper lock style sheave to insure proper contact with the
blower shaft. This flexibility can lead to operating temperature
problems caused by unit speed being too low. Make sure

the drive speed selected is within the allowable range for the
specific unit size, as specified under Table 1.

Belt drive arrangements usually employ two or more V-belts
running in grooved sheaves. Installation of the driver is less
critical than for direct coupling, but its shaft must be level and
parallel with the unit shaft. The driver should be mounted
on the inlet side of a vertical unit (horizontal piping) and
on the side nearest to the shaft on a horizontal unit.
SEE PAGE 6 - Acceptable Blower Drive Arrangement
Options. The driver must also be mounted on an adjustable
base to permit installing, adjusting and removing the V-belts.
To position the driver correctly, both sheaves need to be
mounted on their shafts and the nominal shaft center distance
known for the belt lengths to be used.

CAUTION: Drive couplings and sheaves (pulleys) should have
an interference fit to the shaft of the blower (set screw types
of attachment generally do not provide reliable service.) It is
recommended that the drive coupling or sheave used have a
taper lock style bushing which is properly sized to provide the
correct interference fit required. Drive couplings, that require
heating to fit on the blower shaft, should be installed per
coupling manufacturer recommendations. A drive coupling or
sheave should not be forced on to the shaft of the blower as
this could affect internal clearances resulting in damage to the
blower.

Engine drive applications often require special con-
sideration to drive coupling selection to avoid harmful
torsional vibrations. These vibrations may lead to blower
damage if not dampened adequately. It is often neces-
sary to install a fly-wheel and/or a torsionally soft elastic
element coupling based on the engine manufacturer
recommendations.

The driver sheave should also be mounted as close to its
bearing as possible, and again should fit the shaft correctly.
Position the driver on its adjustable base so that 2/3 of the total
movement is available in the direction away from the unit, and
mount the assembly so that the face of the sheave is accu-
rately in line with the unit sheave. This position minimizes belt
wear, and allows sufficient adjustment for both installing and
tightening the belts. After belts are installed, adjust their tension
in accordance with the manufacturer’s instructions. However,
only enough tension should be applied to prevent slippage
when the unit is operating under load. Excessive tightening can
lead to early bearing concerns or shaft breakage.

Before operating the drive under power to check initial belt
tension, first remove covers from the unit connections. Make
sure the interior is still clean, then rotate the shaft by hand.
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Acceptable Blower Drive Arrangement Options

Acceptable

Top Shaft
h ° . Q

Motor On Inlet Side of Blower (Top Shaft)

Motor On Inlet Side of Blower (Bottom Shaft)

Place a coarse screen over the inlet connection to prevent
anything being drawn into the unit while it is operating, and
avoid standing in line with the discharge opening. Put oil in the
sumps per instructions under LUBRICATION.

Piping

Before connecting piping, remove any remaining anti-rust
compound from unit connections. Clean pipe should be no
smaller than unit connections. In addition, make sure it is free
of scale, cuttings, weld beads, or foreign material of any kind.
To further guard against damage to the unit, especially when
an inlet filter is not used, install a substantial screen of 16 mesh
backed with hardware cloth at or near the inlet connections.
Make provisions to clean this screen of collected debris after a
few hours of operation. It should be removed when its useful-
ness has ended, as the wire will eventually deteriorate and
small pieces going into the unit may cause serious damage.

Pipe flanges or male threads must meet the unit connections
accurately and squarely. DO NOT attempt to correct misalign-
ment by springing or cramping the pipe. In most cases this will
distort the unit casing and cause impeller rubbing. In severe
cases it can prevent operation or result in a broken drive shaft.
For similar reasons, piping should be supported near the unit
to eliminate dead weight strains. Also, if pipe expansion is
likely to occur from temperature change, installation of flexible
connectors or expansion joints is advisable.

Figure 3 represents an installation with all accessory items that
might be required under various operating conditions. Inlet
piping should be completely free of valves or other restrictions.
When a shut-off valve can not be avoided, make sure a full
size vacuum relief is installed nearest the unit inlet. This will
protect against unit overload caused by accidental closing of
the shut-off valve.

Unacceptable

DISCHARGE

O

Motor On Disc

Bottom Shaft

Sld ower (Bottom Shaft)

Need for an inlet silencer will depend on unit speed and
pressure, as well as sound-level requirements in the general
surroundings. An inlet filter is recommended, especially in
dusty or sandy locations. A discharge silencer is also normally
suggested, even though WHISPAIR™ units operate at generally
lower noise levels than conventional rotary blowers. Specific
recommendations on silencing can be obtained from your local
ROOTS distributor.

Discharge piping requires a pressure relief valve, and should
include a manual unloading valve to permit starting the unit
under no-load conditions. Reliable pressure/vacuum gauges
and good thermometers at both inlet and discharge are
recommended to allow making the important checks on unit
operating conditions. The back-pressure regulator shown in
Figure 3 is useful mainly when volume demands vary while the
unit operates at constant output. If demand is constant, but
somewhat lower than the unit output, excess may be blown off
through the manual unloading valve.

In multiple unit installations where two or more units operate
with a common header, use of check valves is mandatory.
These should be of a direct acting or free swinging type, with
one valve located in each line between the unit and header.
Properly installed, they will protect against damage from
reverse rotation caused by air and material back-flow through
an idle unit.

After piping is completed, and before applying power, rotate
the drive shaft by hand again. If it does not move with uniform
freedom, look for uneven mounting, piping strain, excessive
pelt tension or coupling misalignment.

DO NOT operate the unit at this time unless it has been
lubricated per instructions.
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Technical Supplement for URAI'G™
Gas Blowers

Technical Supplement for 32, 33, 36, 42, 45, 47, 53, 56,
59, 65, 68, 615 Universal RAI-GAS blowers

Precaution: URAI-GAS blowers: Care must be used when
opening the head plate seal vent chamber plugs (43) as some
gas will escape-if it is a pressure system, or the atmospheric
air will leak into the blower if the system is under vacuum.
There is a possibility of some gas leakage through the
mechanical seals. This leakage on the gear end will escape
through the gear box vent, and on the drive end, through

the grease release fittings. If the gas leakage is undesirable,
each seal chamber must be purged with an inert gas through
one purge gas hole (43) per seal. There are two plugged
purge gas holes (1/8 NPT) provided per seal. The purge gas
pressure must be maintained one PSI above the discharge
gas pressure. Also, there exists a possibility of gear end oil and
drive end grease leakage into the gas stream.

ROQTS Universal RAI-GAS rotary positive gas blowers are
a design extension of the basic Universal RAI blower model.
URAI-GAS blower uses (4) mechanical seals in place of the
standard inboard lip seals to minimize gas leakage into the
atmosphere.

These units are intended for gases which are compatible with
cast iron case material, steel shafts, 300/400 series stainless
steel and carbon seal components, viton o-rings and the oil/
grease lubricants. If there are any questions regarding applica-
tion or operation of this gas blower, please contact factory.

A simple but very effective lubrication system is employed on
the drive shaft end bearings. Hydraulic pressure relief fittings
are provided to vent any excess grease, preventing pressure

build-up on the seals. A restriction plug and metering orifice
prevent loss of lubricant from initial surges in lubricant pressure
but permit venting excess lubricant under steadily rising
pressures.

Using a pressure gun, slowly force new lubricant into each
drive end bearing housing until traces of clean grease comes
out of the relief fitting. The use of an electric or pneumatic
grease gun could force the grease in too rapidly and thus invert
the seals and should not be used.

Gear end bearings, gears and oil seals are lubricated by the
action of the timing gears which dip into the main oil sumps
causing oil to splash directly on gears and into bearings and
seals. A drain port is provided below each bearing to prevent
an excessive amount of ail in the bearings. Seals located
inboard of the bearings in each headplate effectively retain oil
within the sumps. Any small weepage that may occur should
the seals wear passes into a cavity in each vented headplate
and is drained downward.

Proper lubrication is usually the most important single
consideration in obtaining maximum service life and satisfac-
tory operation from the unit. Unless operating conditions are
severe, a weekly check of oil level and necessary addition of
lubricant should be sufficient.

During the first week of operation, check the oil levels in the
oil sumps about once a day, and watch for leaks. Replenish
as necessary. Thereafter, an occasional check should be
sufficient.

More frequent oil service may be necessary if the blower is
operated in a very dusty location.
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Lubrication

Due to sludge build-up and seal leakage problems,
Roots recommendation is DO NOT USE Mobil SHC
synthetic oils in ROOTS blowers.

Proper lubrication is usually the most important single
consideration in obtaining maximum service life and
satisfactory operation from the unit.

URAI AIR and GAS gear end bearing lubrication/oil
with splash lubrication on the gear end only (Drive end
grease lubricated).

e The specified and recommended oil is ROOTS™
Synthetic oil of correct viscosity per Table 2, page 17.

e To fill the gearbox, remove the breather plug (25) and
the oil overflow plug (21) - see page 15. Fill the reservoir
up to the overflow hole. DO NOT OVERFILL. Place the
breather and the overflow plug back into their respective
holes.

e The lubrication should be changed after initial 100 hours
of operation.

e Proper service intervals of the oil thereafter are based on
the discharge air temperature of the blower. Please refer
to the information below to “How to properly determine
the oil service intervals” shown on this page.

e Unless operating conditions are quite severe, a weekly
check of the oil level and necessary addition of lubricant
should be sufficient. During the first week of operation,
check the oil levels in the oil sumps about once a day,
and watch for leaks. Replenish as necessary.

e [f you choose to use another oil other than the specified
and recommended ROOTS™ Synthetic, use a good
grade of industrial type non-detergent, rust inhibiting,
anti-foaming oil and of correct viscosity per Table 2,
page 17.

e Roots does NOT recommend the use of automotive type
lubricants, as they are not formulated with the properties
mentioned above.

URAI-DSL blowers with splash lubrication/oil on each
end. No grease.

e  The specified and recommended oil is ROOTS™
Synthetic oil of correct viscosity per Table 2, page 17.

e The proper oil level should be half way or middle of the
sight gauge when the blower is not operating. DO NOT
OVERFILL OIL SUMP/S as damage to the blower may
occur.

e Qil level may rise or fall in the gauge during operation to
an extent depending somewhat on oil temperature and
blower speed.

e The ail level should not fall below the middle of the site
gauge when the blower is idle.

e The lubrication/oil level may rise or fall in the gauge
during operation to an extent depending somewhat on
oil temperature and blower speed.

e The lubrication should be changed after initial 100 hours
of operation.

e Proper service intervals of the oil thereafter are based on
the discharge air temperature of the blower. Please refer
to the information below to “How to properly determine
the oil service intervals” shown on this page

e Unless operating conditions are quite severe, a weekly
check of the oil level and necessary addition of lubricant
should be sufficient. During the first week of operation,
check the oil levels in the oil sumps about once a day,
and watch for leaks. Replenish as necessary.

e If you choose to use another oil other than the specified
and recommended ROOTS™ Synthetic, use a good
grade of industrial type non-detergent, rust inhibiting,
anti-foaming oil and of correct viscosity per Table 2,
page 17.

e Roots does NOT recommend the use of automotive
type lubricants, as they are not formulated with the
properties mentioned above.

How to properly determine the oil service intervals.

Normal life expectancy of the specified and recommended
ROOTS™ Synthetic oil is approximately 6000 hours with an

oil temperature of 180°F (82°C) or less. As the oil tempera-
ture increases by increments of 15°F (8°C), the ol life is
reduced by half for each 15°F (8°C) increase. Example: Ol
temperatures of 195°F (90.5°C) will produce a life expectancy
reduced by half or 3000 hours oil service life.

Normal life expectancy of petroleum based oils is about 2000
hours with an oil temperature of about 180°F (82°C). As the
oil temperature increases by increments of 15°F (8°C), the life
is reduced by half for each 15°F (8°C) increase. Example: Qil
temperatures of 195°F (90.5°C) will produce life expectancy
reduced by half or 1000 hours oil service life.

NOTE: To estimate oil temperature, multiply the discharge
temperature of the blower by 0.80. Example: if the discharge
air temperature of the blower is 200° F, it is estimated that
the oil temperature is 160° F

For Units with grease lubricated drive end bearings.
URAI AIR (Non GAS) blower grease specifications.

e When servicing drive end bearings of a AIR (Non Gas)
blower, use the specified and recommended Shell
Darina SD 2 NLGI #2 product code 5067628.

e  For grease lubricated drive end blowers see page 17,
table 4, regarding specified greasing intervals.

e Lithium based greases are not compatible with the
specified and recommended Shell Darina SD 2 grease
used when assembling the blower. Lithium based
grease is not approved for any ROOTS blowers.

e Table 4 page 17 has been prepared as a general
greasing schedule guide based on average operating
conditions. More frequent intervals may be necessary
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depending on the grease operating temperature and
unusual circumstances.

URAI GAS blower grease specifications.

e When servicing drive end bearings of a URAI GAS
blower, use the specified NLGI #2 premium grade
aluminum complex* grease, ROOTS P/N T20019001.

e Lithium based greases are not compatible with the
specified and recommended ROOTS Synthetic grease
used when assembling a GAS blower. Lithium based
grease is not approved for any ROOTS blowers.

e Lithium based greases are not compatible with the
specified and recommended ROOTS Synthetic grease
used when assembling a GAS blower. Lithium based
grease is not approved for any ROOTS blowers.

e The lubricants selected must be compatible with the
gas.

*ROQOTS Synthetic Oil & Grease is superior in performance
to other synthetic lubrications. It has high oxidation stability,
excellent corrosion protection, extremely high film strength
and low coefficient of friction.

*ROOTS™ Synthetic oil is superior in performance to petroleum based products.
It has high oxidation stability, excellent corrosion protection, extremely high film
strength and low coefficient of friction. Typical oil change intervals are increased
2-3 times over petroleum based lubricants. Also, ROOTS™ Synthetic oil is 100%
compatible with petroleum based oils. Simply drain the oil in the blower and refil
the reservoirs with ROOTS™ Synthetic oil to maintain optimum performance of
your ROOTS™ blower.

UNIVERSAL RAI®, URAI-DSL, URAI-G and Metric Series | 9



Operation

Before operating a blower under power for the first time,
recheck the unit and the installation thoroughly to reduce the
likelihood of avoidable troubles. Use the following procedure
check list as a guide, but consider any other special condi-
tions in the installation.

4 Be certain that no bolts, tools, rags, or debris have been
left in the blower air chamber or piping.

4 If an outdoor intake without filter is used, be sure
the opening is located so it cannot pick up dirt and is pro-
tected by a strong screen or grille. Use of the temporary
protective screen as described under INSTALLATION is
strongly recommended.

[ Recheck blower leveling, drive alignment and tightness of
all mounting bolts if installation is not recent. If belt drive is
used, adjust belt tension correctly.

[ Turn drive shaft by hand to make sure impellers still rotate
without bumping or rubbing at any point.

(W

Ensure ail levels in the main oil sumps are correct.

d  Check lubrication of driver. If it is an electric motor, be
sure that power is available and that electrical overload
devices are installed and workable.

@ Open the manual unloading valve in the discharge air line.
If a valve is in the inlet piping, be sure it is open.

(4 Bump blower a few revolutions with driver to check that
direction of rotation agrees with arrow near blower shaft,
and that both coast freely to a stop.

After the preceding points are cleared, blower is ready for trial
operation under “no-load” conditions. The following proce-
dure is suggested to cover this initial operation test period.

a. Start blower, let it accelerate to full speed, then shut off.
Listen for knocking sounds, both with power on and as
speed slows down.

b. After blower comes to a complete stop, repeat above,
but let blower run 2 or 3 minutes. Check for noises, such
as knocking sounds.

c. After blower comes to a complete stop, operate
blower for about 10 minutes unloaded. Check oil levels.
Observe cylinder and headplate surfaces for develop-
ment of hot spots such as burned paint, indicating
impeller rubs. Be aware of any noticeable increase in
vibration.

Assuming that all trials have been satisfactory, or that neces-
sary corrections have been made, the blower should now
have a final check run of at least one hour under normal oper-
ating conditions. After blower is restarted, gradually close the
discharge unloading valve to apply working pressure. At this
point it is recommended that a pressure gauge or manometer
be connected into the discharge line if not already provided,
and that thermometers be in both inlet and discharge lines.
Readings from these instruments will show whether pressure
or temperature ratings of the blower are being exceeded.

During the final run, check operating conditions frequently
and observe the oil levels at reasonable intervals. If excessive

noise or local heating develops, shut down immediately and
determine the cause. If either pressure rise or temperature
rise across the blower exceeds the limit specified in this
manual, shut down and investigate conditions in the piping
system. Refer to the TROUBLESHOOTING CHECKLIST for
suggestions on various problems that may appear.

The blower should now be ready for continuous duty
operation at full load. During the first few days make periodic
checks to determine whether all conditions remain steady, or
at least acceptable. This may be particularly important if the
blower is supplying air to a process system where conditions
can vary. At the first opportunity, stop the blower and clean
the temporary inlet protective screen. If no appreciable
amount of debris has collected, the screen may be removed.
See comments under INSTALLATION. At this same time,
verify leveling, coupling alignment or belt tension, and
mounting bolt tightness.

Should operating experience prove that blower capacity is a
little too high for the actual air requirements, a small excess
may be blown off continuously through the manual unloading
or vent valve. Never rely on the pressure relief valve as an
automatic vent. Such use may cause the discharge pressure
to become excessive, and can also result in unsafe operation
of the valve itself. If blower capacity appears to be too low,
refer to the TROUBLESHOOTING CHECKLIST.

Vibration Assessment Criteria

With measurements taken at the bearing locations on the
housings, see chart below for an appropriate assessment
guide for rotary lobe blowers rigidly mounted on stiff
foundations.

In general, blower vibration levels should be monitored on a
regular basis and the vibration trend observed for progressive
or sudden change in level. If such a change occurs, the
cause should be determined through spectral analysis.

As shown on the chart below, the level of all pass vibration
will determine the need to measure discrete frequency
vibration levels and the action required.

All Pass Vibration Discrete Frequency
(in/sec) Vibration (in/sec)

0.45 or less N/R Acceptable

Greater than 0.45 but 0.45 or less @ any Accentable

1.0 or less frequency P
Greater than 0.45 @ Investigate
any frequency

Greater than 1.0 Less than 1.0 Investigate
Greater than 1.0 Investigate
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Troubleshooting Checklist

No flow

Low capacity

Excessive power

Damage to bearings or gears

Vibration

Driver stops, or will not start

Excessive breather

Blow-by or excessive il
leakage to vent area

Excessive oil leakage in
vent area

1
2
3
4
3

12
13
14
15
16
17
18
19
20

21
22
23
24
25

26

27
28

29

30
31

32

Speed too low

Wrong rotation
Obstruction in piping
Speed too low
Excessive pressure rise

Obstruction in piping
Excessive slip

Speed too high

Excessvie pressure rise
Impeller rubbing

Scale , sludge, rust or
product build up

Inadequate lubrication
Excessive lubrication
Excessive pressure rise
Coupling misalignment
Excessive belt tension
Misalignment
Impellers rubbing
Worn bearings/gears

Unbalanced or rubbing
impeller

Driver or blower loose
Piping resonances
Scale/sludge build-ups
Casing strain

Impeller stuck

Scale, sludge, rust or
prodcut build-up

Broken seal
Defective 0-ring

Defective/plugged breather

Qil level too high
Qil type or viscosity incorrect

Blower running hot

Check by tachometer and compare with published performance.
Compare actual rotation with Figure 1, change driver if wrong.
Check piping, valves, silencer to assure open flow path.

See item 1, if belt drive, check for slippage and re-adjust tension.

Check inlet vacuum and discharge pressure and compare with published
performance.

See item 3.

Check inside of casing for worn or eroded surfaces causing excessive
clearances

Check speed and compare with published performance.

See item 5
Inspect outside of cylinder for high temperature areas, then check for impel-
ler contact at these points. Correct blower mounting, drive alignment.

Clean blower appropriately

Check oil sump levels in gear and drive end headplates

Check oil levels. If correct, drain and refill with clean oil of recommended grade.
See item 5.

Check carefully. Re-align if questionable.

Re-adjust for correct tension.

See item 15

See item 10

Check gear backlash and conditions of bearings and replace as indicated.

Scale or process material may build up on casing and impellers, or inside impellers.
Remove build-up to restore original clearances and impeller balance.

Tighten mounting bolts securely.

Determine whether standing wave pressure pulsations are present in the piping.
Clean out interior of impeller lobes to restore dynamic balance.

Re-work piping alignment to remove excess strain

Check for excessive hot spot on headplate or cynlinder. See item 10. Look
for defective shaft bearing and/or gear teeth.

Clean blower appropiately

Replace seals
Replace seals and 0-ring

Replace breather and monitor oil leakage

Check sump levels in gear and drive headplates

Check oil to ensure it meets recommendations. Drain then fill with clean oil
of recommended grade.

Check blower operating conditions to ensure they are within the operating
limitations defined in this manual.

UNIVERSAL RAI®, URAI-DSL, URAI-G and Metric Series | 11



Inspection & Maintenance :
Universal RAI® series blowers

A good program of consistent inspection and maintenance is
the most reliable method of minimizing repairs to a blower. A
simple record of services and dates will help keep this work
on a regular schedule. Basic service needs are:

e  |ubrication

e Checking for hot spots

e  Checking for increases or changes in vibration and noise
e Recording of operating pressures and temperatures

Above all, a blower must be operated within its specified
rating limits, to obtain satisfactory service life.

A newly installed blower should be checked often during

the first month of full-time operation. Attention there after
may be less frequent assuming satisfactory performance.
Lubrication is normally the most important consideration

and weekly checks of lubricant levels in the gearbox and
bearing reservoirs should be customary. Complete oil change
schedules are discussed under LUBRICATION.

Driver lubrication practices should be in accordance with the
manufacturer’s instructions. If direct connected to the blower
through a lubricated type coupling, the coupling should be
checked and greased each time blower oil is changed. This
will help reduce wear and prevent unnecessary vibration. In
a belted drive system, check belt tension periodically and
inspect for frayed or cracked belts.

In a new, and properly installed, unit there is no contact
between the two impellers, or between the impellers and
cylinder or headplates. Wear is confined to the bearings
(which support and locate the shafts) the oil seals, and the
timing gears. All are lubricated and wear should be minimal
if clean oil of the correct grade is always used. Seals are
subject to deterioration as well as wear, and may require
replacement at varying periods.

Shaft bearings are designed for optimum life under average
conditions with proper lubrication and are critical to the
service life of the blower. Gradual bearing wear may allow

a shaft position to change slightly, until rubbing develops
between impeller and casing. This will cause spot heating,
which can be detected by observing these surfaces. Sudden
bearing failure is usually more serious. Since the shaft and
impeller are no longer supported and properly located,
extensive general damage to the blower casing and gears is
likely to occur.

Oil seals should be considered expendable items, to be
replaced whenever drainage from the headplate vent cavity

becomes excessive or when the blower is disassembled

for any reason. Some oil seal leakage may occur since an oil

film under the lip is required for proper operation. Periodically
leaked oil should be wiped off from surfaces. Minor seal leak-
age should not be considered as indicating seal replacement.

Timing gear wear, when correct lubrication is maintained,
should be negligible. Gear teeth are cut to provide the
correct amount of backlash, and gears correctly mounted
on the shafts will accommodate a normal amount of tooth
wear without permitting contact between lobes of the two
impellers. However, too high an oil level will cause churning
and excessive heating. This is indicated by unusually high
temperature at the bottom of the gear housing. Consequent
heating of the gears will result in loss of tooth-clearance

, backlash and rapid wear of the gear teeth usually will
develop. Continuation of this tooth wear will eventually
produce impeller contacts (knocking), and from this point
serious damage will be unavoidable if blower operation is
continued. A similar situation can be produced suddenly by
gear tooth fracture, which is usually brought on by sustained
overloading or momentary shock loads.

Problems may also develop from causes other than internal
parts failure. Operating clearances within a blower are only

a few thousandths of an inch. This makes it possible for
impeller interference or casing rubs to result from shifts in

the blower mounting, or from changes in piping support. If
this type of trouble is experienced, and the blower is found

to be clean, try removing mounting strains. Loosen blower
mounting bolts and reset the leveling and drive alignment.
Then tighten mounting again, and make sure that all piping
meets blower connections accurately and squarely Foreign
materials in the blower will also cause trouble, which can only
be cured by disconnecting the piping and thoroughly cleaning
the blower interior.

A wide range of causes & solutions for operating troubles
are covered in the TROUBLE SHOOTING CHECKLIST.
The remedies suggested should be performed by qualified
mechanics with a good background. Major repairs generally
are to be considered beyond the scope of maintenance, and
should be referred to an authorized ROOTS distributor.

Warranty failures should not be repaired at all, unless specific
approval has been obtained through ROOTS before starting
work. Unauthorized disassembly within the warranty period
may void the warranty.
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Figure 2 - Allowable Overhung Loads for VX-Belt Drives Universal RAI®/URAI-J™ Units

252100 e Motor BHP
Blower RPMe Sheave Diameter in inches

Belt Pull'in Ibs =

Sheave Width (")

Shatft load (Ib.in) = Belt Pull (bs) ® (A" + %" + )

Max. Allow. Min Max.
Shaft Load Sheave Sheave
(Ib.in) Diameter Width
4

22,24 0.61 150 4.00
32,33, 36 0.80 400 5.00 9
42,45, 47 1.02 730 5.00 5
53, 56, 59 1.13 1,325 6.00 6
65, 68, 615 1.36 2,250 8.00 8
76,711,718 1.16 3000 9.50 9.5
NOTE:

Arc of sheave belt contact on the smaller sheave not to be less than 170°

Driver to be installed on the inlet side for vertical units, and on the drive shaft side
for horizontal units.

ROOTS recommends the use of two or more 3V, 5V or 8V belts and sheaves.

Acceptable Blower Drive Arrangement Options

N
NT T2
N
YA
| /\ |
- - |/_ \|
L L)

J

L/ N\
<«—A—> 1/4" Max (6.3 mm Max)
Acceptable

DISCHARGE
<

Motor On Inlet Side of Blower (Top Shaft)

DISCHARGE INLET
Bottom Shaft “

Motor On Inlet Side of Blower (Bottom Shaft)

Above are suggested locations for available accessories.

Unacceptable

\ W 4

I@—ll b

Motor On Dls.e Sld‘ower (Top Shaft)

DISCHARGE INLET
<1
©
Bottom Shaft “_

Motor On DIS(’ Sid ower (Bottom Shaft)
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Figure 3a - Air Blower Installation with Accessories

—— Manual Discharge Unloading Valve
Back Pressure

Regulator (optional) Inlet Air Fllter
A \

Pressure Relief Valve
Vacuum Relief Valve \‘
Temperature Gauge %y
Y
II: :] Manometers

Inlet
\ l;__r\—:ﬁncer
O O O

Check Valve

Isolation Valve
with Limit Switch

Temperature Gauge ——"

Discharge Silencer ——»

W

\— Temporary Screen

AIR BLOWER
Expansion Joint
*Differential Pressure &

Temperature Switches Expansion Joint with Control Unit

Above are suggested locations for available accessories.

Figure 3b -Gas Blower Installation with Accessories

Back-Pressure By-Pass Cooler

/ Regulator l

Inlet
Silencer

{/‘ / Pressure Relief Valve
| T >

Pressure
Check Tempgrature 17 Gauge —1
Valve 7? (ic/uge Temperature ﬁ

Discharge
Silencer—" =

LS

I
- Temporary Screen

Temporary _/
GAS BLOWER Expansion Joint

Starting Valve

Differrential Pressure & Expansion Joint with Control Unit

Temperature Switches
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Figure 4 - Blower Orientation Conversion

Reversible WHISPAIR™ Special Note: WHISPAIR™ models are designed to operate
Rotation Design with only one shaft rotation direction to take full advantage of
UNIVERSAL RAI® Yes No the WHISPAIIR feature. Therefore, ? V\(HISPAIRW blower may
be operated in the following combinations.

e  CCW Rotation: Bottom Shaft; Right side discharge or a
Left Shaft; Bottom discharge

e  CCW Rotation: Top Shaft; Left side discharge or a Right
Shaft; Top discharge

URAI-J WHISPAIR® No Yes
URAI-G Yes No

or

e  CW Rotation: Bottom Shaft; Left side discharge or a
Right Shaft Bottom discharge

e  CW Rotation: Top Shaft; Right side discharge or a Left
Shaft Top discharge

Blower Orientation and Lubrication Points: Grease Lubricated Drive End
Universal RAI series & URAI-G gas blowers

B Breather (25) B
/” - S Right
~

. rﬁ\} Left Dlscharge__é,J[ \:F/% Discharge
{1 VY ) s =
! 1 !'Ir I|i { : “/O\h"“x. ‘K/’_\\ |
| I\ (P | Relief I \ ¢ '
oil \ ¢ eie Pt Grease Fitting
owtion ) ) Fting NS // |
> \_J P /J \
(1)} jk |L N Relief Fitting NS 3 fk%arease
- > | Fitting
o { d'/l/ ,a\\\g, | ,ro O\ /O—é
0il D;alm / P \ J J ).il Ie)
ug \ \ AT
e ) /! Eee—— _‘l
Vertical Gear End . p Y ~Z~_Right Drive Shaft on Tap
Left Dlscharge/ u ‘O\O / D'-.I Discharge
\
Drive Shaft on Bottom
Vertical Mounting
Breather (25) Top
Grease Fitting Discharge
&x J\\
Grease Fitting
= 6 =L( ) ;—_

ottom
ischarge

NP A S LN \\/f//““K 5(3
~ ’ Plug (21) ==, ) \\ Jll> Relief Fitting ‘_/_'”(7\:/00

.': Qil
A Drive Shaft on Right

Horizontal Gear End ~Drain ) |
Plug Botto I 0\\ e

Discharge / = \ elief Fitting

I: —

Drive Shaﬂ on Lefl

Horizontal Mounting
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Drive End Breather Orientation for U-RAI series - DSL with Oil Lube

BREATHER LOCATION

BREATHER LOCATION

DRIVE SHAFT
ANY LOCATION

HORIZONTAL VERTICAL

U-RAI DSL BREATHER ORIENTATION

REVISED DATE: 1/11/05

Table 1 - Universal RAI series, Universal URAI-DSL & URAI-G gas blower,
Maximum Allowable Operating Conditions

Gear Diam- Speed Temperature Rise Delta Pressure m
eter (inch) F° c° PSI
22 2.5

RPM mbar INHG mbar

5275 225 125 12 827 15 500
24 2.5 5275 210 117 7 483 15 500
32 3.5 3600 240 133 15 1034 16 539
33 35 3,600 225 125 12 827 15 500
36 3.5 3,600 225 125 7 483 15 500
42 4.0 3,600 240 133 15 1034 16 539
45 4.0 3600 225 125 10 690 16 539
47 4.0 3600 225 125 7 483 15 500
53 5.0 2850 225 125 15 1034 16 539
56 5.0 2850 225 125 13 896 16 539
59 5.0 2850 225 125 7 483 15 500
65 6.0 2350 250 130 1S 1034 16 539
68 6.0 2350 240 133 14 965 16 539
615 6.0 2350 130 72 7 483 14 472
76 7.0 2050 250 139 15 1034 16 539
711 7.0 2050 225 125 10 690 16 539
718 7.0 2050 130 72 6 414 12 405
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Table 2 - Recommended Oil Grades

Jy— IS0 URAI GAS Blower Oil and Grease Specifications
The specified oil should be ROOTS® Synthetic Oil P/N

Above 90° (32°) 320 813-106-xxx of the proper viscosity.
32° 10 90° (0° to 32°) 220
0°1032°(-18°t0 0°) 150

Below 0° (-18°) 100

*Ambient temperature is defined as the temperature of the space in which the
blower and drive are located.

Table 3 - Approximate Oil Sump Capacities
These capacities are provided to assist in stocking the correct amount of oil. Exact sump capacities may differ
slightly. See “Lubrication” section for proper filling instructions.
UNIVERSAL RAI®, URAI-J, URAI-G UNIVERSAL URAI series-DSL Splash Lubricated Drive End

Note that the gear end sump capacity is provided on the adjacent table.

Model No./Drive shaft Gear End Approx. 0il Sump Capacities Model No./Drive shaft Drive End Capacity
location
)

Fl. 0z Liters location Fl. 0z Liters
22, 24 (left or right 6.1 0.18 32, 33, 36 (left or right) 6.5 0.19
22, 24 (top or bottom) 3.4 0.1 32, 33, 36(top or bottom) 4 0.12
32, 33, 36 (left or right) 10.5 0.31 42, 45, 47 (left or right) 10.8 0.32
32, 33, 36 (top or hottom) 8.5 0.25 42, 45, 47 (top or bottom) 15 0.16
42, 45, 47 (left or right) 14.5 0.43 53, 56, 59 (left or right) 14.8 0.44
42, 45, 47 (top or bottom) 12.7 0.37 53, 56, 59(top or bottom) 7.5 0.22
53, 56, 59 (left or right) 27.6 0.82 65, 68, 615 (left or right) 31 0.91
53, 56, 59 (top or bottom) 16 0.47 65, 68, 615 (top or bottom) 16 0.47
65, 68, 615 (left or right) 52.1 1.54
65, 68, 615 (top or bottom) 28.3 0.84
76,711,718 (left or right) 59.5 1.76
76, 711, 718 (top or bottom) 32.3 0.96

See page 14 and 15 for illustration of vertical and horizontal configurations.

Table 4 - Universal URAI series with Grease Lubricated The specified grease for servicing drive end bearings of a gas

Drive End: Specified Bearing Greasing Intervals blower, use a NLGI #2 premium grade aluminum complex*
grease, Roots P/N T20019001 with 300°F (149°C) service
temperature and moisture resistance and good mechanical
stability.

Operating Hours Per Day

Greasing Interval in Weeks
When servicing drive end bearings of non gas blower, use

790-1000 / 4 2 a NLGI #2 premium grade microgel grease with 250°F
1000-1500 5 2 1 (121°C) service temperature and moisture resistance and
1500-2000 4 2 1 good mechanical stability. Roots specifies Shell Darina SD2
2000-2500 3 1 1 NLGI#2. Product Code 5067628.

2500-3000 2 1 1 NOTE: Lithium based greases are not compatible with the
3000 and up 1 1 1 ROQOTS® Synthetic Grease used when assembling a gas

blower or the non-soap base grease used when assembling
a standard URAI blower. Lithium based grease is not
approved for any ROOTS™ blowers.

UNIVERSAL RAI®, URAI-DSL, URAI-G and Metric Series | 17
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Universal RAI Series Blowers Parts List Universal RAI Series Blowers Parts List Universal RAI-DSL Series Blowers Parts

2-1/2" - 5" Gear Diameter 6" & 7" Gear Diameter List 3-1/2" - 5" Gear Diameter
(Refer to drawing #64720023) (Refer to drawing #64792023) (Refer to drawing #T30356023)
COECTTSEE TS R T
1 Headplate Gear End Headplate Gear End Headplate Gear End
2 Headplate Drive End 1 2 Headplate Drive End 1 2 Headplate Drive End 1
3 Gearbox 1 3 Gearbox 1 3 Gearbox 1
4 Timing Gears 2 4 Timing Gears 2 4 Timing Gears 2
5 Cover-Blind (Plug Opening) 1 5 Cover-Blind (Plug Opening) 1 7 Gasket, Gear Box, DE Cover 1
7 Gasket, Gear Box 1 7 Gasket, Gear Box 1 11 Cylinder 1
1 Cylinder 1 11 Cylinder 1 12 Impeller & Shaft Drive 1
12 Impeller & Shaft Drive 1 12 Impeller & Shaft Drive 1 13 Impeller & Shaft Driven 1
13 Impeller & Shaft Driven 1 13 Impeller & Shaft Driven 1 14 Bearing, Ball 3
14 Bearing, Ball 3 14 Bearing, Ball 3 15 Bearing, Roller 1
15 Bearing, Roller 1 15 Bearing, Roller 1 16 Pin, Dowel 4
16 Pin, Dowel 4 16 Pin, Dowel 4 17 Gear Nut 2
17 Gear Nut 2 17 Gear Nut 2 19 Key 1
19 Key 1 19 Key 1 21 Plug, Pipe B
21 Plug, Pipe 3 21 Plug, Pipe 3 23 Screw Hex 6
23 Screw Hex 6 23 Screw Hex Nylock 8 25 Breather (Plug Vent) 1
25 Breather (Plug Vent) 1 25 Breather (Plug Vent) 1 26 Screw, Hex *
26 Screw, Hex * 26 Screw, Hex * 27 Seal, Lip Bearing 4
27 Seal, Lip Bearing 4 27 Seal, Lip Bearing 4 31 Screw, Hex, Nylock 4
31 Screw, Hex, Nylock 4 29 Washer, Spring Wavy 2 32 Screw, Hex 6
32 Screw, Hex 6 31 Screw, Hex, Nylock 4 33 Seal Lip-Drive 1
88 Seal Lip-Drive 1 32 Screw, Hex 10 34 Clamp Plate 2
34 Clamp Plate 2 33 Seal Lip-Drive 1 35 Foot 2
85 Foot 2 34 Clamp Plate 2 39 Washer Mounting 4
37 Fitting, Grease 2 35 Foot 2 40 Screw Socket 2
38 Fitting, Relief 2 37 Fitting, Grease 2 42 Screw Hex 2
39 Washer Mounting 4 38 Fitting, Relief 2 48 DE Oil Slinger Set Screw 4
40 Screw Socket 2 39 Washer Mounting 4 50 Drive End Cover 1
42 Screw Hex 2 *Quantities vary by blower. 52 Drive End Oil Slinger 2
*Quantities vary by blower. 53 0l Sight Glass 2

*Quantities vary by blower.

Universal RAI®-DSL Series Blowers Parts List 6" Gear Diameter
(Refer to drawing #T730382023)

mm mm

Headplate Gear End 1 23 Screw Hex Nylock

2 Headplate Drive End 1 25 Breather (Plug Vent) 1

3 Gearbox 1 26 Screw, Hex *

4 Timing Gears 2 27 Seal, Lip Bearing

7 Gasket, Gear Box 1 31 Screw, Hex, Nylock 4
11 Cylinder 1 32 Screw, Hex 10
12 Impeller & Shaft Drive 1 33 Seal Lip-Drive 1

13 Impeller & Shaft Driven 1 34 Clamp Plate 2
14 Bearing, Ball 3 35 Foot 2
15 Bearing, Roller 1 39 Washer Mounting 4
16 Pin, Dowel 4 48 DE il Slinger Set Screw 4
17 Gear Nut 2 50 Drive End Cover 1

19 Key 1 52 Drive End Oil Slinger 2
21 Plug, Pipe 3 53 Oil Sight Glass 2

*Quantities vary by blower.
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Universal RAI Series Gas Blowers Parts List
6" Gear Diameter

(Refer to drawing #T73011023)

i L patane Ly

Universal RAI Series Gas Blowers Parts List
3-1/2" & 5" Gear Diameter

(Refer to drawing #T30099023)

i L patine L iy

ROOTS® Synthetic Oil: 1S0-VG-220 Grade

*DE cover gasket is not the same as the gasket used on the GE. You must

specify the gasket required when ordering.

Part Number **Quantities vary by blower.
Quart 813-106-001
Gallon 813-106-002
Case (12 qts) 813-106-008

Part Number
Quart 813-106-004
Gallon 813-106-005
Case (12 qgts) 813-106-007

Part Number
14.5 0z. Tube T200019-001
5 Gallon Pail T200019-003
Case (30 tubes) T200019-002

1 Headplate Gear End 1 Headplate Gear End
2 Headplate Drive End 1 2 Headplate Drive End 1
3 Gearbox 1 3 Gearbox 1
4 Timing Gears 2 4 Timing Gears 2
5 Cover-Blind (Plug Opening) 1 5 Cover-Blind (Plug Opening) 1
7 Gasket, Gear Box 1 7 Gasket, Gear Box 1
11 Cylinder 1 7 Gasket DE Cover 1
12 Impeller & Shaft Drive 1 11 Cylinder 1
13 Impeller & Shaft Driven 1 12 Impeller & Shaft Drive 1
14 Bearing, Ball 3 13 Impeller & Shaft Driven 1
15 Bearing, Roller 1 14 Bearing, Ball 3
16 Pin, Dowel 4 15 Bearing, Roller 1
17 Gear Nut 2 16 Pin, Dowel 4
19 Key 1 17 Gear Nut 2
21 Plug, Pipe 3 19 Key 1
23 Screw Hex 8 21 Plug, Pipe 3
25 Breather (Plug Vent) 1 23 Screw Hex Nylock 8
26 Screw, Hex 14* 25 Breather (Plug Vent) 1
27 Seal, Bearing 4 26 Screw, Hex 14
31 Screw, Hex 4 27 Seal, Bearing 4
32 Screw, Hex 4 31 Screw, Hex 4
88 Seal Lip-Drive 1 32 Screw, Hex 10
34 Clamp Plate 2 33 Seal Lip-Drive 1
89 Foot 2 34 Clamp Plate 2
37 Fitting, Grease 2 35 Foot 2
38 Fitting, Relief 2 37 Fitting, Grease 2
39 Washer Mounting 4 38 Fitting, Relief 2
40 Screw Socket 2 39 Washer Mounting 4
42 Screw Hex 2 40 Screw Socket 2
*Quantity varies by blower. 42 Screw Hex 2
43 Plug 8
51 Shoulder Bolt 2
Specified Lubricants 53 Qil Sight Glass 2
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Basic Connection & Drive Shaft Information
UNIVERSAL RAI (URAI) Air Blowers with Grease Lubricated Drive End

BOM#* m g::s:gtslg?l Shaft Diameter (in.) Bare Weight

65102020 1" NPT 0.625

65103020 24 2" NPT 0.625 43
71048020 32 1.25" NPT 0.750 69
65105020 33 2" NPT 0.750 74
65106020 36 2.5" NPT 0.750 102
65108020 42 1.5" NPT 0.875 88
65109020 45 2.5" NPT 0.875 109
65110020 47 3" NPT 0.875 128
65112020 53 2.5" NPT 1.125 143
65113020 56 4" NPT 1.125 170
65114020 59 4" NPT 1.125 204
65116020 65 3" NPT 1.375 245
65117020 68 5" NPT 1.375 285
65118020 615 6" Flange 1.375 425
65120020 76 4" NPT 1.562 400
65121020 11 6" Flange 1.562 530
65122020 718 8" Flange 1.562 650

Refer to Specification Sheet S-12K84

URAI DSL Air Blowers with Dual Splash Lubrication

* InIet/Dlsch
BOM## m Shaft Diameter (in.) Bare Weight

130378020 1.25" NPT 0.750

130379020 33 2" NPT 0.750 7
130380020 36 2.5" NPT 0.750 105
130352020 42 1.5" NPT 0.875 92
130353020 45 2.5"NPT 0.875 113
130354020 47 3" NPT 0.875 132
130359020 53 2.5"NPT 1.125 148
130360020 56 4" NPT 1.125 175
130361020 59 4" NPT 1.125 209
130384020 65 3" NPT 1.375 250
130385020 68 5" NPT 1.375 290
130386020 615 6" Flange 1.375 430

Refer to Specification Sheet S-27S03

Universal RAI air blowers include detachable mounting feet which permit vertical or horizontal installation. The units are center timed
for rotation in either direction. The bearings on the URAI are grease lubricated on the drive end and splash Iubricated on the gear
end. The URAI-DSL is splash lubricated on BOTH ends.

Universal RAI-G Gas Blowers with Grease Lubricated Drive End

BOM##* m g:)lg;/g:z: Shaft Diameter (in.) Bare Weight

710480G0 1.25" NPT 0.750

651050G0 33 2" NPT 0.750 74
651060G0 36 2.5"NPT 0.750 102
651080G0 42 1.5" NPT 0.875 88
651090G0 45 2.5" NPT 0.875 109
651100G0 47 3" NPT 0.875 128
651120G0 53 2.5" NPT 1.125 143
651130G0 56 4" NPT 1.125 170
651140G0 59 4" NPT 1.125 204
651160G0 65 3" NPT 1.375 245
651170G0 68 5" NPT 1.375 285
651180G0 615 6" NPT 1.375 425

Refer to Specification Sheet S-60A01

Universal RAI-G™ gas blowers include detachable mounting feet which permit vertical or horizontal installation. Feet are different
for vertical and horizontal mounting. The units are center timed for rotation in either direction. The bearings on the Universal
RAI-G are grease lubricated on the drive end and splash lubricated on the gear end. ROOTS® Synthetic Lubricant is recommended.
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Basic Connections and Drive Shaft Information

Universal RAI (URAI-J) WHISPAIR™ Air Blowers

Universal RAI-J WHISPAIR™ Air Blowers with Grease Lubricated Drive End

BOM#* m (I:':)Is:llgc:tslzir: Shaft Diameter (in.) Bare Weight

74065020 2" NPT 0.750

74086020 36J 2.5" NPT 0.750 112
74066020 45J 2.5" NPT 0.875 119
74087020 47J 3" NPT 0.875 138
74067020 56J 4" NPT 1.125 180

Refer to Specification Sheet S-33A93

URAI-J-DSL WHISPAIR™ Air Blowers with Dual Splash Lubrication

BOM#* m (I}I:)Ir?:llt:)cltslzirll Shaft Diameter (in.) Bare Weight

130417020 2" NPT 0.750

130418020 36J 2.5" NPT 0.750 115
130410020 45J 2.5" NPT 0.875 122
130412020 47J 3" NPT 0.875 141
130415020 56J 4" NPT 1.125 185

Refer to Specification Sheet S-33A93

URAI-J Metric WHISPAIR™ Air Blowers with Grease Lubricated Drive End

BOMi#* m g:ﬁ:{gtsﬂ: Shaft Diameter (mm) Bare Weight

2" BSP
740860M0 36J 2.5" BSP 19 112
TBD 45J 2.5"BSP 24 119
TBD 47J 3" BSP 24 138
TBD 56J 4" BSP 28 180

URAI-J-DSL Metric WHISPAIR™ Air Blowers with Dual Splash Lubrication

" InIet/D|sch

2" BSP
T30466OMO 36J 2.5" BSP 19 115
TBD 45J 2.5" BSP 24 122
T304550M0 47J 3" BSP 24 141
TBD 56J 4" BSP 28 185

Universal RAI-J air blowers incorporate the patented WHISPAIR™ design in addition to the same features as the original URAI
blowers. The URAI-J’s are centered timed, however the WHISPAIR™ benefits can only be realized when the jet is located in the
discharge position.
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Basic Connections and Drive Shaft Information

Universal RAI Metric (URAI-M) Air Blowers with Grease Lubricated Drive End
NOTE: Metric URAI product has metric shaft diameter and connection sizes.

BOM#* m é’:ﬁ;’gzﬁn Shaft Diameter (mm) Bare Weight
16 32

651020M0 22 1" BSP

651030M0 24 2" BSP 16 43
710480M0 32 1.25" BSP 19 69
651050M0 33 2" BSP 19 74
651060M0 36 2.5" BSP 19 102
651080M0 42 1.5" BSP 24 88
651090M0 45 2.5" BSP 24 109
651100M0 47 3" BSP 24 128
651120M0 53 2.5"BSP 28 143
651130M0 56 4" BSP 28 170
651140M0 59 4" BSP 28 204
130392060 65 3" BSP 32 245
130394060 68 5" BSP 32 285
130390060 615 150 NP10 32 425
130396060 76 4" BSP 38 400
130398060 n 150 NP10 38 530
130340060 718 200 NP10 38 650

URAI-DSL Metric Air Blowers with Dual Splash Lubrication
Inlet/Disch

Frame Size Connection Shaft Diameter (mm) Bare Weight
T30463060 32 1.25" BSP 19 72
T30464060 33 2" BSP 19 77
T30465060 36 2.5" BSP 19 105
T30451060 42 1.5" BSP 24 92
T30452060 45 2.5" BSP 24 113
T30453060 47 3"BSP 24 132
T30459060 53 2.5" BSP 28 148
T30460060 56 4" BSP 28 175
T30461060 59 4" BSP 28 209
T30467260 65 3" BSP 32 250
T30467360 68 5" BSP 32 290
T30467460 615 150 NP 10 32 430

Universal RAI air blowers include detachable mounting feet which permit vertical or horizontal installation. The units are center
timed for rotation in either direction. The bearings on the URAI are grease lubricated on the drive end and splash lubricated on the
gear end. The URAI-DSL is splash lubricated on BOTH ends.
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ROOTS™ Blowers and Compressors
Synthetic Lubricating Oil

After extensive life testing on rotary lobe blowers, Dresser
ROOTS™ introduced a special blend, high-temperature,
(polyalphaolefin based) synthetic lubricating oil for ROOTS™
blowers in 1990.

Today’s ROOTS™ blowers and exhausters are designed

and built with the same attention to detail that has firmly
established the Dresser Roots reputation for reliability, quality
and technical excellence over the past 150 years.

ROOTS™ synthetic lubricating oils are made with the same
quality and technical excellence standards to meet the
highest specifications required for maximum performance.

LUBRICANT ADVANTAGES:

e High Oxidation Stability - Contains oxidation-resistant
additives that mean longer oil life and fewer oil changes.
ROOTS™ Synthetic Lubricating oil excels in ASTM oxida-
tion tests, and in the field, where it counts. Longer oil life
means lower expenditures, and greater conservation.

e Rapid Separation from Water - Promotes prolonged
bearing life.

e Excellent Corrosion Protection - Contains synthetic
corrosion inhibitors. Protects during operation and acts
as a preservative during shut down.

e  Synthetic Solvency - Keeps equipment clean.

e Ashless - Keeps equipment free from metallic ash
deposits.

e Compatible with Seals - Has excellent compatibility
with seals.

e Blower Protection - Protects blower through a wide
range of operating temperatures.

e Pour Point - from -40°F (-40°C). Flash Point - at 500°F
(260°C).

e Range of Use - ROOTS™ Synthetic Lubricating Oil
can be used in any blower application or operating
environment.

e High Film Strength - ROOTS™ Synthetic Lubricating Oil
carries up to 700% greater loads than other mineral and
synthetic oils.

Low Friction - Extremely low coefficient of friction
proven to save energy over conventional oils.

Compatibility With Other Oils - ROOTS™ Synthetic
Lubricating Oil is compatible with, and can be mixed
with, other mineral oils and most other synthetic oils. No
special cleaning is required at change out for blowers
previously running on mineral oil. NOTE: It is NOT
compatible with silicone or glycol synthetics.

ISO Grade Availability - Available in ISO Grade 100,
150, 220, or 320.

Container Sizes - Available in one-quart containers,
12-quart cases, one-gallon containers, 5-gallon pails, or
55 gallon drums.

Formulated for ROOTS -

for all Rotary Lobed Blowers

High

Temperature
synthetic
Lubricating 0il

150-VG-220 + 1 QUART

oncsse

Roots

_,—d
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About Dresser Roots®

Dresser Roots, a major product brand of Dresser, Inc., is

the manufacturer of the original ROOTS blower™, centrifugal
compressors and control systems. ROOTS® air and gas
moving equipment is used in a wide variety of applications,
including Mechanical Vapor Recompression, water and
wastewater treatment, flue gas desulphurization, petrochemi-
cal and chemical processes, conveying, and other industrial
applications.

Dresser Roots

About Dresser, Inc.

Dresser, Inc. is a leader in providing highly engineered
infrastructure products for the global energy industry. The
company has leading positions in a broad portfolio of prod-
ucts, including valves, actuators, meters, switches, regulators,
piping products, natural gas-fueled engines, retail fuel
dispensers and associated retail point-of-sale systems, and
air and gas handling equipment. Leading brand names within
the Dresser portfolio include Dresser Wayne® retail fueling
systems, Waukesha® natural gas-fired engines, Masoneilan®
control valves, Consolidated® pressure relief valves, and
Roots® blowers. It has manufacturing and customer service
facilities located strategically worldwide and a sales presence
in more than 100 countries.

Houston, Texas Headquarters e U.S. Toll Free Phone: 1 877-363-ROO0T(S) (7668)  Direct Phone: +1 832-590-2600
Connersville, Indiana Operations  U.S. Toll Free Phone: 1 877-442-7910 e Direct Phone: +1 765-827-9285
European Operations ® Phone: +44 (0) 1695 52600 e Email: roots.europe@dresser.com

USA/Canada Sales ® Phone: +1 773-444-3360

Houston, Texas Factory Service ® Phone: +1 713-896-4810
Mexico City Sales and Factory Service ® Phone: +52 55 5889 5811
Dubai Sales and Factory Service ® Phone: +971 4-8855481
Malaysia Sales ® Phone: +60 3 2267 2600

China Sales e Phone: +86 10 8486 2440

Shanghai Factory Service ® Phone: +86 21 5858 7638

©2010 Dresser, Inc. All rights reserved. e Printed in the U.S.A. e All information subject to
change without notice. ® Roots, Wayne, Waukesha, Masoneilan and Consolidated are registered
trademarks of Dresser, Inc. ® ROOTS, WHISPAIR, UNIVERSAL RAI, UNIVERSAL RAI-J and
UNIVERSAL RAI-G are trademarks of Dresser, Inc.

ISRB-2002 rev. 0710

Roots

www.dresserroots.com/



Model#:

CONN. DIAGRAM:

O

UTLINE:

CERTIFICATION DATA SHEET

324TTFC6027 AA

4172.03
169541.60ME

WINDING#:
ASSEMBLY:

T16104005 NONE 3

F1/F2 CAPABLE

TYPICAL MOTOR PERFORMANCE DATA

HP KW | syncrem | FLreM | FRAME | Enclosure | kvacobe | Desien |
40830 308224 | 1800 | 178081481 | 324T | TEFC | G | B |
PH wz | wvouts | rLawps |startTvee| obuty | mst | sk | awe | eLevaTion |
3 60/50 208- 90- ACROSS THE| CONTINUOU F2 1.15/1.15 40 3300
230/460#190/ | 92/46884/42 LINE s
380
FULL LOAD EFF: 3/4 LOAD EFF: 95 1/2 LOAD EFF: 95 GTD. EFF ELEC. TYPE NO LOAD AMPS
94.1893.6
FULL LOAD PF: 3/4 LOAD PF: 82 1/2 LOAD PF: 745 93 SQ CAGE IND RUN 35/175
868.86.5
F.L. TORQUE LOCKED ROTOR AMPS | L.R. TORQUE | B.D. TORQUE | F.L. RISE |
119 LB-FT 580 / 290 | 225 LB-FT 189 | 350 LB-FT 294 | 65 |
SOUND PRESSURE| SOUND POWER ROTOR WKA2 MAX. WKA2 SAFE STALL TIME STARTS APPROX. MOTOR
@3FT. JHOUR WGT
-dBA -dBA | ea2ierre | -imFm2 20 SEC. | - | 538 LBS. |
*** SUPPLEMENTAL INFORMATION ***
DE BRACKET |ODE BRACKET| MOUNT | ORIENTATION| SEVERE | HAZARDOUS DRIP SCREENS PAINT
TYPE TYPE TYPE DUTY LOCATION COVER
STANDARD | sTANDARD |  RiGiD | HomizonTaL| Faise | wone | Fase | NONE | STANDARD
| BEARINGS | Grease SHAFTTYPE | SPECIALDE | SPECIAL ODE SHAFT FRAME
| DE | OPE | MATERIAL MATERIAL
| BALL | BALL | stanpbarp T NONE NONE STANDARD CAST IRON
| 6312 | 6312 |
| THERMO-PROTECTORS THERMISTORS CONTROL SPACE /n HEATERS
THERMOSTATS PROTECTORS WDG RTDs BRG RTDs
NONE NOT NONE NONE NONE FALSE NONE VOLTS
* INVERTER TORQUE: NONE
N INV. HP SPEED RANGE: NONE
o ENCODER: NONE
T NONE NONE
E NONE NONE PPR
s
. BRAKE: NONE  NONE
NONE P/N NONE
NONE NONE
-FT-LB NONE V. NONE Hz

DATE: 07/05/2011 12:17:57 PM
FORM 3531 REV.3 02/07/99
** Subject to change without notice.
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Installation, Operation and

Maintenance Instructions
for AC Induction Motors
56- 6800 Frames (NEMA)
63 — 280 Frames (IEC)

[O]MARATHON'
L EadCCT RRIC

A REGAL-BELOIT COMPANY

MARATHON ELECTRIC

Contact Motor Customer Service at:
Phone: (715) 675-3311
www.marathonelectric.com

Form 5554E



INSTALLER: PLEASE LEAVE THIS MANUAL FOR THE OWNER’S USE
OWNER: READ AND SAVE THESE INSTRUCTIONS

SAFETY INSTRUCTIONS

A\ This is the safety alert symbol. It is used to alert you to potential personal
injury hazards. Obey all safety messages that follow this symbol to avoid
possible injury or death.

A\ WARNING

Before installing, using, or servicing this product, carefully read and fully
understand the instructions including all warnings, cautions, & safety notice
statements. To reduce risk of personal injury, death and/or property damage,
follow all instructions for proper motor installation, operation and maintenance.

These instructions are not intended as a complete listing of all details for
installation, operation, and maintenance. If you have any questions concerning
any of the procedures, STOP, and call the appropriate Regal-Beloit motor

company.

Table of Contents
1.0 INSTALLER / OWNER / OPERATOR RESPONSIBILITY
1.1 Electrical Safety
1.2 Mechanical Safety
1.3 Environmental Safety
2.0 RECEIVING & INSPECTION
2.1 Initial Inspection
2.1.1 Packing List & Inspect
2.1.2 Turn Motor Shaft
2.1.3 Check Nameplate
2.2 Handling
2.2.1 Correct Lifting Angles
2.3 Storage
2.3.1 Bearing Lubrication
2.3.2 Shaft Rotation
2.3.3 Damp or Humid Storage Locations
3.0 INSTALLATION AND OPERATION
3.1 Location
3.1.1 Selecting a Location
3.1.2 Ambient Temperature Limits
3.1.3 Construction Selection per Location
3.1.3.1 Dripproof
3.1.3.2 Totally Enclosed
3.1.3.3 Hazardous Locations Motors
3.2 Mounting Motor
3.2.1 Rigid Base (Footed)
3.2.2 Rigid Base Hole Selection -6 or 8 Hole Bases
3.2.3 Vertical
3.3 Application Assembly to Motor
3.3.1 General: Proper Alignment

3.3.2 Direct Coupling

3.3.3 Direct Connected

3.3.4 Belted

3.3.5 VFD Operation

3.3.6 Accessories
3.3.6.1 General
3.3.6.2 Brake Motors
3.3.6.3 Space Heaters
3.3.6.4 Thermal Protection General, Thermostats,

Thermisters & RTDs

3.3.6.5 RTD Alarm & Trip Settings

3.3.7 Guards

3.4 Electrical Connections

3.4.1 Power Supply / Branch Circuit
3.4.1.1 Branch Circuit Supply
3.4.1.2 Fuses, Breakers, Overload Relays
3.4.1.3 AC Power Supply Limits

3.4.2 Terminal Box
3.4.2.1 Conduit opening
3.4.2.2 Hazardous Locations

3.4.3 Lead Connections
3.4.3.1 Wire Size Requirements (Single Phase)
3.4.3.2 Extension Cords (Single Phase)

3.4.4 Ground Connections

3.4.5 Start Up
3.4.5.1 Start Up — No Load Procedure
3.4.5.2 Start Up — Load Connected Procedure
3.4.5.3 Jogging and/or repeated starts

4.0 MAINTENANCE
4.1 General Inspection



4.1.1 Ventilation
4.1.2 Insulation
4.1.3 Electrical Connections
4.2 Lubrication and Bearings
4.2.1 Grease Type
4.2.2 Bearing Operating Temperature

4.2.3 Lubrication Interval
4.2.4 Lubrication Procedure
4.2.5 Lubrication Example
4.3 Trouble Shooting
4.3.1 General Trouble-Shooting Warnings
4.3.2 Trouble-Shooting Cause /

Corrective Action

1.0 INSTALLER/OWNER/OPERATOR RESPONSIBILITY:

1.1 ELECTRICAL SAFETY

WARNING: ELECTRICAL SHOCK HAZARD
Electrical connections shall be made by a qualified electrical personnel in
accordance with all applicable codes, ordinances and sound practices.
Failure to follow these instructions could result in serious personal injury,
death and/or property damage. Only qualified personnel who are familiar
with the applicable National Code (USA = NEC) and local codes should
install or repair electrical motors and their accessories.

WARNING: ELECTRICAL LIVE CIRCUIT HAZARD
Do not touch electrically live parts. Disconnect, lockout and tag input
power supply before installing or servicing motor (includes accessory
devices). Use a voltmeter to verify that power is off before contacting
conductors.

WARNING: ELECTRICAL GROUNDING HAZARD
Failure to properly ground motors, per the National Electrical Code (NEC)
Article 430 and local codes may cause serious injury or death to
personnel. For general information on grounding refer to NEC Article
250. (Also see “Ground Connections section 3.4.4).

WARNING: AUTOMATIC RESET PROTECTOR HAZARD
Do not use automatic reset protectors if automatically restarting the motor
will place personnel or equipment at risk. . Failure to follow this instruction
could result in serious personal injury, death and/or property damage

WARNING: MANUAL RESET PROTECTOR HAZARD

If a tripped manual reset thermal protector is exposed to a temperature
less than —7°C (20°F) it may reset and restart the motor automatically. If
an application requires a motor with a manual reset thermal protector that
will be operated at temperatures less than —7°C (20°F) contact the
manufacturer to review the application / motor requirements. Failure to
follow this instruction could result in serious personal injury, death and/or
property damage

1.2 MECHANICAL SAFETY

WARNING: LOOSE PARTS HAZARD
Before starting the motor, remove all unused shaft keys and loose
rotating parts to prevent them from flying off. Failure to follow these
instructions could result in serious personal injury, death and/or property
damage.

WARNING: ROTATING PARTS HAZARD
Keep extremities, hair, jewelry and clothing away from moving parts.
Failure to follow these instructions could result in serious personal injury,
death and/or property damage.

1.3 ENVIRONMENTAL SAFETY

WARNING: HAZARDOUS LOCATIONS
(1) The NEC and the local authority having jurisdiction must be consulted
concerning the installation and suitability of motors for use in
Hazardous Locations. The local authority having jurisdiction must
make the final determination of what type of motor is required. The
application and operation is beyond the control of the motor
manufacturer.
Division 1 Hazardous Locations motors can only be modified or
reworked by the manufacturer or a facility that is Listed under UL’s
category “Motors and Generators, Rebuilt for use in Hazardous
Locations”. Failure to follow these instructions could result in serious
personal injury, death and/or property damage.
(3) Do not use a Hazardous Locations motor with a Variable Frequency
Drive (VFD) unless the motor nameplate specifically states that the

@

-

motor is suitable for use on Pulse Width Modulated (PWM) type VFD
power. In addition, the nameplate must be marked with the inverter
rating; for example, “2:1 CT”, “2 to 1 Constant Torque”, etc.

2.0 RECEIVING AND INSPECTION

2.1 INITIAL INSPECTIONS

211 CHECK PACKING LIST AND INSPECT the
packaging to make certain no damage has occurred in shipment. If
there is visible damage to the packaging, unpack and inspect the
motor immediately. Claims for any damage done in shipment must
be made by the purchaser against the transportation company.

2.1.2 TURN MOTOR SHAFT by hand to be certain that it
rotates freely. Note: Shaft seals and bearing seals may add drag.

2.1.3 CHECK NAMEPLATE for conformance with purchase
order requirements and compliance with power supply and control
equipment requirements.

2.2 HANDLING:

.& WARNING: FALLING OBJECT HAZARD

Eyebolts or lifting lugs, where provided, are intended for lifting
only the motor and accessories mounted by the motor
manufacturer (unless specifically stated otherwise on the motor).
Utilizing the motor lifting provision to lift other components such as
pumps and gear boxes could result in serious personal injury, death
and/or property damage.

.& WARNING: FALLING OBJECT HAZARD

Before using the lifting provision, check the eyebolts and/or other lifting
means to assure they are not bent or damaged and are completely
threaded, seated & secured to the motor. Equipment to lift motor must
have adequate lifting capacity. While lifting the motor DO NOT stand
under or in the vicinity of the motor. Failure to follow these instructions
could result in serious personal injury, death and/or property damage.

2.2.1 LIFTING ANGLE LIMITATIONS
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2.3 STORAGE: Motors, not put into service immediately, must be
stored indoors in a clean, dry location. Avoid locations with large
temperature swings that will result in condensation. Motors must be
covered to eliminate airborne dust and dirt. If the storage location
exhibits high vibration, place isolation pads under motor to minimize
damage to motor bearings.



2.3.1 BEARING LUBRICATION: Bearings are grease packed
at the factory; relubrication upon receipt of motor or while in storage
is not necessary. If stored more than one year, add grease per
lubrication instructions (Table 4-4) before start-up.

2.3.2 SHAFT ROTATION: It is recommended that the motor
shaft be rotated 5 to 10 rotations every three months to distribute the
grease in the bearings. This will reduce the chance for corrosion to
form on the bearing rolling elements and raceways. Note: Shaft
seals and bearing seals may add drag.

2.3.3 DAMP OR HUMID STORAGE LOCATIONS: Treat
unpainted flanges, shafts, and fittings with a rust inhibitor. Apply
appropriate power to the motor’s space heaters (if so equipped)

3.0 INSTALLATION AND OPERATION

WARNING: Only qualified personnel who are familiar with the
appropriate national code, local codes and sound practices should install
or repair electrical motors and their accessories. Installation should
conform to the appropriate national code as well as local codes and
sound practices. Failure to follow these instructions could result in serious
personal injury, death and/or property damage.

WARNING: ELECTRICAL LIVE CIRCUIT HAZARD
Do not touch electrically live parts. Disconnect, Lockout and Tag input
power supply before installing or servicing motor (includes accessory
devices). Use a voltmeter to verify that power is off before contacting
conductors.

3.1 LOCATION

3.1.1 SELECTING A LOCATION: Consideration should be
given to environment and ventilation. Motors should be installed in
an area that is protected from direct sunlight, corrosives, harmful
gases or liquids, dust, metallic particles, and vibration. A motor with
the proper enclosure for the expected operating condition should be
selected. Provide accessible clearance for cleaning, repair, service,
and inspections (See section 3.1.3 for construction clearances).
The location should be considered for possible future motor removal
/ handling. The free flow of air around the motor should not be
obstructed.

3.1.2 AMBIENT TEMPERATURE LIMITS: The ambient
temperatures of the air inlet to the motor should not exceed 40°C
(104°F) or be less than -30°C (-22°F) unless the motor nameplate
specifically states an ambient temperature outside of these limits.
The ambient inside an enclosure built around the motor shall not
exceed the nameplate ambient. For ambient temperatures outside of
these limits consult the motor manufacturer.

CAUTION: INSULATION DEGRADATION WARNING
Insulation at high temperatures ages at an accelerated rate. Each
10°C increase in temperature reduces the insulation life by one half.

WARNING: HAZARDOUS LOCATIONS AMBIENT LIMIT:
Division 1 Hazardous Locations motors shall NOT be operated
below -25°C (-13°F) ambient. (Low temperatures reduce the
component mechanical properties.)

3.1.3 CONSTRUCTION SELECTION per LOCATION:

3.1.3.1 DRIPPROOF (OPEN) MOTORS are intended for use
indoors where the atmosphere is relatively clean, dry,
and non-corrosive. Recommended a minimum
clearance of % the shaft height between vent openings
and the nearest obstruction.

3.1.3.2 TOTALLY ENCLOSED MOTORS are suitable for
indoor or outdoor standard service applications.
TEAO or AOM (Totally Enclosed Air Over) motors must be
mounted in the air stream. When the motor nameplate states a
minimum airflow the motor must be mounted in an air stream
meeting this minimum value.

TEFC (Totally Enclosed Fan Cooled) motors must meet a
minimum distance of /2 the shaft height between the fan guard
grill openings and the nearest obstruction.

3.1.3.3 HAZARDOUS LOCATIONS MOTORS: Hazardous
Locations motors are intended for installations in accordance with
NEC Article 500. For all installations involving Hazardous
Locations motors, consult the applicable national codes, local
codes, and the authority having jurisdiction.
Division 1 Installations — includes Class | & lI: Use only
motors that are UL Listed and CSA Certified or UL Listed and
UL Certified for Canada. These motors bear a separate
nameplate that includes the UL Listing Mark and CSA
Certification Mark or includes the UL Listing Mark and the UL
Mark for Canada. This plate also bears the phrase: “ Electric
motor for Hazardous Locations” and is marked with the Class,
Group and Operating Temperature Code.
Division 2 Installations — Class | only: Use only motors that
are CSA Certified and bear the CSA Certification Mark.
These motors include a phrase on the main motor nameplate
that indicates the motor is CSA Certified for Class I, Division 2
/ Zone 2 locations.
Division 2 Installation — Class Il only: Use only Class Il
motors as described above under “Division | Installations”.

.& WARNING: EXPLOSION HAZARD

A motor should never be placed in an area with a hazardous
process or where flammable gases or combustible materials may
be present unless it is specifically designed and nameplated for
this type of service. Hazardous Locations motors are intended for
installations in accordance with NEC Article 500. For all
installations involving Hazardous Locations motors, consult the
NEC, local codes, and the authority having jurisdiction. Failure to
follow these instructions could result in serious personal injury,
death and/or property damage. (For other limitations see section
1.3)

3.2 MOUNTING MOTOR:

3.2.1 RIGID BASE (FOOTED): The motor must be securely
installed to a rigid foundation or a mounting surface to minimize
vibration and maintain alignment between the motor shaft and the
load’s shaft. The mounting surfaces of the four mounting pads must
be flat within 0.01 inches for 210 frame & smaller; 0.015 inches for
250 frame & larger. [IEC 0.25 mm for 130 frame & smaller, 0.38 mm
for 160 frame & larger]. This may be accomplished by shims under
the motor feet. For special isolation mounting, contact manufacturer
for assistance

3.2.2 RIGID BASE HOLE SELECTION -6 OR 8 HOLES

Location 1 and 3 hioies for short Trames
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[MEM &) 184, 15, 256, 285, 326,
-GL -GL -GL -GL JEes, A, 445, 449
NECT 112m, 1328, 160L, 180L,
A0, 0 200, 0

3.2.3 VERTICAL MOUNTING:

CAUTION: ENCLOSURE PROTECTION CAUTION: Most
Dripproof rigid base (footed) motors do NOT meet “Dripproof”
requirements when mounted vertically. If the motor is located in
unprotected environments, the addition of a drip cover may be
available. Drip covers not available for cast iron rigid base motors.

WARNING: FALLING OBJECT HAZARD
The lifting provision on standard horizontal footed motors is not
designed for lifting the motor in a vertical shaft up or shaft down
position. (see 2.2.1 lifting angles). Lifting method / provisions for



mounting a rigid base (footed) motor vertically is the responsibility of
the installer.

VERTICAL SHAFT DOWN: Most standard horizontal motors thru
449 Fr. (excluding brake motors) can be mounted in a vertical shaft
down orientation. For vertical brake motors see section 3.3.6.2.

VERTICAL SHAFT UP:

WARNING: HAZARDOUS LOCATIONS VERTICAL
MOUNT: Hazardous locations motors must NOT be mounted
vertically shaft up without approval by the motor manufacturer.
Without proper retaining provisions the rotor may move axially and
contact components, creating a spark hazard.

Belted or Radial Load when mounted vertically: The
following frame sizes / constructions with applied (axial) down
loads within the limit stated are acceptable when mounted vertical

shaft up.
Table 3-1 Belted or Radial Load Applications (All speeds)
Max
Frame . Shaft Up | Applied
Size Enclosure | Construction OK Down
3
Load
TEFC &
56 ODP Steel Yes 25 Ibs
Steel & Cast
140 TEFC Iron Yes 25 Ibs
ODP Steel Yes 25 Ibs
180 TEFC All Yes 35 Ibs
ODP Steel Yes 35 Ibs
210 TEFC All Yes 40 lbs
ODP Steel Yes 40 Ibs
TEFC All Yes 40 lbs
250 Steel Yes 40 Ibs
ObP Cast Iron No” N/A
320 TTFC 1
models Cast Iron Eng N/A
All Other Cast Iron &
280-320  TEFC Aluminum Yes 30lbs
ODP Cast Iron No~ N/A
TEFC & Build Up
ODP Steel Only* N/A
TEFC Cast Iron Build Up | /A
360 & Only
Up ODP Cast Iron No* N/A
TEFC & Build Up
ODP Steel Only* N/A

Notes:

! For TEFC model numbers beginning with 324TTFC or 326 TTFC
consult the motor manufacturer to determine if a build up motor
is required.

2 The max applied down load is any applied load external to the
motor, including such things as sheave weight, fan loads, axial
belt force, pump load, etc. If the application is direct drive with
no applied radial load, consult the motor manufacturer.

3 ”Build-up only”, refers to motors that are specifically ordered
and built for shaft up applications. It does not imply that all build-
up motors are suitable for shaft up applications.

3.3 APPLICATION ASSEMBLY TO MOTOR:

CAUTION: EQUIPMENT DAMAGE:

Do not connect or couple motor to load until correct rotational direction
is established.

3.3.1 GENERAL: PROPER ALIGNMENT of the motor and
driven equipment minimizes vibration levels, maximizes bearing life,
and extends the overall life of the machinery. Consult the drive or
equipment manufacturer for more information.

CAUTION: BEARING FAILURE
During assembly do NOT force components onto the shaft. Striking
or hammering the component may result in bearing damage.

3.3.2 DIRECT COUPLING: Use flexible couplings if possible.
For applications that apply radial, axial or moment loading on the
motor shaft see section 3.3.3.

CAUTION: BEARING FAILURE
Unless approved by the motor manufacturer do NOT direct couple a
vertical shaft up or roller bearing motor. Direct coupling a vertical
shaft up motor or a motor with a roller bearing may result in bearing
damage.

3.3.3 DIRECT CONNECTED: Radial loading for direct
connected equipment (gears, fans etc.) must be approved by the
motor manufacturer unless within the maximum overhung load limits
(Table 3-2). Combined loading (axial, radial and/or moments) must
be approved by motor manufacturer. For belted loads see section
3.34.

Table 3-2 Maximum Radial Load (Ibf) @ Middle of the Shaft
Extension Length

Frame Motor Rated RPM
Number | 3600 1800 1200 900
143T 106 166 193 210
145T 109 170 199 218
182T 187 230 261 287
184T 193 237 273 301
213T 319 317 470 510
215T 327 320 480 533
2547 500 631 729 793
256T 510 631 736 820
284T - 866 990 1100
286T - 871 1005 1107
3247 - 950 1100 1215
326T - 950 1113 1230
364T - 1078 1365 1515
365T - 1078 1380 1540
4047 - 1388 1590 1762
405T - 1400 1610 1780
4447 - 1580 1795 2005
445T - 1520 1795 1985
447T - 1455 1765 1985
4497 - 1640 1885 2130

Values based on 26,280 hrs B-10 Life
For “End of Shaft” Load multiply value by 0.88
To convert from Ibf to N multiply value by 4.4482.

3.3.4 BELTED:

The goal of any belted system is to efficiently transmit the required

torque while minimizing the loads on the bearings and shafts of the

motor and driven equipment. This can be accomplished by following

four basic guidelines:

1. Use the largest practical sheave diameter.

2. Use the fewest number of belts possible.

3. Keep sheaves as close as possible to support bearings.

4. Tension the belts to the lowest tension that will still transmit the
required torque without slipping. It is normal for V-belts to
squeal initially when line starting a motor

3.3.4.1 Sheave Diameter Guidelines:

In general, smaller sheaves produce greater shaft stress and shaft
deflection due to increased belt tension. See Table 3-3 for
recommended minimum sheave diameters. Using larger sheaves
increases the contact with belts which reduces the number of belts
required. It also increases the belt speed, resulting in higher system
efficiencies. When selecting sheaves, do not exceed the
manufacturer's recommended maximum belt speed, typically 6,500
feet per minute for cast iron sheaves. Determine belt speed by the
following formula:



Figure 1
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Shaft RPM x 3.14 x Sheave Dia (inches)

BELT SPEED (Ft/min) =
12

3.3.4.2 Number of Belts

In general, use the fewest number of belts that will transmit the
required torque without slipping. See Table 3-3 for recommended
maximum number of belts. Each belt adds to the tension in the
system, which increases load on the shafts and bearings. Belts are
most efficient when operated at or near their rated horsepower.

If the sheaves have more grooves than the number of belts required,
use the grooves closest to the motor.

3.3.4.3 Sheave Location

Install sheaves as close to the housing as possible to increase the
bearing life of the motor and driven equipment

Figure 2
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3.3.4.4 Belt Tension

CAUTION: Equipment Failure Caution
Belt tensioning by feel is NOT acceptable. Tensioning by "feel" can
be very misleading, and can damage motor and equipment.
It is normal for V-belts to squeal initially when line starting a motor.

In general, belt tensions should be kept as loose as possible while
still transmitting the required torque without slipping. Belt tensions
must be measured with a belt tension gage. These inexpensive
gages may be obtained through belt manufacturers, or distributors.

Proper belt tension is determined by measuring the force required to
deflect the center of the belt a given distance. The proper deflection
(in inches) is determined by dividing the belt span in inches by 64.
Calculate the proper deflection and then see Table 3-3 for the
required “Deflected Force” to achieve that deflection.

After tensioning the belt, rotate the sheaves for several rotations or
operate the system for a few minutes to seat belts into the grooves,
then re-tension the belts. New belts will stretch during use, and
should be retensioned after the first eight hours of use.



Table 3-3 Recommended Minimum Sheave Diameters, Belt Type, Number of Belts and Deflected Force
1200 rpm 1800 rpm 3600 rpm
Min Max Avg. Min Max Avg. Min Max Avg.
Sheave # Deflected Sheave # Deflected Sheave # Deflected
Dia (in) Belt of Force Dia (in) Belt of Force Dia (in) Belt of Force
Motor Hp Type | Belts (Ibs) Type Belts (Ibs) Type Belts (Ibs)
1 24 3vX 1 4.0 2.2 3vX 1 3.1 22 3vX 1 1.6
1.5 2.4 3vX 2 3.1 24 3vX 2 2.1 2.2 3vX 1 2.5
2 24 3vX 3 2.8 24 3vX 2 2.9 2.4 3vX 1 2.7
3 3.0 3vX 2 3.3 24 3vX 3 2.9 2.4 3vX 2 23
5 3.0 3vX 3 4.0 3.0 3vX 3 3.7 24 3vX 3 2.5
7.5 3.8 3vX 4 4.7 3.0 3vX 4 4.1 3.0 3vX 2 4.2
10 4.4 3vX 4 5.4 3.8 3vX 4 4.3 3.0 3vX 3 3.8
15 4.4 3vX 5 54 4.4 3vX 4 5.4 3.8 3vX 3 4.4
20 5.2 3vX 6 6.0 4.4 3vX 6 4.8 4.4 3vX 3 5.0
25 6.0 3vX 7 5.6 4.4 3vX 7 5.2 4.4 3vX 4 4.7
2n R ] /X 7 5Q 592 /X 7 52
40 6.8 5vX 4 11.6 6.0 3vX 7 6.0
50 8.2 5vX 4 14.6 6.8 3vX 8 5.9
60 8.2 5vX 5 14.1 7.4 5vX 4 13.3
75 10.0 5VvX 5 14.5 8.6 5VX 4 14.3
100 10.0 5VX 6 16.0 8.6 5VX 6 13 Contact Motor
125 12.0 5V 7 14.1 10.5 5V 6 13.1
150 13.2 5V 7 15.4 10.5 5V 7 134 Manufacturer
200 15.0 5V 8 16.0 13.2 5V 8 13.1 H
250 15.0 8V 6 27.6 14.0 5V 9 13.8 When Beltl ng
300 16.0 8V 7 271 14.0 5VI8Vv 1/7 234
350 16.5 8V 7 30.3 14.5 5V/8v 12/7 26.0 3600 rpm MOtOl"S
400 17.5 8V 8 29.1 15.0 | 5v/i8V_| 13/8 257 Greater than 25 HP
450 18 8V 8 31.6 16.0 5V/8Vv 14/9 25.2
500 18.5 8V 9 30.7 16.5 5V/8v 15/9 26.9
600 17.5 8V 11 26.3
700 19.0 8V 12 27.3
800 20.0 8V 13 28.2
Notes:
1. Horsepower is the nameplate motor horsepower, and RPM is the motor (driver) speed.
2. Minimum sheave diameters are from NEMA standards where applicable.
3. For variable speed applications or values outside these recommendations, consult motor manufacturer.
4. Selections are based on a 1.4 service factor, 5 to 1 speed ratio and various Power Transmission Manufacturers’ catalogs.
5. These selections are for Narrow V-belt sections only. Consult manufacturer for details on conventional V-belt sections (A, B, C, D and E), or other
belt types.
6. “Average Deflected Force is per section 3.3.4.4 of this document and is the force required to deflect the center of a belt 1/64 of the belt span
distance. Tolerance on this force is +1 Ibf for forces <10 Ibs, and +2 Ibs for forces >10 Ibs as measured utilizing a belt tension gage.
7. When more than one belt is required the belts must be a matched set (matched for length).
8. If possible, the lower side of the belt should be the driving side to increase the length of wrap on the sheave).
9.  For belted loads do not exceed 125% of 60 Hz operating RPM.

3.3.5 VFD (Variable Frequency Drives) OPERATION:

WARNING: VFD Motors with Reset Thermal Protectors
UL Recognition, UL Listing, or CSA certification does not apply to
motors that are equipped with a manual or automatic reset thermal
protector when the motor is operated on VFD power.

WARNING: Power Factor Correction Capacitors:
Power factor correction capacitors should never be installed
between the drive and the motor.

CAUTION: VFD / Motor Setup:
It is the responsibility of the startup personnel during set up of the
VFD / motor system to properly tune the drive to the motor for the
specific application per the VFD user manual. The correct voltage
boost and volts per hertz settings are application dependent and
unique to each motor design. Failure to connect over temperature
devices (when provided) will void the warranty.

3.3.5.1 Overspeed Capability:

Belted loads: Do not exceed 125% of 60 Hz operating RPM.
Table 3-4 Maximum Safe Continuous Speed (RPM)
For Coupled and Direct Connected Loads

NEMA / [IEC] 4,6,0r8

Frame Size 2-Pole Pole
56-180  [80-110] 7200 * 5400 *
210-250 [130-160] 5400 * 4200*
280 [180] 5400 * 3600
320 [200] 4500 * 3600
360 [225] 4500 * 2700
400-440 [250-280] 3600 2700
>440  [>280] 3600 1800

* = Fan cooled motors (Totally Enclosed & Hazardous
Locations Motors) are limited to a maximum safe
continuous speed of 4000 RPM For higher speeds or
shortened duty cycle contact motor manufacturer

3.3.5.2 Cable Lengths: For optimum insulation life,
limit VFD to motor cable lengths of general purpose motors



to Table 3-5 values. Definite purpose VFD motors may
accommodate longer cable lengths. For additional
information contact motor manufacturer.

Table 3-5 Max Cable Lengths General Purpose Motors
These values are based on 3 kHz carrier frequency. Add
suitable VFD output-side filters when exceeding the listed
values.

Frame Size 230V 460V | 575V
NEMA 56-320 600 ft. 125 ft. 40 ft.
NEMA 360-5011 1000 ft. 225 ft. 60 ft.
IEC 80-200 180 m. 40 m. 12 m.
IEC 225-280. 300 m. 70 m. 18 m.

3.3.5.3 VFD Grounding: Equipment grounding conductors
may be run in the same conduit as the AC motor power leads.
This wire must be used as the equipment ground for the motor and
not as the fourth current carrying wire of a “WYE” motor circuit.
The grounded metal conduit carrying the output power conductors
can provide EMI shielding, but the conduit does not provide an
adequate ground for the motor; a separate grounding conductor
must be used. Grounding the motor neutral (WYE) of a VFD
powered motor may result in a VFD ground fault trip. Improper
grounding of an inverter fed motor may result in frame voltages in
excess of 500 Volts. Refer to Grounding section 3.4.4

3.3.5.4 VFD - Single Phase:
CAUTION: SINGLE PHASE MOTOR FAILURE:

Single Phase motors are NOT suitable for use on VFD power.

Connecting a Single Phase Motor to a VFD voids the warranty.

3.3.5.5 Stray Voltage on Accessory Leads:
VFD’s will couple stray (common-mode) voltage to motor-
mounted RTDs, thermistors, thermostats and space
heaters. The leads of these elements must be properly
insulated and control input circuits must be designed to
withstand this common-mode voltage.

3.3.6 ACCESSORIES / PROVISIONS:

3.3.6.1 General: Carefully read and understand the accessory
manufacturer’s instructions, supplied with motor. Contact the
manufacturer for additional information.

3.3.6.2 Brake Motors:

CAUTION: Vertical Motor Premature Brake Failure
Motors with brakes that are designed for vertical applications are
equipped with springs to support the brake pressure plate.
Mounting a horizontal brake motor vertically shaft up or down may
require a pressure plate spring modification. Failure to modify the
brake for the vertical application may result in premature brake
failure. If in question, consult brake literature or brake
manufacturer.

Brake Solenoid Wiring: Do NOT connect the brake
solenoid to the output of a VFD. The brake solenoids must be
wired to 50/60 Hz line power

3.3.6.3 Space Heaters:

Motors provided with space heaters have two leads that are
brought into the conduit box or into an auxiliary box. These leads
are marked "H1”, “H2” ("H3”, “H4” if a second space heater is
supplied). See the space heater nameplate on motor for heater
rating.

WARNING: DIVISION 2 EXPLOSION HAZARD
The space heater temperature rating when used in Class |,
Division 2 motors shall NOT exceed 80% of the auto ignition
temperature of the hazardous gas or vapor. See the space heater
nameplate on motor for heater Temperature Code and heater
rating. Failure to follow this instruction could result in serious
personal injury, death and/or property damage

3.3.6.4 Thermal Protection:

General Information: When thermal protection is provided, one of

the following will be stamped on the nameplate:

1. “THERMALLY PROTECTED” This motor has built in thermal
protection. Thermal protectors open the motor circuit
electrically when the motor overheats or is overloaded. The
protector cannot be reset until the motor cools. If the
protector is automatic, it will reset itself. If the protector is
manual, disconnect motor from power supply. After protector
cools (five minutes or more) press the reset button and
reapply power to the motor. In some cases a motor is marked
“Auto” and the connection diagram on the motor will identify
T’Stat leads — see “2 " below. (See warnings on Manual and
Automatic reset protectors - section 1.1)

2. “WITH OVERHEAT PROTECTIVE DEVICE”: This motor is
provided with an overheat protective device that does not
directly open the motor circuit. Motors nameplated with this
phrase have either thermostats, thermisters or RTD’s. The
leads to these devices are routed into the motor conduit box
or into an auxiliary box. The lead markings are defined on the
nameplate (normally “P1”, “P2”) . The circuit controlled by the
overheat protection device must be limited to a maximum of
600 volts and 360 volt-amps. See connection decal provided
inside the terminal box cover. Failure to connect these over
temperature devices (when provided) will void the warranty.

WARNING: EXPLOSION HAZARD
For Hazardous Locations motors provided with thermostats
UL and the NEC require connection of thermostat leads into
the control portion of a manual reset start circuit. Failure to
follow this instruction could result in serious personal injury,
death and/or property damage

Resistance Temperature Detectors (RTD): When winding
and/or bearing RTDs are provided the RTD lead markings are
defined on the nameplate. (Normally “R1”, “R2”, “R3” etc.)

3.3.6.5 RTD Alarm & Trip Settings:

Tables 3-6 & 3-7 are suggested initial RTD alarm and trip settings.
For motors found to operate significantly below these values the
settings may be reduced accordingly.

Table 3-6 Winding RTD — Temperature Limit (°C)
40 °C Max Ambient

Motor Load Cla.ss B Teomp CI:ass F Teronp
Rise=< 80°C Rise=< 105°C
Alarm Trip Alarm Trip
Upto 1.0 SF 130 140 155 165
>1.0to 1.15 SF 140 150 160 165

Table 3-7 Bearing RTD — Temperature Limit (°C)
40 °C Max Ambient

Ambient Alarm Trip
Up to 40°C 95 100
> 40°C 110 115
Bearings that are
Heat Stabilized to 130 135
150 °C
3.3.7 GUARDS:

WARNING: ROTATING PARTS HAZARD

When devices are assembled to the motor shaft, be sure to install
protective devices such as belt guards, chain guards, and shaft
covers. These devices must protect against accidental contact with
extremities, hair, and clothing. Consider the application and provide
guarding to protect personnel. Remove all unused shaft keys and
loose rotating parts to prevent them from flying off and causing
bodily injury. Failure to follow this warning could result in serious
personal injury, death and/or property damage.



3.4 ELECTRICAL CONNECTIONS:

.ﬁ. WARNING: ELECTRICAL HAZARDS

Before proceeding read Section 1-1 on Electrical Safety. Failure to
follow the instructions in Section 1-1 could result in serious personal
injury, death and/or property damage

3.4.1 POWER SUPPLY / BRANCH CIRCUIT

.ﬁ. WARNING: POWER SUPPLY INCOMPATIBILITY HAZARD
Check power supply to make certain that voltage, frequency and
current carrying capacity are in accordance with the motor
nameplate. Failure to match motor nameplate values could result in
serious personal injury, death and/or property damage

.ﬁ. WARNING: BRANCH CIRCUIT SUPPLY HAZARD
Motor and control wiring, fusing, overload protection, disconnects,
accessories and grounding must always conform to the applicable
electrical codes as well as local codes and sound practices.

3.4.1.1 Branch Circuit Supply to a motor should include a
disconnect switch, short circuit current fuse or breaker protection,
motor starter (controller) and correctly sized thermal elements or
overload relay protection.

3.4.1.2 Fuses, Breakers, Overload Relays

Short Circuit Current Fuses or Breakers are for the protection of the
branch circuit. Starter or motor controller overload relays are for the
protection of the motor. Each of these should be properly sized and
installed per the applicable electrical codes as well as local codes
and practices.

.ﬂ. WARNING: PROTECTIVE DEVICE DISABLED HAZARD
DO NOT bypass or disable protective devices. Protection removal
could result in serious personal injury, death and/or property
damage

3.4.1.3 AC Power Supply Limits

Motors are designed to operate within the following limits at the

motor terminals:

1-  AC power is within +/- 10 % of rated voltage with rated

frequency applied. (Verify with nameplate ratings) OR

2-  AC power is within +/- 5% of rated frequency with rated voltage

OR

3- A combined variation in voltage and frequency of +/- 10% (sum

of absolute values) of rated values, provided the frequency variation

does not exceed +/-5% of rated frequency.

4-  For 3 phase motors the line to line full load voltage must be
balanced within 1%.

5-  If the motor is rated 208-230V, the voltage deviations must be
calculated from 230V.

CAUTION: Reduced Motor Performance
Operation outside of these limits will degrade motor performance
and increase operating temperature.

3.4.2 TERMINAL BOX:

3.4.2.1 Conduit Opening: For ease of connections,

motors are typically provided with large terminal boxes. Most motors
have conduit access in 90 degree increments, the terminal box
conduit opening is typically provided via knockouts, holes with
covers, or the terminal box is rotate-able. Fabricated conduit boxes
may have a removable plate for the installer to provide correctly
sized hole(s).

3.4.2.2 Hazardous Locations Motors:

.ﬂ. WARNING: EXPLOSION HAZARDS

(1) Terminal Boxes mounted to motor with a pipe nipple: If a
pipe nipple mounted terminal box is removed or rotated it must be
reassembled with a minimum of five full threads of engagement.

(2) Component Removal: Do not set a terminal box component on
its machined surfaces. Prior to component reassembly wipe clean
all machined surfaces.

(3) Machined Surface Gap (Hazardous Locations Terminal
Boxes): The gap between mating surfaces with the machined
terminal box MUST BE LESS THAN 0.002 inches. This gap must
be checked with a feeler gage along the entire perimeter. If there is
visible damage to the mating surfaces, or if the gap between these
surfaces exceeds 0.002 inches, DO NOT complete the installation
and contact the motor manufacturer. Failure to follow these
instructions could result in serious personal injury, death and/or
property damage

3.4.3 LEAD CONNECTIONS

Electrical connections to be made per nameplate connection diagram
or separate connection plate. In making connections follow the
applicable electrical code as well as local codes and practices.

.ﬂ. WARNING: ELECTRICAL CONNECTION HAZARD
Failure to correctly connect the motor leads and grounding
conductor can result in injury or death. Motor lead connections can
short and cause damage or injury if not well secured and insulated.

3.4.3.1 Wire Size (Single Phase) Requirements

The minimum wire size for Single Phase, 115 & 230 Volt Circuits
must meet table 3-8 for a given distance between motor and
either Fuse or Meter Box.

Table 3-8 Minimum Wire Gage Size Single Phase
115 & 230 Volt Circuits

Distance (Feet) - Motor to Fuse or Meter Box
Motor| 100 Ft. 200 Ft. 300 Ft. 500 Ft.
HP | 115 | 230 | 115 | 230 | 115 | 230 | 115 | 230
1/4 14 | 14 | 10 | 12 8 10 6 8
1/3 12 | 14 | 10 | 12 6 10 4 8
1/2 10 | 12 8 10 6 8 4 6
3/4 10 | 12 6 10 4 8 2 6
1 8 10 6 8 4 6 4
11/2] 4 10 0 8 6 4
2 8 6 4 2
3 8 6 4 2
5 6 4 2 0

3.4.3.2 Extension Cords (Single Phase Motors):
Where an extension cord(s) is utilized to provide power to the
motor the extension cord(s) must be...(1) the proper gauge size
per table 3-8, (2) in good working condition (3) properly
grounded.

3.4.4 GROUND CONNECTION(S):

.ﬁ. WARNING: ELECTRICAL GROUNDING HAZARD

For general information on grounding (USA) refer to NEC Atrticle 250.
Improper grounding of an inverter fed motor may result in frame
voltages in excess of 500 Volts. In making the ground connection,
the installer must make certain that a good electrical connection is
obtained between motor and grounding lead. Failure to properly
ground motors, per the applicable national code (such as NEC Article
430) and local codes may cause serious injury or death to personnel.

Primary “Internal” Ground: A grounding conductor must be
connected to the grounding terminal provided in the terminal housing.
This grounding terminal is either a ground screw, ground lug, or a
tapped hole to be used with a separately provided ground screw. The
internal grounding feature is accessible inside the terminal housing
and must be used as the primary grounding connection.

Secondary “External” Ground: Some motors are provided with a
supplemental grounding terminal located on the external surface of
the motor frame or feet. This external terminal is for supplemental
bonding connections where local codes permit or require such
connection

3.4.5 START UP:

.ﬁ. WARNING: ELECTRICAL SHOCK HAZARD:

Be certain that all connections are secure and the conduit box cover
is fastened in place before electrical power is connected. Failure to
follow these instructions could result in serious personal injury, death,
and/or property damage.



.ﬁ. WARNING: LOOSE & ROTATING PARTS HAZARD

Before proceeding read Section 1-2 on Mechanical Safety. Failure to
follow the instructions in Section 1-2 could result in serious personal
injury, death and/or property damage

WARNING: EXCESSIVE SURFACE TEMPERATURE
HAZARD
Motors with the temperature code stated on the nameplate are
designed to operate within this limit. Improper application or
operation can cause the maximum surface temperature to be
exceeded. A motor operated in a Hazardous Location that exceeds
this surface temperature limit increases the potential of igniting
hazardous materials. Therefore, motor selection, installation,
operation, and maintenance must be carefully considered to ensure
against the following conditions: (1) Motor load exceeds service
factor value, (2) Ambient temperature above nameplate value, (3)
Voltages outside of limits (3.4.1.3), (4) Loss of proper ventilation, (5)
VFD operation exceeding motor nameplate rating, (6) Altitude above
3300 feet / 1000 meters, (7) Severe duty cycles, (8) Repeated starts,
(9) Motor stall, (10) Motor reversing, and (10) Single phase
operation. Failure to follow these instructions could result in serious
personal injury, death and/or property damage.

CAUTION: HOT SURFACE
Normal motor surface temperatures may exceed 90 ° C (194° F).
Touching the motor frame may cause discomfort or injury. Surface
temperatures should only be measured with suitable instruments and
not estimated by hand touch.

3.4.5.1 Start Up - No Load Procedure

1. Check Instructions: Before startup carefully read and fully
understand these instructions including all warnings, cautions,
and safety notice statements.

2. Motor out of storage after more than three months:
Check winding insulation integrity with a Megger. If winding
resistance to ground is less than 1.5 Meg-ohms consult the local
authorized service shop before energizing the motor.

3. Check Installation: Mechanical - Check tightness of all
bolts and nuts. Manually rotate the motor shaft to ensure motor
shaft rotates freely. Note: Shaft & bearing seals will add drag.
Electrical - Inspect all electrical connections for proper
terminations, clearance, mechanical tightness and electrical
continuity. Be sure to verify connections are made per the
nameplate connection diagram or separate connection plate.
Replace all panels and covers that were removed during
installation before energizing the motor.

4. Energize Motor: Check Rotation
If practical check motor rotation before coupling to the load.
Unlock the electrical system. Momentarily provide power to
motor to verify direction of rotation. If opposite rotation is
required, lock out power before reconnecting motor. If motor has
a rotational arrow only operate the motor in the rotation
identified. Reapply power to ensure proper operation.

5. Record No Load Amps, Watts & Voltage:

Recommend - To establish a baseline value check and record
the no load amps, watts, and voltage.

3.4.5.2 Start Up — Load Connected Procedure

1. Check Instructions: Before startup carefully read and fully
understand these instructions including all warnings, cautions, &
safety notice statements.

2. Coupling Installation: Check that the connected equipment
is properly aligned and not binding. Check that all guards and
protective devices are properly installed.

3. Energize Motor: When all personnel are clear of the
machine, apply power and verify that the load is not transmitting
excessive vibration back to the motor though the shaft or the
foundation. Verify that motor amps are within nameplate rating.
For repeated starts see 3.4.5.3. The equipment can now be
fully loaded and operated within specified limits as stated on the
nameplate.

3.4.5.3 Jogging and/or Repeated Starts

Do not start more than twice in succession under full load.
Repeated starts and/or jogs of induction motors can cause
overheating and immediate failure. Contact the motor manufacturer
if it is necessary to repeatedly start or jog the motor.

4.0 MAINTENANCE:

.&. WARNING: Hazardous Locations Motor Repair HAZARD:
Division 1 Hazardous Locations motors can only be modified or repaired
by the manufacturer or a facility that is Listed under UL’s category
“Motors and Generators, Rebuilt for use in Hazardous Locations”. Failure
to follow these instructions could result in serious personal injury, death
and/or property damage.

WARNING: ELECTRICAL SHOCK HAZARD
Electrical connections are to be made by qualified electrical personnel in
accordance with all applicable codes, ordinances and sound practices.
Failure to follow these instructions could result in serious personal injury,
death and/or property damage. Only qualified personnel who are familiar
with the applicable national codes, local codes and sound practices
should install or repair electric motors and their accessories.

WARNING: ELECTRICAL LIVE CIRCUIT HAZARD
Do not touch electrically live parts. Disconnect, lockout and tag input
power supply before installing or servicing motor (includes accessory
devices).

4.1 GENERAL INSPECTION

Inspect the motor approximately every 500 hours of operation or every
three months, whichever occurs first. Keep the motor clean and the
ventilation and fin openings clear. The following steps should be
performed at each inspection:

4.1.1 VENTILATION: Check that the ventilation openings and/or
exterior of the motor is free of dirt, oil, grease, water, etc, which can
accumulate and block motor ventilation. If the motor is not properly
ventilated, overheating can occur and cause early motor failure.

4.1.2 INSULATION: Use a “Megger” periodically to ensure that
the integrity of the winding insulation has been maintained. Record
the Megger readings. If winding resistance to ground is less than 1.5
Meg-ohms consult the local authorized service shop before re-
energizing the motor.

4.1.3 ELECTRICAL CONNECTIONS: Check all electrical
connectors to be sure that they are tight.

4.2 L UBRICATION & BEARINGS:

The lubricating ability of grease (over time) depends primarily on the
type of grease, the size of the bearing, the speed at which the bearing
operates and the severity of the operating conditions. Longer bearing
life can be obtained if the listed recommendations are followed:

NOTE: If lubrication instructions are provided on the motor nameplate,
the nameplate instructions will supersede these instructions. Motors
marked “Permanently Lubricated” do not require additional service.

.ﬁ. CAUTION: BEARING / MOTOR DAMAGE WARNING
Lubricant should be added at a steady moderate pressure. If added
under heavy pressure bearing shield(s) may collapse. Over greasing
bearings greatly increases bearing friction and can cause premature
bearing and/or motor failure.

4.2.1 GREASE TYPE (unless nameplate states otherwise):
Nameplate Ambient Temperature between -30°C (-22°F) to 65°C
(150°F) inclusive: Recommended grease for standard service
conditions is Mobil Polyrex ® EM. Equivalent and compatible greases
include: Texaco Polystar RB, Rykon Premium #2, Pennzoil Pen 2
Lube, Chevron SRI & Mobil SHC 100.

Nameplate Ambient Temperature below -30°C (-22°F): Special low
temperature grease is recommended, such as Aeroshell 7 or Beacon
325 for ball bearings and Mobil SHC 100 for roller bearings.



Nameplate Ambient Temperature above 65°C (150°F): Dow

Corning DC44 or equivalent, a special high temperature grease is For RTD settings see Table 3-7.
required. Note that Dow Corning DC44 grease does not mix with

other grease types.

4.2.2 BEARING OPERATING TEMPERATURE:

CAUTION: HOT SURFACE
The external surface temperature of the end shield (bracket) bearing
hub may reach 100° C (212° F) during normal operation. Touching
this surface may cause discomfort or injury. Surface temperatures
should only be measured with suitable instruments and not estimated
by hand touch.

4.2.3 LUBRICATION INTERVALS: (For motors with regreasing provisions)
Eqg. 4.2 Lubrication Interval = [(Table 4-1) hrs] x [Interval Multiplier (Table 4-2)] x [Construction Multiplier (Table 4-3)]

Table 4-1 Lubrication Intervals (Hours) These values are based on average use.

Operating Speed — RPM (See Table 3.4 for Maximum Operating Speed)
NEMA / [IEC] Frame Size <7200 <5400 <4500 <3600 <1800 <1200

56-180  [80-110] 2500 Hrs. 4000 Hrs 5000 Hrs 6000 Hrs. 17000 Hrs. 20000 Hrs.
210-250 [130-160] 2500 Hrs 4000 Hrs 5000 Hrs. 12000 Hrs. 16000 Hrs.

280 [180] 2000 Hrs 3000 Hrs 4000 Hrs. 10000 Hrs. 14000 Hrs.

320 [200] 2000 Hrs 3000 Hrs. 9000 Hrs. 12000 Hrs.

360 [225] 1500 Hrs 2000 Hrs. 8000 Hrs. 10000 Hrs.
400-440 [250 — 280] 1500 Hrs. 4000 Hrs. 7000 Hrs.
>440  [>280] 1000 Hrs. 3000 Hrs. 5000 Hrs.

Seasonal Service: If motor remains idle for more than six months, Lubricate at the beginning of the season, then follow lubrication interval.
Do not exceed maximum safe operating speed Table 3-4 without manufacturer’s approval

Table 4-2 Service Conditions
Use highest level Multiplier: Maximum Ambient Temperature and Contamination are independent factors

verity of Maximum Ambien . I .
Seve .ty ° aximu bient Atmospheric Contamination Multiplier
Service Temperature
Standard Less than 40° C (104° F) Clean, Slight Corrosion, indoors, less than 16 hrs per day 10
s Above 40° C (104° F) to 50° Moderate dirt or Corrosion or outdoors or more than 16 hrs
evere
C per day 0.5
Extreme Greater than 50° C or Severe dirt or Abrasive dust or Corrosion 0.2
Class H Insulation :
Table 4-3 Construction Multiplier Table 4-4 Relubrication Amounts
Construction Multiplier Frame Size Volume
Angular Contact or Roller Bearing 0.5 NEMA IEC Cu. In. Fluid oz ml
Vertical Motor 05 48-56 80 0.25 0.14 4.0
’ 143-145 90 0.25 0.14 4.0
All others 1.0 182-184 110 0.50 0.28 8.0
213-215 130 0.75 0.42 12.5
254-256 160 1.00 0.55 16.0
284-286 180 1.50 0.83 25.0
324-326 200 2.00 1.1 33.0
364-365 225 3.00 1.66 50.0
404-405 250 3.80 2.11 62.0
444-449 280 4.10 2.27 67.0
>449 >280 4.50 2.50 74.0

For regreasing while operating multiply volume by 125%.




4.2.4 LUBRICATION PROCEDURE:
(For Motors with Regreasing Provisions)

CAUTION: BEARING DAMAGE WARNING

Added grease must be compatible with the original equipment’s
grease. If a grease other than those stated in 4.2.1 is to be utilized
contact the motor manufacturer. Nameplate information
supersedes section 4.2.1 (GREASE TYPE). New grease must be
free of dirt. Failure to follow these instructions and procedure
below may result in bearing and/or motor damage.

For an extremely dirty environment, contact the motor
manufacturer for additional information.

LUBRICATION PROCEDURE:
1. Clean the grease inlet plug or zerk fittings prior to regreasing.

2. (If present) Remove grease drain plug and clear outlet hole
blockage.

CAUTION: GREASE DRAIN PLUGGED:

Old grease may completely block the drain opening and must be
mechanically removed prior to regreasing. Forcing a blocked
drain open by increased greasing pressure may collapse bearing
shields and / or force excess grease through the bearings and
into the motor.

3. Add grease per Table 4-4

4. Re-install grease inlet and drain plugs (if removed).

.ﬁ. WARNING: EXPLOSION HAZARD
Do NOT energize a Hazardous Locations motor without all grease
fittings properly installed.

4.2.5 EXAMPLE: LUBRICATION

Assume - NEMA 286T (IEC 180), 1750 RPM Vertical motor driving
an exhaust fan in an ambient temperature of 43° C and the
atmosphere is moderately corrosive.

1. Table 4-1 list 10,000 hours for standard conditions.

2. Table 4-2 classifies severity of service as “Severe” with a
multiplier of 0.5.

3. Table 4-3 lists a multiplier value of 0.5 for “Vertical”

4. (Eq.4.2) Interval = 10, 000 hrs x 0.5 x 0.5 = 2500 hrs

Table 4-4 shows that 1.5 i |n of grease is to be added.

3
Relubricate every 2,500 hrs of service with 1.5 in of
recommended grease.

4.3 TROUBLE-SHOOTING

.ﬁ. WARNING: READ INSTRUCTIONS:
Before trouble-shooting a motor, carefully read and fully understand
the warnings, cautions, & safety notice statements in this manual.

.ﬁ. WARNING: Hazardous Locations Motor Repair:
Motors nameplated for use in Division 1 Hazardous Locations can
only be disassembled, modified or repaired by the plant of
manufacturer or a facility that is Listed under UL’s category “Motors
and Generators, Rebuilt for use in Hazardous Locations”. Failure to
follow these instructions could result in serious personal injury,
death and/or property damage

CAUTION: DISASSEMBLY APPROVAL REQUIRED:
Motor disassembly must be performed by a party approved by the
motor manufacturer. To disassemble the motor without approval
voids the warranty.
4.3.1 GENERAL TROUBLE-SHOOTING WARNINGS
1. DISCONNECT POWER TO THE MOTOR BEFORE
PERFORMING SERVICE OR MAINTENANCE.
2. Discharge all capacitors before servicing motor.
3. Always keep hands and clothing away from moving
parts.
4. Be sure required safety guards are in place before
starting equipment.
5. If the problem persists contact the manufacturer.



4.3.2 Motor Trouble-shooting Cause / Corrective Action - Table 4-5

Issue:

Likely Cause:

Corrective Action:

Motor fails to start upon initial installation:

Supply voltage is too low or is severely unbalanced (one

(1) Check power supply fuses (2) Match motor lead wiring to nameplate connection
A') phase is low or missing). diagram and supply voltage (3) Ensure that steady state supply voltage at motorI
terminals is within limits (see section 3.4.1.3). Correct as needed (4) Obtain correct
B.) | Motor leads are miswired at conduit box. motor to match actual supply voltage.
) . (1) Verify that motor & load turn freely (2) Disconnect motor from load & ensure|
C.) | Driven load exceeds motor capacity motor turns freely. Note: Roller bearings make noise when motor is uncoupled and|
— shaft is rotated (3) Verify that motor starts when disconnected from load (4)
D.) |Load is jammed. Remove excessive / binding load if present.
E.) |Fan guard is bent and making contact with fan Replace fan guard & fan (if blades are damaged)
F.) VFD with power factor capacitors installed Remove power factor correction capacitors if equipped
G.) VFD with motor neutral lead grounded Ensure that motor neutral lead is ungrounded
(1) Repeat checks listed above (2) Verify that VFD current limit and starting boostl
. are set correctly (5) Double-check motor and feedback parameter settings and
H.) |VFD programmed incorrectly

VFD permissives (6) Repeat autotune (for vector drives) procedure (7) Consult
VFED supplier.

Motor has been running, then slow down, stalls, or fails to restart:

Supply voltage has drooped or has become severely

(1) Replace fuse or reset circuit breaker. Allow motor to cool down before resetting
manual protector on motor. Warnings - See section 1.1 for automatic and manual

A.) unbalanced reset protector warnings (2) Verify that rated and balanced supply voltage has|
been restored before restarting motor. Measure voltage during restart. Ensure that
steady state supply voltage at motor terminals is within limits (see section 3.4.1.3).

B') Motor is overloaded (1) Verify that motor & load turn freely. Repair binding components as needed (2)

C_) Motor bearings are seized Reduce driven load to match motor capacity or increase motor size to match loadj

- requirements.

D.) |Load Is jammed.

(1) Check fault codes on VFD and follow VFD troubleshooting procedures (2)

E.) |VFD will not restart motor after tripping Verify that VFD input voltage is balanced and within limits (3) Remove excessive]
mechanical load if present.

F.) |Capacitor failure on single phase motor (if equipped) Warning: Potential Shock Hazard: Contact service shop to check capacitor.

Motor takes too long to accelerate:

A.) Motor leads are not connected correctly Match motor lead wiring to nameplate diagram.
Suooly voltage has drooped or become severel (1) Ensure that steady state supply voltage at motor terminals is within limits (see|
B.) unga‘?lgnced 9 P Y]section 3.4.1 .3). Correct as needed (2) Obtain correct motor to match actual supplyj
) voltage.
c - Determine correct motor size and contact motor representative to obtainj
) Load exceeds motor capability
replacement motor.
. . Motor may be too small for load. Record acceleration time. Start capacitors may
D') Faulty start capacitor (Single Phase) fail if acceleration time exceeds 3 seconds.
E.) |Mechanical Failure (1) Check to make sure motor & load turn freely (2) Disconnect motor from load &

ensure motor turns freely

Motor rotates in the wrong direction:

A.)

Incorrect wiring connection at motor

[Single Phase] Reconnect motor according to wiring schematic provided. Note:

Some motors are non-reversible

[Three Phase] Interchange any two power supply (phase) leads.

Motor overheats or overload protector repeatedly trips

(1) If motor current exceeds nameplate value, ensure that driven load has not
increased. Correct as needed. (2) If new motor is a replacement, verify that the

A.) |Priven Load is excessive rating is the same as the old motor. If previous motor was a special design, a|
general purpose motor may not have the correct performance.
. . Most motors are designed to operate in an ambient up to 40 °C. (See section 4.2.2,
B.) |Ambient temperature too high Hot Surface Caution)
L . Remove foreign materials — clear vent openings, fan guard air inlets and frame]
C.) Motor cooling fins and/or vent openings blocked fins (TEFC motors)
D.) |Insufficient Air Flow TEAO (Totally Enclosed Air Over) motors: Measure airflow next to motor surface

and obtain minimum requirements from motor manufacturer.




E.) |Motor is started too frequently See section 3.4.5.3
(1) Ensure that steady state supply voltage at motor terminals is within limits (see}
F.) [Supply voltage too low, too high, or unbalanced section 3.4.1.3) Correct as needed (2) Reconnect motor per input voltage (3)
Obtain correct motor to match power supply.
Motor Vibrates
A.) Motor misaligned to load. Realign load
(1) Ensure that load is dynamically balanced: (2) Remove motor from load and
. . . inspect motor by itself. Verify that motor shaft is not bent. Rule of thumb is 0.002”
B') Load out of balance (Direct drive application) runout for shafts extension lengths up to 3.00”. Add 0.0005” per every additional
inch of shaft length beyond 3.00".
c ) Uneven tension on multiole belts Mixing new with used belts. Replace multiple belt applications with a complete setl
) P of matched belts.
(1) De-energize motor and record vibration as load coasts from 100% speed to 0
RPM. If vibration drops immediately, vibration source is electrical. If levels do nof]
D ) Driven load operating at resonant point / naturalldrop immediately, source is mechanical (2) Redesign system to operate below the|
*J lfrequency. resonant point (3) On VFD-driven loads, program skip frequencies to bypass
resonant points (4) Increase carrier frequency to obtain <3% THD current (5) On
variable torque loads reduce volts/hertz below base speed.
E.) |VFD torque pulsations (1) Adjust VFD to obtain <3% THD current @ rated motor current (2) Adjust VFDJ
) quep stability for smooth operation. Vector drives may be unstable at light load.
F.) [Motor miswired at terminal box Match motor lead wiring to nameplate connection diagram.
. neven, weak or loose mounting support. im, strengthen or tighten where required.
G.) U korl ti rt Shim, st th tight h ired
Test motor by itself. If bearings are bad, you will hear noise or feel roughness.
Roller bearings are normally noisy when operated without load. If sleeve bearing,
H.) [Motor bearings defective add oil per nameplate instructions. For motors with regreasing provisions, addI
grease per relubricating instructions (see section 4.2.3). If noise persists contact
warranty service.
Disconnect from load. Set motor on rubber pads on solid floor. Secure a %z height
I ) Motor out of balance key in shaft keyway and energize from balanced power supply @ rated voltage.
) Record vibration levels and compare with appropriate standards. If excessive)
vibration persists contact motor manufacturer.

Bearings repeatedly fail.
(1) If belt drive check system per section 3.3.4. (2) Other than belting, check
A.) |Load to motor may be excessive or unbalanced loading on motor shaft. An unbalanced load will also cause the bearings to fail. (3)
Check runouts of mating components, such as a C-face and pump flange.
. . Motor enclosure not suitable for environment. Replace with correct enclosure}
B.) Bearings contaminated. )
construction
C.) Incorrect grease or bearings for ambient extremes. See section 4.2.1
. Ground brush, common mode filter, or insulated bearings must be added. Contact}
D.) |VFD bearing damage
motor manufacturer.
Motor, at start up, makes a loud rubbing, grinding, or squealing noise.
Belt squeal during across the line starting is normal: (1) Verify that supply voltage|
is within limits (see section 3.4.1.3). (2) Ensure that motor lead wiring matches
A.) |Contact between rotating and stationary components nameplate connection diagram: (3) Isolate motor from load. (4) To locate point oVI
contact turn motor shaft by hand. (5) If point of contact is not located contact]
motor service shop.
Start capacitors repeatedly fail.
L Motor may be too small for load. Record acceleration time. Start capacitors may
A.) |The motor acceleration time is too long o OR
fail if acceleration time exceeds 3 seconds.
Excessive starting will damage motor capacitors. Contact motor manufacturer i
B.) [Motor is being started too frequently motor is started more than 20 times/hour or if acceleration time exceeds 3|
seconds.
C.) [Motor voltage low Verify that voltage at the motor terminals is within limits (see section 3.4.1.3).
D.) Defective start switch inside motor Motor internal switch failure overheats start capacitor. Contact service shop orf
motor manufacturer.

Run capacitor fails.

IA)

|High ambient temperature

Verify that the ambient does not exceed motor’'s nameplate value




B.)

Input voltage exceeds limit

Verify that voltage to the motor terminals is within limits (see section 3.4.1.3).

c.)

Power surge to motor (caused by lightning strike or other
high transient voltage).

If a common problem, install surge protector.




V-Belt Technical Specifications

Solution #982525, Selection #10

This Solution is based on the use of EPT COMPONENTS. Substitution of competitive product may result in reduced drive life and/or unsatisfactory performance.

EPT EDGE Browning Drive Technical Specifications

Solutia - Krummrich SVE S.O. # 12936
711 URAI Marathon E984B (40 HP)
1800 RPM to 1895 RPM

Bill of Materials

Qty Part Number
3R5V103
R121/8
3R5V97
R119/16
5VX800

W R PR e

Driver Sheave: 3R5V103

F—®iF -
PD (5V)=10.2 _ S
OL=3.359375 1% ~
0OD=10.3 x
F=2.375
L=2.875
P=0.75 ul| A ‘T
C=0.1875
X=2
G=0.9375
E=0.234375
H=5.375
WT=26.15
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Driven Sheave: 3R5V97
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OL=3.359375 T ¥ ~
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F=2.375
L=2.875

P=0.75 ofn. et ‘T
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X=2
G=0.9375
E=0.234375
H=5.375
WT=25.1

Required
Driver Speed: 1800
Driven Speed: 1895
Center Distance: 24.00-28.00 in.
Input Power: 40.00 HP
Service Factor: 2.30
Options Invoked: Yes

In.

Actual
1800
1893/1893
24.38in.
40.00 HP
2.37

Tension: 6.63 Lb. should deflect belt 0.38

Hub Load: 472 Lb. 'running' Hub Load

Driver Bushing: R12 1/8

Bore (In)=2.125
D (Large End)=4
D (Small End)=3.875

H=5.375
L=2.875
R=0.28125
S=0.234375
T=2.21875

U=0.625

W=0.75

X=1.9375

V=4.625 D

Y=0.28125
WT=8

Driven Bushing: R1 1 9/16

Bore (In)=1.5625
D (Large End)=4
D (Small End)=3.875
H=5.375
L=2.875
R=0.28125
S=0.234375
T=2.21875
U=0.625
V=4.625

W=0.75
X=1.9375
Y=0.28125
WT=9.16
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in"P" B & "0
Bushings.

Setscrew in "R Bushing, none
in"P", "B*, & "Q° Bushings.

_lJf
.._Kﬁa::l%_s
|
—T

“P", “BY, “Q", & “R” BUSHINGS

Type 1

Type2

gwwﬂmf

e POWer o,
KOP-FLEX w X, RoLLwAY
MGILL orse

7120 Buffington Rd.
Florence, KY 41042
Customer Service: 1-800-354-9825
Technical Questions: 1-800-626-2093



V-Belt Technical Specifications

Setscresw in “R* Bushing, none
in"P", "B, & "7 Bushings.

Setscrew in *R R
Bushing, none
il-l "p"| ::B::I & ..Q:: '-—T
Bushings.

“PT, BV, QY & "R BUSHINGS
Type 1 Type 2
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BROWNING V-Belt Drive Inputs en espaiiol
Description (for your future reference) -
Solutia - Krummrich SVE S.0. # 12936 output Mode|_?_|
711 URAI Marathon E984B (40 HP) @ inch () Metric

1800 RPM to 1895 RPM
Unit of Measure/Power

Shaft Parameters @ Hp
Driver Driven Input Power  40.00 s
Shaft Speed 1800 RPM 1895 RPM kw
_ _ Service Factor 2.30
Shaft Di 212500 ™ 1ses0 oM
e : ' [Service Factor Suggestions]
_Jmm _Jmm

Center Distance

Drive Type ©
P |0‘| I_,'—-.I
(@) Fixed Speed 9/ Inch _Jmm
D Vari Min.  24.00 Max. 28.00
_JVariable Speed
Options

Show Net Price
EPT One Piece

Display Customer Part #'s

[ IShow Sheave Interchanges

Enable Drive Options | Drive Options...

This Solution is based on the use of EPT COMPONENTS. Substitution of competitive product may result in
reduced drive life and/or unsatisfactory performance.

Prepared by John Dunn, BISCO Environmental on 9/27/2011 (Solution #982525)

. . . . Actual .
Driver Driver Driven Driven Actual Driven
No. Sheave Bushing Sheave Bushing Belt Qty CmD S.F. Speed Cost
1. 4B5V86 B 4B5Vv80 B 5VX750 4 24.31 2.50 1933/1933 1.000 \-f

Correct tension for this drive (5.75 Lb. should deflect belt 0.38 In.) will have 566 Lb. 'running' Hub Load

3R5V103 R1 3B5V94 B 5VX800 3 24.53 2.31 1933/1933 1.023 L-'F
Correct tension for this drive (6.67 Lb. should deflect belt 0.38 In.) will have 483 Lb. ‘'running' Hub Load

[\

4B5V90 B 4B5V86 B 5VX780 4 25.03 2.75 1883/1883 1.046 i—r'F
Correct tension for this drive (5.63 Lb. should deflect belt 0.39 In.) will have 526 Lb. ‘'running' Hub Load

[

4B5V94 B 4B5V90 B 5VX780 4 24.40 291 1879/1879 1.074 i—-'r
Correct tension for this drive (5.59 Lb. should deflect belt 0.38 In.) will have 503 Lb. 'running’' Hub Load

[~

5B5V68 Q1 5B5V66 Q1 5VX710 5 24.82 2.34 1854/1854 1.134 L-"r
Correct tension for this drive (5.28 Lb. should deflect belt 0.39 In.) will have 681 Lb. ‘running' Hub Load

[o

10Q3V69 Q2 10Q3Vv65 Q2 3vX710 10 24.98 2.35 1911/1911 1.139 Lf
Correct tension for this drive (2.58 Lb. should deflect belt 0.39 In.) will have 704 Lb. 'running' Hub Load

o

http://www.emerson-ept.com/EPTRoot/eptedge/ProductSelection/EPTEDGEVBelt/EPTE... 9/27/2011
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7. 5TB94 Q2 5TB90 Q2 BX76 5 24.46 2.37 1877/1877 1.150 ‘H{
Correct tension for this drive (4.96 Lb. should deflect belt 0.38 In.) will have 492 Lb. 'running' Hub Load

8. 5B5V70 Q1 5B5V66 Q1 5VX710 5 24.67 2.35 1907/1907 1.152 ‘«;-_-'F
Correct tension for this drive (5.29 Lb. should deflect belt 0.39 In.) will have 683 Lb. ‘'running' Hub Load

9. 5B5V70 Q1 5B5V68 Q1 5VX710 5 24.51 2.44 1852/1852 1.164 i—r'F
Correct tension for this drive (5.22 Lb. should deflect belt 0.38 In.) will have 661 Lb. 'running' Hub Load

10. 3R5V103 R1 3R5V97 R1 5V X800 3 24.38 2.37 1893/1893 1.171 i—-'r
Correct tension for this drive (6.63 Lb. should deflect belt 0.38 In.) will have 472 Lb. 'running' Hub Load

* Belt tension shown is for used belt(s). Multiply the Ibs. of force shown x 1.5 for new belt installation.

Drives above meet your criteria - Selection below is best disregarding options

4B5V86 B 4B5V80 B 5VX750 4 2431 2.50 1933/1933 1.000 "—f
Correct tension for this drive (5.75 Lb. should deflect belt 0.38 In.) will have 566 Lb. 'running' Hub Load

Return To Top

http://www.emerson-ept.com/EPTRoot/eptedge/ProductSelection/EPTEDGEVBelt/EPTE... 9/27/2011
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Series D

D33H CHAMBER-ABSORPTION SILENCERS

Application eas
Blower Discharge Silencer for maximum silencing at blower speeds ; ;
above transition speed. | -~

Design 1

A multi-chamber silencer containing a high frequency absorption device o
in addition to a special arrangement of volumes and air passageways to g
effectively reduce both pulsation and excessive high frequency through
the process of converting noise energy into heat. D33H may be installed
horizontally or vertically. Design parameters permit nozzle orientation to
suit installation requirements.

Construction

All welded steel sheet and plate construction for long service life.
Standard acoustic absorption material temperature limit is 300°F.
Exterior surfaces are prime coated. Flanges are drilled to match 125 Ib.
American Standard Flanges. Inspection openings, mounting brackets,
relief valve nozzles or special paint are available at extra charge.

L+
Model A B C E _ Wi,

| Min. || Max. |
-2 || 2r || 8 J| s Jl o | 6 | 10 | 30 |
D33H-212 || 2w* || 100 || 31 || 10 || 7 | 1 || 40 |
|D33H -3 | 3 || 20 || 49 || 12 | 7 || 12 || s |
|D33H - 4 | 4~ || 14 || so || 1 | 8 || 17 | 120 |
e | . . | | T — T —— ———T
|D33H -6 | 6 || 1 || e || 17 || w0 || 24 | 215 |
D . T | | |y
basH-10 || 10 || 2 | 120 || 34 || 14 | 3 | o958 |
p3sH-12 || 12 || 30 || 133 || 4 || 16 | 40 | 1353 |
Ip3sH-14 || 14 || 3 || 165 || 48 || 17 | 40 || 1826 |
basH-16 || 16 | 42 | 179 || s4 || 19 | 44 | 2906 |
IbasH-18 || 18 || 48 || 18 || e0o || 21 | 46 | 4175 |
Das3H-20 || 20 || 48 || 1 || e || 22 | 47 | 4525 |
DasH-22 || 22 || s4 || 2x || 72 || 24 | 48 | 5337 |
|

DasH-24 || 24 | s | 229 || 72 || 26 | 54 | 6560
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* NPT Connections
** Available in NPT or Flange Connections

TYPICAL ATTENUATION CURVE

50
A0
o 40 ——
2 ——E-._—-'-'-
Az
59 30
5%
£z 20
3
a 10
0
&3 125 250 500 T3 7K 4K, BK

OCTAVE BAND CENTER FREQUENCY (Hz)

Back to page SERIES D




INLINE AIR FILTERS

INLINE AIR FILTERS - VACUUM SERVICE ONLY

The Series F65V Inline Air Filter is designed to
mount directly in the air piping system for
engines, blowers or compressors. The filter E B —
element, which is fabricated from pleated paper %
media, has an efficiency of 99% on 1 micron
particles and larger. The housing is designed to i

withstand a full vacuum. Pressure taps are [ -
provided on the intake and discharge nozzles for A -——%dak-——-—- A
installation of a pressure drop indicator or switch ‘ I !
by the customer. The F65V Inline Air Filter H i

surfaces are prime coated with a red oxide primer. { L! % ]‘q
l |

ALTERNATE FILTRATION MEDIA

AVAILABLE FOR F65V
Cleanable Polyurethane Foam - 98% on 10 micron particles
Cleanable Polyester Felt - 98% on 3 micron particles
Epoxy Coated Wire Mesh - 90% on 10 micron particles
(When Oil Wetted)
FOR PRESSURE SERVICE USE F65 (See Page 2)

Wing Stud

Flat Head

Retainer F65V up to and including 8” size:

Gasket Coarse threaded wing studs allow for easy
access to the F65V for servicing the filter
elements. See diagram at left.

Receptacle

Rolled Angle

F65 Shell

F65V SERIES
REPLACEMENT

MODEL A B | E H | RATED | WEIGHT ELEMENT

NUMBER
F65V-2 2 NPT 12 10%, 9 5 135 38 F8-108
F65V-21/, 2'/> NPT 12 10% 9 5 180 40 F8-108
F65V-3 3 NPT 16 15, 11 7 285 70 F8-109
F65V-4 *4 FLG 16 15V 11 7 520 77 F8-109
F65V-5 *5 FLG 16 15 11 7 750 80 F8-109
Eéﬁ“é *é EIG Jg #S/ 12 10 1f\75 100 E911f\
F65V-8 *8 FLG 24 19 15 10 1800 180 F8-111

*Flanges mafch 125# ASA. Diameter and Drilling.
(1) Rafed capacity is based upon a maximum exit velocity of 5500 fpm.
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COMPACT FILTER SILENCERS

"FS" Series 4" - 6" 125/150# Pattern

APPLICATIONS FEATURES & SPECIFICATIONS
+ Industrial & Severe Duty + Polyester: 99%+ removal efficiency standard to 5 micron
+ Blowers - Side Channel & PD Type + Paper: 99%+ removal efficiency standard to 2 micron T
+ Piston Compressors + Fully drawn weatherhood - no welds to rust or vibrate apart (%)
+ Screw Compressors + Tubular silencing design - tube is positioned to maximize =T
+ Hydraulic Breathers — fine filtration attenuation and air flow while minimizing pressure drop Sg ~
+ Engines + Durable carbon steel construction with baked enamel finish (%) Fll'l
+ Fans and powder coated weatherhood DX
+ Construction + Interchangeable elements: Polyester, Paper » (7,
+ Medical + Low pressure drop center bracket and outlet pipe design B =
+ Pneumatic Conveying + Temp (continuous): min -15°F (-26°C) max 220°F (104°C) ‘m an
+ Waste Water Aeration + Filter change out differential: 10°-15” H,O Over Initial Delta P g o
+ Sparging + Pressure drop graphs available upon request g m
+ Factory Air g a
=
&
TYPICAL NOISE ATTENUATION - FS SERIES
. C
? 15
o
5.0 \\. -~
£ 57’
63 125 250 500 1000 2000 4000 8000 . A
bl OCTAVE BAND CENTER FREQUENCIES - Hz OPTIONS (|nquiries Encouraged) L
+ Noise att.enu.ation may vary due to the wide range  + \/grious media available B 1 INLET
of applications and machines . 1/8" & 1/4” tap holes t
+ Pressure Drop Indicator f
+ Available in Stainless Steel OUTLET ‘
+ Epoxy coated housings
+ Hot dipped galvanized housings Dimension tolerance + 1/8”
+ Special connections, NPT
I =Industrial Duty S =Severe Duty E = Extreme Duty
Rated Flow SCFM
with with DIMENSIONS - inches Screw,
Polyester Paper MPT Blower, Element | No.of | Approx.
Element Element Qutlet A B C Piston Fan Rating Tubes | Wt.Ibs
1| FS-235P-400F | FS-234P-400F| 4" 14 4 16 300 520 570 9 33
S| FS-245P-400F | FS-244P-400F| 4" 14 4 16 450 520 880 9 35
E| FS-275P-400F | FS-274P-400F( 4" 14 4 16 450 520 1100 9 39
I | FS-245P-500F | FS-244P-500F| 5" 14 4 16 500 800 880 14 38
e 2 A T e S e e e il 4 Gl 5 et S00) 400 il e
r [ | FS-275P-600F |==@8=fvR=g88= 6" 16 51/4 16 650 1100 1100 18 42 I
125/150# DIMENSIONS - inches No. of Flange
Pattern Fig 0O.D. B.C. B.H. Holes | Thickness
4" 9 71/2 0.75 8 0.38
— ~ S ===
91/2 0.88 8 0.38

Solberg - Where the Best is in Store for You!

1151 W. Ardmore Ave. ¢ ltasca, IL 60143-1387 ¢ (630) 773-1363 ¢ Fax: (630) 773-0727
E-mail: sales@solbergmfg.com ¢+ Web Site: www.solbergmfg.com
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SOLBERG

Filter Silencers and Inlet Filters
Maintenance Manual

www.solbergmfg.com

Note: Please read the maintenance instructions given by the OEM for the machinery first. The OEM's manual should be
adhered to in order to protect the equipment. Solberg Manufacturing, Inc has made every effort to make sure that these
instructions are accurate but is not responsible for any typos, slight variations or for human errors that may occur.

Solberg Manufacturing, Inc., 1151 Ardmore Itasca, IL 60143 USA
Ph: 630.773.1363 Fax: 630.773.0727 Email: sales@solbergmfg.com Web: www.solbergmfg.com
Rev: MMIFS-407



Maintenance Manual

Solberg Air Inlet Filters and Filter Silencers

CONTENTS

Section A
100 [¥ o 1o o USSP pg.
Section B
General Information
1. Identification of Solberg Filters .............cccoovieiiiiiiiiiiin. pg.
2. Filtration Rules of Thumb ..., pg.
3. Element Specifications. ...........coovviiiiiiiiiieeeeeeeee e pg.
4. Element Cleaning.........ccccouuuuuuummmmminiiiiiiiiiiiiiiiiiiiniinnennneeenes pg.
Section C
Procedures
1. INStallation .....eeeeiii pg.
2. Disconnecting canister top from base ..........cccccccceeeeeeeenn. pg.
3. Removing element for service/maintenance. .................... pg.
4. Securing Element..........c.oooviiiiiiiie e pg.
5. Securing canister top to canister base. ..........ccccceeeeeeeeeenee. pg.
Section D
Maintenance Recommendations
I CT=T o 1= - | O pg.
2. Spare PartS LiSt..........uuiiiiiiiiiiiiiiiiiiiiiiiiieeieeeeeeeeeeeeeeeeeeeeee pg.

*For Further Information Please Call: 630-773-1363
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Section A

INTRODUCTION

The purpose of this manual is instruction on the proper assembly and care of
Solberg inlet air filters.

*WARNING*

This manual must be read and thoroughly
understood before using and caring for this
air filter. Failure to comply could result in
explosion, product/system contamination
or personal injury.

This manual should be used as a supplement to the user’s understanding of the
proper care needed to maintain a safe and dependable air filter. It is the
responsibility of the user to interpret and explain all instructions to persons who
do not read or understand English BEFORE they are allowed to maintain and
use this filter.

This manual should be readily available to all operators responsible for operation
and maintenance of the inlet air filters.

We thank you for selecting products from Solberg Manufacturing, Inc. We are
confident that our superior filter designs will meet your application requirements.

Section B

GENERAL INFORMATION

1. Identification of Solberg Inlet Air Filters.

All Solberg inlet air filters should have an identification label/nameplate that gives
the following information:

Assembly Model #
Replacement Element #

(The exception is OEM supplied units. In this case, please enter the OEM part
numbers below.)

Page 3
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Fill in the actual nameplate data from your new Solberg inlet filter(s):

No. Filter Model Replacement Initial Delta P
Number Element Readings
1
2
3
4
5
Table 1

The model number designates the filter type, the original element configuration
and housing connection size. For example, the following part number identifies
the filter as being a ‘FS’ design filter with a 235 element with prefilter and 3” MPT
connection size:

FS-235P-300

Filter Type:
2G,QB, FS, F
and FT

Element Type:
Size, Material,
Prefilter, Micron
Rating

Connection
Size and Type

2. Filtration Rules of Thumb

General: For peak output performance from a compressor, blower, vacuum
pump, engine, or any other machine that consumes air, one must have clean,
unrestricted air. Proper filtration can help stabilize the working environment within
rotating equipment even when the external conditions may be quite severe. A
critical component in creating the right working conditions is filter sizing. With the
properly sized filter, equipment will run smoothly over its entire expected
operating life.

A major factor in filtration and filter sizing is air velocity through the filter media.
Generally, the slower the velocity of air through a media the higher the filter

Page 4
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efficiency and, conversely, the lower the pressure drop. Therefore, the primary
goal in filter sizing is to optimize the velocity of air through the media (sometimes
called face velocity).

Rule of Thumb #1: Always begin with the filter cartridge requirements when
sizing a filter. Once the appropriate element has been selected then move on to
the housing requirements.

Rule of Thumb #2: Always ask or specify a filter based on a micron rating with
filtration efficiencies. As an example, stating a requirement for a 1-micron filter
is misleading because no efficiency rating has been specified. A 1-micron filter at
95% efficiency may be less efficient than a 5-micron filter at 99% efficiency. For
proper air system performance in light and industrial duty environments, a filter
with a minimum of 99% filtration efficiency at 5 microns is required.

Rule of Thumb #3: Size your filter correctly by understanding the impact air
velocity through a media has on efficiency and pressure drop. Maintain the
suggested Air-to-Media ratios listed below based on the external environment
listings and Filtration efficiency needs.

Filtration Efficiency
Requirements
(99%+ efficiency)

Environmental

Conditions Air to Media Ratio

Industrial Grade 2-micron |Industrial Duty (clean,
Paper office/warehouse-like)

30 CFM/ft2 | (51m®/h)/cm?

Severe Duty (workshop,
factory-like)

15 CFEM/f? | (25.5m°/h)/cm?

Extreme Duty (Foundry,
Construction-like)

10 CFM/f2 | (17m®h)/cm?

Industrial Grade 5-micron |[Industrial Duty (clean,
Polyester office/warehouse-like)

50 CFM/ft> | (85m°/h)/cm?

Severe Duty (workshop,
factory-like)

40 CFM/f? | (68m3/h)/cm?

Extreme Duty (Foundry,
Construction-like)

25 CFM/ft> | (42.5m®%h)/cm?

Industrial Grade 1-micron |Severe Duty (Foundry,
Polyester Construction-like)

10 CFM/f2 | (17m®h)/cm?

Industrial Grade 0.3-micron

HEPA Glass @ 99.97% Industrial Duty (Pre-filtered

Applications)

10 CFM/f2 | (17m3h)/cm?

Efficiency
Severe Duty (workshop, 5 3 5
factory-like) 7 CFM/ft (12m*h)/cm
Extreme Duty (Foundry, 5 3 5
Construction-like) 5 CFM/ft* | (8.5m*h)/cm
Table 2
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Rule of Thumb #4: Pressure drop is also caused by the dirt holding capacity of
the element. As the element fills up with dirt, the pressure drop increases. Itis
important to document the pressure drop across a given filter when it is new and
then clean or replace it when the pressure drop increases by 10" to 15" / 250-
280mm H,O over the original reading.

Rule of Thumb #5: The inlet connection greatly influences the overall pressure
drop of the filter system. To minimize the restriction contributed by an inlet filter, a
velocity of 6,000 ft/min (10200m?h) or less is suggested through the outlet pipe.

The table below lists the suggested flows based on pipe size:

Pipe Size

Pipe Size

Pipe Size

(inches) Max Airflow (inches) Max Airflow (inches) Airflow
1/4" 6 CFM | 10m*h 1" 60 CFM | 102m*/h 6" 1,100 CFM| 1870m°h
3/8" 8 CFM | 14m°h 1" 80 CFM | 136m°/h 8" 1,800 CFM| 3060m*/h
1/2" 10 CFM | 17mh 2" 135 CFM| 230m*h 10" 3,300 CFM|5610m*/h
3/4" 20 CFM | 34m°h 2" 195 CFM| 332m*h 12" 4,700 CFM|7990m%h
1" 35 CFM | 60m°h 3" 300 CFM| 510m°h 14" 6,000 CFM [10200m%h
4" 520 CFM| 884m°/h
5" 800 CFM| 1360m*/h
Table 3 *Note: This information is for general use only. A qualified engineer must properly design each system.

3. Element Specifications

Temperature Range: -15° to 220°F / -26° to 105°C

Filter Change-Out Differential: 10” to 15” / 250-380mm H,O Over Initial Delta P

Media

Micron Rating

Standard Paper

99+% @ 2 micron

Standard Polyester

99+% @ 5 micron

“S” Series Wire Mesh

Epoxy Coated Wire Mesh

“Z" Series Polyester

99+% @ 1 micron

“HE” Series HEPA

99.97% @ 0.3 microns

“U” Series Polyester

99+% @ 25 micron

“W” Series Polyester

99+% @ 100 micron

“S2" Series

Stainless Steel Wire Mesh

“AC” & “ACP” Series

N/A

“Y” Series Polypropylene

99+% @ 5 micron

Table 4

Ph: 630.773.1363 Fax: 630.773.0727 Email: sales@solbergmfg.com Web: www.solbergmfg.com
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Temperature Range: -15° to 385°F / -26° to 196°C
Filter Change-Out Differential: 10” to 15"/ 250-380mm H,O Over Initial Delta P

Media Micron Rating

“MX” & “MXD” Series — Nomex Cloth 99+% @ 5 micron

Table 5
4. Element Cleaning

Some types of Solberg inlet filter elements can be cleaned and reused.
However, damage can occur to an element during cleaning so it is imperative
that care is taken during disassembly, cleaning and re-assembly. Damaged
elements can allow particulate bypass which will damage rotating equipment.

A. Polyester Element: The polyester element may be washed in warm
soapy water, vacuumed, gently blown out or replaced. The element
should be dry before reinstallation.

B. Paper Element: The paper element may be lightly blown with low
pressure air. It is disposable and in most cases should be replaced with a
new element.

C. Polyurethane Prefilter: The prefilter may be washed as a sponge or
replaced to give the element a longer service life.

D. Epoxy Coated Wire Mesh and Stainless Steel Wire Mesh Element:
Cleaning instructions similar to polyester, except mild solvents may be
used.

E. Activated Carbon Element: Not cleanable

F. Polypropylene Element: Cleaning instructions similar to polyester

G. Nomex Cloth Element: Cleaning instructions similar to polyester

If you are not confident that the integrity of the element was maintained during

cleaning, it is recommended that a new element be installed. Also, spare parts
such as gaskets, wingnuts and washers can be supplied upon request.

Section C

PROCEDURES

1. Installation.

A. Maximum operating temperature for most Solberg inlet air filter products is
220°F / 105°C. Temperatures in excess of this could cause damage to
elements, media and elastomers. High temperature products are
available.
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B. Direction of flow is typically from the outside of the element to the inside of
the element. Most products have arrows indicating direction of flow on the
inlet and outlet ports.

C. Ensure that pipe/flange connections are adequately sealed so the
potential for leaks is reduced to a minimum.
2. Disconnecting canister top from canister base.
A. FS-04-06-10 (or 05-07-11): Twist top housing to open. Use care to

support bottom housing while removing top housing. Fitting damage can
occur if fitting is torqued in the wrong direction.

B. Small QB/FS/F/FT: Remove weather hood or top plate by loosening hex
nut or wing nut and lifting off.

C. Large 2Q/QB/FS/F/FT: Remove cover by loosening hex nut or wing nut
and lifting off.

3. Removing element for service/maintenance.

A. Carefully remove retaining hex head/wing-nut and washer over top plate,
and then remove element. Note: Model “04-06-10" elements should be
free when housing tops are removed.

B. Clean sealing surfaces of housing, top plates and element endcaps so
that they are free of dirt or any other particulate.

*WARNING*

Failure to comply with these instructions
may result in system or equipment
contamination.

4. Securing Element.

A. Place new or cleaned element evenly on base plate. Be sure element
seats properly on base and there is no dirt or particulate present on
sealing surfaces. With multiple element stacks place elements in line with
base element and ensure elements seat properly.
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B. Place top plate (if necessary) on element by centering on tap bolt.

C. Secure washer and wing nut to end cap (or top plate) and tap bolt.
Element must be tightly secured. Note: Do NOT over tighten!

*WARNING*

Defective installation may cause system or
pump contamination. Use only genuine
Solberg replacement parts.

5. Securing canister top to canister base.
A. Make sure all surfaces are free from dust and other particulate.

B. Small QB/FS/F/FT: Replace top plate and/or weather hood if necessary.
Feed threaded rod into corresponding bolthole and tighten. Note: Do NOT
over tighten!

C. Large 2G/QB/FS/F/FT: Replace cover. Feed threaded rod into
corresponding bolt hole(s) and tighten. Note: Do NOT over tighten!

D. FS-04-06-10 (or 05-07-11): Reassemble top housing to bottom housing by
aligning tabs and turning into place.

Section D

MAINTENANCE RECOMMENDATIONS

1. Pressure drop readings are recommended to have an effective air filter.
Always document initial pressure drop during start-up when element is clean.
Replacement cartridge is needed when system experiences 10” to 15" / 250-
380mm H?O above drop above the initial reading. Refer to page 4 for initial
values.

2. Always check replacement cartridge gaskets to insure they are adhered
uniformly along the end caps during handling. If not, contact Solberg
Manufacturing, Inc. immediately. Do not modify or change!
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3. Always check inlets/outlets, element base and its components when replacing

element to insure cleanliness. Wipe clean if necessary.

4. Operate only when a proper seal exists.

SPARE PARTS LIST:

2G/QB/FS Series

Housing Weatherhood/Top Element Wingnut(s)/

Parent Model Prefilter for FS Series | for 2G/QB Series| Top Plate Lock Hex Nut(s) | Washer(s)
2G/QB-Element-Connection Model Model No. Model No. Model No. Model No. Model No.
Model-15/14-xxx PF14 WH6X2 N/A N/A WN25X20 WR25X20
Model-19/18-xxx PF18 WH6X5 QB6X5 N/A WN25X20 WR25X20
Model-31/30-xxx PF30 WH10X5 QB10X5 N/A WN25X20 WR25X20
Model-231/230-xxx PF230 WH10X10 QB10X10 N/A WN38X16 WR38X16
Model-235/234-xxx PF234 WH16X10 QB16X10 N/A WN38X16 WR38X16
Model-245/244-xxx PF244 WH16X10 QB16X10 N/A WN38X16 WR38X16
Model-275/274-xxx PF274 WH16X10 QB16X10 N/A WN38X16 WR38X16
Model-375/374-xxx PF374 T16000625 T16000625 T12000625 LHN50X13 WR50X13
Model-377/376-xxx PF376 T22000625 T22000625 T14750625 LHN50X13 WR50X13
Model-385/384-xxx PF384 T28000625 T28000625 T19750625 | LHN50X13 WR50X13
Model-384(2)-xxx PF384(2) | T28000625 T28000625 T19750625 LHN50X13 WR50X13
Model-485/484-xxx PF484 T28000625 T28000625 T19750625 | LHN50X13 WR50X13
Model-485(2)/484(2)-xxx PF484(2) | T28000625 T28000625 T19750625 LHN50X13 WR50X13
Model-685-xxx PF684 T28000625 T28000625 T19750625 LHN50X13 WR50X13

F/FT Series
Weatherhood/Top | Element Top Top Wingnut(s)/

Parent Model Prefilter for F Series for F Series | for FT Series| Lock Hex Nut(s)| Washer(s)
F/FT-Element-Connection Model Model No. Model No. Model No. Model No. Model No.
Model-15/14-xxx PF14 WH6X2 N/A T4500312 WN25X20 WR25X20
Model-19/18-xxx PF18 WH6X5 N/A T4500312 WN25X20 WR25X20
Model-31/30-xxx PF30 WH7.625X5 N/A T6000312 WN25X20 WR25X20
Model-231/230-xxx PF230 WH10X10 N/A T6000312 WN38X16 WR38X16
Model-235/234-xxx PF234 WH10X10 N/A T8000437 WN38X16 WR38X16
Model-245/244-xxx PF244 WH16X10 N/A T1000437 WN38X16 WR38X16
Model-275/274-xxx PF274 WH16X10 N/A T12000437 | WN38X16 WR38X16
Model-375/374-xxx PF374 WH16X16 N/A T12000625 | LHN50X13 WR50X13
Model-377/376-xxx PF376 WH22.5X15 N/A T14750625 | LHN50X13 WR50X13
Model-385/384-xxx PF384 WH28X15 N/A T19750625 | LHN50X13 WR50X13
Model-384(2)-xxx PF384(2)| T28000625 T19750625 | T19750625 | LHN50X13 WR50X13
Model-485/484-xxx PF484 WH28X24 N/A T19750625 | LHN50X13 WR50X13
Model-485(2)/484(2)-xxx PF484(2)| T28000625 T19750625 | T19750625 | LHN50X13 WR50X13
Model-685-xxx PF684 T28000625 T19750625 | T19750625 | LHN50X13 WR50X13

*Note: Spare parts are for standard products. See page 4 for replacement element.
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tyco

KUNKLE

Features
* Large nozzle design provides high
capacity.

¢ Flat bronze valve seats are lapped
for optimum performance.

e Warn ring offers easy adjustability
for precise opening with minimum pre-
open or simmer and exact blowdown
control.

¢ Pivot between disc and spring
corrects misalignment and
compensates for spring side thrust.

Model Descriptions
* Model 337 has ‘pull-ring’ lift device
for easy manual testing.

* Every valve is 100% tested/inspected
for pressure setting, blowdown and
leakage.

¢ All adjustments are factory sealed
to prevent tampering or disassembly.

Option
e SS trim. (nozzle and disc) (Variation 03)

Applications

¢ Protection of low to medium pressure
high volume blowers, compressors and
pneumatic conveying systems.

e Bulk hauling trailers/equipment.
e Light gauge tanks.

* Protection of high volume vacuum
pumps and conveying systems.

Total Flow Control Solutions

Kunkle Safety and Relief Products

Models 215V arre=397=

Model 215V is Non-code Vacuum and Model 337 is ASME Section VIII,
Air/Gas Vacuum, ‘UV’ National Board Certified, Safety Valves

Model 215V

Model 337

Vacuum Limits Pressure and Temperature Limits
Model 215V: Model 337:

2-inch HG 1 to 60 psig [0.07 to 4.1 barg]

to 29-inch HG -20° to 406°F [-29° to 208°C]

[67.7 to 982 mbarg]
-20° to 406°F [-29° to 208°C]

Tyco reserves the right to change product design and specifications KUKMC-0383-US-0207

without notice. Copyright © 2002 by Tyco International Ltd.
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Kunkle Safety and Relief Products

Models 215V enek88%

Parts and Materials

Model 215V

Models 215V and 337

No. Part Name 215V 1. 3D1|36c and nozzle available in SSA-479 TY
1 Nozzle! Bronze, SB62 2. Stem and lift ring available on Model 337
2  Set Screw Steel A108-1018 Brass Plated Stee only.

3  Regulator Ring Bronze B584 Alloy 84400 3. Corrosion preventative coating.
4  Disc! Bronze B584 Alloy 84400
5  Spring Step Steel A-109 Coated3
6  Spring SS, A313TY 302
7  Body Cast Iron, Zinc Plated, B633
8 Compression Screw Bronze, B-584 Alloy 84400
9 Stem? N/A
10  Lift Ring? N/A
11 Regulator Ring Set Screw N/A
-
7 N\

Specifications N\ %

Size Inlet —— Dimensions, in [nm] ——— Weight

and Outlet A B C 215V C 337 Ib [kg]

2’ [50.8 mm] 31/a [82.5] 3 [76.2] 61/2 [165.1] 7 [177.8] 8 [3.6] c

(337)

3 [76.2mm] 41/4 [107.9] 4 [101.6] 81/2 [215.9]  "o=mip@@e@im 20 [4.1] (2105\/)
| A
i v
[<— B —>

Model 337

Tyco reserves the right to change product design and specifications KUKMC-0383

without notice. Copyright © 2002 by Tyco International Ltd. 2
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Kunkle Safety and Relief Products

Models 215V ane=gd%
Model 215V
Relief Set —— Valve Inlet and Outlet Size ———
(in, HG) 2”7 21/2” 3”
Orifice Area, in2 Orifice Area, in2 Orifice Area, in2
1.84 2.79 4.04
2 229 347 503
5 338 512 742
10 415 630 912
15 426 646 936
20 426 646 936
Relief Set —— Valve Inlet and Outlet Size
[mbarg] 5.08 cm 6.35 cm 7.62 cm
Orifice Area Orifice Area Orifice Area
[11.86 cm?] [17.97 cm?] [26.05 cm2?]
50 328 498 722
100 450 682 988
150 533 807 1170
200 593 899 1303
250 638 966 1400
300 669 1014 1470
350 690 1046 1516
400 701 1062 1540
450 704 1067 1546
500 704 1067 1546
550 704 1067 1546
600 704 1067 1546
650 704 1067 1546
700 704 1067 1546
750 704 1067 1546

Non-code’ ai.? ASME Section VIl Air (English, SCFM) Non-code’ and ASME S~ _don VIII
Set Pressure Valve Inlet and Outlet Size ——— Air [Metric, Nm3/b}

(psig) 21/2” 3” Set
1 240 Pressurgs”Valve Inlet and Outlet Size
50mm 63 mm 80 mm
5 531
10 741 0.5 1049 1589 2303
15 948 1.0 1457 2208 3200
20 1092 1656 1.5 1888 2861 4147
25 1237 1875 2.0 2235 3387 4910
30 1382 2095 25 2613 3959 5739
35 1542 3.0 2995 4538 6579
40 1701 3.5 3377 5117 7418
45 1860 3760 5696 8258
50
55
60 2338 3544 5136 1. No code stamp or on nameplate below
1.1 barg set.

o code stamp or ‘NB’ on nameplate below
15 psig set.

Tyco reserves the right to change product design and specifications KUKMC-0383

without notice. Copyright © 2002 by Tyco International Ltd. 3
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Kunkle Safety and Relief Products

Models 215V and 337

Model Number/Order Guide Model No: 215V-KO1AQEQ006

"P"ggtei'o"‘:“mbe’ l1]2]3]a]s]e|7]8]9]10]11]12]13]14]15]

Example l2]1|s5|v|—|H|o[1][A]la]E|0]0]5]0]

Model
215V
=980F=

Inlet Size
H - 2-inch [50.8 mm]

IK - 3-inch  [76.2 mm] I

Design Revision
Indicates non-interchangeable
revision. Current Design is at Revision ‘A’

Valve Service

Spring Material
E - SSType 316
WD+ Sompeineotich e

Set Pressure

iSRS S eigiSninsongin(S 0 SituiineugimsSupeiguiininsonginS 068
Model 215V, 2-inch HG [68 mbarg] (0002) through 29-inch HG [982 mbarg] (0029) vacuum

Facility Phone: 828-669-3700

tyco / Valves & Controls

www.kunklevalve.com

The data presented in this bulletin is for general information only. Manufacturer is not responsible for acceptability of these products in relation to system requirements. Patents and Patents
Pending in U.S. and foreign countries. All rights reserved. Printed in U.S.A. Tyco reserves the right to change product design and specifications without notice. © Copyright 2002.

Tyco reserves the right to change product design and specifications KUKMC-0383

without notice. Copyright © 2002 by Tyco International Ltd. )
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tyco

KUNKLE

Features
* Large nozzle design provides high
capacity.

¢ Flat bronze valve seats are lapped
for optimum performance.

e Warn ring offers easy adjustability
for precise opening with minimum pre-
open or simmer and exact blowdown
control.

¢ Pivot between disc and spring
corrects misalignment and
compensates for spring side thrust.

Model Descriptions
* Model 337 has ‘pull-ring’ lift device
for easy manual testing.

* Every valve is 100% tested/inspected
for pressure setting, blowdown and
leakage.

¢ All adjustments are factory sealed
to prevent tampering or disassembly.

Option
e SS trim. (nozzle and disc) (Variation 03)

Applications

¢ Protection of low to medium pressure
high volume blowers, compressors and
pneumatic conveying systems.

e Bulk hauling trailers/equipment.
e Light gauge tanks.

* Protection of high volume vacuum
pumps and conveying systems.

Total Flow Control Solutions

Kunkle Safety and Relief Products

Models 2+3v=arrer 337

Model 215V is Non-code Vacuum and Model 337 is ASME Section VIII,
Air/Gas Vacuum, ‘UV’ National Board Certified, Safety Valves

Modgl 215V

Model 337

Vacuum Limits Pressure and Temperature Limits

Model 215V: Model 337:
2-inch HG 1 to 60 psig [0.07 to 4.1 barg]
to 29-inch HG -20° to 406°F [-29° to 208°C]

[67.7 to 982 mbarg]
-20° to 406°F [-29° to 208°C]

Tyco reserves the right to change product design and specifications KUKMC-0383-US-0207

without notice. Copyright © 2002 by Tyco International Ltd.
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Kunkle Safety and Relief Products

Models 2+3v=ard 337

Parts and Materials

Model 215V Model 337

Models 215V and 337

1. Disc and nozzle available in SSA-479 TY
316.

No. Part Name 337

1 Nozzle’ Bronze, SB62 2. Stem and lft ring available on Model 337
2  Set Screw Steel A108-1018 Brass Plated only.
3  Regulator Ring Bronze B584-C84400 3. Corrosion preventative coating.
4  Disc! Bronze B584-C84400
5  Spring Step Steel A109 Coated3
6  Spring SS A313-302
7 Body Iron A-126, CL A or B
8 Compression Screw Bronze, B584-C84400
9 Stem? Brass B16
10  Lift Ring? SS A313-302
11 Regulator Ring Set Screw Brass B16
R
77N

‘g

Size Inlet —— Dimensions, in [nm] ——— Weight
and Outlet A B C 215V C 337 Ib [kg]
2" [50.8 mm] 31/4 [82.5] 3 [76.2] 61/2 [165.1] 7 [177.8] 8 [3.6] C

(337)
T — e e i SO} . . .
|3" [76.2mm]  4Ys [107.9] 4 [101.6] Wemidied] O [228.6] 20 [4.1]| (2105\/)

[<— B —>
Model 337

Tyco reserves the right to change product design and specifications KUKMC-0383

without notice. Copyright © 2002 by Tyco International Ltd. 2
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Model 337

Non-code’and ASME Section VIl Air (English, SCFM) Non-code’ and ASME Section VIl
Air [Metric, Nm3/h]

Set Pressure

Kunkle Safety and Relief Products

Models 2+3v=arrd 337

Model 215V

Noi -code Vacuum Air (SCFM) - Flow Coefficient
Valve Inlet and Outlet Size

(in, 2”7 21/2”
Orifice Area, in2 Orifice Area, in2 Orifice Mrea, in2
1.84 2.79 '

2 229 347
5 338 512 742
10 415 630 912

26 646

Relief Set —_—
[mbarg] 5.08 cm

7.62 cm

Orifice Area Orifice Area

[11.86 cm?] [26.05 cm?]
50 328 498 722
100 450 988
150 533 1170
200 59 1303
250 1400
300 1470
350 1516

1540

Valve Inlet and Outlet Size

(psig) 2” 21/” 3” Set
Pressure Valve Inlet and Outlet Size
1 240 364 507
I I [barg] 50mm 63mm 80 mm
] ; ;21 1;’;; 1 é;; 0.5 1049 1589 2303
e 948 1436 0081 1.0 1457 2208 3200
20 1092 1656 2309 15 1888 2861 4147
25 1237 1875 2718 2'0 22?5 3367 =il
30 1382 2095 3036 5 613 3959 5739
35 1542 2337 3386 i e 4??8 62:9
40 1701 2578 3736 35 3877 5117 7418
45 1860 2820 2086 4.0 3760 5696 8258
50 2020 3061 4436
55 2179 3303 4786 [Note |
60 2338 3544 5136 1. l1\lc1) (t:)%drg :(t;mp or ‘NB’ on nameplate below

1. No code stamp or ‘NB’ on nameplate below

15 psig set.

Tyco reserves the right to change product design and specifications KUKMC-0383

without notice. Copyright © 2002 by Tyco International Ltd. 3
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Kunkle Safety and Relief Products

Models 215V and 337

Model No: 0337-KO1ANEO0O1

Model Number/Order Guide

"P"ggtei'o"‘:“mbe’ l1]2]3]a]s]e|7]8]9]10]11]12]13]14]15]

Example l2]1|s5|v|—|H|o[1][A]la]E|0]0]5]0]

Model
bz
0337

Inlet Size
H - 2-inch [50.8 mm]

o) (e ey o rom
I K - 3-inch [76.2 mm]

Variation (01 through 99
01 - Bronze Disc and Nozzle

60 - BSP Connections

Design Revision
Indicates non-interchangeable
revision. Current Design is at Revision ‘A’

Valve Service
K - Air ASME Section VIII (Model 337 only)

I N - Non-code Air/Gas (Model 337 only) I

Spring Material
E - SSType 316
S S Z0 Po MO SO Po ey e T

Set Pressure
Model 337, 1 psig [0.7 barg] (0001) through 60 psig [4.1 barg] (0060)

SSee e e G Go T BTG e S Toag e e e[S S i g (o e vasaaTT—

Facility Phone: 828-669-3700

tyco / Valves & Controls

www.kunklevalve.com

The data presented in this bulletin is for general information only. Manufacturer is not responsible for acceptability of these products in relation to system requirements. Patents and Patents
Pending in U.S. and foreign countries. All rights reserved. Printed in U.S.A. Tyco reserves the right to change product design and specifications without notice. © Copyright 2002.

Tyco reserves the right to change product design and specifications

KUKMC-0383

without notice. Copyright © 2002 by Tyco International Ltd. )
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KUNKLE PRESSURE RELIEF VALVES

Installation and Operating Instructions

Pre-Installation Handling

This pressure relief valve is designed to protect equipment from overpressure. The valve should be handled with care, not
subjected to heavy shock loads, and protected to prevent contamination from getting inside. It should be installed correctly per
A.S.M.E. Boiler & Pressure Vessel Code requirements. Failure to do so could result in property damage or serious injury to
personnel. When hoisting the valve into position for installation, care should be exercised so that lifting straps do not contact
the valve lift lever.

Installation
Always wear proper safety equipment, including safety glasses and ear protection.

1. Mount the valve in a vertical position so that the valve body is self-draining. If a body drain port is provided, make sure it is
open when required by the ASME code. Do not plug any bonnet vent openings. The inlet piping should be as short as
possible, with no elbows, and equal to or greater than the size of the pressure relief valve inlet connection. This will help to
limit the inlet pressure drop to 3% or less when the valve is relieving.

2. When discharge piping is connected to valve outlet, make sure it is self draining if a body drain port is not used. The valve
should not be connected to any discharge pipe that contains pressure before the valve opens or to any pipe where the
pressure build-up is greater than 10% of the set pressure when the valve is open and relieving.

Discharge piping, other than a short tailpipe, must be supported. For steam service, a drip pan elbow or flexible connection
between the valve and the pipe should be used to prevent excessive pipe stress, due to thermal expansion, from being
imposed on the valve body.

3. For threaded valves, to prevent sealing compound from entering and damaging the valve, apply a small amount of pipe
thread sealing compound to external threads only. Do not put any sealing compound on the first thread or on any internal
threads. To do so may cause the sealing compound to enter the valve and cause seat leakage.

Do not use the valve body or bonnet for installing the valve in threaded connections. Use the wrench flats provided to
tighten the valve to the connecting pipe, and do not overtighten. To do so may cause valve leakage.

4. For flanged valves, use new gaskets and tighten the mounting studs evenly.

Operation
1. Maintain a system operating pressure at least 5 psig or 10% below the set pressure of the valve, whichever is greater.

Operating too close to the valve set pressure will cause seat leakage and will shorten the time between valve maintenance.

2. Do not use the safety valve as a control valve to regulate system operating pressure. Excessive operation will cause the
seat to leak and will require more frequent valve maintenance.

3. ASME Section | and VIII valves equipped with lift levers are designed to be operated only when the system pressure is
75% of set pressure or greater. ASME Section IV valves may be operated at any set pressure. When hand operating the
valve, hold it open long enough to purge any foreign matter from the seat area. If a cable or wire is attached to the lift lever
for remote actuation, make sure the direction of pull is the same as it would be if the lever were pulled directly by hand.

Maintenance
Maintenance should be performed on a regular basis. An initial inspection interval of 12 months is recommended. Depending
on the service conditions and the condition of the valve, the inspection interval may be decreased or increased. Use only
Kunkle parts for repair. Depending on the local jurisdictional requirements where the valve is installed, repairs may have to be
made by a repair facility holding a VR stamp.

WARNING!
Removal of the seal wires or any attempt to adjust, repair or modify this product by non-qualified or non-authorized persons
voids the product guarantee and may cause serious damage to equipment, personal injury, and death. Kunkle Valve is not
liable for any damage resulting from misuse or misapplication of its products.

Kunkle Valve Division Rev B 01/14/2002
Phone: 828-669-5515 953 OIld US 70, Black Mountain, NC 28711 Fax: 828-669-4017
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Butterfly Valves

Pneumatic Valve Actuators

DelVal Butterfly Valves

Leading the Industry with Innovation by Design

DelTech Controls is pleased to offer top-of-the-line products in pipeline flow control. The DelVal Series 50 (wafer body)
and Series 52 (lug body) Butterfly Valves have been developed with extensive application, design and manufacturing
expertise. These products are produced by employing modern manufacturing practices under a robust quality assurance
system. These practices ensure consistent product quality and dependable performance. The DelVal Series 50/52
Butterfly Valves have been designed to include state-of-the-art features that are described in this bulletin.

Features

Stem connection available in standard Unique stem retention system to
DelVal sizes or optional sizes to match provide blow-out proof stem and
standard secondary top plate drilling. easy assembly and disassembly
of valve.

Top plate double drilled to fit ISO 5211
dimensions and standard secondary bolt Heavy duty acetal bushing
circle dimensions. All handles, gear absorbs the forces acting on the
operators and pneumatic DelTorq stem/disc assembly due to line
actuators are designed to mount directly pressure.
to DelVal Valves.
Bi-directional 'U' cup stem se
Nylon P A 12 coated disc option ensures
excellent cor rosion resistance to several Heavy duty one-piece body with
chemical media. The har non-porous extended neck for 2" piping
sintered polymer has v low hygroscopicity insulation. Standard coating is
and is suitable use in drinking water and n two coats of hard, Zinc-rich epoxy

alcoholic foodstuffs. for excellent corrosion resistance.

One piece stem with close tolerance Two flange locating holes for

double D drive eliminates the need for sizes up to 12" and four flange
disc screws or taper pins. locating holes from size 14" to
24" for easy alignment of during
Double O-rings are molded in both upper valve installation. They meet
ANSI #125 /150 or other world

drilling standards.

and lower journals providing a superior
secondary seal.

Unique "Center-Lock" seat design virtually High strength disc with hand

eliminates any seat movement during the polished disc edge and hubs.

+ “Center-Lock™ seatdesign
seating and un-seating of the disc.
Precision machined radius on the
Heavy duty square-grooved seat design upper and lower disc hubs is
with molded O-ring seals to serve as pressed against upper and lower

flange gaskets. EPDM and Buna-N seats seat sealing faces for achieving

are peroxide cured to yield the best elastic primary sealing between disc and

properties of the elastomer. seat.

Engineering



K SEE CHART FOR ACTUATOR - '[
MOUNTING FLANGE DRILLING i
w “r
i
\ 8cLUG vALVE FOR 14" & ABOVE
Valve Size Top Fiate Drilling Lug Baiting Data | \Wsight in Lbs.
W
o1 | B T e oo e | M| S| K TRGor T | [ 1
Haizs Htis | UNC-28 [ {saies 5 JSaries52)
2 | 50 |346 (16020 [ 550 |215| 27ar325 | 4 | 0300438 | 055 |oasf125] -~ [132|4m| 4 [sma]| o7 | &7
2% | 65 |402 181|354 508 [a15| 276/325 | 4 | 03904 |05 [03a125| - [20a[sm| 4 [s@1] &8 [ i@
3 80 | 472 181|417 | 830 3145 | 276/325 4 0390439 | 055 (039 (125 a=s 270 | 6.00 4 |&/811 <] 392
4 |10 |59 [206]520 [ 700 [215] 276/325 | 4 | 0aa04m | 0ea (043|128 - [as [7m| 8 [seni| e |1sa7
5 | 125 | 689 [219]630 | 758 [215| 276/325 | 4 | 0290438 | 07 |05 [125] --- [4s2(am| & [a4-10] 1am [215
S T e e e e e e e e e e ——
[ B | 200 [1004[238 [945 | 940 [472 [27aumeson| 4 0300550563 047 (063 [125| --- |739 |1175 8 |%4-10] 2800 | 742 ]
o | [ T [ [T | T [ | e || | [ [ | [T e |
12 | 300 1417306 [1258 [1224 [ 472 | amersm | 4 | oss055 | 108 [oav (200 - [1a2li7oof 12 [7m-9] ess | ez
14 | 350 [16.34]a06 [1528 [1a62[472| amarsm | 4 | ossosss [ 138 [--- [200 [oseom{izez1ams| 12 | -8 | avos [122m0
16 | 40 [1858|am[17a [1ams |42 4w 4 055 | 138 |--- |200 [o3ndse{14a0(2125) 16 | -8 | 13051 [18aa
18 | 250 [2067|450 1940 [1508[670 | &m0 4 083 | 147 |--- |250 |032447[ 1650 [2275| 16 |118 7| 19445 |23942
20 | 500 (2283|500 [2157 |17 24|50 &m0 4 083 | 107 |--- |250 |03nd.47| 1861|2500 20 1187 | 23678 |30688
24 | 600 |#724[gps 2575 [10A0paaT| &m0 4 083 | 250 |--- 400 [og2d62|2255 [2950] 20 1147 | 33581 |477.08
(" ave Size Top Pats lling Lug Bating Data | Weightin Kg. |
E
i g | *B (80 | £ [SqF w e B3 | H | J |KeySim| P L] ey e
Haes Holes | WNC-28 [ fSates 5y Joeriessa)
o [ 50 [aa [4a]ve [ 140 [ a0 ] 7om2s | 4 1011 19 [0 [ | - [215|207] 4 [sm1] 230 | am
2% | g5 |1m | 46 |90 | 152 | 80 | 70825 | 4 W | 14 |10 |3 | - |81 1327 4 |&@11| 283 | am
3 | 80 [120 | 45 [ 105 | 160 | 80 | 70@25 | 4 TR W |10 |32 | --- |65 [1524] 4 |&@11| 310 | 405
& |00 150 |52 13z [ 180 |80 | vomzs | 4 w1 | 18 | 1 |3 | --- |97 (1905 & |s/a11| 483 | 742
5 | 125 [175 | 56 |180 | 192 | 80 | 70825 | 4 011 19 |13 |32 | --- [1173|2159] 8 |¥4-10| 631 | 978
o mL = = e e e e S S e ST e e e e
I B | 200 | 255 | 80 | 240 | 2471 | 120 | 7011250127 | & | 1014143 | 22 |16 | @2 | -—- |18756|2985 8 |34-10| 1270 IT_‘Z(]]
e me e e
12 | 300 | 380 | 78 | 345 | 311 | 120 125127 4 14143 31 22 | &5 === |2824|431.8] 12 | 789 276 | 41485
14 | 350 | 415 | 78 383 | 348 120 | 125127 | 4 | 14143 | a5 |--- | 51 | 10 3283|4762 12 | 18 | 3990 | 570
16 | 40 | 472 | 102 |4% | 3w |20 125 ] 14 % |- | 51 | 100 |3758(5307] 16 | 18 | 5920 | 83&0
18 | 450 | 525 | 114 495 | 408 [ 70| 168 4 1 5 |- | 8 | 1002 |4214(577.4) 16 |1187| 8320 |10860
20 | 500 [ 5m0 [127 [5a8 [ 43 [0 1es 4 7 8 |---| 8 | 1002 |w2ssasn] 20 [1187| 0r4 [13920
24 | 600 | 692 | 154 | 654 | 495 |@210| 185 I 7 B35 | --- | 102 hscansss| 5727 7403 20 |1147| 17500 |21640

*Face to face dimension "B " generally confor ming to API 609 Categor y A/BS EN 558-1 Series 20/ISO 5752 Series 20 /

MS S SP 67 / ASME B 16.10

Valve Size

Full Rated
Pressure Valve
i=P,PSI

Reduced Disc Dia.j+P,PSI

Full Rated
Pressure Valve
i~P,Bar

Reduced Disc Dia.j+~P,Bar

Material of Construction

Body

50
100
150
175

50

3.5

10

12
35

on

72
80
91

~

©

10
7

2.5"
106
124
142
150
106

12
14
16
17
12

3" 4" 5"
115 241 360
142 256 393
177 271 426
197 279 443
115 133 187

13 27 41
16 29 44
20 31 48
22 32 50
13 15 21

Stem

p—
6" 8" 10"
484 878 Q409
549 977 Q586

584 1083 Q756
62@ 1133 g841

26

623 /71
99 Q159
110 79
122 98
128 08
70 87

12"

14"

2366 3064

2677 3527

2987 3980

3146 -

1259 2159

267
302
337
355
142

346
398
450

244

15"

18"

3684 5796

4428 7273

5178 8756

2627 3649

416
500
585

297

655
822
989

412

20" 24"
6741 9601
8441 12482

10126 15576

4285 6500
762 1085
954 1410

1144 1760
484 734
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« Cast Iron ASTM A126 Class B * 410 Stainless Steel ASTM A479
« Ductile Iron ASTM A536 Grade 65-45-12 Type 410

« Carbon steel ASTM A 216 WCB » 316 Stainless Steel ASTM A276
Type 316 RETAINING CIRCLIP ]
Disc « Carbon steel BS 970 RETAINING RING — &
« Nylon 12 Coated Ductile Iron ASTM A536 ~ Seat STEM BUSHING (ACETAL) 8
Grade 65-45-12 * EPDM - Food Grade "/Q
* DI ASTM A 536 Grade 65-45-12 + Aroxy * Buna-N - Food Grade STEM SEALMITRILE) -
coated * White Buna-N - Food Grade
« 316 Stainless Steel ASTM A351 Grade CF8 ¢ Viton / FKM - Food Grade STEM .»”"r'
« Silicone
General Design and Manufacturing Testing Standard :
Standard: API 609 / BS EN -593 API1598/BS EN 12266-1
Seat Temperature Range Pressure Rating &
For bi-directional bubble tight shut -
Temperature Range off and fu vacuum ser vice with disc |
Seat Type ; ; 1
Min Max in the closed posit
INCH DN PSIG BARG
130 F(-25°  248° F(120° SEAT \
EPDM 0 o) 212" 50-300 230 16 N
130 F(-25° 0 o 2"12" 50-300 175 12
BUNAA 30 F(-25°  212° F(100
C) C) 2"-24" 50-300 150 10
White BUNA-  -13° F(-25° 2120 F(100° 2"-24" 350-600 50 35 DISC
A C) C) Dead-End Service : Without a
230 F(-50° 0 o downstream flange installed, the
Viton/FKM 3° F(-50 356° F(200 -
C) C) dead-end pressure ratings are
N 580 F(-50° 3560 F(180° equal to the values stated above.
Silicone

©) Q)
*Vitonis registered trademark of E.I. DuPont

Operators

Valves up to size 12" can be supplied  Valves up to size 24" can be direct All valves can be direct mounted with
with lever handles for manual operation. mounted with gear operators for manual pneumatic actuators or electric actuators
Optional accessories for hand-lever operation. Gear operators can also be and accessories for complete

operation can be provided for various  attached with chainwheel operators for automation options such as fail

flow control requirements. Pad locking opening or closing valves located on open/close & positioner controlled.

can also be provided for preventing pipelines at high elevations. Valves can be mounted with manual
unauthorized operation overrides.

Copyright ©2008 Delval flow controls pvt.ltd. All rights reserved.jj
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DelVal Butterfly Valves

Leading the Industry with Innovation by Design

DelTech Controls is pleased to offer top-of-the-line products in pipeline flow control. The DelVal Series 50 (wafer body)
and Series 52 (lug body) Butterfly Valves have been developed with extensive application, design and manufacturing
expertise. These products are produced by employing modern manufacturing practices under a robust quality assurance
system. These practices ensure consistent product quality and dependable performance. The DelVal Series 50/52
Butterfly Valves have been designed to include state-of-the-art features that are described in this bulletin.

Features

Stem connection available in standard Unique stem retention system to
DelVal sizes or optional sizes to match provide blow-out proof stem and
standard secondary top plate drilling. easy assembly and disassembly
of valve.

Top plate double drilled to fit ISO 5211
dimensions and standard secondary bolt Heavy duty acetal bushing
circle dimensions. All handles, gear absorbs the forces acting on the
operators and pneumatic DelTorq stem/disc assembly due to line
actuators are designed to mount directly pressure.
to DelVal Valves.
Bi-directional 'U' cup stem se
Nylon P A 12 coated disc option ensures
excellent cor rosion resistance to several Heavy duty one-piece body with
chemical media. The har non-porous extended neck for 2" piping
sintered polymer has v low hygroscopicity insulation. Standard coating is
and is suitable use in drinking water and n two coats of hard, Zinc-rich epoxy

alcoholic foodstuffs. for excellent corrosion resistance.

One piece stem with close tolerance Two flange locating holes for

double D drive eliminates the need for sizes up to 12" and four flange
disc screws or taper pins. locating holes from size 14" to
24" for easy alignment of during
Double O-rings are molded in both upper valve installation. They meet
ANSI #125 /150 or other world

drilling standards.

and lower journals providing a superior
secondary seal.

Unique "Center-Lock" seat design virtually High strength disc with hand

eliminates any seat movement during the polished disc edge and hubs.

+ “Center-Lock™ seatdesign
seating and un-seating of the disc.
Precision machined radius on the
Heavy duty square-grooved seat design upper and lower disc hubs is
with molded O-ring seals to serve as pressed against upper and lower

flange gaskets. EPDM and Buna-N seats seat sealing faces for achieving

are peroxide cured to yield the best elastic primary sealing between disc and

properties of the elastomer. seat.

Engineering



SEE CHART FOR ACTUATOR
MOUNTING FLANGE DRILLING

FOR 147 & ABOVE

Valve Size Top Fiate Drilling Lug Baiting Data | \Wsight in Lbs.
W

o1 | B T e oo e | M| S| K TRGor T | [ 1

Hales Htis | UNC-28 [ {saies 5 JSaries52)
2 | 50 |346 (16020 [ 550 |215| 27ar325 | 4 | 0300438 | 055 |oasf125] -~ [132|4m| 4 [sma]| o7 | &7
2% | 65 [402 [181]354 [ 508 [as] 2meams | 4 | oo [oss [oaafies| - [2os[sm| 4 [smi] as [
3 | 80 |47z |181[417 | 830 [215| 276/325 | 4 | 0230438 | 055 |039[125| --- |270|600| 4 |5/811| 683 | am
4 | o [ 591 [208]520 [ 700 [a15] 2ms/a2s | 4 | omosss | osa Joaafies| - [am[7@| 8 [sie1| waer [sar

0.330.438 } . F4-10| 163 | 2535

10 | 250 |12:21 (289 | 1150 (1075 (472 | 492/500 0550583 | 118 (0A7(200| --- | 931 |1425 12 |78-9| 4409 | 8173

4
12 | 300 1417308 [1258 | 1224 | 472 | 4927500 4 0550583 | 1.18 |0A7 |2.00 -==  [MA2|1700) 12 | 78-9| #0485 | 9228
14 | 350 |1634|306 [1528 | 1362|472 | 4927500 4 0550583 | 138 |=--- [200 |0330.3312.92 | 1875 12 | 1-8 87496 (12280
16 | 400 |18.58|4.00 [17.40 |[14.75 | 472 402 4 0455 138 |--- [ 200 |0330.33]14.80 (2125) 16 1-8 13051 | 18431
18 | 450 (2057|450 (1949 (1598|670 G50 4 043 1497 |--- |250 (0:3%d0.47|16.50 |2275| 16 | 118 7| 19445 |23942
20 | 510 (2283|500 |27 (1724670 G50 4 043 197 | --- | 250 |032<0.47| 1861 (2500) 20 (1@ 5| 23578 (306483
24 | 600 |#724[gps 2575 [10A0paaT| &m0 F] 083 | 250 |--- |4.00 |0fed 2|22 55 [2950) 20 | 114~ | 39581 |477.08
(" ave Size Top Pats lling Lug Bating Data | Weightin Kg. |
B
i LN ICH N B o ey pr 15 R KeySia| K 1= ool Thoots | Wb | Log
Haes Holes | WNC-28 [ fSates 5y Joeriessa)
2 50 88 | 43 | 7B 140 | 80 70825 4 1011 14 10 | 32 aes 235 1207 4 |58 230 308
21| gy 102 | 45 | 90 | 152 | 80 70825 4 1011 14 |10 | 32 o 51 1327 4 |58 283 35
3 a0 | 120 | 46 | 106 | 160 | 80 70825 4 1011 14 10 | 32 e 635 1524 4 5811 EAL] 405
100 | 150 | 52 [ 132 | 180 | 80 70825 4 1011 168 | 11| 32 a—- 91.7 1905 3 [s5/811 483 TA2
pr—p— —
1011 el

22 | 5 === |2354|3620) 12 | 739 | 20,00 | 2300

10 | 250 | 310 [ 68 | 292 | 273 (120 | 128127 | 4 W43 | @

12 | 300 | 380 | 78 [a345 | 311 | 120 [ 125127 4 141143 3 |22 | 51 === |2824|431.8) 12 | 789 | 2760 | 41485
14 | 350 [ 415 | 78 383 | 346 | 120 | 1251127 4 14143 B |--- [ 61 | 1010 (3283 (4762 12 | 18 3290 | 8570
16 | #00 | 472 | 102 [ 442 | 375 | 120 125 4 14 A5 |=-- [ &1 | 110 |3758(5327) 16 | 18 5020 | q360
18 | 450 | 525 | 114 | 495 | 406 | 170 165 4 il 50 |---| B4 | 1012 |421.4|577.8 16 |11/8-7| 8320 |10450
20 | 500 | 580 [127 | 548 [ 438 [ 170 165 A 21 80 |--- |8 | 1002 |w26|6350) 20 [1187] 107.40 (13920
24 | 600 | B2 | 154 | 854 | 495 |0 165 4 il B35 |=--- | 102 {ssacsse 5727 [749.3) 20 [11/47( 17500 |21640

*Face to face dimension "B " generally confor ming to API 609 Categor y A/BS EN 558-1 Series 20/ISO 5752 Series 20 /
MS S SP 67 / ASME B 16.10

Valve Size o 25" 3 10" 12" 14" 15" 18" 20" 24"
50 62 106 115 1409 2366 3064 3684 5796 6741 9601
Full Rated 100 72 124 142 1586 2677 3527 4428 7273 8441 12482
Pressure Valve
P 150 80 142 177 1756 2987 3980 5178 8756 10126 15576
1=,

175 91 150 197
Reduced Disc Dia.j+P,PSI 50 62 106 115

1841 3146 - - - -
771 1259 2159 2627 3649 4285 6500

35 7 12 13 159 267 346 416 655 762 1085
Full Rated 7 8 14 16 179 302 398 500 822 954 1410
Pressure Valve
b 10 9 16 20 198 337 450 585 989 1144 1760
1=,

12 10 17 22 208 355 - e e e e

Reduced Disc Dia.j+P,Bar 3.5 7 12 13 87 142 244 297 412 484 734

Material of Construction

Body Stem


Admin
Rectangle

Admin
Rectangle

Admin
Rectangle


« Cast Iron ASTM A126 Class B * 410 Stainless Steel ASTM A479
« Ductile Iron ASTM A536 Grade 65-45-12 Type 410

« Carbon steel ASTM A 216 WCB » 316 Stainless Steel ASTM A276
Type 316 RETAINING CIRCLIP ]
Disc « Carbon steel BS 970 RETAINING RING — &
« Nylon 12 Coated Ductile Iron ASTM A536 ~ Seat STEM BUSHING (ACETAL) 8
Grade 65-45-12 * EPDM - Food Grade "/Q
* DI ASTM A 536 Grade 65-45-12 + Aroxy * Buna-N - Food Grade STEM SEALMITRILE) -
coated * White Buna-N - Food Grade
« 316 Stainless Steel ASTM A351 Grade CF8 ¢ Viton / FKM - Food Grade STEM .»”"r'
« Silicone
General Design and Manufacturing Testing Standard :
Standard: API 609 / BS EN -593 API1598/BS EN 12266-1
Seat Temperature Range Pressure Rating &
For bi-directional bubble tight shut -
Temperature Range off and fu vacuum ser vice with disc |
Seat Type ; ; 1
Min Max in the closed posit
INCH DN PSIG BARG
130 F(-25°  248° F(120° SEAT \
EPDM 0 o) 212" 50-300 230 16 N
130 F(-25° 0 o 2"12" 50-300 175 12
BUNAA 30 F(-25°  212° F(100
C) C) 2"-24" 50-300 150 10
White BUNA-  -13° F(-25° 2120 F(100° 2"-24" 350-600 50 35 DISC
A C) C) Dead-End Service : Without a
230 F(-50° 0 o downstream flange installed, the
Viton/FKM 3° F(-50 356° F(200 -
C) C) dead-end pressure ratings are
N 580 F(-50° 3560 F(180° equal to the values stated above.
Silicone

©) Q)
*Vitonis registered trademark of E.I. DuPont

Operators

Valves up to size 12" can be supplied  Valves up to size 24" can be direct All valves can be direct mounted with
with lever handles for manual operation. mounted with gear operators for manual pneumatic actuators or electric actuators
Optional accessories for hand-lever operation. Gear operators can also be and accessories for complete

operation can be provided for various  attached with chainwheel operators for automation options such as fail

flow control requirements. Pad locking opening or closing valves located on open/close & positioner controlled.

can also be provided for preventing pipelines at high elevations. Valves can be mounted with manual
unauthorized operation overrides.

Copyright ©2008 Delval flow controls pvt.ltd. All rights reserved.jj
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DelVal Butterfly Valves

Leading the Industry with Innovation by Design

DelTech Controls is pleased to offer top-of-the-line products in pipeline flow control. The DelVal Series 50 (wafer body)
and Series 52 (lug body) Butterfly Valves have been developed with extensive application, design and manufacturing
expertise. These products are produced by employing modern manufacturing practices under a robust quality assurance
system. These practices ensure consistent product quality and dependable performance. The DelVal Series 50/52
Butterfly Valves have been designed to include state-of-the-art features that are described in this bulletin.

Features

Stem connection available in standard Unique stem retention system to
DelVal sizes or optional sizes to match provide blow-out proof stem and
standard secondary top plate drilling. easy assembly and disassembly
of valve.

Top plate double drilled to fit ISO 5211
dimensions and standard secondary bolt Heavy duty acetal bushing
circle dimensions. All handles, gear absorbs the forces acting on the
operators and pneumatic DelTorq stem/disc assembly due to line
actuators are designed to mount directly pressure.
to DelVal Valves.
Bi-directional 'U' cup stem se
Nylon P A 12 coated disc option ensures
excellent cor rosion resistance to several Heavy duty one-piece body with
chemical media. The har non-porous extended neck for 2" piping
sintered polymer has v low hygroscopicity insulation. Standard coating is
and is suitable use in drinking water and n two coats of hard, Zinc-rich epoxy

alcoholic foodstuffs. for excellent corrosion resistance.

One piece stem with close tolerance Two flange locating holes for

double D drive eliminates the need for sizes up to 12" and four flange
disc screws or taper pins. locating holes from size 14" to
24" for easy alignment of during
Double O-rings are molded in both upper valve installation. They meet
ANSI #125 /150 or other world

drilling standards.

and lower journals providing a superior
secondary seal.

Unique "Center-Lock" seat design virtually High strength disc with hand

eliminates any seat movement during the polished disc edge and hubs.

+ “Center-Lock™ seatdesign
seating and un-seating of the disc.
Precision machined radius on the
Heavy duty square-grooved seat design upper and lower disc hubs is
with molded O-ring seals to serve as pressed against upper and lower

flange gaskets. EPDM and Buna-N seats seat sealing faces for achieving

are peroxide cured to yield the best elastic primary sealing between disc and

properties of the elastomer. seat.

Engineering



K SEE CHART FOR ACTUATOR - '[

MOUNTING FLANGE DRILLING i

w “r

i
\ 8cLUG vALVE FOR 14" & ABOVE
Valve Size Top Fiate Drilling Lug Baiting Data | \Wsight in Lbs.

w
o1 | B T e oo e | M| S| K TRGor T | [ 1
Haizs Htis | UNC-28 [ {saies 5 JSaries52)
2 [ 50 [246 [1oa]z2om [ am [a15] 2miazs | 4 | osensss [oss [osafizs| - [1az(am| 4 [smn] aor [em
2% | 63 | 402 |141|354 | 508 |315| 276/32% | 4 | 0330439 | 055 |039[125| - |203 |550| 4 |5811| &8 | 741
3 80 | 472 181|417 | 830 3145 | 276/325 4 0390439 | 055 (039 (125 a=s 270 | 6.00 4 |&/811 <] 392
& w0 | 5o 206|520 700 [315] 25/225 | 4 | osw0sm | os [oss|izs| - [as [7m| 8 S| war [1sar
5 | 125 |68 (219|630 | 756 (315 2m8/32s | 4 | 039043 | o7 |05t [125] --- |482 [8m0] & |¥4-0| 1am | 2158
6 | 150 |7.87 |219|7.35 | 407 |35 | 27g/az | 4 | 0380433 | 07a |041(125| --- |550|950| 8 |¥4-0| 1681 | 2333
B | 200 1004238 |9.45 | 949 472 |276492500] 4 |0290550569 07 |063 [125| - |79 1174 8 |%4-0| 2800 | a7z
e B e e SO I o N F oot I B e
[ 12 | 300 1417|206 [1358 [122¢ [arz| 4meiam | 4 | ossess | 108 [eav[zo0| - [1a2ivoa| 1z [vm-o| emiss | w2 ]
e e e e e e B B e e e et
16 | 40 [1858|am[17a [1ams |42 4w 4 055 | 138 |--- |200 [o3ndse{14a0(2125) 16 | -8 | 13051 [18aa
18 | 250 [2067|450 1940 [1508[670 | &m0 4 083 | 147 |--- |250 |032447[ 1650 [2275| 16 |118 7| 19445 |23942
20 | 500 (2283|500 [2157 |17 24|50 &m0 4 083 | 107 |--- |250 |03nd.47| 1861|2500 20 1187 | 23678 |30688
24 | 600 |#724[gps 2575 [10A0paaT| &m0 4 083 | 250 |--- 400 [og2d62|2255 [2950] 20 1147 | 33581 |477.08
(" ave Size Top Pats lling Lug Bating Data | Weightin Kg. |
B
i LN ICH N B o ey pr 15 R KeySia| K 1= ool Thoots | Wb | Log
Haes Holes | WNC-28 [ fSates 5y Joeriessa)
o [ 50 [aa [4a]ve [ 140 [ a0 ] 7om2s | 4 1011 19 [0 [ | - [215|207] 4 [sm1] 230 | am
2% | g5 |1m | 46 |90 | 152 | 80 | 70825 | 4 W | 14 |10 |3 | - |81 1327 4 |&@11| 283 | am
3 | 80 [120 | 45 [ 105 | 160 | 80 | 70@25 | 4 TR W |10 |32 | --- |65 [1524] 4 |&@11| 310 | 405
& |00 150 |52 13z [ 180 |80 | vomzs | 4 W | 6 |1 |®@ | - |917 1905 8 |am11]| 483 | 742
5 | 125 [175 | 56 |180 | 192 | 80 | 70825 | 4 011 19 |13 |32 | --- [1173|2159] 8 |¥4-10| 631 | 978
G | 150 | 200 | 56 | 187 | 205 | 80 | 70828 | 4 W | 19 |13 | 3@ | - |137|2413 8 |%4-10| 740 | 1150
B | 200 | 255 | B0 | 240 | 241 | 120 | 7001250127 | & | 10114143 | 22 |16 | a2 | --- |87 52085 & |&4-10] 1270 | 17.20
125127 4 (431,59
il il

16 | 0 | 472 | 102 |4% | 3w |20 125 [ 14 % |- | &1 | 100 |3758(5307] 16 | 18 | 5020 | 83&0
18 | 450 | 525 | 114 495 | 408 [ 70| 168 4 1 5 |- | 8 | 1002 |4214(577.4) 16 |1187| 8320 |10860
20 | 500 [ 5m0 [127 [5a8 [ 43 [0 1es 4 7 8 |---| 8 | 1002 |w2ssasn] 20 [1187| 0r4 [13920
24 | 600 | 692 | 154 | 654 | 495 |@210| 185 I 7 B35 | --- | 102 hscansss| 5727 7403 20 |1147| 17500 |21640

*Face to face dimension "B " generally confor ming to API 609 Categor y A/BS EN 558-1 Series 20/ISO 5752 Series 20 /
MS S SP 67 / ASME B 16.10

Valve Size

Full Rated
Pressure Valve
i=P,PSI

Reduced Disc Dia.j+P,PSI

Full Rated
Pressure Valve
i~P,Bar

Reduced Disc Dia.j+~P,Bar

Materi

Body

al of Construction

50
100
150
175

50

3.5

10

12
35

on

72
80
91

~

©

10
7

25" 3" 4"

106 115 241

124 142 256
142
150

106

177
197
115

271
279
133

12 13 27
29
31
32

15

14 16
20
22

13

16
17
12

Stem

5
360
393
426
443
187

a1
a4
48
50
21

484
545
582
620
267

55
62
66
70
30

99
110
122
128

14" 15" 18"

064 3684 5796
527

980

4428 7273

5178 8756

3649

416 655
822

989

500
585

412

20" 24"
6741 9601
8441 12482
10126 15576
4285 6500
762 1085
954 1410
1144 1760
484 734
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« Cast Iron ASTM A126 Class B * 410 Stainless Steel ASTM A479
« Ductile Iron ASTM A536 Grade 65-45-12 Type 410

« Carbon steel ASTM A 216 WCB » 316 Stainless Steel ASTM A276
Type 316 RETAINING CIRCLIP ]
Disc « Carbon steel BS 970 RETAINING RING — &
« Nylon 12 Coated Ductile Iron ASTM A536 ~ Seat STEM BUSHING (ACETAL) 8
Grade 65-45-12 * EPDM - Food Grade "/Q
* DI ASTM A 536 Grade 65-45-12 + Aroxy * Buna-N - Food Grade STEM SEALMITRILE) -
coated * White Buna-N - Food Grade
« 316 Stainless Steel ASTM A351 Grade CF8 ¢ Viton / FKM - Food Grade STEM .»”"r'
« Silicone
General Design and Manufacturing Testing Standard :
Standard: API 609 / BS EN -593 API1598/BS EN 12266-1
Seat Temperature Range Pressure Rating &
For bi-directional bubble tight shut -
Temperature Range off and fu vacuum ser vice with disc |
Seat Type ; ; 1
Min Max in the closed posit
INCH DN PSIG BARG
130 F(-25°  248° F(120° SEAT \
EPDM 0 o) 212" 50-300 230 16 N
130 F(-25° 0 o 2"12" 50-300 175 12
BUNAA 30 F(-25°  212° F(100
C) C) 2"-24" 50-300 150 10
White BUNA-  -13° F(-25° 2120 F(100° 2"-24" 350-600 50 35 DISC
A C) C) Dead-End Service : Without a
230 F(-50° 0 o downstream flange installed, the
Viton/FKM 3° F(-50 356° F(200 -
C) C) dead-end pressure ratings are
N 580 F(-50° 3560 F(180° equal to the values stated above.
Silicone

©) Q)
*Vitonis registered trademark of E.I. DuPont

Operators

Valves up to size 12" can be supplied  Valves up to size 24" can be direct All valves can be direct mounted with
with lever handles for manual operation. mounted with gear operators for manual pneumatic actuators or electric actuators
Optional accessories for hand-lever operation. Gear operators can also be and accessories for complete

operation can be provided for various  attached with chainwheel operators for automation options such as fail

flow control requirements. Pad locking opening or closing valves located on open/close & positioner controlled.

can also be provided for preventing pipelines at high elevations. Valves can be mounted with manual
unauthorized operation overrides.

Copyright ©2008 Delval flow controls pvt.ltd. All rights reserved.jj



INSTALLATION, OPERATION & MAINTENANCE MANUAL

(A DIVISION OF DelTech CONTROLS LLC, USA)

{T} DelITech Controls, L.L.C. | DelVal Flow Controls Private limited

DelTech

DelVal Series —
50/52, 5A/5B
Butterfly Valves

INSTALLATION,
OPERATION AND
MAINTENANCE MANUAL

ENGINEERING DATA SHEET
E.D.S. NO — EDS 055
ISSUE DATE : NOVEMBER 2006

( Please read the entire instructions carefully before installation or servicing. )

Guarantee :

“Our liability, with respect to any defect or failure of the goods supplied or for any loss, injury or
damage attributable onward, is limited to replacement or repair of the defects which under proper use
appear therein and arise solely from faulty materials and workmanship. This guarantee is for a period of
18 calendar months after the original goods were first shipped or within 12 calendar months from the
date of installation, whichever is earlier, provided that such defective parts are returned without charge to
our factory for examination. No other warranty is either expressed or implied.”
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INSTALLATION, OPERATION & MAINTENANCE MANUAL

1 Introduction
1.1 Scope of the Manual.

The purpose of this manual is to ensure that the valves
supplied are properly installed and maintained to give
trouble free performance.

This manual covers DelVal single piece body butterfly
valves from 2” to 24” in both wafer and lug designs.

1.2 Marking.

Specifications of the valve are marked on the body or on
name plate or both, prior to shipment. The identification
marking generally consists of size of valve, pressure
rating, body material, trim material and the date of
manufacturing. ( Ref to fig 1.1)

BODY MARKING

I
NAME PLATE

7

\w> O

Fig 1.1 Valve Marking

2 Technical data

2.1 Pressure Rating

Construction :
Single piece body both in wafer and lug design.

Pressure Rating :

Valve Size Rating

2 -12 175 PSI.

147 - 24’ 150 PSI.

2 —24 50 PSI.

Seat Temperature Range.

Seat type Temperature Range
EPDM -13°F (-25° C) TO 248°F (120° C)
BUNA-N / Nitrile -13°F (-25° C) TO 212°F (100° C)
Viton / FKM -23°F (-5° C) TO 392°F (200° C)
Silicone -58°F (-50° C) TO 356°F (180° C)

3
3.1

Safety Precautions.

Do not exceed the valve pressure /

temperature rating limitations!

Exceeding the pressure/temperature rating limitations
marked on the valve may result in major damage or
Personal injury. Users of these valves should ensure
that the valve pressure / temperature is less than or
equal to the rated pressure/temperatures. If required,
end user should incorporate appropriate
limiting/monitoring devices in the system for the safe
operation of the valve.

Use the valve for specified application only!

User to ensure that the valve is used only for the
specified  application as agreed between the
manufacturer and the purchaser.

3.3 Follow the safety rules and regulations!

User of the valve must be aware of all the safety rules
and regulations related to a particular environment in
which the valve is to be used.

3.4 Do not disassemble the valve or remove it from

the pipeline while the valve is pressurized!
Disassembling or removing a pressurized valve will
result in uncontrolled pressure release. Always isolate
the relevant part of the pipeline, release the pressure
from the valve and remove the media before dismantling
the valve.

Be aware of the type of media involved. Protect people
and the environment from any harmful or poisonous
substances.

Make sure that no dust, dirt can enter the pipeline
during the valve maintenance.

3.5 When handling the valve or the valve package,

bear in mind its weight!
Never lift the valve or valve package by the handle, gear
operator, actuator or hand wheel. Place the rope
securely around the valve body while handling the
valve. Refer to Fig No. 1.2

CORRECT

Fig 1.2 Lifting of the Valve
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4 Transportation, Receiving and
Storage.

4.1 Valves are being packed in cartons, boxes or pallets
while shipping to the customer. Care should be
taken to store them in a suitable place. We
recommend storing the valves indoors in a dry and
dust free atmosphere (Refer to figure 2.1). While
unpacking the valves, check that the valves and any
other accessories have not been damaged during

transportation.

Fig 2.1 Storing the Valve.

e Caution:
Placing the valves directly on the g