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ACRONYMS
CFM cubic feet per minute

CFR Code of Federal Regulations

ÜF degrees Fahrenheit

GAC granular activated-carbon

HOA HAND/OFF/AUTO

HP horsepower

hr hour

KMnO4 potassium permanganate

lbs pounds

lbs/day pounds per day

lbs/hr pounds per hour

LCD liquid crystal display

L/min liters per minute

Lockheed Martin Lockheed Martin Corporation

MDE Maryland Department of the Environment

Õg/m3 microgram(s) per cubic meter

MRC Middle River Complex

PVC polyvinyl chloride

PPZ potassium permanganate zeolite

psi pound(s) per square inch

PVC polyvinyl chloride

RPM revolutions per minute

SSD sub-slab depressurization

SSDS sub-slab depressurization system

SCFM standard cubic feet per minute

SPCC spill prevention, control, and countermeasure

SV sub-slab vapor

TCE trichloroethene (also known as trichloroethylene)

TEFC totally enclosed, fan cooled

Tetra Tech Tetra Tech, Inc.

USEPA United States Environmental Protection Agency

VMP vapor monitoring point

VOC volatile organic compound

WC water column
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Section 1

Introduction

1.1 BACKGROUND

Since its installation in March 2008, the sub-slab depressurization system (SSDS) in the

Building C basement at the Lockheed Martin Middle River Complex (MRC) in Middle River,

Maryland has applied a vacuum under the concrete foundation where elevated concentrations of

volatile organic compounds (VOCs) are known to be present. Sub-slab sampling in the

Building C basement in February 2012 (Tetra Tech, 2012a) indicated trichloroethene (TCE; also

known as trichloroethylene) concentrations above 880 micrograms per cubic meter (Õg/m3)

(i.e., the trigger level identified in the Vapor-Intrusion Management Plan [Tetra Tech, 2012b]) in

multiple locations, and a vinyl chloride concentration of 82,000 Õg/m3 at one monitoring point

(vinyl chloride was not detected at any other monitoring point).

The first-phase expansion of the sub-slab depressurization system was completed in

October 2012 to address the middle area of the Building C basement and to continue to address

the southern portion of the basement. The first-phase expansion installed four additional vapor-

extraction wells, replacing the granular activated-carbon (GAC) units with larger vessels (and

associated piping, fittings, and appurtenances), and installed one potassium permanganate zeolite

(PPZ) unit. The second-phase system expansion was completed in May 2013 to better address

the middle area of Building C, based on sampling results from an expanded sampling area over

time and the lessons learned from the first-phase expansion. The second-phase expansion

installed five additional vapor-extraction wells, replaced and relocated the blower skid, added a

heat exchanger and post-heat-exchanger moisture separator, installed a mist-eliminator pad in the

exhaust stack, and relocated the vapor treatment units to the approved indoor location. As-built

drawings showing the location of the sub-slab depressurization system and the layout of the

system components are in Appendix A.
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1.2 PURPOSE

The sub-slab depressurization system is designed to maintain a negative pressure of 0.01 inches

water column (WC) under the sub-slab in the target area to prevent potential vapor migration that

could affect indoor air quality. This manual provides guidance for the safe operation,

maintenance, and monitoring of the sub-slab depressurization system. The major components of

the system, the required maintenance for each piece of equipment, and instructions on system

startup, shutdown, and operation are outlined in the following sections. Instructions for

monitoring the system to maintain zero or minimal VOC emissions to the building interior and

verify successful system operation are also provided. Refer to the latest version of the sub-slab

depressurization-system health and safety plan (HASP) for safety precautions and procedures to

follow during sub-slab depressurization-system operation and maintenance. The health and

safety plan includes an emergency response plan and a remediation contingency plan for the

sub-slab depressurization system, as well as information on safe work practices.

1.3 OPERATIONAL OBJECTIVES AND VAPOR EFFLUENT
LIMITATIONS

1.3.1 Operational Objectives

The objective of the sub-slab depressurization system is to prevent migration of volatile organic

compounds to indoor air by maintaining induced-vacuum influence in areas with elevated

sub-slab volatile organic compound levels. Achievement of this objective will be determined by

evaluating the vacuum gauge readings at monitoring points and by evaluating the data generated

from the collection and laboratory analysis of extracted air samples, air samples collected at

monitoring points, and indoor air samples.

1.3.2 Vapor Effluent Limitations

The system is operated with emissions treatment using two 400-pound granular activated-carbon

units and one 600-pound potassium permanganate zeolite unit connected in series. Even without

granular activated carbon and potassium permanganate treatment, the system emission rates are

below Maryland Department of the Environment (MDE) guidance for Title 5 emissions (25 tons

of volatile organic compounds per year) found in Code of Maryland Regulations (COMAR)

26.11.02.01C. Telephone communication with the MDE Air Quality Permits Division when the

existing sub-slab depressurization system was proposed in November 2007 indicated that no air
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permit is required for the estimated emission rates (MDE, 2007). This was re-confirmed via

telephone communication on August 2, 2012 with Mr. George Beerli of the Maryland

Department of the Environment Air Quality Permits section (MDE, 2012).

1.4 MANUAL ORGANIZATION

This manual is organized as follows:

Section 2ðSystem Processes and Components: Describes the sub-slab depressurization
system and its individual components with associated operation and maintenance
information, including manufacturer, model number, vendor, and required maintenance.

Section 3ðSystem Operation: Details sub-slab depressurization-system operation,
emergency procedures, and monitoring requirements.

Section 4ðSystem Startup and Shutdown Procedures: Outlines system startup and shutdown
procedures.

Section 5ðTroubleshooting: Contains general troubleshooting information for the sub-slab
depressurization system.

Section 6ðLock-Out/Tag-Out Procedures: Contains lock-out/tag-out procedures to be
followed when working on system equipment.

Section 7ðReporting: Details reporting requirements.

Section 8ðReferences: Lists the references used in this report.

As-built drawings, system-check forms, material safety data sheets, and equipment manufacturer

manuals are in the appendices.
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Section 2

System Processes
and Components

2.1 SYSTEM DESCRIPTION

2.1.1 Extraction System

Sub-slab vapor is continuously extracted with balanced flows across 11 vapor extraction wells:

SV-21-C, SV-23-C, SV-26-C, SV-27-C, SV-28-C, SV-29-C, SV-30-C, SV-31-C, SV-32-C,

SV-33-C, and SV-34-C (see Drawings G1 and G2 in Appendix A). The original extraction wells

installed in March 2008 (SV-21-C and SV-23-C) are connected by polyvinyl chloride (PVC)

piping to a three-inch-diameter PVC header and lead to the main vapor-influent

six-inch-diameter header, which connects to the sub-slab depressurization system (SSDS)

equipment skid. Four extraction wells (SV-26-C, SV-27-C, SV-28-C, and SV-29-C) installed in

October 2012, and five more (SV-30-C, SV-31-C, SV-32-C, SV-33-C, and SV-34-C) installed in

April 2013, are connected to the six-inch-diameter PVC header line that runs along the basement

ceiling to the SSDS equipment skid. Each vapor extraction well is individually valved, as shown

in the systemôs process and instrumentation diagram (Drawing G4 in Appendix A). All well

extraction piping is labeled with green ñvacuumò self-sticking vinyl pipe markers.

Sub-slab vapors are extracted using one AMETEKÈ 7.5 horsepower (HP) HP RotronÈ

regenerative blower (model DR858) installed on the systemôs equipment skid. The blower can

achieve a suction flow rate of 220 standard cubic feet per minute (SCFM) at 55 inches of water

column (WC). Before entering the blower, extracted vapors pass through a 30-gallon Gasho, Inc.

(model GX-90) moisture separator to remove entrained condensation from the vapor stream. The

effluent from the moisture separator passes through an air filter to remove foreign matter in the

air stream before it enters the blower. Extracted vapors then pass through the blower. A silencer

on the blower effluent reduces noise from air exiting the blower.
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From the blower, extracted vapors pass through a heat exchanger (Xchanger, Inc. model

AA-250) rated to reduce the temperature of a 250-SCFM air stream from 200 degrees Fahrenheit

(ÜF) to approximately 125ÜF. From the heat exchanger, vapors pass through a second 30-gallon

(Gasho, Inc. model GX-90) moisture separator to remove any entrained condensate before

entering the vapor treatment units. Following vapor treatment, any remaining condensate in the

vapor stream is collected in the exhaust-stack sump and the mist-eliminator pad installed on the

exhaust stack. The treated vapor stream is then released through the exhaust stack.

Fail-safe switches are installed on the SSDS, tied into the control panel, and programmed into an

eight-channel auto-dialer. The fail-safe switches shut down the blower in the event any of the

following occurs:

 high pressure at the effluent of the blower

 high temperature at the effluent of the blower

 high temperature at the effluent of the heat exchanger

 the pre-blower moisture separator becomes full

 the post-heat-exchanger moisture separator becomes full

 low vacuum, which could indicate pipe damage

All alarms are normally closed. The temperature switch before the heat exchanger is set at 215ÜF

and protects the blower; the post-heat-exchanger temperature switch is set at 140ÜF and protects

the downstream granular activated-carbon (GAC) units. Schematics of the blower skid

components are in Appendix D. Two-inch-diameter hollow steel-pipe bollards protect the

blower/equipment skid from traffic. Soundproofing rubber curtains, installed on a nine-foot-tall

frame constructed with three-inch-diameter galvanized steel corner posts and wood, surround the

equipment skid to insulate the sound from the blower and heat exchanger.

2.1.2 Vapor Treatment System

Extracted vapors are treated to remove volatile organic compounds (VOCs) using two Vent-ScrubÈ

VSC400 vapor-phase GAC units and one Vent-ScrubÈ VSC400 potassium permanganate zeolite

(PPZ) unit connected in series. The Vent-ScrubÈ VSC400 vapor-phase adsorbers are capable of a

maximum flow of 300 SCFM and are piped for up-flow. Each GAC unit contains 400 pounds of
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virgin, pelletized coconut-shell carbon; the PPZ unit is filled with 600 pounds of potassium

permanganate (KMnO4)-impregnated media (KMN2000 by Siemens Industry, Inc.). Material

safety data sheets (MSDS) for GAC and PPZ are in Appendix C. After passing through GAC units,

extracted vapors are treated to remove vinyl chloride using KMnO4 media. The PPZ units (one

active [in-line] and one spare) are positioned on a spill-containment platform with drain.

Treated vapors are discharged to the atmosphere via the systemôs PVC exhaust stack, which

extends above the building roof. The exhaust stack is tied into the header line at the former skid

location, as shown in Drawing G3 in Appendix A. As indicated previously, following vapor

treatment, any remaining condensate in the vapor stream is collected in the exhaust stack sump

(located near Q35) via a 10-inch-diameter mist-eliminating polypropylene-mesh pad installed on

the exhaust stack. The treated vapor stream is then discharged to the atmosphere.

2.2 MAJOR EQUIPMENT OPERATION AND MAINTENANCE

2.2.1 Extraction Wells

The SSDS vapor extraction wells (SV-21-C, SV-23-C, SV-26-C, SV-27-C, SV-28-C, SV-29-C,

SV-30--C, SV-31-C, SV-32-C, SV-33-C, and SV-34-C) draw air through the sub-slab zone to

stimulate volatilization of adsorbed-phase trichloroethene (TCE; also known as

trichloroethylene) and other VOCs in the Building C basement. The wells were installed by Tetra

Tech, Inc. (Tetra Tech) using two-inch-diameter 0.020-inch-slot Schedule 40 PVC pipe

(12ï18 inches long) in four-inch-diameter boreholes with clean pea-gravel filling the annular

space. A bentonite grout seal was placed above the screen and gravel to prevent short-circuiting.

The original extraction wells (SV-21-C and SV-23-C, installed in March 2008) are connected to

a three-inch-diameter PVC header line that runs along the ceiling to the blower skid location and

connects to the six-inch-diameter system influent PVC header line. Extraction wells SV-26-C,

SV-27-C, SV-28-C, and SV-29-C (installed in October 2012) and SV-30-C, SV-31-C, SV-32-C,

SV-33-C, and SV-34-C (installed in April 2013) are connected to the six-inch-diameter PVC

header line that runs along the basement ceiling to the blower skid.

The riser pipe for each extraction well has a measuring point for sampling, flow, and vacuum

monitoring, and a lockable diaphragm valve for throttling or shutting off flow. All extraction

piping is level or sloped back toward the extraction points, or toward the header-pipe-condensate
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sumps, to prevent condensate accumulation in low points in pipe runs. Table 2-1 summarizes the

extraction well details. The extraction wells require no routine maintenance.

2.2.2 Moisture Separators

A 30-gallon moisture separator (Gasho model GX-90) is installed immediately downstream of

the vapor extraction manifold, before the blower, to remove condensate from extracted vapors. A

second identical moisture separator is installed following the heat exchanger to remove entrained

condensate droplets, thereby reducing the chance of both vapor line fouling and the possibility of

saturating the GAC units. A high-level switch is installed in each unit and wired to the control

panel to enable shutdown of the blower if either moisture separator fills up with condensate.

Moisture separator details are in Table 2-2.

2.2.3 Blower

A 7.5 HP AMETEKÈ RotronÈ regenerative blower capable of achieving a suction flow rate of

220 standard cubic feet per minute (SCFM) at 55 inches of water column (WC) draws sub-slab

vapor from the extraction wells. The header line from wells SV-21-C and SV-23-C connects to

the six-inch-diameter influent line from wells SV-26-C, SV-27-C, SV-28-C, SV-29-C, SV-30-C,

SV-31-C, SV-32-C, SV-33-C, and SV-34-C, which connect to the vacuum side of the blower.

Blower details are in Table 2-2.

2.2.4 Heat Exchanger

A 1 HP heat exchanger (Xchanger, Inc. model AA-250) is installed immediately following the

blower to reduce the effluent temperature (of an air stream flowing at 250 SCFM) from

approximately 200ÜF to approximately 125ÜF. Cooling the extracted vapor protects the GAC

units from temperatures in excess of their maximum (140ÜF) temperature limit. A Hand/Auto/Off

switch for the heat exchanger on the control panel door allows the system to operate with or

without the heat exchanger.

2.2.5 Granular Activated Carbon Units

Vapor-phase GAC removes VOCs from the vapor stream via adsorption. VOCs adsorb to the

carbon granules as vapor moves through the carbon. Carbon life is limited by the amount of

VOCs it adsorbs. Once the adsorption capacity is achieved, VOCs will begin to pass through the

carbon drums. VOC concentrations in the influent to the carbon and the flow rate of the vapor
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stream are monitored to estimate when the adsorption capacity will be exceeded, so change-out

of the carbon can be scheduled in advance.

Tetra Tech will change out the carbon drums using the lead-lag method whenever 50% or higher

breakthrough is observed in the midpoint air sample or at Tetra Techôs discretion with

concurrence from Lockheed Martin Corporation (Lockheed Martin), to minimize total VOC

discharge. Analytical lab results will be based on monthly samples taken from sampling ports

(double-valved quick-disconnect-tube couplings). Preliminary analytical results will be provided

to Lockheed Martin as soon as they are issued by the laboratory (usually within seven business

days); written results will be provided within three weeks of sampling.

The GAC drums are connected with a neoprene-coated fiberglass hose that connects to the

system by cam-lock fittings secured against tampering by plastic zip-ties. The operator will

change out the lead GAC unit when instructed by the project manager, following these steps:

1. Shut system down and remove the lead GAC unit from the cam-lock fittings

2. Restore (screw back on) the caps on the influent and effluent ports of the lead GAC unit

3. Connect the neoprene hose with cam-locks from the system to the former lag GAC unit
(the second of the two) so that it becomes the lead GAC unit

4. Connect the hose on the effluent port of the new lead GAC unit to a previously unused
GAC drum

5. Attach the exit cam-lock fitting on the new (lag) GAC drum to the hose connected to the
PPZ unit

6. Attach new plastic zip-ties to secure the hose between the SSDS and the new lead GAC
unit and restart the SSDS

After each GAC change-out, spent carbon will be handled in accordance with the latest version

of the Lockheed Martin waste management plan for the Middle River Complex (MRC). GAC

unit details are in Table 2-2.

2.2.6 Potassium Permanganate Zeolite Unit

Similar to the GAC, the potassium-permanganate-impregnated medium removes vinyl chloride

from the vapor stream via adsorption. Manufacturer information indicates that 100 pounds of

KMnO4 media will oxidize 0.3 pounds of vinyl chloride. Once the adsorption capacity has been

achieved, vinyl chloride will begin to pass through the PPZ drum. VOC concentrations in the
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effluent of the lead GAC unit and the flow rate of the vapor stream are then monitored to estimate

when the adsorption capacity of the PPZ will be exceeded. Tetra Tech will change out the PPZ

drum when 10% or higher vinyl chloride breakthrough is detected by laboratory analysis in the

PPZ effluent air sample (i.e., when the PPZ effluent vinyl chloride concentration is 10% or greater

of the lead GAC unit vinyl chloride effluent concentration).

The influent and effluent ports on the PPZ unit are connected to the lag GAC unit and SSDS

exhaust stack, respectively, with neoprene-coated fiberglass hoses that connect by cam-lock

fittings (secured against tampering with plastic zip-ties). The operator will change out the PPZ

unit when instructed to do so by the project manager, following these steps:

1. Shut system down and remove the PPZ unit from the cam-lock fittings

2. Restore (screw back on) the caps on the influent and effluent ports of the PPZ unit

3. Connect the neoprene hose with cam-locks from the lag GAC unit (the second of the two)
to the influent port of the new PPZ unit

4. Connect the hose on the effluent port of the new PPZ unit to the SSDS stack

5. Attach new plastic zip-ties to secure the hoses between the PPZ and GAC and SSDS
exhaust stack

The spent PPZ unit will be handled in accordance with the latest version of the Lockheed Martin

MRC waste management plan. PPZ unit details are in Table 2-2. The in-line PPZ unit and spare

unit are both positioned on a 120-gallon, eight-drum-capacity spill platform.

2.2.7 Gauges, Switches, and Miscellaneous Equipment

A number of gauges, meters, and valves monitor and control SSDS operation. Table 2-3 lists

pertinent information and maintenance for each of these pieces of equipment.
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Table 2-1

Sub-Slab-Vapor Extraction-Well Construction Specifications
Building C Sub-Slab Depressurization System

Lockheed Martin Middle River Complex, Middle River, Maryland

Extraction
well

Diameter
(inches)

Total
depth

(inches)

Screen
length

(inches)
Construction

material Backfill

SV-21-C 2 26.3 12 0.020-inch slot PVC Pea gravel in annular space of
four-inch-diameter borehole

SV-23-C 2 32.5 18 0.020-inch slot PVC Pea gravel in annular space of
four-inch-diameter borehole

SV-26-C 2 23.5 13 0.020-inch slot PVC Pea gravel in annular space of
four-inch-diameter borehole

SV-27-C 2 22.0 12 0.020-inch slot PVC Pea gravel in annular space of
four-inch-diameter borehole

SV-28-C 2 26.5 15 0.020-inch slot PVC Pea gravel in annular space of
four-inch-diameter borehole

SV-29-C 2 23.0 12 0.020-inch slot PVC Pea gravel in annular space of
four-inch-diameter borehole

SV-30-C 2 24.0 15.5 0.020-inch slot PVC Pea gravel in annular space of
four-inch-diameter borehole

SV-31-C 2 15.75 7.75 0.020-inch slot PVC Pea gravel in annular space of
four-inch-diameter borehole

SV-32-C 2 26 16 0.020-inch slot PVC Pea gravel in annular space of
four-inch-diameter borehole

SV-33-C 2 27 15.75 0.020-inch slot PVC Pea gravel in annular space of
four-inch-diameter borehole

SV-34-C 2 28 16 0.020-inch slot PVC Pea gravel in annular space of
four-inch-diameter borehole

PVCð polyvinyl chloride
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Table 2-2
Major System Equipment Component Details
Building C Sub-Slab Depressurization System

Lockheed Martin Middle River Complex, Middle River, Maryland
Page 1 of 3

Equipment Manufacturer Supplier Model Specification/
set point Required maintenance

Moisture
separators

J. E. Gasho
460 West Gay Street
West Chester, PA 19380
Tel: 610-692-565

J. E. Gasho
460 West Gay Street
West Chester, PA 19380
Tel: 610-692-5650

GX90 Capacity:
30 gallons
Rated flow:
1,200 SCFM

Every two weeks:
 Check for condensate and drain as

necessary.
 Refer to the water handling

procedures (Section 3.4.3).
 Check unit and surrounding piping

for leaks.
Quarterly:

 Check moisture separator for
corrosion and wear.

 Test high-level switch for proper
operation.

Blower AMETEK Rotron
627 Lake Street
Kent, OH 44240
Tel: 330-673-3452

J. E. Gasho
460 West Gay Street
West Chester, PA 19380
Tel: 610-692-5650

DR858AY
72W

7.5HP
460-Volt
3-phase
220 SCFM at
55 inches WC

Every two weeks:
 Check and record operating

temperature.
Quarterly:

 Inspect general condition of blower
and surrounding piping for leaks.

 Measure and record amperage
draw.

Heat
exchanger

XChanger, Inc.
1401 7th Street South
Hopkins, MN 55343
Tel: 952-933-2559

J. E. Gasho
460 West Gay Street
West Chester, PA 19380
Tel: 610-692-5650

AA-250 1 HP TEFC motor
Design temp:
200ÜF
Design pressure:
15lb/in2

12-inch fan
3450 RPM

Every two weeks:
 Check unit and drain condensate

that may have formed on the
outside of the fins using the Ĳ-inch
female drain coupling in the
bottom of the housing.
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Table 2-2
Major System Equipment Component Details
Building C Sub-Slab Depressurization System

Lockheed Martin Middle River Complex, Middle River, Maryland
Page 2 of 3

Equipment Manufacturer Supplier Model Specification/
set point Required maintenance

Granular
activated-
carbon

Siemens Industry, Inc.
663 Dowd Avenue
Elizabeth, NJ 07201
Tel: 908-353-7400

Siemens Industry, Inc.
663 Dowd Avenue
Elizabeth, NJ 07201
Tel: 908-353-7400

VOCarbÈ 48C
(carbon media)
and
Vent-ScrubÈ

VSC400
(canister)

400 pounds of virgin,
pelletized coconut-
shell carbon
Rated flow:
300 CFM

Every two weeks:
 Check units and surrounding

piping for damage or leaks.
 Check cam locks and zip-ties for

possible tampering.
 Change lead carbon drum with lag

carbon drum when midpoint
concentration is 50% or greater of
influent concentration, or as
instructed by the project manager.
Replace lag carbon drum with new
carbon drum.

 Check for water in flex hose.
Quarterly:

 Check units and surrounding
piping for damage or leaks.

 Check condition of sampling ports.
Other

 Check unit condition before
placing it in service.

 Take monthly samples for
laboratory analysis from pre- and
mid-GAC sampling ports.

 Replace connecting hoses after five
years of service, or sooner if
damaged or showing signs of
deterioration.
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Table 2-2
Major System Equipment Component Details
Building C Sub-Slab Depressurization System

Lockheed Martin Middle River Complex, Middle River, Maryland
Page 3 of 3

Equipment Manufacturer Supplier Model Specification/
set point Required maintenance

Potassium
permanganate
zeolite

Siemens Industry, Inc.
663 Dowd Avenue
Elizabeth, NJ 07201
Tel: 908-353-7400

Siemens Industry, Inc.
663 Dowd Avenue
Elizabeth, NJ 07201
Tel: 908-353-7400

KMN2000
(potassium
permanganate
media)
and
Vent-ScrubÈ

VSC400
(canister)

600 pounds of
potassium
permanganate
media
Rated flow:
300 CFM

Every two weeks:
 Check unit and surrounding piping

for damage or leaks.
 Check cam-locks and zip-ties for

possible tampering.
 Change unit when the PPZ effluent

air sample vinyl chloride
concentration is 10% or greater of
the lead GAC unit vinyl chloride
effluent concentration, or as
instructed by the project manager.

 Check for water in the exhaust
stack.

Quarterly:
 Check unit and surrounding piping

for damage or leaks.
 Check condition of sample port.

Other
 Check unit condition before

placing it in service.
 Take monthly samples for

laboratory analysis from post-PPZ
sampling port.

 Replace connecting hoses after five
years of service, or sooner if
damaged or showing signs of
deterioration.

Abbreviations: CFMð cubic feet per minute
ÜFð degrees Fahrenheit
GACð granular activated-carbon

HPð horsepower
lbs/in2ð pounds per square inch
PPZð potassium permanganate zeolite
RPMð revolutions per minute

SCFMð standard cubic feet per minute
TEFCð totally enclosed, fan cooled
VOCð volatile organic compound
WCð water column
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Table 2-3
Gauges, Switches, and Miscellaneous Equipment Information, Building C Sub-Slab Depressurization System

Lockheed Martin Middle River Complex, Middle River, Maryland
Page 1 of 3

Equipment Manufacturer Supplier Model Specification/
set point Required maintenance

High-pressure
switch

Dwyer Instruments
Michigan City, IN
Tel: 219-879-8000

J. E. Gasho
460 West Gay Street
West Chester, Penn. 19380
Tel: 610-692-5650

1950P-2-2F 60 inches WC Quarterly:
 Test for proper operation.
 Replace if necessary.

Low-vacuum
switch

Dwyer Instruments
Michigan City, IN
Tel: 219-879-8000

J. E. Gasho
460 West Gay Street
West Chester, Penn. 19380
Tel: 610-692-5650

1950-20-2F -10.0 inches WC Quarterly:
 Test for proper operation.
 Inspect tubing to ensure no

fouling or breakthroughs have
occurred.

Flow meter AMETEK Rotron
75 North Street
Saugerties, NY 12477
Tel: 914-246-3401

J. E. Gasho
460 West Gay Street
West Chester, Penn. 19380
Tel: 610-692-5650

550606 70ï350 SCFM Every two weeks:
 Check that flow gauge falls to

zero when system is off.
 Replace if necessary.

Level switch Dwyer Instruments
Michigan City, IN
Tel: 219-879-8000

J. E. Gasho
460 West Gay Street
West Chester, Penn. 19380
Tel: 610-692-5650

L6-EPB-B-S-
3-0

30 gallons Quarterly:
 Test for proper operation.
 Remove switch from moisture

separator.
 Clean, repair, or replace as

needed.
Vacuum
gauges

Dwyer Instruments
Michigan City, IN
Tel: 219-879-8000

J. E. Gasho
460 West Gay Street
West Chester, Penn. 19380
Tel: 610-692-5650

Various Various Every two weeks:
 Check that vacuum gauges fall

to zero when system is off.
 Replace if necessary.

Pressure
gauges

Dwyer Instruments
Michigan City, IN
Tel: 219-879-8000

J. E. Gasho
460 West Gay Street
West Chester, Penn. 19380
Tel: 610-692-5650

Various Various Every two weeks:
 Check that pressure gauge falls

to zero when system is off.
 Replace if necessary.
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Table 2-3
Gauges, Switches, and Miscellaneous Equipment Information, Building C Sub-Slab Depressurization System

Lockheed Martin Middle River Complex, Middle River, Maryland
Page 2 of 3

Equipment Manufacturer Supplier Model Specification/
set point Required maintenance

Spill platform
for PPZ units

Eagle Manufacturing
Company
2400 Charles Street
Wellsburg, WV 26070
Tel: 304-737-3171

Grainger
2100 Haines Street
Baltimore, MD 21230
Tel: 410-234-0184
http:\\www.grainger.com

1688D 120-gallon spill
capacity
10,000-lb load
capacity
Meets USEPA
40 CFR
264.175 and
SPCC plans

Every two weeks:
 Check unit for damage and

presence of condensate
collection. If condensate is
present, drain into storage drum
containing condensate from
system moisture separators.

 Check that drain is closed.
 Replace if necessary.

Vacuum relief
valve

Fisher
3809 South Center St.
Marshalltown, IA 50158
Tel: 641-753-5557

J. E. Gasho
460 West Gay Street
West Chester, Penn. 19380
Tel: 610-692-5650

289H3 90 inches WC Every two weeks:
 Ensure valve is closed.

Quarterly:
 Visually inspect valve and filter

element.
Temperature
switch (TS-1)

Ashcroft
210 Old Gate Lane
Milford, CT 06460
Tel: 800-328-8258

J. E. Gasho
460 West Gay Street
West Chester, Penn. 19380
Tel: 610-692-5650

T424-TO5-030-
XRS-150ï260;
150 ÜFï260ÜF

215ÜF Quarterly:
 Check for proper operation and

adjust as needed.
 Replace if necessary.

Temperature
switch (TS-2)

Ashcroft
210 Old Gate Lane
Milford, CT 06460
Tel: 800-328-8258

J. E. Gasho
460 West Gay Street
West Chester, Penn. 19380
Tel: 610-692-5650

T424-TO5-030-
XRS-75ï205;
75 ÜFï205ÜF

140ÜF Quarterly:
 Check for proper operation and

adjust as needed.
 Replace if necessary.

Bi-metal
thermometer

Noshok
1010 W. Bagley Road
Berea, OH 44017
Tel: 440-243-0888

J. E. Gasho
460 West Gay Street
West Chester, Penn. 19380
Tel: 610-692-5650

30.110.025 0ï250ÜF Every two weeks:
 Check that temperature drops

when system is off.
 Replace if necessary.
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Table 2-3
Gauges, Switches, and Miscellaneous Equipment Information, Building C Sub-Slab Depressurization System

Lockheed Martin Middle River Complex, Middle River, Maryland
Page 3 of 3

Equipment Manufacturer Supplier Model Specification/
set point Required maintenance

Air filter Solberg
1151 Ardmore Ave.
Itasca, IL 60143
Tel: 630-773-1363

J. E. Gasho
460 West Gay Street
West Chester, Penn. 19380
Tel: 610-692-5650

CSL-239-300C 3ò Every two weeks:
 Evaluate pressure difference

pre- and post-filter (ΔP) to 
ensure less than 25-inch
difference.

 Replace when ΔP=25 in. WC 
or greater.

Quarterly:
 Inspect general condition of

filter and filter element.
 Clean or replace as necessary.

Auto-dialer Sensaphone
901 Tryens Road
Aston, PA 19014
Tel: 610-558-2700

J. E. Gasho
460 West Gay Street
West Chester, Penn. 19380
Tel: 610-692-5650

FGD-800 8 channels Quarterly:
 Check that auto-dialer calls out

for each alarm.
Other:

 Replace battery as needed.

Soundproof
curtains

Sound Seal
50 H.P. Algrem Drive
Agawam, MA 01001
Tel: 413.789.1770

Sound Seal
B-10R
(reinforced
loaded-vinyl
noise barrier)

54"Ĭ60' roll;
gray; 1 lb per
square foot

Quarterly:
 Inspect for integrity.

Abbreviations:
ΔP— pressure difference pre- and post-filter  
CFRð Code of Federal Regulations
CFMð cubic feet per minute
ÜFð degrees Fahrenheit

lbð pound
SPCCð Spill Prevention, Control, and Countermeasure
USEPAð United States Environmental Protection Agency
WCð water column
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Section 3

System Operation

3.1 INITIAL OPERATION

Extraction wells will be open to allow approximately 20 standard cubic feet per minute (SCFM)

airflow each, for a combined flow rate of 220 SCFM. Data will be regularly evaluated to

determine if operational adjustments are warranted. Targeted or pulsed operations are potentially

feasible and will be evaluated.

3.2 EMERGENCY OPERATION AND FAIL-SAFE FEATURES

3.2.1 Power Failure

The sub-slab depressurization system (SSDS) will shut down completely in the event of a power

failure. The low-vacuum switch will alarm upon shutdown, and the auto-dialer will call the

system operator. When power to the control panel is restored, the SSDS will not automatically

restart because of the low-vacuum alarm.

3.2.2 Fail-Safe Features

Fail-safe features and/or alarms are provided with the SSDS to shut down the system in the event

of a potentially unsafe condition. The system is wired to shut down for the alarm conditions

listed in Table 3-1. The SSDS also has a vacuum-relief valve set to allow air into the blower if

the vacuum exceeds 85 inches water column (WC). The low-vacuum switch has a time delay set

at 10 seconds to allow system startup.

Triggering of any of the fail-safes listed above will also result in the system auto-dialer calling

the system operator and up to three backup personnel until the alarm has been acknowledged.

Tetra Tech, Inc. (Tetra Tech) will respond to the alarm and restart the system within four hours of

notification, if reasonably possible. Lockheed Martin Corporation (Lockheed Martin) will be

notified within 24 hours if the system remains shut down for more than three days and will be

Sub-slab depressurization system (SSDS) operating procedures must be
in accordance with the latest version of the SSDS health and safety plan.
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given a description of the cause(s) and actions taken to address the condition and restart the

system (at times of high precipitation, the system may not operate up to two days until water

levels decrease). The SSDS auto-dialer can also be called by Tetra Tech personnel at

443-510-1487. Calling this number will provide the status of alarm conditions, power, battery,

and sound.

3.3 SYSTEM MONITORING

Tetra Tech will collect monthly air samples from the influent to the granular activated-carbon

(GAC) units, from the effluent of the lead GAC unit, and from the effluent of the potassium

permanganate zeolite (PPZ) unit. These samples will be collected in one-liter SummaÈ canisters.

TestAmerica Laboratories, Inc. will analyze the samples for volatile organic compounds (VOCs)

using United States Environmental Protection Agency (USEPA) Method TO-15. The SSDS will

be inspected every two weeks; the field forms in Appendix B will be filled out during each

monitoring visit to record system data. SSDS monitoring will include the biweekly, monthly,

quarterly, annual, and other tasks listed in Table 3-2, which incorporate the maintenance

requirements in the equipment manuals (see Appendix D). System-check forms are in

Appendix B.

Tetra Tech will conduct monthly 24-hour vacuum monitoring to verify system

radius-of-influence and quantify differential pressure changes over daily cycles. Dwyer MS-121

MagnesenseÈ differential-pressure transmitters (low-range 4ï20 output with liquid crystal

display [LCD]) displays and 0.0-0.5-inch WC range [accuracy to 0.005-inch WC]) and Dwyer

DW-USB programmable data-loggers set at five-minute sampling rates will be deployed at three

selected vapor monitoring points (VMPs) in the south basement area and three selected VMPs in

the middle basement area for each event. The VMPs are listed in Table 3-3 and will be alternated

so that all VMPs with differential pressure readings up to 0.5-inches WC are monitored regularly.

After 24 continuous hours of data collection, the equipment will be retrieved and the data

downloaded and graphed for analysis.

3.4 SYSTEM OPERATION AND MAINTENANCE PROCEDURES

The following procedures detail the methods for testing system components and other aspects of

system operation and maintenance. Table 3-2 includes tasks associated with SSDS operation and

maintenance.
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3.4.1 Testing Temperature Switch Operation

While the system is in the OFF position, remove the temperature-switch bulb and the scaled

thermometer from the discharge piping. Plug the piping and restart the system. Using an electric

heat gun, heat the switch bulb and thermometer until the temperature-switch alarm trips and

shuts down the system. Verify that the switch trips at the correct temperature or adjust the setting

and repeat. Reinstall equipment and restart the system.

3.4.2 Testing Auto-Dialer Alarms

When testing each alarm (moisture separator high-level, high pressure, high temperature, low

pressure, low vacuum), check that the system shuts down; also check that the auto-dialer calls

out properly to the listed numbers with the proper alarm annunciation.

3.4.3 Water Handling Procedures

If a drainable amount of water is found during each system check in the header pipe, sumps,

exhaust stack sump, or moisture separators, the system will be shut down and the water drained

by opening the corresponding drain valve. When draining the moisture separators, the hand

pump installed for each unit will be used. If water accumulates in an extraction well, the water

will be removed with a disposable hand bailer. All water will be collected in five-gallon buckets.

When approximately three gallons have accumulated in the buckets, the drain valve or extraction

well cap will be closed and bucket lids will be placed on the buckets. The buckets will then be

immediately transported to the drum storage area adjacent to the exhaust stack and drained into a

labeled drum. Once drained, the system will be restarted.

Condensate drums will be inspected during each system check to ensure they are in good

condition and properly labeled. The drums will be shipped for off-site disposal to a Lockheed

Martin-approved facility within 90 days of the date that the drum became full. The condensate

will be sampled once a year for waste characterization purposes, as required by the disposal

facility. To date, analytical results have indicated that the condensate is non-hazardous. Copies of

shipping documents will be maintained in the project files; the corresponding Lockheed Martin

generator copies will be provided directly to the Middle River Complex by the disposal facility.
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3.4.4 Inspection of Vapor Treatment Units

The GAC and PPZ drums will be inspected for general condition, including properly sealed rims,

upon delivery to the site and before being placed into service. Damaged GAC and PPZ drums

will not be placed into service; they will be returned to the vendor. The spill platform for the PPZ

drums will also be inspected for general condition, including accumulated liquid level (if any)

and drain cap.
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Table 3-1
System Alarm Conditions

Building C Sub-Slab Depressurization System
Lockheed Martin Middle River Complex, Middle River, Maryland

Alarm Alarm
zone Alarm description

High liquid level
(MS-1)

Zone 1 The pre-blower moisture separator is full of condensate.

High liquid level
(MS-2)

Zone 2 The post-heat-exchanger moisture separator is full of condensate.

High pressure Zone 3 The pressure influent to the vapor-phase-carbon drum is higher than 60 inches
of water column.

High temperature
(TS-1)

Zone 4 The temperature of the vapor-stream from the blower is 215 degrees
Fahrenheit (ÜF) or higher.

High temperature
(TS-2)

Zone 5 The temperature of the vapor-stream discharge from the heat exchanger
(before entering the vapor treatment units) is 140ÜF or higher.

Low vacuum Zone 6 The vacuum before the pre-blower moisture separator is lower than 10 inches
of water column.
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Table 3-2
System Monitoring and Maintenance Tasks

Building C Sub-Slab Depressurization System
Lockheed Martin Middle River Complex, Middle River, Maryland

Page 1 of 2
Every two weeks
1. Record:

Å vacuum pre-air filter
Å vacuum post-air filter
Å post-blower pressure
Å differential pressure (difference between pre-filter separator and post-filter <25 in. water column[WC])
Å post-blower temperature
Å post-heat-exchanger temperature
Å system flow

2. Record differential pressure across filters and replace filter when difference is 25 in. WC or greater.

3. Record the vacuum and flow velocity from each extraction point and adjust as needed.

4. Record the induced vacuum at all vapor monitoring points.

5. Ensure that vacuum relief valves are closed.

6. Check all extraction points and associated piping and header pipe sumps for water accumulation; drain as necessary.
Refer to the water handling procedures in Section 3.4.3.

7. Turn system off. Check that flow meter, vacuum, and pressure gauges fall to zero. Check that temperature gauge falls; replace gauges if necessary.

8. Inspect the granular activated-carbon (GAC) and potassium permanganate zeolite (PPZ) units and surrounding pipes/fittings for leaks, corrosion, and
signs of heat stress.

9. Check cam-locks and zip-ties on GAC and PPZ unit fittings.

10. Change lead GAC drum when midpoint concentration is 50% or greater of influent concentration.

11. Change PPZ unit when its effluent vinyl chloride concentration is 10% or greater of the lead GAC unit vinyl chloride effluent concentration.

12. Empty moisture separators and sumps into properly labeled transportable container, as needed. Refer to the water handling procedures in Section 3.4.3.

13. Record the number of spare GAC and PPZ units on-site; ensure that two spare GAC units are on-site.

14. Record the number of spare PPZ units on-site; ensure that one spare PPZ unit is maintained on-site.

15. Record the number of empty, partially full, and full wastewater drums on-site.
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Table 3-2
System Monitoring and Maintenance Tasks

Building C Sub-Slab Depressurization System
Lockheed Martin Middle River Complex, Middle River, Maryland

Page 2 of 2

Monthly
1. Collect air samples from the influent and effluent of the lead GAC unit and from the effluent of the PPZ unit using one liter SummaÈ canisters and

submit to TestAmerica Laboratories, Inc. for volatile organic compound (VOC) analysis by USEPA Method TO 15.

2. Record induced vacuum at three monitoring points each in the south target zone and central target zone for a continuous 24-hour period. Rotate
monitoring points monthly among the vapor monitoring points (VMPs) at the outer extent of the induced vacuum radius. Set up Dwyer MagnesenseÈ

MS121 differential-pressure transmitters with 0ï0.5 inch WC range (accuracy to 0.005 inches WC) and Dwyer DW-USB programmable data-loggers set
at five-minute sampling rates to record the induced vacuum at the selected VMPs for 24 hours. Collect the equipment the following day. Download and
graph the data for analysis and inclusion in system reports.

Quarterly
1. Measure and record amperage draw from the blower.

2. Visually inspect the air filter and replace if necessary.

3. Check the condition of the moisture separators, blower, heat exchanger, and surrounding pipes for corrosion and wear.

4. Inspect the GAC and PPZ units for corrosion and leakage.

5. Test alarms using checklist (see Appendix B). Ensure that the auto-dialer calls out for all alarms.

6. Check vacuum-relief valve operation and visually inspect filter element.

7. Inspect liquid-level switches. Clean, repair, or replace if necessary.

8. Check for proper operation to ensure that system shutdown occurs upon activation.

9. For the moisture-separator-level switches, fill the units with water to check their operation rather than lifting the switches.
Refer to Section 3.4 for specific procedures and methods.

As needed

Change auto-dialer batteries

Every five years

Change GAC hoses in 2017 (since hoses were changed in October 2012; sooner if damaged)
Abbreviations: GACð granular activated-carbon

PPZð potassium permanganate zeolite
USEPAð United States Environmental Protection Agency

VMPð vapor monitoring point
VOCð volatile organic compound
WCð water column
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Table 3-3
Vacuum Influence MonitoringðVapor Monitoring Points

Building C Sub-slab Depressurization System
Lockheed Martin Middle River Complex, Middle River, Maryland

Baseme
nt area

Vapor
extracti

on
point

Associat
ed vapor
monitori

ng
points

Monitoring
frequency

Baseme
nt area

Vapor
extracti

on
point

Associat
ed vapor
monitori

ng
points

Monitoring
frequency

South
basement
area

SV-21-C
and
SV-23-C

001-C-SV,
SSD-3-C,
SSD-4-C,
SSD-2C,
SSD-22-C,
SSD-24-C,
SSD-25-C,
SSD-1-C

Biweekly/mon
thly

Middle
basement
area

SV-30-C 135-C,
044-C,
143-C

Biweekly/mon
thly

Middle
basement
area

SV-26-C 088-C,
113-C,
135-C

Biweekly/mon
thly

SV-31-C 087-C,
113-C,
134-C

Biweekly/mon
thly

SV-27-C 087-C,
113-C,
133-C,
134-C

Biweekly/mon
thly

SV-32-C 133-C,
111-C,
132-C

Biweekly/mon
thly

SV-28-C 060-C,
111-C,
132-C,
127-C

Biweekly/mon
thly

SV-33-C 141-C,
050-C,
127-C

Biweekly/mon
thly

SV-29-C 050-C,
126-C,
127-C

Biweekly/mon
thly

SV-34-C 050-C,
126-C,
141-C

Biweekly/mon
thly

Notes:

1. Biweekly monitoring: Instantaneous vacuum readings are to be taken at the listed vapor monitoring
points during the biweekly system checks.

2. Monthly monitoring: three points in the south basement area and three points in the middle basement area
are to be selected and alternated monthly for 24-hour vacuum monitoring.

3. Monitoring points will be removed from the program if they are not useful. Existing or new points will be
proposed and added as needed to define the area of induced vacuum.
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Section 4

System Startup and
Shutdown Procedures

4.1

e to

the

4.2
STARTUP PROCEDURE

1. Check all manual valves to ensure that they are in the correct positions, with the valv
at least one extraction point open.

2. Turn main electrical disconnect to the ON position. Turn main disconnect switch on
main control panel to the ON position.

3. Turn the HAND/OFF/AUTO (HOA) switch for the blower to the AUTO position.

Startup and shutdown procedures must be in accordance with the latest
version of the Building C sub-slab depressurization-system

health and safety plan.
In case of an emergency related to system operation, refer to the

Remediation Contingency/Emergency Response Plan
Sub-Slab Depressurization Systems in Buildings A and C

(Tetra Tech, December 2012)
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4. Turn the HOA switch for the heat exchanger to the AUTO position.

5. Note: As soon as the blower switch is turned to the AUTO position, the blower and heat
exchanger will turn on. If the blower and heat exchanger do not turn on, refer to the
troubleshooting section. If the blower and heat exchanger turn on, proceed to the next
step.

6. Verify that the system airflow is above 150 standard cubic feet per minute (SCFM) for
the blower. If not, recheck valves and piping. Shut the system down if flow rate is not
achieved.

7. Verify that the pressure at the system discharge is below 60 inches of water column
(WC). If not, recheck valves and piping. Shut system down if high pressure persists.

SHUTDOWN PROCEDURE FOR SHORT-TERM PERIODS
(LESS THAN 24 HOURS)

1. Turn the HOA switches for the blower and heat exchanger and the main disconnect
switch on the main control panel to the OFF position.



7961 TETRA TECH • LOCKHEED MARTIN MIDDLE RIVER COMPLEX
OPERATION AND MAINTENANCE MANUAL • SUB-SLAB DEPRESSURIZATION SYSTEM—BUILDING C PAGE 4-2

2. Drain any condensate from the moisture separators, if present. Put all condensate in a
properly labeled transportable container. Refer to water handling procedures in
Section 3.4.3.

4.3 SHUTDOWN PROCEDURE FOR LONG-TERM PERIODS
(MORE THAN 24 HOURS)

1. Turn the HOA switches for the blower, heat exchanger, and control panel to the OFF
position. Turn the wall-mounted electrical disconnect switch to the OFF position.
Disconnect the auto-dialer phone line and battery.

2. Drain any condensate, if present, from the moisture separator. Refer to Section 3.4.3 for
water handling procedures.

3. Close all valves on the extraction points.

4.4 SHUTDOWN PROCEDURE FOR EMERGENCIES

1. Turn the control panel HOA switch to the OFF position. Turn the wall-mounted electrical
disconnect switch to the OFF position.

2. Call the Tetra Tech, Inc. (Tetra Tech) project manager or the program manager if the
project manager cannot be reached. Contact telephone numbers are listed in Table 1 of the
latest version of the Remediation Contingency/Emergency Response Plan for Sub-Slab
Depressurization Systems in Buildings A and C (Tetra Tech, 2012b). If the Tetra Tech
project or program manager cannot be reached, contact the Lockheed Martin Corporation
and CDM Smith personnel shown in bold text in Table 1 of the remediation
contingency/emergency response plan, in the order they appear in the table.

3. Refer to the 2012 Remediation Contingency/Emergency Response Plan for Sub Slab
Depressurization Systems in Buildings A and C (Tetra Tech, 2012b) for emergency
procedures related to SSDS operation.
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Section 5

Troubleshooting

F -1

l

ollow all lock-out/tag-out procedures before servicing equipment (see Section 6.0). Table 5

ists possible scenarios, along with probable causes and remedies.

Troubleshooting procedures must be in accordance with the latest version of
the Building C sub-slab depressurization-system health and safety plan.
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Table 5-1
Troubleshooting Matrix

Building C Sub-Slab Depressurization-System Expansion
Lockheed Martin Middle River Complex, Middle River, Maryland

Symptom Probable causes Possible remedies

Blower will not
operate

 Breaker in service panel is in OFF
position

 Turn breaker to ON position

 High condensate in moisture separator  Drain condensate

 Faulty level switch  Repair or replace level switch

 Faulty pressure switch  Repair or replace pressure switch

 Faulty temperature switch  Repair or replace temperature switch

High-
temperature
light ON
(TS-1, TS-2)

 Clogged air filter or line  Change filter or clear obstruction

 Low airflow  Reduce pressure differential across blower.
Reduce applied vacuum by opening the
ambient air valve

 Faulty temperature switch  Check temperature switch; clean, adjust, or
replace if necessary

High-level light
ON
(MS-1, MS-2)

 Moisture separator is full of condensate.  Drain moisture separator

 Faulty level switch  Check level switch; clean or replace if
necessary

High-pressure
light ON

 Vapor-phase-carbon drums are clogged  Replace carbon drum

 Faulty pressure switch  Check pressure switch.
Adjust, clean or replace if necessary

Low vacuum
switch ON

 Low or no flow  Check blower

 Faulty switch  Repair or replace switch

 Pipe or hose disconnected or broken  Repair pipe or hose
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Section 6

Lock-Out/Tag-Out Procedures

Follow lock out/tag out procedures before any equipment repair. The location of both electrical

and mechanical lock-out points is listed below in Table 6-1.

ONLY QUALIFIED PERSONNEL SHALL PERFORM LOCK-OUT/TAG-OUT TASKS

Table 6-1
Lock-Out/Tag-Out Procedures

Building C Sub-Slab Depressurization System
Lockheed Martin Middle River Complex, Middle River, Maryland

Equipment/device Electrical lock-out

Moisture separators Main disconnect switch on control panel

High level switches for moisture separators Main disconnect switch on control panel

Particulate filter Main disconnect switch on control panel

Vapor extraction blower Main disconnect switch on control panel

Temperature switches Main disconnect switch on control panel

High pressure switch Main disconnect switch on control panel

Low vacuum switch Main disconnect switch on control panel

GAC and PPZ drums Turn HOA switches for the blower and heat exchanger
to OFF position, close extraction-point valves,
disconnect quick-connect couplings

Main control panel Wall-mounted disconnect

Wall-mounted disconnect Breaker panel
Abbreviations:

GACð granular activated-carbon
HOAð HAND/OFF/AUTO
PPZð potassium permanganate zeolite

Lock-out/tag-out procedures must be in accordance with the latest version of
the Building C sub-slab depressurization-system health and safety plan.
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Section 7

Reporting

Quarterly and semiannual progress reports will be submitted to Lockheed Martin Corporation.

These reports will include:

 mass-removal data for the monitoring period and cumulative mass-removal data to date

 individual extraction-point flow rates and operating vacuums

 summary of activities performed during the reporting period

 field notes/daily activity logs

 system down-times

 laboratory sample analytical results (full data packages only in the semiannual reports)

 figure(s), tables and/or graphs showing induced vacuum at vapor monitoring points
associated with each extraction well, including comparison to design criteria (24-hour
monitoring data only in the semiannual reports)

 recommendations for continued operations
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Section 8
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1. Was the system running upon arrival? 7. Do the these fall to zero when system is turned off?
YES NO Flow Gauge YES NO

2. Where there any alarm conditions upon arrival? Pressure Gauges YES NO

YES NO Vacuum Gauges YES NO

8. Was there a GAC change out?
3. Is the blower ambient air valve open? YES NO

YES NO 9. Was there a KMnO4 change out?
4. Are there any leaks or damage to system hoses? YES NO

YES NO 10. How many GAC units are at this location?
5. Is there any damage to system components? NEW SPENT _____________

YES NO 11. How many KMnO4 units are at this location?
6. Are all locks and zip-ties secure? NEW SPENT _____________

YES NO 12. How many water drums are on-site?

Time
Vacuum
pre-Filter
(in. H2O)

Vacuum
post-Filter
(in. H2O)

Diff Pressure
of Filters
(in. H2O)*

Flow
(scfm)

Pressure
post-Blower

(in. H2O)

Temp
post-Blower

(ÜF)

Temp
post-HE

(ÜF)

* Replace filter if >25 in. H2O

13. How many hours are displayed on the time counter?

Location Time
Vacuum
(in. H2O)

Velocity
(ft/min)

Flow
(scfm)**

Vacuum/Flow
Adjustment

SV-21-C

SV-23-C

SV-30-C

SV-26-C

SV-31-C

SV-27-C

SV-32-C

SV-28-C

SV-33-C

SV-29-C

SV-34-C

SSD SYSTEM CHECK - BUILDING C
LMC Middle River Complex, Middle River, Maryland

Date: __________________ Time: ____________ Personnel: ____________________

Comment: _______________________________________

GENERAL SYSTEM MONITORING

EMPTY ______ PART FULL ______ FULL ______

Page 1 of 2

Comments

** Flow = Velocity x 0.0218

EXTRACTION WELL VACUUM AND VELOCITY MONITORING



001-C-SV SV-087-C

SV-22-C SV-133-C

SV-2-C SV-134-C

SV-24-C SV-111-C

SV-25-C SV-060-C

SV-3-C SV-127-C

SV-4-C SV-141-C

SV-135-C SV-050-C

SV-088-C SV-126-C

SV-113-C

Location
Volume
Drained

MS-1 YES NO YES NO YES NO

MS-2 YES NO YES NO YES NO

PS-1 YES NO YES NO YES NO

PS-2 YES NO YES NO YES NO

PS-3 YES NO YES NO YES NO

PS-4 YES NO YES NO YES NO

PS-5 YES NO YES NO YES NO

Exhaust Stack
Sump

YES NO YES NO YES NO

Lead GAC YES NO YES NO YES NO
Lag GAC YES NO YES NO YES NO

PPZ YES NO YES NO YES NO

Time Canister ID

ADDITIONAL COMMENTS:

Valves Closed?

GAC and PPZ Drains

C-MID GAC

SSD SYSTEM CHECK - BUILDING C
LMC Middle River Complex, Middle River, Maryland

Contains Water? Water Drained?

MOISTURE SEPARATOR, SUMP, AND DRAIN MONITORING

Moisture Separators

Pipe Sumps

System Sumps

C-EFFLUENT

FIELD REP. SIGNATURE: ___________________________________________ Time: _________________

Page 2 of 2

MONTHLY VAPOR SAMPLING
Location Comments

C-INFLUENT

VMP VACUUM MONITORING

VMP Time
Vacuum
(in. H2O) Comments VMP Time

Vacuum
(in. H2O) Comments
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MSDS Number*

Identity (Trade Name As Used On Label)

CAS  Number*

Prepared  By*

Date  Prepared

Note: Blank spaces are not permitted. If any item is not applicable, or no 
 information is available, the space must be marked to indicate that.

SECTION 1 - MATERIAL IDENTIFICATION AND INFORMATION

TOTAL

Non-Hazardous Ingredients

COMPONENTS - Chemical Name & Common Names
(Hazardous Components 1% or greater; Carcinogens 0.1% or greater) 

100

OSHA
PEL%* ACGIH

TLV
OTHER LIMITS

RECOMMENDED

HYDROSIL
INTERNATIONAL LTD.

1180 St. Charles Street
Elgin, IL 60120

Phone:           1-800-787-7531
Emergency Phone:      1-847-741-1600
Telex*:           1-847-741-1616

SECTION 2 - PHYSICAL / CHEMICAL CHARACTERISTICS
Boiling
Point
Vapor Pressure
(mm Hg and Temperature)
Vapor Density
(Air = 1)
Solubility
in Water

Appearance
and Odor

Specfic Gravity
(H2O = 1)
Melting
Point
Evaporation Rate
(_________________ = 1)
Water
Reactive

SECTION 3 - FIRE AND EXPLOSION HAZARD DATA
Flash Point and 
Method Used

Auto-Ignition
Temperature

Flammability Limits in
Air % by Volume

LEL UEL

Extinguisher
Media
Special Fire
Fighting Procedures

Unusual Fire and
Explosion Hazards

Hydrosil, Inc

Hydrosil HS-600

William J. Waldschmidt

January 1, 2012 to December 31, 2012

5 mg/m3 5 mg/m36-8%

N/A

N/A

N/A

KMn04 - yes, molecular sieve - no

None

None

None

purple granules, odorless

Density 59-61 #/ft3

N/A

N/A

N/A

Nonehydrated potassium permanganate forming ionic
potassium hydroxide (CAS # 1310-58-3) and 
ionic manganese tetraoxide (CAS # 1317-35-7)

92-94%molecular sieve/moisture

N/A N/A N/A N/A N/A



SECTION 4 - REACTIVITY HAZARD DATA
STABILITY

Incompatability
(Materials to Avoid)

Conditions
To Avoid

Conditions
To Avoid

Hazardous
Decomposition Products

HAZARDOUS POLYMERIZATION

Stable
Unstable

May Occur
Will Not Occur

SECTION 5 - HEALTH HAZARD DATA
Inhalation
Skin Absorption

Ingestion
Not Hazardous

NTP
IARC Monograph

OSHA
Not Listed

PRIMARY ROUTES
OF ENTRY

HEALTH HAZARDS

Signs and Symptoms
of Exposure

CARCINOGEN
LISTED IN

Acute

Chronic

Medical Conditions
Generally Aggravated by Exposure

Eye Contact

Skin Contact

Inhalation

Ingestion

EMERGENCY FIRST AID PROCEDURES - Seek medical assistance for further treatment, observation and support if necessary

SECTION 6 - CONTROL AND PROTECTIVE MEASURES

Local Exhaust Mechanical (general)

Other (specify)

Special

Respiratory Protection
(Specify Type)
Protective Gloves Eye Protection

Other Protective
Clothing and Equipment
Hygienic Work
Practices

VENTILATION
TO BE USED

SECTION 7 - PRECAUTIONS FOR SAFE HANDLING AND USE/ LEAK PROCEDURES
Steps to be Taken If Material
is Spilled Or Released

Waste Disposal
Methods

Precautions to be Taken
in Handling and Storage

Other Precautions 
and/or Special Hazards

NFPA
Rating*     Health _______ Flammability _______ Reactivity _______ Special _______  

HMIS
Rating*     Health _______ Flammability _______ Reactivity _______ Special _______  

* Optional

Protect in containers against puncture and physical damage, keep in a 
dry area, avoid exposure to water

None

None

None

May be irritating to body tissue upon contact

None

Open wounds, burns, and mucous membranes

May stain body tissue

Treat as low level nuisance dust, Use NIOSH/MSA #TC-21C-132

Rubber or plastic gloves

Regular work clothing

Wash your hands before eating. Wash contaminated clothing.

Protect containers against physical damage. Store in a cool dry area in 

Safety glasses

closed containers.

Reduce potassium permanganate with hypo (10% sodium thiosulfate) solution 

and deposit in permitted landfill.

Avoid exposure to water and contaminated air, otherwise the media is 

rendered useless

Sweep up granules and dispose of in accordance with local, state, and 

federal regulations.

Immediately flush with large amounts of water for 15 minutes

Immediately flush with soap and water

Leave contaminated area

Drink several glasses of water or milk. Seek medical attention.
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                                        460 West Gay Street 
                                               West Chester, PA  19380  

 
 
 
 
 
 
 
 

Tetra Tech Geo 
51 Franklin Street 

Suite 400 
Annapolis, MD  21401 

 
 Operation and Maintenance Manual 

 
 

Gasho Custom Package Utilizing Model #DR858AY72W,  
3” Inline Filter, 2” VRV, Gauges, Valve, GX-90, HEX  

AA-250 & Nema 4 Control Panel all Mounted on a Skid 
  
 

JG13B-2692 
 
 

April 3, 2013 
 
 



Description Date Revision

Item Qty. Supplier Description Part Number Misc ID Weight

1 1 Ametek Rotron Regenerative Blower DR858AY72W 38738
2 1 Gasho Base Weldment
3 1 Solberg Mfg. 3" Inline filter CSL-239-300C
4 1 Universal 2 1/2" Dilution Valve CCS-2 1/2

4.01 1 Apollo 2 1/2" Ball Valve 64-109-01
5 1 Fisher 2" Relief Valve 289H-3 set @ 85" H2O
6 2 Gasho Vacuum Gauges 25.0.012.HG.160.IWC
7 1 Gasho Pressure Gauge 25.0.006.PSI.160.IWC
8 3 SMC Specialties Isolation Valves VA BRS 025-4F4M-BT
9 1 Dwyer Instruments Discharge Pressure Switch 1950P-2-2F set @ 60" WC incr

9.1 1 Dwyer Instruments Low Vacuum Switch 1950-20-2F set @ 10" WC decreasing
10 2 Noshok Bi-Thermometer 30.110.025.0/250 deg F
11 1 Ashcroft Nema 4 Temperature SwitchT424-T05-030-XRS-150-26set @ 215 deg. F

11.1 1 Ashcroft Nema 4 Temperature SwitchT424-T05-030-XRS-75-205set @ 140 deg. F
11.2 2 Koenig Pretempco 1/2" thermowell KP602081A
12 1 Noshok Bi-Metal Thermometer 30.110.025.0/250 deg F
13 1 Gasho Moisture Separator GX-90

13.1 1 Gasho Basket 12
13.2 1 Gasho Cover Plate 1500-C-0507-4 4" Female 14
13.3 1 Gasho Jaegger Demister Material 1
13.4 1 Cooney 4" Clean out cap 2
14 1 Oil Rite Sight Gauge B1559-1-12 1

14.1 2 Oil Rite Adapters B1656-4 1
15 1 Grainger Manual Sludge Pump 400H 2
16 1 Dwyer Instruments Liquid Level Switch L6-EPB-B-3-S-0 3
17 1 Apollo Drain Valve 64-104-01 1
18 1 Xchanger Air Cooled Heat Exchanger AA-250 with 3" flanges 1 Hp, TEFC, 230/460
19 1 International ControlNema 4 Control Panel Gasho86
20 1 Ametek Rotron Direct Read Flow Meter 550606

900 1 Dwyer Instruments Liquid Level Switch L6-EPB-B-3-S-0

Weight 37

Gasho, Inc.
Blower Package

JG13B-2692







Industrial / Chemical Processing Blowers

DR 858 & CP 858
7.5 / 10.0 HP Regenerative Blower
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L

MODEL 
DR858AY72W
DR858BB72W

L (IN/MM)
23.06/585.7
23.19/589

8.49
215.6

1.75
9.50

241.3

ROTATION DIRECTION

2 1/2 - 8 NPSC

.75 X 2.00 SLOT

50.8

44.5

NOTE 1

NOTES
1   TERMINAL BOX CONNECTOR HOLE 1.06 (26.9) DIA.
2   DRAWING NOT TO SCALE, CONTACT FACTORY FOR SCALE CAD DRAWING.
3   CONTACT FACTORY FOR BLOWER MODEL LENGTHS NOT SHOWN.

IN
MM

Part/Model Number

DR858BB72W DR858BB86W DR858AY72W CP858FH72WLR HiE858BB72W

Specification Units 038740 038742 038738 038749 038743
Motor Enclosure - Shaft Mtl. - TEFC-CS TEFC-CS TEFC-CS Chem TEFC-SS TEFC-CS
Horsepower - 10 10 7.5 10 10
Voltage AC 230/460 575 230/460 230/460 230/460
Phase - Frequency - Three-60 hz Three-60 hz Three-60 hz Three-60 hz Three-60 hz 
Insulation Class - F F F F F
NEMA Rated Motor Amps Amps (A) 26/13 10.5 17.8/8.9 26/13 26/13
Service Factor - 1.15 1.15 1.15 1.15 1.15
Max. Blower Amps Amps (A) 28/14 12 28/14 28/14 28/14
Locked Rotor Amps Amps (A) 162/81 65 120/60 162/81 162/81
NEMA Starter Size - 2/1 1 1/1 2/1 2/1

Shipping Weight Lbs
Kg

280
127

280
127

264
119.7

280
127

280
127

Model (Base Mount) - DR858BB72X DR858BB86X DR858AY72X
Part Number (Base Mount) - 038735 038737 038736

Voltage - ROTRON motors are designed to handle a broad range of world voltages and power supply variations.  Our dual voltage 3 phase motors are factory tested and 
certified to operate on both: 208-230/415-460 VAC-3 ph-60 Hz and 190-208/380-415 VAC-3 ph-50 Hz.  Our dual voltage 1 phase motors are factory tested and 
certified to operate on both: 104-115/208-230 VAC-1 ph-60 Hz and 100-110/200-220 VAC-1 ph-50 Hz.  All voltages above can handle a ±10% voltage fluctuation. 
Special wound motors can be ordered for voltages outside our certified range. 

Operating Temperatures - Maximum operating temperature: Motor winding temperature (winding rise plus ambient) should not exceed 140°C for Class F rated 
motors or 120°C for Class B rated motors. Blower outlet air temperature should not exceed 140°C (air temperature rise plus inlet temperature). Performance 
curve maximum pressure and suction points are based on a 40°C inlet and ambient temperature. Consult factory for inlet or ambient temperatures above 40°C.

Maximum Blower Amps - Corresponds to the performance point at which the motor or blower temperature rise with a 40°C inlet and/or ambient 
temperature reaches the maximum operating temperature. 

C 39
____

This document is for informational purposes only and should not be considered as a binding description of the products or their performance in all applications. The performance data on this page depicts typical performance under controlled
laboratory conditions. AMETEK is not responsible for blowers driven beyond factory specified speed, temperature, pressure, flow or without proper alignment. Actual performance will vary depending on the operating environment and application.
AMETEK products are not designed for and should not be used in medical life support applications. AMETEK reserves the right to revise its products without notification. The above characteristics represent standard products. For product
designed to meet specific applications, contact AMETEK Technical & Industrial Products Sales department.

AMETEK TECHNICAL & INDUSTRIAL PRODUCTS
75 North Street, Saugerties, NY 12477
USA: +1 215-256-6601 - Europe: +44 (0) 845 366 9664 - Asia: +86 21 5763 1258
Customer Service Fax: +1 215.256.1338
www.ametektip.com
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Industrial / Chemical Processing Blowers

DR 858 & CP 858
7.5 / 10.0 HP Regenerative Blower

FEATURES
 Manufactured in the USA - ISO 9001 and NAFTA compliant

 Maximum pressure: 125 IWG
 Maximum vacuum: 104.8 IWG
 Standard motor: 10 HP, TEFC

(threaded)
 UL & CSA approved motor with permanently sealed ball bearings

 Quiet operation within OSHA standards

MOTOR OPTIONS
 International voltage & frequency (Hz)

BLOWER OPTIONS
 Corrosion resistant surface treatments & sealing options
 Remote drive (motorless) models

ACCESSORIES
 Flowmeters reading in SCFM
 Filters & moisture separators
 Pressure gauges, vacuum gauges, & relief valves

 Variable frequency drive package

Blower Performance at Standard Conditions
60 Hz 50 Hz
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This document is for informational purposes only and should not be considered as a binding description of the products or their performance in all applications. The performance data on this page depicts typical performance under controlled
laboratory conditions. AMETEK is not responsible for blowers driven beyond factory specified speed, temperature, pressure, flow or without proper alignment. Actual performance will vary depending on the operating environment and application.
AMETEK products are not designed for and should not be used in medical life support applications. AMETEK reserves the right to revise its products without notification. The above characteristics represent standard products. For product
designed to meet specific applications, contact AMETEK Technical & Industrial Products Sales department.

AMETEK TECHNICAL & INDUSTRIAL PRODUCTS
75 North Street, Saugerties, NY 12477
USA: +1 215-256-6601 - Europe: +44 (0) 845 366 9664 - Asia: +86 21 5763 1258
Customer Service Fax: +1 215.256.1338
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Your Choice.  Our Commitment.  

 
 

SERVICE AND PARTS MANUAL 
FOR 

BLOWER MODEL 
 

DR6, 858, 909, 979, 14 
 

DIRECT DRIVE REGENERATIVE 
BLOWER 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

Technical & Industrial Products  
627 Lake Street, Kent, Ohio  44240  U.S.A. 
Telephone: 330-673-3452  Fax: 330-677-3306  
e-mail: rotronindustrial@ametek.com 
internet:  www.ametektip.com 
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WARRANTY ,  I N STA L L AT ION ,  MA IN TENANCE  AND  

TROUBL ESHOOT ING  I N STRUCT IONS  

  

TECHNICAL AND INDUSTRIAL PRODUCTS 
627 Lake Street, Kent, Ohio  44240  USA 
Telephone: 330-673-3452  Fax: 330-677-3306 
e-mail: rotronindustrial@ametek.com  web site: www.ametektip.com 
 

 
1. AMETEK Rotron DR, EN and HiE regenerative direct drive blowers are guaranteed for one full 

year from the date of installation (limited to 18 months from the date of shipment) to the original 
purchaser only.  Should the blower fail we will evaluate the failure If failure is determined to be 
workmanship or material defect related, we will at our option repair or replace the blower. 

 
2. AMETEK Rotron Minispiral, Revaflow, Multiflow, Nautilair, remote drive blowers, moisture 

separators, packaged units, CP blowers, Nasty Gas™ models and special built (EO) products are 
guaranteed for one full year from date of shipment for workmanship and material defect to the 
original purchaser only.  Should the blower fail, If failure is determined to be workmanship or 
material defect related, we will at our option repair or replace the blower. 

 
3. Parts Policy  - AMETEK Rotron spare parts and accessories are guaranteed for three months from 

date of shipment for workmanship and material defect to the original purchaser only.   If failure is 
determined to be workmanship or material defect related we will at our option repair or replace the 
part. 

 
Corrective Action  - A written report will be provided indicating reason(s) for failure, with suggestions 
for corrective action.  Subsequent customer failures due to abuse, misuse, misapplication or repeat 
offense will not be covered.  AMETEK Rotron will then notify you of your options.  Any failed unit that is 
tampered with by attempting repair or diagnosis will void the warranty, unless authorized by the 
factory. 
 
Terms and Conditions  - Our warranty covers repairs or replacement of regenerative blowers only, 
and will not cover labor for installation, outbound and inbound shipping costs, accessories or other 
items not considered integral blower parts.  Charges may be incurred on products returned for reasons 
other than failures covered by their appropriate warranty.  Out-of-warranty product and in warranty 
product returned for failures determined to be caused by abuse, misuse, or repeat offense will be 
subject to an evaluation charge.  Maximum liability will in no case exceed the value of the product 
purchased.  Damage resulting from mishandling during shipment is not covered by this warranty.  It is 
the responsibility of the purchaser to file claims with the carrier.  Other terms and conditions of sale are 
stated on the back of the order acknowledgement. 

Installation Instructions for SL, DR, EN, CP, and HiE Series Blowers 

1. Bolt It Down  - Any blower must be secured against movement prior to starting or testing to 
prevent injury or damage.  The blower does not vibrate much more than a standard electric motor. 

2. Filtration  - All blowers should be filtered prior to starting.  Care must be taken so that no foreign 
material enters the blower.  If foreign material does enter the blower, it could cause internal 
damage or may exit at extremely high velocity. 

Should excessive amounts of material pass through the blower, it is suggested that the cover(s) 
and impeller(s) be removed periodically and cleaned to avoid impeller imbalance.  Impeller 
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imbalance greatly speeds bearing wear, thus reducing blower life.  Disassembling the blower will 
void warranty, so contact the factory for cleaning authorization. 

3. Support the Piping  - The blower flanges and nozzles are designed as connection points only and 
are not designed to be support members. 

Caution: Plastic piping should not be used on blowers larger than 1 HP that are operating near 
their maximum pressure or suction point.  Blower housing and nearby piping 
temperatures can exceed 200ºF.  Access by personnel to the blower or nearby piping 
should be limited, guarded, or marked, to prevent danger of burns. 

4. Wiring - Blowers must be wired and protected/fused in accordance with local and national 
electrical codes.  All blowers must be grounded to prevent electrical shock.  Slo-Blo or time delay 
fuses should be used to bypass the first second of start-up amperage. 

5. Pressure/Suction Maximums  - The maximum pressure and/or suction listed on the model label 
should not be exceeded.  This can be monitored by means of a pressure or suction gage (available 
from Rotron), installed in the piping at the blower outlet or inlet.  Also, if problems do arise, the 
Rotron Field representative will need to know the operating pressure/suction to properly diagnose 
the problem. 

6. Excess Air  - Bleed excess air off.  DO NOT throttle to reduce flow.  When bleeding off excess air, 
the blower draws less power and runs cooler. 
 
Note:  Remote Drive (Motorless) Blowers - Properly designed and installed guards should be used 
on all belts, pulleys, couplings, etc.  Observe maximum remote drive speed allowable.  Due to the 
range of uses, drive guards are the responsibility of the customer or user.  Belts should be 
tensioned using belt gauge. 

Maintenance Procedure 

When properly piped, filtered, and applied, little or no routine maintenance is required.  Keep 
the filter clean.  Also, all standard models in the DR, EN, CP, and HiE series have sealed 
bearings that require no maintenance.  Bearing should be changed after 15,000 to 20,000 
hours, on average. Replacement bearing information is specified on the chart below. 

 
Bearing  
Part Number Size Seal Material Grease Heat Stabilized 
510217 
510218 
510219 

205 
206 
207 

Polyacrylic 
Nye Rheotemp 500  

30% +/- 5% Fill Yes – 325 F 

510449 
516440 
516648 

203 
202 
307 

Buna N Exxon Polyrex Grease NO 

516840 
516841 
516842 
516843 
516844 
516845 
516846 
516847 

206 
207 
208 
210 
309 
310 
311 
313 

Buna N Exxon Polyrex Grease NO 
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Troubleshooting 
 

  POSSIBLE CAUSE OUT OF WARRANTY REMEDY *** 
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 1. * One phase of power line not connected 
2. * One phase of stator winding open 
3. Bearings defective 
4. Impeller jammed by foreign material 
5. Impeller jammed against housing or cover 
6. ** Capacitor open 

1. Connect 
2. Rewind or buy new motor 
3. Change bearings 
4. Clean and add filter 
5. Adjust 
6. Change capacitor 
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1. * Two phases of power line not connected 
2. * Two phases of stator winding open 

1. Connect 
2. Rewind or buy new motor 
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e 1. Insufficient fuse capacity 
2. Short circuit 

1. Use time delay fuse of proper 
rating 

2. Repair 
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1. High or low voltage 
2. * Operating in single phase condition 
3. Bearings defective 
4. Impeller rubbing against housing or cover 
5. Impeller or air passage clogged by foreign material 
6. Unit operating beyond performance range 
7. Capacitor shorted 
8. * One phase of stator winding short circuited 

1. Check input voltage 
2. Check connections 
3. Check bearings 
4. Adjust 
5. Clean and add filter 
6. Reduce system pressure/vacuum 
7. Change capacitor 
8. Rewind or buy new motor 
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 1. Impeller rubbing against housing or cover 

2. Impeller or air passages clogged by foreign 
material 

3. Bearings defective 

1. Adjust 
2. Clean and add filter 
3. Change bearings 
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1. Leak in piping 
2. Piping and air passages clogged 
3. Impeller rotation reversed 
4. Leak in blower 
5. Low voltage 

1. Tighten 
2. Clean 
3. Check wiring 
4. Tighten cover, flange 
5. Check input voltage 

* 3 phase units 
** 1 phase units 
*** Disassembly and repair of new blowers or motors will void the Rotron warranty.  Factory should be contacted 

prior to any attempt to field repair an in-warranty unit. 

Blower Disassembly: 

WARNING:  Attempting to repair or diagnose a blower may void Rotron’s warranty.  It may also 
be difficult to successfully disassemble and reassemble the unit. 

1) Disconnect the power leads. CAUTION:  Be sure the power is disconnected before doing any work 
whatsoever on the unit. 

2) Remove or separate piping and/or mufflers and filters from the unit. 

3) Remove the cover bolts and then the cover. NOTE:  Some units are equipped with seals.  It is 
mandatory that these seals be replaced once the unit has been opened. 

4) Remove the impeller bolt and washers and then remove the impeller.  NOTE:  Never pry on the 
edges of the impeller. Use a puller as necessary. 

5) Carefully note the number and location of the shims.  Remove and set them aside.  NOTE:  If the 
disassembly was for inspection and cleaning the unit may now be reassembled by reversing the 
above steps.  If motor servicing or replacement and/or impeller replacement is required the same 
shims may not be used.  It will be necessary to re-shim the impeller according to the procedure 
explained under assembly. 
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6) Remove the housing bolts and remove the motor assembly (arbor/.housing on remote drive 
models). 

7) Arbor disassembly (Applicable on remote drive models only): 
a) Slide the bearing retraining sleeve off the shaft at the blower end. 
b) Remove the four (4) screws and the bearing retaining plate from the blower end. 
c) Lift the shaft assembly far enough out of the arbor to allow removal of the blower end snap 

ring. 
d) Remove the shaft assembly from the arbor. 
e) If necessary, remove the shaft dust seal from the pulley end of the arbor. 

 

Muffler Material Replacement: 

1) Remove the manifold cover bolts and them manifold cover. 

2) The muffler material can now be removed and replaced if necessary.  On blowers with fiberglass 
acoustical wrap the tubular retaining screens with the fiberglass matting before sliding the muffler 
pads over the screens. 

3) Reassemble by reversing the procedure. 

NOTE:  On DR068 models with tubular mufflers it is necessary to remove the cover and 
impeller accessing the muffler material from the housing cavity. 

Blower Reassembly: 

1) Place the assembled motor (assembled arbor assembly for remote drive models) against the rear 
of the housing and fasten with the bolts and washer. 

2) To ensure the impeller is centered within the housing cavity re-shim the impeller according to the 
procedure outlined below. 

3) If blower had a seal replace the seal with a new one. 

4) Place the impeller onto the shaft making sure the shaft key is in place and fasten with the bolt, 
washer and spacer as applicable.  Torque the impeller bolt per the table below.  Once fastened 
carefully rotate the impeller to be sure it turns freely. 

5) Replace the cover and fasten with bolts. 

6) Reconnect the power leads to the motor per the motor nameplate. 

 

Bolt Size Torque 

Pound-Force-Foot 

1/4-20 6.25 +/- 0.25 

5/16-18 11.5 +/- 0.25 

3/8-16 20.0 +/- 0.5 

½-13 49.0 +/- 1 

5/8 –11 90.0 +/- 2 
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Impeller Shimming Procedure: 

WARNING: This unit may be difficult to shim.  Extreme care may be exercised. 

Tools Needed: Machinist’s Parallel Bar 
   Vernier Caliper with depth measuring capability 
   Feeler gauges or depth gauge 
 
 
Measure the Following: 
 
   Distance from the flange face to the housing (A) 
   Distance from the flange face to the motor shaft shoulder (B) 
   Impeller Thickness (C)  
 
Measurements (A) and (B) are made by laying the parallel bar across the housing flange face and 
measuring to the proper points.  Each measurement should be made at three points, and the average 
of the readings should be used. 
 
Shim Thickness = B – (A+C)/2 
 
After the impeller installation (step #4 above) the impeller/cover clearance can be checked with feeler 
gauges, laying the parallel bar across the housing flange face.  This clearance should nominally be  
(A-C)/2. 
 

C

B A
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A. 1∅∅∅∅, 6 WIRE 
 

115 VAC  230 VAC 
     

   1    1     LINE  
            
   3              LINE  2 
 
   5    3 
 
   2    5 

   
   4             LINE  4             
            LINE 

8  
    8 

 

 
INTERCHANGE LEADWIRES 5 & 8 to REVERSE ROTATION 

B. 1∅∅∅∅, 7 WIRE 
 

115 VAC  230 VAC 
1             
              LINE  1       LINE 
3     
    2 
 
2    3  
     
4              LINE  
    4  
8            LINE 
    8 
 
5     
    5 
9 
    9 
 

 
 

INTERCHANGE LEADWIRES 5 & 8 to REVERSE ROTATION   

C. 3∅∅∅∅, 9 WIRE 
 

230 VAC  460 VAC 
               LINE 
1    LINE  1 
               LINE 
7    2 
               LINE 
    3 
2    LINE 
    
8    4  
 
    7 
3    LINE 
 
9    5 
     
    8 
4     
 
5    6 
 
6    9 

INTERCHANGE ANY TWO LEAD LINES TO REVERSE ROTATION 

D. 1∅∅∅∅, EMERSON 1/8 HP MOTOR 
 

115 VAC  230 VAC 
 
 
P1/BLUE         LINE     P1/BLUE            LINE 
 

 
P2/BROWN      5/BLACK 
 
   5/BLACK  3/ORANGE 

 
3/ORANGE      2/WHITE 
 
 
4/YELLOW  P2/BROWN    INSULATE 

 
    2/WHITE           LINE  4/YELLOW 

             LINE 

           RED                RED 

INTERCHANGE RED AND BLACK TO REVERSE ROTATION 

E. 1∅∅∅∅, SPA DUTY WITH TERMINAL STRIPS  
 

LOW 115 VAC   HIGH 230 VAC 
 
 

 
 
BROWN    B B    WHITE         B 
 
        LINE           LINE 
               L1     L1 

 WHITE   L2       LINE                   L2         LINE 
 
      BROWN  
      A              A 

G. 3∅∅∅∅, 575 VAC 
 
 
 
 
1                          LINE 
 
 
2             LINE 
 
 
3 LINE 
 
 
 
 
 
 
 
INTERCHANGE ANY 
TWO LEAD LINES TO 
REVERSE ROTATION 

F. 1∅∅∅∅, 230 VAC 
 
SINGLE VOLTAGE  

 

 
1 
         LINE 
 
5 
 
 
4 
         LINE 
 
8 
 
 
 
INTERCHANGE LEAD 

WIRES 5 & 8 TO 
REVERSE ROTATION 

WIRING DIAGRAMS, TEFC and ODP MOTORS 
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DR 6/858/909/979/14
Service and Parts Manual

Model: DR6 DR858 - Rail DR858 - Base DR909 - Rail DR909 - Base DR909 - Rail DR979 DR14
Part No.: 027578 038738 038735 038620 038622 081737 080702 038750

027579 038740 038736 038621 038623 081739 080704 038751
027600 038742 038737 038625 038626 081738 080632 038759
036212 038743 080173 080300 080183 081744 080718 080451
038071 080172 038633 080612

Item
 No.

Qty.
 Req'd OBSOLETE NEW OBSOLETE

M3 1 510212 511532 511532 511532 511532 511532 551570 155066
B1 6 (4 pcs) 120065 (4 pcs) 155067 (4 pcs) 155067 140016 140016 140016 140016 140016
B3 2 478341 511614 511614 529912 529912 529912 529912 529912

2 511479 Not Used Not Used Not Used Not Used Not Used Not Used Not Used
See Next Page Not Used Not Used Not Used Not Used Not Used Not Used Not Used

B4 1 515497 515410 515410 515356 515356 552409 See Next Page 515975
B5 4 251792 155034 155034 140014 140014 155025 120205 120205
B6 28 Not Used (7 pcs) 551736 (7 pcs) 551736 (10 pcs) 551738 (10 pcs) 551738 (2 pcs) 552477 (8 pcs) 551571 (12 pcs) 551740

2 (2 pcs) 551737 (2 pcs) 551737 (2 pcs) 551739 (2 pcs) 551739 552483 Not Used (2 pcs) 551741
2 Not Used Not Used Not Used 551730 551730 Not Used Not Used 551744

B8 * 272703 511547 511547 511547 511547 511547 511547 515991
* 272704 511548 511548 511548 511548 511548 511548 515992
* 272705 511549 511549 511549 511549 511549 511549 515993
* 272706 511550 511550 511550 511550 511550 511550 515994

B9 1 515484 515249 515249 552544 552544 552431 551566 515509
B10 1 251791 120210 120210 140015 140015 140015 140015 155068
B11 1 251787 251788 251788 251788 251788 251788 251788 251788
B12 1 Not Used 511529 511529 Not Used Not Used Not Used Not Used Not Used
B13 1 515488 515247 515247 515359 515359 515359 551409 515910
B14 8 155170 140016 140016 140016 140016 140016 155512 155069
B15 1 Not Used 140019 Not Used 140019 Not Used Not Used See Next Page 140019
B16 1 478336 515555 515555 511529 511529 511529 511529 515990

Not Used Not Used Not Used Not Used Not Used Not Used Not Used Not Used
B17 4 251788 Not Used Not Used Not Used Not Used Not Used Not Used Not Used
B18 2 Not Used 551723 551723 551725 551725 552479 551611 551727

2 Not Used Not Used Not Used 551730 551730 Not Used Not Used Not Used
B19 6 Not Used 155025 155025 155025 155025 (4) 120210 155512 155067
B19A 4 Not Used 120214 Not Used 120214 Not Used (4) 120205 Not Used 120214
B20 1 Not Used 550019 550017 529932 529933 552428 See Next Page 550039

1 522948 Not Used Not Used Not Used Not Used Not Used Not Used Not Used
2 Not Used Not Used Not Used Not Used 120214 Not Used Not Used Not Used
2 Not Used Not Used Not Used Not Used 120203 Not Used Not Used Not Used
2 Not Used Not Used Not Used Not Used 155029 Not Used Not Used Not Used

B23 4 251791 120007 Not Used See Next Page Not Used 140016 See Next Page 120256

Flange
Screen, Flange Guard
Elbow 90º
Housing

Parts Breakdown

Description
Key Motor Shaft
Screw, Flange 

Shim   .005"
Shim   .010"
Shim   .020"

Screw, Hsg /Motor
Muffler Material

Muffler Screen guard
Shim   .002"

Muffler Material

Cover
Screw, Cover 
Eye Bolt
Spacer, Impeller Bolt

Impeller
Bolt, Impeller 
Lockwasher, Impeller 
Washer, Impeller

Bolt, Muffler Hsg/Hsg
Bolt, Muffler Hsg/Hsg
Muffler Housing
Muffler Discrete

Shaft Sleeve
Lockwasher, Housing 
Screen, Muffler 
Finger guard

Bolt, Motor/Muffler
Lockwasher, Motor/Muffler
Washer, Motor/Muffler
Bolt, Rail

*As needed  **Viewed looking atinlet/outlet ports 11/10/10 Rev. M

cus-serv
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B24 4 251787 251787 Not Used 251787 Not Used 251787 See Next Page 251788
8 Not Used Not Used Not Used See Next Page Not Used 155091 See Next Page Not Used

B25 4 251789 251789 Not Used 251789 Not Used 251789 See Next Page 155070
B26 2 478338 595301 Not Used See Next Page Not Used 595301 See Next Page 551658

Lockwasher Rail
Washer Rail/Motor
Nut, Rail
Rail Mounting

*As needed  **Viewed looking atinlet/outlet ports 11/10/10 Rev. M



027578 500291 C
027579 500292 G
027600 500293 C
036212 510459 A
038071 529325 C

DR858AY72W 038738 511570 C
DR858AY86W 080172 515568 G
DR858AY86X 080173 515568 G
DR858BB72W 038740 511571 C
DR858BB86W 038742 515567 G

038743 529600 C
DR858BB72X 038735 511571 C
DR858AY72X 038736 511570 C
DR858BB86X 038737 515567 G
DR909BE72W 038620 511572 C
DR909BB72W 038621 511571 C
DR909BE86W 038625 511601 G
DR909BB86W 080300 515567 G

038633 529601 C

DR909BE72X 038622 511572 C
DR909BB72X 038623 511571 C
DR909BE86X 038626 511601 G
DR909BB86X 080183 515567 G
DR909BE72W 081737 511572 C
DR909BB72W 081738 511571 C
DR909BE86W 081739 511601 G
DR909BB86W 081744 515567 G

080702 551605 G
080704 551604 C
080632 551603 C

DR14DW72MW 038750 516096 C
DR14DW86MW 038751 516097 G
DR14BH72MW 038752 510463 C
DR14BH86MW 038753 511511 G

DR979BE86W
DR979BE72W 

516844

B4 = 551383, B15 = 140019
B19A = Not used, B23 = 155095, B26 = 595301

B24 = (4pcs) 251787 & (8 pcs) 155091,                
B25 =595301, B20 = 551422
B4 = 551560 B15 = Not used

B19A = 155070, B23 = 120256 B26 = 551658
B24= (4 pcs) 251788 & (8 pcs) 120211,  (8) 155091,     

B20 = 551422      B25 = 155070

DR979BH72W 080718 551635 C

DR979BE72W 

516842

Bearing,
Rear (M1)

Bearing,
Impeller End (M2)

DR6D89 Elbow - not used
510217 510218DR6D86

DR6K72
DR6D5
HiE6D89

Elbow - (1 pc) 120153

Model Part # Motor Wiring Diagram Specific Parts

HiE909BE72W B23 (4 pcs)  120256
       (8 pcs)  155091
B26 (2 pcs)  516242

HiE858BB72W

B23 (4 pcs)  140016
      (16 pcs) 155091
B26 (2 pcs)  595301

516844

516846516844

516840

*As needed  **Viewed looking atinlet/outlet ports 11/10/10 Rev. M

cus-serv
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DR14DT72MW 080451 551037 C
DR14DT86MW 080612 516100 G
HiE14DW72MW 038759 529603 C

516846516844

Specific Parts
Bearing,

Rear (M1)
Bearing,

Impeller End (M2)Model Part # Motor Wiring Diagram

*As needed  **Viewed looking atinlet/outlet ports 11/10/10 Rev. M



Use Assembly Diagram "B" for non obsolete DR14

DR 14
Service and Parts Manual

Model: DR14 DR14 DR14
Part No.: 081476 081480 038752

081479 081484 038753
081483
081497 OBSOLETE

REF # QTY
1 1 See Below See Below M3 1 511532
2 1 552309 552304 B1 6 140016
3 4 120256 120205 B3 2 529912
4 * 515991 511547 2 Not Used
5 * 515992 511548 Not Used
6 * 515993 511549 B4 1 515983
7 * 515994 511550 B5 4 120205
8 1 515509 515683 B6 28 (12 pcs) 551740
9 1 155066 511532 2 (2 pcs) 551741

10 1 515990 515990 2 551744
11 1 251788 251788 B8 * 511547
12 1 155068 120251 * 511548
13 1 515910 515910 * 511549
14 8 155069 155069 * 511550
15 Not used Not used B9 1 515683
16 2 551658 551658 B10 1 120251
17 4 120205 120205 B11 1 251788
18 4 Not used Not used B12 1 Not Used
19 4 251788 251788 B13 1 515910
20 4 155070 155070 B14 8 155069
21 4 155091 155091 B15 1 140019
22 Not used Not used B16 1 515990
23 2 552322 552322 Not Used
24 2 552328 552328 B17 4 Not Used
25 2 552327 552327 B18 2 551727
26 2 552332 552332 2 Not Used
27 2 552324 552324 B19 6 155067
28 8 552325 552325 B19A 4 120214
29 1 552298 552298 B20 1 550039
30 8 155091 155091 1 Not Used
31 16 251789 251789 2 Not Used

Parts Breakdown

Description
Motor
Housing

Key Motor Shaft
Screw, Flange 

Shim
Impeller
Mtr shaft Key
Impeller washer

Housing to mtr bolts
Shim
Shim
Shim

Not used
Mounting Rails
Rail Bolts
Rail spacers

Impeller lockwasher
Impeller bolt
Cover
Cover screws

Finger guard screen
Muffler foam (hi temp)
Muffler foam (regular)
Retainer

Rail lockwashers
Rail -Nuts
Rail washers
Not used

Muffler tie rod nuts

Muffler tube
Muffler Tie  Rod
Connector plate
Muffler washer

Flange
Screen, Flange Guard
Elbow 90º
Housing

Shim   .002"
Shim   .005"
Shim   .010"
Shim   .020"

Screw, Hsg /Motor
Muffler Material
Muffler Material
Muffler Screen guard

Cover
Screw, Cover 
Eye Bolt
Spacer, Impeller Bolt

Impeller
Bolt, Impeller 
Lockwasher, Impeller 
Washer, Impeller

Bolt, Muffler Hsg/Hsg
Bolt, Muffler Hsg/Hsg
Muffler Housing
Muffler Discrete

Shaft Sleeve
Lockwasher, Housing 
Screen, Muffler Retaining, Right 
Finger guard

Bolt, Motor/Muffler

*As needed  **Viewed looking atinlet/outlet ports 11/10/10 Rev. M



32 2 529912 529912 2 Not Used
33 6 140016 140016 2 Not Used
34 Not used Not used B23 4 155025
35 Not used Not used B24 4 251788
36 Not used Not used 8 Not Used
37 Not used Not used B25 4 155070
38 Not used Not used B26 2 551658
39
40
41
42

   
   
   

DR14DW72MW 081476 516096 C
DR14DW86MW 081479 516097 G
DR14BH72MW 081480 510463 C
DR14BH86MW 081481 511511 G
DR14DT72MW 081483 551037 C
DR14DT86MW 081484 516100 G
HiE14DW72MW 081497 529603 C

Flange
Flange bolts
Flange Cap.

Wiring Diagram

Not used
Nameplate- Blower
Rotation Sticker
Not used

Bearing,
Impeller End (M2)

 

 
   

 

Model Part # Motor

516846

516846

516842 516844

516844

516844

Specific Parts
Bearing,

Rear (M1)

Lockwasher Rail
Washer Rail/Motor
Nut, Rail
Rail Mounting

Lockwasher, Motor/Muffler
Washer, Motor/Muffler
Bolt, Rail

*As needed  **Viewed looking atinlet/outlet ports 11/10/10 Rev. M
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CCS/CS Series
Filter-Silencers

CCF/CF Series 
Filters

Universal’s cartridge filters and filter-silencers 
offer high-performance filtration and silencing in �
a convenient, economical cartridge configuration. 
Choose from four standard models for pipe sizes 
ranging from .5" to 16" and for flow capacities 
ranging from 15 to 7,700 CFM. Three types of 
filter element media—pleated paper, pleated 
felt, or wire mesh—are available to suit your 
application. 

The CCF and CF series filters are high-quality 
air filters without a silencing section. The CCF 
has a removable weatherhood, and the CF has a 
removable top plate. Our CCS and CS intake filter-
silencers have a built-in silencing section. The 
CCS features a removable weatherhood, and the 
CS has a removable top plate for easy access to 
the filter element. 

Performance Benefits

 �Durability
Weatherhoods for CCF and CCS sizes 2.5" 
through 5" are rugged blue ABS composite 
material that may be painted. All other 
components are carbon steel construction with 
a high-quality semi-gloss enamel finish.

 �High Performance
Unique design options, combined with the 
latest manufacturing techniques, ensure 
optimum performance and long life even under 
demanding conditions.

 �Functional
Choice of filter only or filter-silencer.

 �Easy to Maintain
Removable lightweight weatherhood (CCS and 
CCF) or removable top plate (CS and CF) for 
easy access to the filter element.

 �Versatile
Interchangeable element options for desired 
filtration characteristics in the same housing.

CCS Series (with weatherhood) CS Series (with top plate)

CCF Series (with weatherhood) CF Series (with top plate)

Pipe Size

	 .5
	 .75
	 1
	 1.25
	 1.5
	 2
	 2.5
	 3
	 3.5
	 4
	 4
	 5
	 5
	 6
	 8
	 10
	 12
	 14
	 16

34-K50-TT*
34-K70-TT*
34-K01-TT*
34-K21-TT*
34-K15-TT*
34-K02-TT*
34-K25-TT*
34-K03-TT*
34-K35-TT*
34-K04-TT*
34-K04-AA*
34-K05-TT*
34-K05-AA*
34-K06-AA*
34-K08-AA*
34-K10-AA*
34-K12-AA*
34-K14-AA*
34-K16-AA*

34-M50-TT*
34-M70-TT*
34-M01-TT*
34-M21-TT*
34-M15-TT*
34-M02-TT*
34-M25-TT*
34-M03-TT*
34-M35-TT*
34-M04-TT*
34-M04-AA*
34-M05-TT*
34-M05-AA*
34-M06-AA*
34-M08-AA*
34-M10-AA*
34-M12-AA*
34-M14-AA*
34-M16-AA*

34-L21-TT*
34-L15-TT*
34-L02-TT*
34-L25-TT*
34-L03-TT*
34-L35-TT*
34-L04-TT*
34-L04-AA*
34-L05-TT*
34-L05-AA*
34-L06-AA*
34-L08-AA*
34-L10-AA*
34-L12-AA*
34-L14-AA*
34-L16-AA*

34-N21-TT*
34-N15-TT*
34-N02-TT*
34-N25-TT*
34-N03-TT*
34-N35-TT*
34-N04-TT*
34-N04-AA*
34-N05-TT*
34-N05-AA*
34-N06-AA*
34-N08-AA*
34-N10-AA*
34-N12-AA*
34-N14-AA*
34-N16-AA*

CCS CS CCF CF

Part Numbers

*Specify “P” at end of part number for unit with pleated paper elements, “F” for pleated felt or “W” for wire mesh. 
Refer to page 11 for filter element details.

Sizes .5"–1" Use CCS or CS Series

cus-serv
Rectangle

cus-serv
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CCS/CS�Series
Filter-Silencers

CCF/CF�Series�
Filters

� .5
	 .75	

� 1
� 1.25
� 1.5
� 2
� 2.5
� 3
� 3.5
� 4�(NPT)
� 4�(flanged)
� 5�(NPT)
� 5�(flanged)
� 6
� 8
� 10
� 12
� 14
� 16	

P
(size)

� 15
� 22
� 35
� 60
� 75
� 120
� 190
� 275
� 375
� 500
� 500
� 750
� 750
� 1,100
� 2,200
� 3,000
� 4,300
� 5,900
� 7,700

Rated
Flow
Cap.

(CFM)

� 8.00
� 8.00
� 8.00
� 9.00
� 9.00
� 9.00
� 13.44
� 13.44
� 13.44
� 13.44
� 13.44
� 13.44
� 13.44
� 18.00
�20.00
� 24.00
� 24.00
� 30.00�
� 30.00

D

� 3.13
� 3.13
� 3.13
� 3.50
� 3.50�
� 3.50
� 6.75
� 6.75
� 6.75
� 6.75
� 6.75
� 6.75
� 6.75
� 9.50
�18.00
�11.50
�11.50
�15.44
�15.44

H

� 6.00
� 6.00
� 6.00
� 6.50
� 6.50
� 6.50
� 10.00
� 10.00
� 10.00
� 10.00
� 10.00
� 10.00
� 10.00
� 14.00
� 14.00
� 18.00
� 18.00
� 24.00
� 24.00

 B

—
—
—

� 1.00
� 1.00
� 1.13
� 1.13
� 4.00
� 1.81
� 4.00
� 4.00
� 4.00
� 4.00
� 4.00
� 4.00
� 4.00

N L Approx. Weight with Paper Elements

CCF CCS CF CS CCF CCS CF CS CCF CCS CF CS

—
—
—
—
—
—

� 1.00
� 1.00
� 1.13
� 1.13
� 3.00
� 1.81
� 3.00
� 3.00
� 3.00
� 3.00�
� 3.00
� 3.00
� 3.00�

—
—
—

� 1.00
� 1.00
� 1.13
� 1.13
� 4.00
� 1.81
� 4.00
� 4.00
� 4.00
� 4.00
� 4.00
� 4.00�
� 4.00�

—
—
—
—
—
—

� 1.00
� 1.00
� 1.13
� 1.13
� 3.00
� 1.81
� 3.00
� 3.00
� 3.00
� 3.00
� 3.00
� 3.00
� 3.00

�

� 3.50
� 3.50
� 3.50
� 7.50
� 7.50
� 7.63
� 7.63
�10.50
� 8.38
�10.50
�13.31
�21.88
�15.38
�15.38
�19.38
�19.38

� 6.50
� 6.50
� 6.50
� 7.88
� 7.88
� 7.88
�17.69
�17.69
�17.69
�17.69
�19.63
�18.25
�19.56
�25.25
�33.88
�29.25
�29.25
�36.25
�36.25

� 3.50
� 3.50
� 3.50
� 7.13
� 7.13
� 7.25
� 7.25
� 10.13
� 8.00
� 10.13
� 12.75
� 21.38
� 14.19
� 14.19
� 18.25
� 18.25

� 6.50
� 6.50
� 6.50
� 7.88
� 7.88
� 7.88
� 17.31
� 17.31
� 17.31
� 17.31
� 19.25
� 17.88
� 19.13�
� 24.75
� 33.38
� 28.13
� 28.13
� 35.06
� 35.06

� 9
� 9
� 8
� 11
� 10
� 13
� 12
� 14
� 12
� 16
� 31
� 43
� 52
� 64
� 97
� 101

� 7
� 7
� 7
� 10
� 10
� 10
� 19
� 18
� 20
� 19
� 21
� 19
� 23
� 43
� 56
� 83
� 91
� 143
� 145

� 5
� 5
� 5
� 10
� 9
� 12
� 11
� 13
� 11
� 15
� 23
� 30
� 41
� 48
� 75
���79

� 7
� 7
� 7
� 9
� 9
� 8
� 18
� 17
� 19
� 18
� 20
� 18
� 22
� 35
� 43
� 67
� 75
� 121
� 123

Use�
CCS

Series

Use�
CS

Series

Use�
CCS

Series

Use�
CS

Series

Use�
CCS

Series

Use�
CS

Series

Noise Attenuation, CCS/CS

� 5
� 8
� 10
� 12
� 14
� 14�
� 14
� 14

� 63
� 125
� 250
� 500
� 1,000
� 2,000
� 4,000
� 8,000

Attenuation, dB Octave Band Center 
Frequency, Hz

Pressure Drop, All Models

� 0.7
� 1.6
� 2.8
� 4.4
� 6.3

� 50%
� 75%
� 100%
� 125%
� 150%

Pressure Drop
(in. of H20)

Percentage of 
Rated Flow

All�models�have�a�.125"�FNPT�tap�for�installation�of�a�gauge�or�manometer�to�monitor�pressure�drop.�Sizes�.5" through 3.5"�are�standard�with�female�pipe�thread�connection�
(FNPT).�Sizes 4" and 5"�are�available�with�female�threads�or�flanges.�Please�specify�“threaded”�or�“flanged”�when�you�order�4"�and�5"�sizes.�Sizes�6" through 16" are�standard�
with�150#�ANSI�drilled�plate�flanges.�Rated�capacity�is�based�upon�exit�velocity�of�approximately�5,500�ft/min.�If�pressure�drop�allowance�permits,�capacity�may�be�increased�
by�as�much�as�50%.
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Pleated Paper Element
Specifications
 �High-quality industrial grade filter paper—
pleated and oven-cured during production.

 �Oven-cured plastisol end caps with molded 
sealing beads.

 �Media efficiency: 99.5% on 2 microns; 
97% on 1 micron.

 �Maximum operating temperature: 200°F for 
units with .5" through 16" pipe sizes.

 �Collapse Strength: 25" WC

Service Instructions
Because of the low cost of the paper element, it 
is generally treated as a consumable and replaced 
when dirty. However, depending on customer 
preference, the paper element may be cleaned 
with compressed air and reused.

Compressed Air Cleaning
Carefully direct compressed air (100 PSI 
maximum) through the dry element, opposite the 
normal direction of flow. After cleaning, inspect 
carefully for holes or cracks. If damaged,�
replace element.

Wire Mesh Element
Specifications
 �Galvanized wire-mesh media—corrugated 
construction.

 May be cleaned and reused indefinitely.
 �Wire mesh elements are considered “roughing” 
filters and are not recommended for 
applications which require efficient filtration�
of fine particles.

 �Approximate efficiency: 93% on 10 microns. 
Efficiency will vary with element oil or�
adhesive coverage.

 ��Maximum operating temperature: 
200°F for .5" through 16" with oil-free adhesive 
(flash point of adhesive is 235°F) and 300°F for 
.5" through 16" without adhesive.

Service Instructions
New elements are delivered pre-treated with 
Universal’s oil-free adhesive. See the back page 
for details. For best efficiency, wire mesh elements 
must be retreated after each cleaning. Spray the 
element on both sides with Universal Oil-Free 
Adhesive, P/N 81-0323, following the directions 
on the container. For oil treatment, dip the element 
in SAE 30–50 motor oil and drain thoroughly 
before using.

Cleaning
To clean wire mesh elements, wash in solvent or 
warm water and detergent in a container large 
enough for complete immersion of element. 
Rinse completely, drain, and either air dry or use 
compressed air. After cleaning and drying, retreat 
the element with oil-free adhesive or oil�
as described.

Three types of filter elements are available for 
Universal’s cartridge filters and filter-silencers. 
Pleated paper elements provide the highest 
efficiency and are considered standard. Pleated 
felt and wire mesh elements are available for less 
demanding service with respect to efficiency. 
The three types of elements are completely 
interchangeable and will fit all CCS, CS, CF or CCF 
filter housings.

	 .5
	 .75
	 1
	 1.25
	 1.5
	 2
	 2.5
	 3
	 3.5
	 4
	 5	
	 6
	 8
	 10
	 12
	 14
	 16

P 
(Nom.)

	 81-0470
	 81-0470
	 81-0470
	 81-0471
	 81-0471
	 81-0471

81-1063, 81-0472 (old)
81-1063, 81-0472 (old)

	 81-1063
	 81-1063

81-1063, 81-0474 (old)
	 81-0475
	 81-0475 (2)
	 81-1163
	 81-1163
	 81-1164
	 81-1164

Replacement Element Part Number

Paper Felt Wire Mesh

	 81-1202
	 81-1202
	 81-1202
	 81-1203
	 81-1203
	 81-1203

81-1205, 81-1204 (old)
81-1205, 81-1204 (old)

	 81-1205
	 81-1205	

81-1205, 81-1206 (old)
	 81-1207
	 81-1207 (2)
	 81-1209
	 81-1209
	 81-1210
	 81-1210

	 81-1035
	 81-1035
	 81-1035
	 81-1036
	 81-1036
	 81-1036

81-1038, 81-1037 (old)
81-1038, 81-1037 (old)

	 81-1038
	 81-1038

81-1038, 81-1039 (old)
81-1040

81-1040, (2) 81-1199 (old)
	 81-1200
	 81-1200
	 81-1201
	 81-1201

CCS/CS/CCF/CF�
Filter Elements

Pleated Felt Element
Specifications
 Durable polyester felt media—pleated.
 �Oven-cured plastisol end caps with molded 
sealing beads (larger elements for pipe sizes 
10", 12", 14", and 16" have metal end caps with 
closed cell rubber gaskets).

 Media efficiency: 99% on 10 microns.
 �Maximum operating temperature: 200°F for 
units with .5" through 8" pipe sizes, �250°F

   for units with 10" through 18" pipe sizes using  
   elements with metal end caps.
 �Collapse Strength: 25" WC

Service Instructions
Pleated felt elements may be cleaned with 
compressed air (as described for paper elements) 
or water and reused.

Water Cleaning
Rap gently to dislodge accumulated dirt, soak 
thoroughly approximately 15 minutes in warm 
water and mild detergent. Rinse thoroughly under 
low pressure water. Air dry—do not dry with 
compressed air. After cleaning, inspect carefully 
for holes or cracks. If damaged, replace element.



IPG’s 64 series brass ball valves comply with the latest
editions of these published standards:

• AGA  Z21.15.CGA9.1 • ASME/ANSI B16.38 
• AGA No. 3-88  • MSS SP-110 
• ANSI B1.20.1 •UL Guide YSDT 
• ANSI B16.18 •UL Guide YRPV
• CAN/CGA-3.16-M88 •UL Guide VQGU
• ASME/ANSI B16.33 •

A

B

C

D

A

B

C

D

Your local Conbraco distributor is:

Apollo®, RP&C and Conbraco are a registered trademarks of Conbraco Industries Inc. which reserves the right to change specifications
without notice.©2002 Conbraco Industries Inc.

P.O. Box 247 
Matthews, NC 28106

(704) 841-6000
Fax: (704) 841-6020
http://www.conbraco.com

Standards Compliance

Description Materials 
1. Body Brass UNI 5705-65
2. Retainer Brass UNI 5705-65
3. Ball Brass UNI 5705-65
4. Seats PTFE
5. Stem Seals PTFE 
6. O-Ring NBR 75 Shore A 
7. Packing Gland Brass UNI 5705-65
8. Nut Plated Steel
9. Stem Brass UNI 5705-65 Cr Plated

10. Lever Handle Plated Steel 1/4" - 2" Models
Aluminum 2 1/2" - 4" Models

Size Part No. A B C D (Cv) 
1/4" NPT 64-101-01 0.39 2.02 1.75 3.85 6
3/8" NPT 64-102-01 0.39 2.02 1.75 3.85 7
1/2" NPT 64-103-01 0.59 2.44 1.88 3.85 19
3/4" NPT 64-104-01 0.78 2.71 2.28 4.80 34
1"  NPT 64-105-01 0.98 3.07 2.44 4.80 50
1-1/4" NPT 64-106-01 1.25 3.42 3.07 6.02 104
1-1/2" NPT 64-107-01 1.57 3.89 3.34 6.02 268
2" NPT 64-108-01 1.96 4.33 3.79 6.37 309
2-1/2" NPT 64-109-01 2.56 5.59 5.02 8.07 629
3" NPT 64-100-01 3.15 6.45 5.45 8.07 1018
4" NPT 64-10A-01 3.94 7.60 6.34 10.23 1622

600
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Materials of Construction

64-100 Dimensional Data 
Size Part No. A B C D (Cv) 
1/2"  64-203-01 0.59 2.53 1.88 3.85 19
3/4"  64-204-01 0.78 2.99 2.28 4.80 34
1"   64-205-01 0.98 3.58 2.44 4.80 50
1-1/4"   64-206-01 1.25 4.09 3.07 6.02 104
1-1/2"  64-207-01 1.57 4.56 3.34 6.02 268
2"  64-208-01 1.96 5.43 3.79 6.37 309
2-1/2" 64-209-01 2.56 6.93 5.02 8.07 629
3" 64-200-01 3.15 8.09 5.45 8.07 1018

64-200 Dimensional Data 

Optional Kits
Valve Size Locking Handle Stem Extensions Balancing Stops
1/4", 3/8" & 1/2" 78-1659-01 78-1501-0 78-1506-01
3/4" & 1" 78-1660-01 78-1502-0 78-1507-01
1-1/4" & 1-1/2" 78-1661-01 78-1503-0 78-1508-01
2" 78-1662-01 78-1504-0 78-1509-01
2-1/2" & 3" - 78-1505-0 78-1510-01

PHFL64S 4/02
CG 7.5M Printed in U.S.A.

NOTE: Specify (-07) suffix for T-Handle i.e. 64-105-07.

64-100 Series

I n t e r n a t i o n a l
A Division of Conbraco Industires, Inc.
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Pressure and Vacuum Gauges 7-21-00.doc 

Pressure and Vacuum Gauges 
 
 
     We use both standard gauges and liquid filled gauges from a variety of manufacturers. 
Gauges are installed on our packages with gauge isolation valves (gauge cocks) part 
number BRS-VA-025-4F4M-BT. The gauge isolation valve can be used as a snubber 
while reading the gauge by opening it slightly. To protect gauges from damage due to 
shocks or pulsations in the system, gauge isolation valves should be closed except when 
the gauge is being read. 
 
     Liquid filled gauges may display incorrect readings due to variations in atmospheric 
pressure. To determine if a gauge is subject to this condition, the liquid filled cavity 
should be temporarily vented to atmosphere. Most liquid filled gauges have a seal plug in 
the liquid filled cavity. Remove this plug to allow the cavity to be vented to atmosphere. 
In some instances the case can be lightly squeezed to burp it. Replace the plug. 
 

 
 

J. E. GASHO & ASSOCIATES, INC. 
Authorized Manufacturer’s Representative 

Air / Gas Moving Equipment 
460 W. GAY STREET 

WEST CHESTER, PA 19380 
PHONE: 610-692-5650   FAX: 610-692-5837 

2 İò Dia. 
Gauge 

Gauge Isolation 
Valve 
Shown in closed 
position 

Liquid 
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plug 
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025 Series Options
Material Options Brass Body, Nickel Plated Brass Ball, Teflon® Seats, Stainless Handle Screw

Seal Options Buna-N, Ethylene Propylene, Fluoroelastomer (Viton®), Neoprene

Body Options 1/4 Female x 1/4 Female NPT 1/4 Female x 11/16-16 Male
1/4 Female x 1/4 Male NPT 1/4 Female x 7/16-24 Female
1/4 Female x 1/8 Female NPT 1/4 Female x 1/4 Female Flare
1/4 Female x 1/8 Male NPT 1/4 Female x 3/8 Compression
1/4 Female x 1/4 Hose Barb

Handle Options Zinc Die Cast Lever (Standard), Zinc Die Cast Lever with Red Vinyl Sleeve, Steel Lever, Steel Lever, Round Handle,
Steel Lever, Steel Lever with Red Vinyl Sleeve, Round Zinc Die Cast Handle, Black Nylon T-Handle,
Blue Nylon Knob, .312 x 1” Stem, Screw Slot Headed Ball

Plating Options Electroless Nickel, Black Zinc

025 SERIES BALL VALVE

025 One-Way Ball Valve Design Considerations

The 025 Series One-Way Ball Valve compact design promotes multiple configurations
to fit the exact end use application.  The 025 Ball Valve Series is rated to 500 psi and
will support flow and pressure only in the flow direction.  The 025 Series has a one-
piece body construction, stamped with directional flow arrows, to cover 1/4” NPT end
configuration applications.  The Zinc Die Cast Lever Handle is standard. Handles can
be ordered Reversed - to lie over the outlet when the valve is in the open position.  UL
configurations are available and rated to 250 psi.  UR configurations are available and
rated to 500 psi.

Example: Inlet End Outlet End Seal Handle Plating
1/4 FNPT 1/4 MNPT Buna-N Steel ENP 

SMC Part Number: 025-4F4M-B,SH,ENP

The handle will lie over the Inlet port when the valve is in the open position.  SMC
Part Numbers are a description of the valve as read left to right, Inlet to Outlet.

Example: 025-4F4M-B,SH,ENP = 1/4 FNPT Inlet x 1/4 MNPT Outlet

Maximum Operating Pressure - 500 psi
Maximum Operating Temperature - 180 Degrees F 
Ball Through Hole Diameter - .218

SMC will quote alternate materials or customize our standard products when quantities ensure competitive pricing.
Contact Customer Service at (651) 653-0599, FAX - (651) 653-0989, E-Mail - info@specialtymfg.com
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CAUTION: For use only with air or compatible gases. Applications with hazardous at-
mospheres and a single positive pressure may require special venting.
*P=PSID range models
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MOUNTING
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3/8
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1/8 FEMALE NPT
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CONNECTION

Compact, Low Cost, Explosion-proof and Weatherproof

Model 1950 Explosion-Proof Differential Pressure Switch combines the best features of the popular Dwyer®

Series 1900 Pressure Switch with an integral explosion-proof and weatherproof housing, making it an exceptional
value for either application. It is CE, UL and CSA listed, FM approved for use in Class I, Div 1, Groups C and D,
Class II Groups E, F, and G and Class III hazardous atmospheres (NEMA 7 & 9), Raintight (NEMA 3). Weatherproof
features include a drain plug and O-ring seal in cover. Electrical connections are easily made by removing front cover.
For convenience the set point adjustment screw is located on the outside of the housing. Twelve models offer set
points from .03 to 20˝ w.c. (7.5 to 5 kPa) and from .5 to 50 psi (0.035 to 3.5 bar). The unit is very light and compact
— about half the weight and bulk of other explosion-proof or weather-proof switches with separate enclosures.

SPECIFICATIONS
Service:  Air and non-combustible, compatible
gases.
Wetted Materials: Consult factory.
Temperature Limits: -40 to 140°F (-40 to
60°C); 0 to 140°F (-17.8 to 60°C) for 1950P-8,
15, 25, and 50. -30 to 130°F (-34.4 to 54.4°C)
for 1950-02.
Pressure Limits: 
Continuous: 1950’s - 45˝  w.c. (0.11 bar);
1950P’s - 35 psi (2.41 bar); 1950P-50 only - 70
psi (4.83 bar). 
Surge: 1950’s - 10 psi (0.69 bar), 1950P’s - 50
psi (3.45 bar), 1950P-50 only - 90 psi (6.21 bar).
Enclosure Rating: IP64, NEMA 3, 7 and 9.
Switch Type: Single-pole double-throw (SPDT).
Electrical Rating: 15 A @, 125, 250, 480 VAC,
60 Hz. Resistive  1/8 HP @ 125 VAC, 1/4 HP @
250 VAC, 60 Hz.
Electrical Connections: 3 screw type,
common, normally open and normally closed.
Process Connections: 1/8˝ female NPT.
Mounting Orientation: Diaphragm in vertical
position.  Consult factory for other position
orientations.
Set Point Adjustment: Screw type on top of
housing.
Weight: 3.25 Ib (1.5 kg); 1950-02 model, 4.4 lb
(2 kg). 
Agency Approvals:  CE, UL, CSA, FM.

®

®

SERIES 1950 SWITCHES - MODELS, OPERATING RANGES AND DEAD BANDS

SPECIFICATIONS
Service:  Air and compatible combustible gases.
Wetted Materials: Contact Factory.
Temperature Limits: 0 to 140°F (-17 to 60°C).
Note: Set point drift may occur with ambient
temperature changes.
Pressure Limits: 45˝ w.c. (11.2 kPa) continuous;
10 psig (68.95 kPa) surge.
Enclosure Rating: IP64, NEMA 3, 7 and 9.
Switch Type: 1 Form C relay (SPDT).
Electrical Rating: 10A, 120/240 VAC, 28 VDC.
Resistive 50mA, 125 VDC.
Power Requirements: 24 VDC ±10%. 120 or
240 VAC ±10% optional.
Electrical Connections: Internal terminal block. 
Process Connections: 1/8˝ female NPT.
Mounting Orientation:  Diaphragm in vertical po-
sition.  Consult factory for other position
orientations.
Set Point Adjustment: Screw type on top of
housing.
Weight: 2 lb, 15.7 oz (1.35 kg).
Agency Approvals:  CE, UL, CSA, FM, ATEX.

The Model 1950G Explosion-Proof Switch combines the best features
of the popular Dwyer® Series 1950 Pressure Switch with the benefit of nat-
ural gas compatibility. Units are rain-tight for outdoor installations, and are
UL listed for use in Class I, Groups A, B, C,  & D; Class II, Groups E, F, & G
and Class III atmospheres, Directive 94/9/EC (ATEX) Compliant for            
11 2 G EExd IIB & Hydrogen T6 and CSA & FM approved for Class I, Div
1, Groups B, C, D; Class II, Div 1, Groups E, F, G and Class III atmospheres.
The 1950G is very compact, about half the weight and bulk of equivalent con-
ventional explosion-proof switches.
Easy access to the SPDT relay and power supply terminals is provided by
removing the top plate of the aluminum housing.  A supply voltage of 24
VDC, 120 or 240 VAC is required.  A captive screw allows the cover to swing
aside while remaining attached to the unit.  Adjustment to the set point of
the switch can be made without disassembly of the housing. 

MODELS

Series 
1950G Explosion-proof Differential Pressure Switch

EXTERNAL
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(2) Ø17/64 [6.75]
MOUNTING

HOLES EQUALLY
SPACED

ON A 4-7/8 [123.83] B.C.
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5-7/16
[138.13]

1/2 FEMALE
NPT

ELECTRICAL
CONNECTION
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PLUG

CAPTIVE
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1/8 FEMALE NPT
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CONNECTION

1-15/32
[37.30]

3/8
[9.53]

27/32
[21.43]

27/32
[21.43]

3-1/2
[88.90]

1-23/32
[43.64]

3/8
[9.53]

1/8 FEMALE NPT
HIGH PRESSURE

CONNECTION

Explosion-proof, Weatherproof, Compatible with Natural Gases
®

®

Patent No. 6,089,098

Model*
Number

Range,
PSID

Approximate Dead Band at
Min. Set Point Max. Set Point

.3
1.0
.9
.7

1.0

.3
1.0
.9
.7

1.5

0.5 to 2 
1.5 to 8
3  to 15
4  to 25

15  to 50     

Model
Number

Range,
Inches W.C.

Approximate Dead Band at

Min. Set Point Max. Set Point

.03 to .10 

.07 to .15
.15 to .50
.4 to 1.6

1.4 to 5.5      
3 to 11
4 to 20        

.025

.04

.10

.15

.30

.40

.40

.05

.05

.15

.20

.40

.50

.60 

Model
Number1

Range,
Inches W.C.

Approximate Dead Band at
Min. Set Point Max. Set Point

.04
.06
.11
.4
.9
1.2

.07 to .15
.15 to .50
.4 to 1.6

1.4 to 5.5        
3 to 11
4 to 20          

.06

.11

.29
.9
1.8
3.0

1950G-00-B-24-NA  
1950G-0-B-24-NA
1950G-1-B-24-NA     
1950G-5-B-24-NA
1950G-10-B-24-NA
1950G-20-B-24-NA

1Note: For alternate supply voltages change 24 to 120 or 240.  Example: 1950G-00-B-120.
For ATEX approved models remove“-NA”.

1950-02-2S
1950-00-2F  
1950-0-2F 
1950-1-2F     
1950-5-2F
1950-10-2F
1950-20-2F

1950P-2-2F
1950P-8-2F  
1950P-15-2F 
1950P-25-2F     
1950P-50-2F
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At Min.
Set Point

0.025
0.04
0.10
0.15
0.3
0.4
0.4

Min. Set Point

0.3 psi
1.0 psi
0.9 psi
0.7 psi
1.0 psi

Series 1950 Explosion-Proof Differential Pressure
Switches combine the best features of the Dwyer Series
1900 Pressure Switch with an integral explosion-proof
and weather-proof housing.  Each unit is UL & CSA listed;
FM approved for use in Class I, Groups C & D; Class II,
Groups E, F, & G; and Class III atmospheres (NEMA 7 &
9).  They are totally rain-tight for outdoor installations.
Twelve models allow set-points from .03 to 20 inches w.c.
and from .5 to 50 psi (3.4 to 345 kPa).

Easy access to the SPDT switch for electrical hook-up is
provided by removing the top plate of the three-part alu-
minum housing.  Adjustment to the set point of the switch
can be made without disassembling the housing.  The unit
is very compact, about half the weight and bulk of equiv-
alent conventional explosion-proof switches.

SPECIFICATIONS
Service:  Air and non-combustible, compatible gases.
Wetted Materials: Consult factory.
Temperature Limits: -40 to 140°F (-40 to 60°C); 0 to 140°F 
(-17.8 to 60°C) for 1950P-8, 15, 25, and 50. -30 to 130°F (-34.4 to
54.4°C) for 1950-02.
Pressure Limits: 
Continuous: 1950’s - 45˝  w.c. (0.11 bar);
1950P’s - 35 psi (2.41 bar); 1950P-50 only - 70 psi (4.83 bar). 
Surge: 1950’s - 10 psi (0.69 bar), 1950P’s - 50 psi (3.45 bar),
1950P-50 only - 90 psi (6.21 bar).
Enclosure Rating: IP64, NEMA 3, 7 and 9.
Switch Type: Single-pole double-throw (SPDT).
Electrical Rating: 15 A @, 125, 250, 480 VAC, 60 Hz. Resistive
1/8 HP @ 125 VAC, 1/4 HP @ 250 VAC, 60 Hz.
Electrical Connections: 3 screw type, common, normally open
and normally closed.
Process Connections: 1/8˝ female NPT.
Mounting Orientation: Diaphragm in vertical position.  Consult
factory for other position orientations.
Set Point Adjustment: Screw type on top of housing.
Weight: 3.25 Ib (1.5 kg); 1950-02 model, 4.4 lb (2 kg). 
Agency Approvals:  CE, UL, CSA, FM.

Series 1950 Explosion-Proof Differential Pressure Switches

Specifications - Installation and Operating Instructions

Bulletin E-57

UL and CSA Listed, FM Approved For
CL. I GR. C, D - CL. II GR. E, F, G - CL. III

Series 1950 Switches  
Operating ranges and deadbands

To order
specify
Model

Number

1950-02-2S
1950-00-2F
1950-0-2F
1950-1-2F
1950-5-2F
1950-10-2F
1950-20-2F

Model
Number

1950P-2-2F
1950P-8-2F
1950P-15-2F
1950P-25-2F
1950P-50-2F

Operating
Range:
Inches,

W.C.

0.03 to 0.10
0.07 to 0.15
0.15 to 0.5
0.4 to 1.6
1.4 to 5.5

3.0 to 11.0
4.0 to 20.0
Operating
Range: PSI

0.5 to 2.0
1.5 to 8.0

3.0 to 15.0
4.0 to 25.0
15.0 to 50

Approximate
Dead Band

DWYER INSTRUMENTS, INC. Phone: 219/879-8000 www.dwyer-inst.com
P.O. BOX 373 • MICHIGAN CITY, INDIANA 46361, U.S.A. Fax: 219/872-9057 e-mail: info@dwyer-inst.com

CAUTION
For use only with air or compatible gases.  Use of the Model
1950 switch with explosive media connected to the Low
pressure port (including differential pressure applications in
such media) is not recommended.  Switch contact arcing
can cause an explosion inside the switch housing which,
while contained, may render the switch inoperative.  If
switch is being used to sense a single positive pressure rel-
ative to atmosphere, run a line from the low pressure port to
a non-hazardous area free of combustible gases.  This may
increase response time on -0 and -00 models.

NOTE: The last number-letter combination in the model
number identifies the switch’s electrical rating (number) and
diaphragm material (letter).  The 2F combination is standard
as described in the physical data above.  In case of special
models, a number 1 rating is the same as 2; a number 3 or
4 rating is 10A 125, 250, 480 VAC; 1/8 H.P. 125 VAC; 1/4  H.P.
250 VAC; a number 5 or 6 rating is 1A 125 VAC.  Letter B
indicates a Buna-N diaphragm; N = Neoprene; S = Silicone;
and V = Viton®.

RESPONSE TIME: Because of restrictive effect of flame
arrestors, switch response time may be as much as 10-25
seconds where applied pressures are near set point.

At Max.
Set Point

0.05
0.05
0.15
0.20
0.4
0.5
0.6

Max. Set Point

0.3 psi
1.0 psi
0.9 psi
0.7 psi
1.5 psi

Approximate Dead Band

Set Point
Adjustment 

Screw

1/2˝ (12.7)
female NPT

Electrical 
Conduit 

Connection
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INSTALLATION
1.  Select a location free from excess vibration and corrosive
atmospheres where temperatures will be within the limits
noted under Specifications on reverse.  Switch may be
installed outdoors or in areas where the hazard of explosion
exists.  See reverse for specific types of hazardous service.

2.  Mount standard switches with the diaphragm in a verti-
cal plane and with switch lettering and Dwyer nameplate in
an upright position.  Some switches are position sensitive
and may not reset properly unless they are mounted with
the diaphragm vertical.

3.  Connect switch to source of pressure, vacuum or differ-
ential pressure.  Metal tubing with 1/4″ O.D. is recommend-
ed, but any tubing which will not restrict the air flow can be
used.  Connect to the two 1/8″ female NPT pressure ports
as noted below:

A. Differential pressures - connect pipes or tubes 
from source of greater pressure to high pressure port 
marked HIGH PRESS, and from source of lower pres-
sure to low pressure port marked LOW PRESS.

B.  Pressure only (above atmospheric pressure) - connect 
tube from source of pressure to high pressure port.  
The low pressure port is left open to atmosphere.

C. Vacuum only (below atmospheric pressure) - connect 
tube from source of vacuum to low pressure port.  The 
high pressure port is left open to atmosphere.

4. To make electrical connections, remove the three hex
head screws from the cover and after loosening the fourth
captive screw, swing the cover aside.  Electrical connec-
tions to the standard single pole, double throw snap switch
are provided by means of terminals marked “COM” (com-
mon), “NO” (norm open), “NC” (norm closed).  The normal-
ly open contacts close and the normally closed contacts
open when pressure increases beyond the set point.
Switch loads for standard models should not exceed the
maximum specified current rating of 15 amps resistive.
Switch capabilities decrease with an increase in ambient
temperature, load inductance, or cycling rate.  Whenever an

application involves one or more of these factors, the user
may find it desirable to limit the switched current to 10 amps
or less in the interest of prolonging switch life.

ADJUSTMENT: To Change the Set point
1.  Remove the plastic cap and turn the slotted Adjust-ment
Screw at the top of the housing clockwise to raise the set
point pressure and counter-clockwise to lower the set point.
After calibration, replace the plastic cap and re-check the
set point.

2.  The recommended procedure for calibrating or checking
calibration is to use a “T” assembly with three rubber tubing
leads, all as short as possible and the entire assembly offer-
ing minimum flow restriction.  Run one lead to the pressure
switch, another to a manometer of known accuracy and
appropriate range, and apply pressure through the third
tube.  Make final approach to the set point very slowly.  Note
that manometer and pressure switch will have different
response times due to different internal volumes, lengths of
tubing, fluid drainage, etc.  Be certain the switch is checked
in the position it will assume in use, i.e. with diaphragm in a
vertical plane and switch lettering and Dwyer nameplate in
an upright position.

3.  For highly critical applications check the set point adjust-
ment and if necessary, reset it as noted in step A.

MAINTENANCE
The moving parts of these switches need no maintenance
or lubrication.  The only adjustment is that of the set point.
Care should be taken to keep the switch reasonably clean.
Periodically the vent drain plug should be rotated, then
returned to its original position.  This will dislodge deposits
which could accumulate in applications where there is
excessive condensation within the switch. The Series 1950
Explosion-Proof Differential Pressure Switch is not field ser-
viceable and should be returned if repair is needed (field
repair should not be attempted and may void warranty). Be
sure to include a brief description of the problem plus any
relevant application notes. Contact customer service to
receive a return goods authorization number before ship-
ping.
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1950 Switch Outline Dimensions
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1950-02: 7-3/4″ (196.9) dia. x  4-11/32″
(110.3) depth. For complete dimensions
request drawing 28-700175-00 from our
Customer Service Department
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Select A Model 110 Dial Size
 

20-110 
2 Inch 

30-110 
3 Inch 

 

 
3 Inch Dial Size

Size & Model Number: 
NPT Connection Size & Type: 

 Model Specifications: 
Standard Ranges Dual Scale: 

 
 
 

Dial Configurations: 
Options & Accessories: 

Special Ordering: 
Standard Stem Length

30-110 
1/2" NPT Back Connection 
Stock Model Specifications 
-100 ÁF to 150 ÁF 
through 200ÁF to 1000 ÁF 
-70 ÁC to 70 ÁC through 
100 ÁC to 540 ÁC 
Dual Scale Fahrenheit / Celsius 
Regularly Stocked Options & Accessories 
Contact Us for Details on Custom Thermometers 
2 1/2 in through 24 in

STANDARD TEMPERATURE RANGES 

Dual Scale Dial Units

Outer Scale Options: Fahrenheit

Inner Scale Options: Celsius

Standard Ranges

 RANGE - FAHRENHEIT FIG. INT. DIV. RANGE - CELSIUS FIG. INT. DIV.

-100 ÁF to 150 ÁF 20 ÁF 2 ÁF -70 ÁC to 70 ÁC 10 ÁC 1 ÁC

-40 ÁF to 120 ÁF 20 ÁF 2 ÁF -40 ÁC to 50 ÁC 10 ÁC 1 ÁC 

25 ÁF to 125 ÁF 10 ÁF 1 ÁF -5 ÁC to 50 ÁC 5 ÁC 1/2 ÁC 

0 ÁF to 140 ÁF 10 ÁF 1 ÁF 5 ÁC to 50 ÁC 5 ÁC 1/2 ÁC 

0 ÁF to 200 ÁF 20 ÁF 2 ÁF -15 to 90 ÁC 10 ÁC 1 ÁC 

0 ÁF to 250 ÁF 20 ÁF 2 ÁF -20 ÁC to 120 ÁC 10 ÁC 1 ÁC 

20 ÁF to 240 ÁF 20 ÁF 2 ÁF -5 ÁC to 115 ÁC 10 ÁC 1 ÁC 

50 ÁF to 300 ÁF 20 ÁF 2 ÁF 10 ÁC to 150 ÁC 10 ÁC 1 ÁC 

50 ÁF to 500 ÁF 50 ÁF 5 ÁF 10 ÁC to 260 ÁC 20 ÁC 2 ÁC 

150 ÁF to 750 ÁF 100 ÁF 10 ÁF 65 ÁC to 400 ÁC 50 ÁC 5 ÁC 

200 ÁF to 1000 ÁF 100 ÁF 10 ÁF 100 ÁC to 540 ÁC 50 ÁC 5 ÁC 

cus-serv
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30.110 STOCK MODEL SPECIFICATIONS

Case 304 Stainless Steel 

Connection 1/2" NPT Brass Center Back Connection 

Bezel 304 Stainless Steel Electropolished 

Crystal Instrument Glass 

Stem 304 Stainless Steel 

Accuracy Ñ2% Low Point - Ñ1% Midpoint - Ñ2% High Point

Pointer Black Finish

Dial Aluminum, White Background, Dual Scale, Black Celsius Scale and Black Fahrenheit Scale

STANDARD STEM LENGTHS

Length
MM 63.5 101.6 152.4 225.6 304.8 381.0 451.2 690.6 

Inches 2 1/2 4 6 9 12 15 18 24 

ORDER CODE 025 040 060 090 120 150 180 240 

OPTIONS AND ACCESSORIES 

Connections:
In addition to our standard 1/4" or 1/2" NPT connection, 3/8' NPT is available. If a special 
connection is required then Contact Us for Details on Custom Connections.

Special Dials
Special ranges and dials with company names, company logs, part numbers, telephone 
numbers or almost any custom layout is available. Single scale ÁF or ÁC available upon 
request. Check for availability. 

Crystals

Laminated safety glass crystals are available on all 3" & 5" NOSHOK Bimetal 
Thermometers.  
Plexiglas crystals are available on all NOSHOK Bimetal Thermometers, however, they 
should not be used where case temperature exceeds 300 ÁF (150 ÁC)



FEATURES

B-Series switches have proven reliable
in such harsh environments as:

• Offshore oil rigs

• Chemical and petrochemical plants

• Pulp and paper mills

• Steel mills

• Power plants

• Water and sewage-treatment plants

• Other corrosive environments

B-Series Switches – Pressure, Differential
Pressure, Temperature & Hydraulic

Ashcroft Inc. supplies highly reliable
Ashcroft® switches and controls for indus-
trial and process applications. We begin
with rock-solid designs, matching the most
appropriate technology with the safety and
reliability requirements of the applications.
The materials of construction are specified
to Ashcroft’s exacting standards, and prod-
uct is built to last in the toughest applica-
tions. Our modern, responsive manufactur-
ing facility is supported by an extensive
network of stocking distributors and factory
sales offices located in virtually every part
of the world. Special application assistance
is always just a telephone call away.

The Ashcroft B-Series switch line is
designed to satisfy most switch require-
ments. Materials of construction have been
selected for long life. A wide variety of pre-
cision switch elements are available to
meet every application requirement,
including hermetically sealed contacts for
added reliability and safety. The actuators
we use have been proven in more than 20
years of service in the world’s plants and
mills. Special designs are available for fire
safety, NACE, limit control and other more
stringent requirements. Simplicity and
ease of use are stressed to improve relia-
bility of the installation.

Applications include: pumps, compres-
sors, washers, filters, degreasers, evapora-
tors, recovery systems, food processing,
ground support equipment, reverse osmo-
sis systems, heat exchangers, hydraulic
systems, lubrication systems, marine
equipment, textile machinery, heating and
air conditioning equipment.
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Thermowells
Thermowells must be used on any appli-

cation where the stem of the temperature
switch may be exposed to pressure, cor-
rosive fluids or high velocity. Additionally,
the use of a thermowell permits instrument
interchange or calibration check without
disturbing or closing down the process.

Ashcroft temperature switches have
bulb diameters to match 3⁄8˝ nominal bore
thermowells. The bulbs have a sensitive
portion length of 2˝ which can be used
with 21⁄2˝ “U” dimensioned thermowells or
longer. For maximum accuracy, a thermo-
well’s “U” dimension should be selected
to permit complete immersion of the sen-
sitive portion plus 1˝ when measuring the
temperature of liquids; an extra 3˝ should
be allowed when measuring the temper-
ature of gases.
Thermowell bushings should be used

with remote mount temperature switches.
We recommend the standard 3˝ bulb and
code 69 Series bushings for use with any
thermowell “U” dimension. A split rubber
grommet allows easy installation and “S”
dimension adjustment.
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STANDARD TEMPERATURE RANGE SELECTION
MaximumNominal Range(1)

Temperature Approximate Deadband(1) Switch Element

°F °C °F 20, 26, 27 21, 24, 31 50 22 32, 42

–40 to 60 –40 to 160 400 1.0-2.0 3.0-8.0 1.5-5.5 1.4-6.0 8.0-16.0

0 to 100 –20 to 400 400 1.5-3.0 5.0-12.0 2.2-8.5 1.5-7.5 9.0-20.0

75 to 205 20 to 95 400 1.5-3.5 8.0-16.0 2.5-12.0 2.0-9.0 10.0-24.0

150 to 260 65 to 125 400 1.5-3.0 5.0-12.0 2.2-8.5 2.0-9.0 10.0-24.0

235 to 375 110 to 190 500 1.5-3.5 5.0-12.0 2.5-8.5 2.0-9.0 10.0-24.0

350 to 525(3) 175 to 275 700 2.0-4.5 8.0-16.0 3.2-12.0 2.5-10.0 15.0-34.0

500 to 750(2) 260 to 400 900 4.0-8.0 16.0-30.0 7.2-24.0 5.0-23.0 30.0-50.0

1 All deadbands given in °F.
2 Available with remote mount thermal systems only.
3 Not available with 23⁄4˝ stem.

NOTES: 4 Dual switch element multiply single switch element value by 1.6 for
approximate deadband.

5 Set and reset points must fall within the adjustable range.

Temperature Switches
B-Series temperature switches feature

a SAMA Class II vapor pressure thermal
system. This system provides quick,
accurate response to process tempera-
ture changes with negligible ambient
temperature effects. This is inherent in
the design due to the precise relation-

ship that exists between temperature and
pressure according to the vapor pressure
laws. A wide selection of sensing bulb
and armored capillary lengths is avail-
able. The vapor pressure system design
features small bulb sizes, making instal-
lation easy and cost-effective.

All models feature ±1.0% percent of

span setpoint repeatability with very high
overtemperature ratings.

These standard designs perform well 
in applications where shock and vibra-
tion could be a problem and should be 
used with Ashcroft thermowells for bulb
protection and ease of installation and
maintenance.

cus-serv
Line
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B-SERIES TEMPERATURE SWITCH MODEL NUMBER:
To specify the exact switch desired, select entries from appropriate tables as shown in example below.

T 4 2 0 T 0 5 030

1 42 3

X N H

5

150° to 260°F

6

1 – ENCLOSURE
Temperature switch, Type 400, watertight enclosure T4 meets NEMA 3, 4, 4X, 13 and IP66 requirements.

Temperature switch, Type 700, explosion-proof
T7 enclosure meets Div. 1 & 2, NEMA 7, 9 and IP66

requirements.

3 – THERMAL SYSTEM SELECTION
Direct Mount

Order Code System Material Style

TS 3l6 SS Rigid
Remote Mount

Order Code System Material Line Length Style(9)

T05 316 SS 5´ Capillary
T10 316 SS 10´ with
T15 316 SS 15´ 302 SS
T20 316 SS 20´ Spring

T25 316 SS 25´ Armor

4 – BULB LENGTH SELECTION
Direct Mount

Minimum
Order “S” Thermowell
Code Dimension “U” Dimension
027(8) 23⁄4˝ –
040 4˝ 21⁄2˝
060 6˝ 41⁄2˝
090 9˝ 71⁄2˝
120 12˝ 101⁄2˝

Remote Mount
030(9) 3˝ 21⁄2˝

5 – OPTIONS

Use table on page 7

6 – STANDARD TEMPERATURE
RANGE SELECTION

Adjustable Range
°F °C

–40 to 600 –40 to 160
0 to 100 –40 to 400

75 to 205 20 to 95
150 to 260 65 to 125
235 to 375 110 to 190
350 to 525 175 to 275
500 to 750(2) 260 to 400

2 – SWITCH ELEMENT SELECTION
Order Switch Elements
Code UL/CSA Listed SPDT
20(7) Narrow deadband ac 15A, 125/250 Vac
21 Ammonia service 5A, 125/250 Vac
22(6) Hermetically sealed switch, 5A, 125/250 Vac

narrow deadband
23 Heavy duty ac 22A, 125/250 Vac
24(1) General purpose 15A, 125/250/480 Vac

1⁄2A, 125 Vdc
1⁄4A, 250 Vdc; 6A, 30 Vdc

25 Heavy duty dc 10A, 125 Vac or dc,
1⁄8 HP, 125 Vac or dc

26(7) Sealed environment proof 15A, 125/250 Vac
27 High temperature 300°F 15A, 125/250 Vac
28(5) Manual reset trip on 15A, 125/250 Vac

increasing
29(5) Manual reset trip on 15A, 125/250 Vac

decreasing
31 Low level (gold) contacts 1A, 125 Vac
32 Hermetically sealed switch, 11A, 125/250 Vac

general purpose 5A, 30 Vdc
42 Hermetically sealed gold 1A, 125 Vac 

contacts
50 Variable deadband 15A, 125/250 Vac

UL/CSA Listed Dual (2 SPDT)
61(7) Dual narrow deadband 15A, 125/250 Vac
62(7) Dual sealed environment 15A, 125/250 Vac

proof
63 Dual high temp. 300°F 15A, 125/250 Vac
64 Dual general purpose 15A, 125/250/480 Vac

1⁄2A, 125 Vdc 
1⁄4A, 250 Vdc

65 Dual ammonia service 5A, 125/250 Vac
67(4,6) Dual hermetically sealed 5A, 125/250 Vac 

switch, narrow deadband
68(4) Dual hermetically sealed 11A, 125/250 Vac 

switch, general purpose 5A, 30 Vdc
70 Dual low level gold contacts 1A, 125 Vac
71(4) Dual hermetically sealed 1A, 125 Vac 

switch, gold contacts

NOTES:
1 Standard switch.
2 Available with remote mount thermal systems only.
3 Dual switches are 2 SPDT snap-action switches, not independently

adjustable.
4 Wires cannot be terminated inside T400 switch enclosure.
5 Not available with Type 700 enclosure.
6 Estimated dc rating, 2.5A, 28 Vdc (not UL listed).
7 Estimated dc rating, 0.4A, 120 Vdc (not UL listed).
8 Not available on 350 to 525°F.
9 Consult factory on remote mount for bulb lengths other than 3.̋
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B-Series Switches – Pressure, Differential
Pressure, Temperature & Hydraulic

B-SERIES SWITCH OPTIONS
Appicable Switch Series

Differential Temp-
Pressure Pressure erature H

All
Code Description (psi) (in. H2O) (psi) (in. H2O) Ranges Notes

XBP Wall Mounting Bracket  in. H2O • •
XBX 1⁄2˝ Male NPT Bushing •
XCH Chained Cover • • • • • •
XC8 CSA Approval • • • • • 11
XCN ATEX Directive 94/9/EC EEx d IIC T6 • • • • •
XFM FM Approval – Single Element • • • • 17

FM Approval – Dual Element • • • • 17
XFP Fungus Proofing • • • • • •
XFS Factory Adjusted Setpoint • • • • • • 2
XG3 Belleville Actuator • 16,17
XG5 UL Limit Control to 150˝ H2O • 1, 17
XG6 UL Limit Control to 600 psi • 1, 17
XG7 Secondary Chamber with Vent • 13
XG8 Steam Limit Control to 300 psi • 7
XG9 Fire Safe Welded Actuator • 7
XHS High Static Differential Pressure • 15

High Pressure, 40 psi, (static) d/p only
XHX 160 psi (proof) d/p only • •

100 psi (proof) pressure only (˝ H2O)
XJK Left Conduit Connection • • • • • • 9
XJL 3⁄4˝ to 1⁄2˝ Reducing Bushing • • • • • •
XJM Metric Electrical Conduit Connection

M20 x 1.5 • • • • • •
XK3 Terminal Block (700 Series only) • • • • •  6
XLE 6 foot Leads on the Micro Switch • • • • • •
XNH Tagging Stainless Steel • • • • • •
XNN Paper Tag • • • • • •
XPK Pilot Light(s) Top Mounted • • • • •  • 4
XPM 3⁄4˝ Sealed Conduit Connection

with 16˝ Lead Wires • • • • • • 
XTA 316 Stainless Steel Pressure • •Connection for in. H2O Range
XTM 2˝ Pipe Mounting Bracket • • • • •
XUD 316 Stainless Steel Pressure Conn. •

Pressure Connection:
X06 1⁄2 NPT Male, 1⁄4 NPT Female • • • • 5

316 Stainless Steel (Combination)
X07 1⁄2 NPTF Press. Conn., 316 SS • • • • 10
X6B Cleaned for Oxygen Service • • • 3

Diaphragm Seal • • • •

NOTES:
1 Buna N and Viton diaphragm.
2 Advise static or working pressure for differential pressure switches.
3 Buna N cannot be cleaned for oxygen service.
4 N/A on 700 Series.
5 Standard with 1000 and 3000 psi ranges. Bottom connection only

on DP in H2O ranges.
6 Terminal Blocks standard with 700 dual switches.
7 Stainless steel diaphragm only.
8 Pressure connection 1⁄4 NPTF.
9 Standard on 700 Series. N/A with DPDT element on 400 Series.

10 N/A with Monel diaphragm.
11 Standard on 400 Series.
12 N/A on 3000 psi range. Available with Teflon diaphragm only.
13 SS diaphragm required. Teflon diaphragm is the backup. 

NEMA 7 only.
14 Available in ranges vacuum to 600 psi. Not available with stainless

steel or Monel diaphragm.
15 Buna N and Viton diaphragm – 15#D & 30#D only.
16 24, 32, 64 or 68 element only.
17 N/A on all combinations.
18 700 Series only.

OPTIONAL FEATURES AND ACCESSORIES
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B-Series Switches – Pressure, Differential Pressure,
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Pressure switch – psi ranges

Temperature switch – direct mount Temperature switch – remote mount

Pressure switch – inches of water ranges 

Differential pressure switch –
psi differential ranges

Differential pressure switch – 
inches of water ranges

Dimensions – 400 Series
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460 West Gay Street
West Chester, PA  19380

610-692-5650 Fax  610-692-5837
                                                          cs@gasho.org

Moisture Separators
     Moisture separators are used to remove water and other liquids from air streams.
They are typically used on the inlet of vacuum systems to remove water and other
contaminants before they enter the vacuum pump. The air volume of the moisture
separator reduces the velocity of the air stream to allow liquids to precipitate. Up to 95%
water removal is possible. The models GX-30 & GX-60 are rated for full vacuum. Other
moisture separators are rated to 18 in. Hg. higher vacuum ratings available.
     Standard accessories include a sight gauge, drain valve, and a hand operated sludge
pump. Inside the top of the separators is a basket with “tri-packs” demister material to
promote condensation of vapors.
     Options include: 1 to 3 level switches, automatic pump down systems, heat tracing,
vacuum gauges, and thermometers.

Model Nominal Liquid Diameter Height Inlet Discharge Cleanout Weight
Number Flow Rate Capacity (inches) (inches) Size Size Size (Pounds)

GX-30 250 8 16 47 3" 3" 4" 125
GX-60 500 22 20 57 4" 4" 4" 175
GX-90 1200 30 24 57 6" Flange 6" Flange 4" 240
GX-120 2000 40 24 70 8" Flange 8" Flange 4" 260
GX-200 2000 95 30 85 8" Flange 8" Flange 4" 350

Inlet

Outlet

Drain

Low level
Switch port
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J. E. Gasho and Associates, Inc. 

460 West Gay Street, West Chester, PA  19380 
ph 610.692.5650   fax 610.692.5837 

  
 

Moisture Separator 
Operating and Maintenance Instructions 

 
Operation: 
The moisture separator is a static vessel with no moving parts. It removes moisture by 
reducing the flow rate of incoming air and allowing the entrained moisture to coalesce 
and precipitate.  
 
Maintenance: 
The moisture separator has been designed to require minimal maintenance.  
During normal operation a layer of sludge may build up on the bottom of the separator. 
Open isolating ball valve to drain the sludge. If the unit is furnished with a sludge pump, 
operate pump until the sludge is removed and only liquid is being removed. 
The moisture separator is provided with a clean out port that can be removed and the 
inside cleaned with water. 
Check sight gauge, clean if needed. 
Demister material is included in the throat of the moisture separator. It can be inspected 
and washed through the top opening of the moisture separator. 
 
If there are accessories attached to the moisture separator follow the operating and 
maintenance instructions for those items 
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• Jaeger Tri-Packs® are hollow, spherical packings 
made of injection molded plastic, available in four 
diameters: 1”, 1 ¼ ”, 2”, and 3 ½ ”. 

• Symmetrical geometry made from a unique network of 
ribs, struts, and drip rods.

• High active surface areas.

• Extremely low pressure drops.

• Extremely high operating capacities.

Benefits

• High mass and heat transfer rates.

• Excellent gas and liquid dispersion characteristics.

• Resist nesting, making removal easy.

• Installs to packed position - no settling.

• Available in a wide variety of plastics.

• Predictable performance.

Jaeger Tri-Packs®

Jaeger Tri-Packs®-PP are NSF Certified to
ANSI/NSF Standard 61 when made in
polypropylene.
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Properties Table

Size (in.) 1 1 1/4        2          3 1/2

Geometric
Surface Area 85 70 48 38

(ft2/ft3)

Packing
Factor 28 25 16 12
(1/ft)

Void
Space 90 92 93.5 95

(%)

Bulk Density
(lb/ft3) 6.2 5.6 4.2 3.3
(PP)

Materials.
Twelve standard, injection moldable plastics are available:

Polypropylene (PP) TopEx® (LCP)
Polyethylene (PE) Kynar® (PVDF)
Polypropylene Halar® (ECTFE)

Glass-Filled (PPG) Teflon® (PFA)
Noryl® (PPO) Tefzel® (ETFE)
Polyvinylchloride (PVC) Tefzel® Glass-
CorzanTM (CPVC) Filled (ETFE-G)

Other plastics are available on request.

IMPORTANT NOTE:
Design data presented in this bulletin are for preliminary cal-
culations only. Contact Jaeger before finalizing 
calculations.

JAEGER TRI-PACKS® is a Registered Trademark of 
JAEGER PRODUCTS, INC.

Maximum Operating Temperatures for Plastic Jaeger Tri-Packs®

Jaeger Tri-Packs® are available in a variety of injection-molded plastics for different applications. The maximum operating tempera-
tures for these different resins vary from material to material and are also affected by specific process variables.  The data present-
ed below correspond to maximum continuous operating temperatures at atmospheric pressure and systems that are essentially air
and water. The presence of solvents, acids, free radicals, and oxidants needs to be considered. Furthermore, these temperatures
correspond to the maximum recommended bed depth for each packing size and material. These maximum bed depths are different
depending on the application. Consult with Jaeger in respect to the maximum bed depth for your particular application.

Maximum Temperature (Deg. F)
Material (1 atm, air/water, at max. recommended depth) Bulk Density Factor

Polyvinyl Chloride (PVC) 140 1.50
Polyethylene (PE) 160 1.02
Polypropylene (PP) 180 1.00
CorzanTM (CPVC) 230 1.74
Chlorinated Polyvinyl Chloride (CPVC) 210 1.74
Polypropylene - Glass-Filled (10-30%) (PP-G) 210-230* 1.17-1.38*
Noryl® (PPO) 230 1.24
Kynar® (PVDF) 280 1.98
Halar® (ECTFE) 290 1.86
Tefzel® (ETFE) 350 1.93
Teflon® (PFA) 400 2.45
Tefzel® - Glass Filled (25% Glass) (ETFE-G) 410 2.2

*Depending on glass content.

Specifications & Physical Properties

Product Bulletin-600
Page 2   



Plastic Jaeger Tri-Packs®

1611 Peachleaf St., Houston, Texas 77039 800-678-0345 Phone: 281-449-9500 Fax: 281-449-9400 www.jaeger.com
JAEGER

Generalized Flooding Curves

Product Bulletin-600
Page 13

Ambient Air-Water Systems at 1 atm, 70oF

For Air/Water systems at 70oF & 1 atm:  C-Factor x 7776.2 = lb/hr-ft2; gpm/ft2 x 499.7 = lb/hr-ft2

SRP - Separations Research Program, University of Texas at Austin.

9/99



1611 Peachleaf St., Houston, Texas 77039 800-678-0345 Phone: 281-449-9500 Fax: 281-449-9400 www.jaeger.com
JAEGER

Conversion Factors

Product Bulletin-600
Page 21

FROM TO MULTIPLY BY ADD OFFSET
mg/ml ppmW 1.0
1/ft 1/m 3.2808
atm psia 14.696
atm psig 14.696 -14.696
atm torr 760
C F 1.8 32
C K 1 273.15
C-factor (air/water @70oF) ft/se    lb/hr ft2 7776.2
F K .5556 255.3722
ft cm 30.48
ft m .3048
ft2/ft3 m2/m3 3.2808
ft3 gal (US) 7.4805
ft3 m3 .0283
g/cm3 lb/ft3 62.428
gm/cm3 kg/m3 1000
gpm/ft2 lb/hr ft2 (water @ 70oF) 499.7
hr sec 3600
in m .0254
in wc/ft dyne/cm3 81.5617
in wc/ft Pa/m 815.6168
kg gm 1000
kg lb 2.2046
kg/m2*sec lb/ft2*hr 737.3402
kg/sec lb/hr 7936.6829
kg mole/m2*sec lbmole/ft2*hr 737.3402
kW hp 1.341
lb gm 453.59
m2 cm2 10000
m2 ft2 10.7639
m2/m3 cm2/cm3 .01
m3 liters 1000
mg/l ppmW 1.0
Millions of Gallons/Day gpm 694.46
min sec 60
ppmW ppbW 1000
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E-Mail: sales@oilrite.com    Web site: www.oilrite.com 

Oil-Rite Corporation > B-1559-1    

 
Item # B-1559-1, Level Gages Flush Channel - Steel

 

 

  
larger image 

Level Gages Flush Channel - Steel 
Level Gages Flush Channel - Steel can be mounted flush against the outside surface of a reservoir with only 
a small amount of protrusion. Liquid level gages for flush mounting are used for a multitude of applications, 
such as on tanks, reservoirs, packaged hydraulic equipment, large steel mill pumps, hydraulic presses, and 
for any other application where it is desirable to indicate fluid levels. These level gages are used to determine 
the liquid level inside a metal reservoir by visual observation of the level in a transparent sight. The clarity and 
condition of the liquid can also be checked. Models with a thermometer will show the temperature of the liquid 
as well. Extremely sturdy and rigid, these gages come with glass sights mounted inside the steel channel 
shield to provide maximum protection against breakage. Visibility of the liquid level is excellent through the 
large sight opening. A reflector enhances the visibility of the liquid level. Liquid level markings can be added 
on request. Back mounting gages are used on tanks permitting access to the inside, in order to fasten the 
nuts on the mounting studs inserted in drilled holes in reservoirs. Front mounting gages are used on 
reservoirs which do NOT permit access to the inside, therefore, the tanks must have two tapped holes, 1/2 -
20 N.F., to receive the mounting studs, which are fastened from the outside. 

 
 

Specifications

Style Plain 

Pressure 125 P.S.I. Max. 

Temperature 225° F. Max. 

Centerline Distance Between Mtg. 
Holes

3" to 60" 

Body Steel, Plated (Optional Material Available) 

Sight Red Line Gage Glass 

Seals Buna-N 

Mounting Shanks Steel, Plated 1/2-20 N.F. 

 
 



Oil-Rite Corporation
4325 Clipper Drive, P.O. Box 1207
Manitowoc, WI. 54221-1207
Phone: (920) 682-6173 • Fax: (920) 682-7699
Email: sales@oilrite.com • Web Address: www.oilrite.com

Oil-Rite Corporation > Liquid Level Gages > Steel Gages > NPT Adapters for Steel Gages > Item #
B1656-4  

Item # B1656-4, 3/8” Male NPT Adapter for Steel Liquid Level Gages with 1/2"-20 Straight Thread

larger image

3/8” Male NPT Adapter for Steel Liquid Level Gages with 1/2"-20 Straight Thread
This steel 3/8” male NPT adapter is suitable for use with liquid level gages with 1/2”-
20 mounting.  Each gage requires two adapters (one for each bolt).

Specifications

Feature 3/8" Male NPT Adapter

Material Steel



GUZZLER® 400 
HAND PUMP 

930 Waterman Avenue  East Providence, Rhode Island  02914 

Ph: 888-438-1110  Fax: 401-438-2713  Web:  www.thebosworthco.com Doc  M-PCode-01.01-092807 

Inlet & Outlet Ends & Sizes 

in cm 
Hose 

(Smooth) 

N.P.T. 
Female 
(Tapped 
Inside) 

N.P.T. 
Male 

(Threaded 
Outside) 

Male 
(Threaded 
Outside) 
Garden 
Hose Barbed 

1/2 1.27  •    

3/4 1.91 • • • • • 
1 2.54 S  •   

1 1/8 2.86 •    • 
1 1/4 3.18 •     

       

(S: standard  •: optional) 

Pump Body Delrin (Gray) 

Clamp Ring Delrin, Epoxy-coated Aluminum 

Diaphragm Buna Nitrile (Buna N), Buna N Double 
Sided, Buna-N 3-Ply, Neoprene, 
Viton, EPDM, Urethane, Silicone 

Valves Buna N, Neoprene, Viton, EPDM, 
Silicone (Silicone only available with 
umbrella valve) 

Available Materials 

Performance 

Model GH-400 

Description Hand pump for use with 1/2” to 1 1/4” 
hose.  Available with either horizontal 
or vertical handle. 

Features • Lightweight, economical 

• Durable — tough Delrin® plastic 

• Clamp ring adjusts to 12 different 
handle orientations 

• Can be configured with either vertical 
or horizontal handle 

Horizontal 
Handle 

Consult factory for other options. 

Vertical 
Handle 

Other Options 

Item Standard 

Valves Flapper Duckbill Umbrella 

Handle Style Horizontal (H) Vertical  (V) (removable)  

Other  

 Thru Deck Mounting Kit  
(only for vertical handle) 

 Internal Spring  

Optional  

per Stroke 
per Minute  

(@ 90 cycles/min) 

0.44 Qt   0.42 L 10 Gals   37.9 L 

Max Pressure   20 psi  1.4 kg/cm2 

Max Head   12 ft  3.7 m 

Max Lift   12 ft  3.7 m 

Flow Rate 
  

Dimensions 

 Length  Height  

 Body incl. H. 
Handle 

incl. V. 
Handle 

incl. H. 
Handle Up 

incl. V. 
Handle Up 

in 10 1/4 12 3/4 12 5 1/2 12 13 5/8 

cm 26.0 32.39 30.48 13.97 30.48 34.61 

Mounting Holes 4  

Weight Mounting Hole Diameter  1/4 in 0.64 cm 

Bolt Circle Diameter 6 1/8 in 15.56 cm 
1.70 lb       0.77 kg 

Hole-to-Hole Distance 4 5/16 in 10.95 cm 

Width  



Hand-Operated Diaphragm Pumps
   A little elbow grease is all these pumps need to do their job. All pumps have a Delrin housing. Intake and discharge connections are unthreaded male slip-on style. All pumps have check 
valves, are self-priming, and can be run dry. Not for use with solids. Maximum discharge pressure is 12 feet of head (5 psi). Maximum viscosity is 100,000 centipoise (similar to toothpaste). 
Temperature range is 33° to 140°  F.  

Common Compatible Chemicals 
Deionized Water, Diesel Fuel, Glycol, Kerosene, Methanol, Mineral Spirits, Salt Water, Water

   

Diaphragm Flow Rate, For Overall Size,  
Material oz/stroke Hose ID Ht. x Wd. x Dp.  
Buna-N 14.08 1" 4 1/2" x 5 1/2" x 12 3/4"                                                                                          4332K17
Buna-N 21.44 1 1/2" 4 1/2" x 5 1/2" x 13 3/8" 4332K18
Silicone 14.08 1" 4 1/2" x 5 1/2" x 12 3/4" 4332K37
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930 Waterman Avenue  East Providence, RI  02914

Ph: 401-438-1110  888-438-1110 Fax: 401-438-2713

www.thebosworthco.com

Guzzler® GH-400

Pin SetPS4-5

Flapper Valves14

Diaphragm13

TH1/4-20x1/2 (1) diaphragm

HN10-24 (18)

PPH10-24x1/2 (2) clamp ring

PPH10-24x3/4 (10) clamp ring

PPH10-24x5/8 (8) inlet/outlet

Hardware Set12

Vertical Actuator w/pin set11

10

Horizontal handle w/actuator & pin set9

Vertical Handle w/grip8

7

Clamp Ring6

Body5

Clevis4

Button3

Outlet Flange2

Inlet Flange1

PART NAMEITEM

PS4-5

PS4-5

4

12

3

2
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1 �Xchanger, Inc. Rating for Model AA-250 ref #110744 Page 1 of 1�
���������������������������������������������������������������������������������

2 �Engineer: David Wangensteen November 1, 2012�
���������������������������������������������������������������������������������

3 �Prepared for: �
���������������������������������������������������������������������������������

4 � J.E. Gasho & Associates, Inc. �
���������������������������������������������������������������������������������

5 � Gary Rowe �
���������������������������������������������������������������������������������

6 � �
���������������������������������������������������������������������������������

7 � �
���������������������������������������������������������������������������������

8 �PERFORMANCE �PROCESS AIR �AMBIENT AIR �
���������������������������������������������������������������������������������

9 �Fluid Circulated �Air �Air �
���������������������������������������������������������������������������������

10 �Volumetric Flow Rate � 250 Std. ftÆ3/min � 1,632 Std. ftÆ3/min �
���������������������������������������������������������������������������������

11 �Total Fluid Entering � 1,125 lb/hr � 7,342 lb/hr �
���������������������������������������������������������������������������������

12 � Liquid � � �
���������������������������������������������������������������������������������

13 � Vapor � � �
���������������������������������������������������������������������������������

14 � Non-Condensibles � 1,125 lb/hr � 7,342 lb/hr �
���������������������������������������������������������������������������������

15 � Vaporized or (Cond.) � � �
���������������������������������������������������������������������������������

16 �Temperature In � 180 °F � 90 °F �
���������������������������������������������������������������������������������

17 �Temperature Out � 103 °F � 102 °F �
���������������������������������������������������������������������������������

18 �Inlet Pressure (Absolute)� 15.2 lb/inÆ2 � 14.7 lb/inÆ2 �
���������������������������������������������������������������������������������

19 �Velocity (Standard)� 2,126 ft/min � 1,770 ft/min �
���������������������������������������������������������������������������������

20 �Pressure Loss � 4.3 in. water � 1.1 in. water �
���������������������������������������������������������������������������������

21 �Fouling Factor � 0.0001 ftÆ2-°F-hr/BTU � 0.0001 ftÆ2-°F-hr/BTU �
���������������������������������������������������������������������������������

22 �Total Heat Exchanged: 20,667 BTU/hr �
���������������������������������������������������������������������������������

23 � �
���������������������������������������������������������������������������������

24 �PROPERTIES �
���������������������������������������������������������������������������������

25 �Thermal Conductivity � 0.017 BTU/hr-ft-°F � 0.015 BTU/hr-ft-°F �
���������������������������������������������������������������������������������

26 �Specific Heat � 0.240 BTU/lb-°F � 0.240 BTU/lb-°F �
���������������������������������������������������������������������������������

27 �Viscosity � 0.049 lb/ft-hr � 0.046 lb/ft-hr �
���������������������������������������������������������������������������������

28 �Molar Weight � 29.0 � 29.0 �
���������������������������������������������������������������������������������

29 �Latent Heat of Vapor � � �
���������������������������������������������������������������������������������

30 � �
���������������������������������������������������������������������������������

31 �CONSTRUCTION �
���������������������������������������������������������������������������������

32 �Design Temperature � 200 °F �Not Applicable �
���������������������������������������������������������������������������������

33 �Design Pressure (Gauge)� 15 lb/inÆ2 �Not Applicable �
���������������������������������������������������������������������������������

34 �Test Pressure (Gauge)� 15 lb/inÆ2 �Not Applicable �
���������������������������������������������������������������������������������

35 �Cyclic Pressure �No �Not Applicable �
���������������������������������������������������������������������������������

36 �Flow Direction �Right Hand Horizontal �Vertical Up - Pull Through�
���������������������������������������������������������������������������������

37 �Coating �None �None �
���������������������������������������������������������������������������������

38 � �
���������������������������������������������������������������������������������

39 �Plate-Fin Core : Aluminum �Fan Hood : Galvanized Steel �
���������������������������������������������������������������������������������

40 �Fan Guard : Coated Carbon Steel �Venturi Frame : Coated Carbon Steel �
���������������������������������������������������������������������������������

41 �Drawing Number : �Weight : 135 lb �
���������������������������������������������������������������������������������

42 � �
���������������������������������������������������������������������������������

43 �CONNECTIONS �
���������������������������������������������������������������������������������

44 �Process Inlet : 3 inch dia. tube stub �
���������������������������������������������������������������������������������

45 �Process Outlet : 3 inch dia. tube stub �
���������������������������������������������������������������������������������

46 �Instrument : �
���������������������������������������������������������������������������������

47 � �
���������������������������������������������������������������������������������

48 �MECHANICAL EQUIPMENT �
���������������������������������������������������������������������������������

49 �Fan Diameter : 12 inch �Motor : 1.00 HP TEFC �
���������������������������������������������������������������������������������

50 �Fan Qty/Speed : 1 / 3450 RPM �Motor Qty/Speed : 1 / 3450 RPM �
���������������������������������������������������������������������������������

51 �Fan Type : 4 Blade Mill Galv. St�Motor Electrical: 208-230/460/3/60 �
���������������������������������������������������������������������������������

52 � �
���������������������������������������������������������������������������������

53 �NOTES �
���������������������������������������������������������������������������������

54 �Approximate unit dimensions (inches): A = 33, B = 32, C = 24, D = 14 �
���������������������������������������������������������������������������������

55 �Construction material suitability must be determined by customer. �
���������������������������������������������������������������������������������

56 �The process flow must be uniform, smooth and free of pulsation. �
���������������������������������������������������������������������������������

57 �This unit is not designed for cycling process gas pressure. �
���������������������������������������������������������������������������������

58 �A motor access panel is included in the fan hood. �
���������������������������������������������������������������������������������

59 � �
���������������������������������������������������������������������������������

60 � �
���������������������������������������������������������������������������������

61 � �
���������������������������������������������������������������������������������

62 � �
���������������������������������������������������������������������������������
Xchanger, Inc. Tel: (952) 933-2559, Fax: (952) 933-5647, Web: www.xchanger.com





Xchanger, Inc. /_

Certificate of Compliance

Xchanger job: B-1360l
Manufactured for: J.E. Gasho & Associates, Inc.
on purchase order: 1303056-2692

This is to certify that the following heat exchanger(s) have been successfully
pressure tested as indicated on the data sheet and have been inspected and
found to be in compliance with the purchase order, certified drawing and our
manufacturing procedures.

Part No Description

49430 AA-250, Heat Exchanger, Ref #ll0744A

by David Wangenst,~ Date

1401 South 7th Street Hopkins, MN 55343 ph:(952) 933-2559 fax: (952) 933-5647 email: info@xchanger.com



AA Series Heat Exchanger

AA Series exchangers cool low pressure air streams using fan-drafted ambient air.  Air flows to 3,500 CFM from 
vacuum to 75 PSI can be cooled near ambient, with under 0.2 PSI pressure loss.  AA Series exchangers are ideal  
for installation outdoors where cooling water is unavailable or undesirable due to freezing temperatures.  Indoor  
installations should be well ventilated.  The process air should be filtered and pulsating flow, such as that produced 
by rotary lobe blowers, should be dampened by a chambered silencer prior to entering the heat exchanger.

SEE LINE #54 OF DATA SHEET FOR APPROXIMATE DIMENSIONS

Design Options:
•  Connection types: tube, pipe, flange, NPT, ferrule, etc
•  Materials of construction:

Core: aluminum (others available with our LC series)
Propeller, venturi, and shroud: aluminum, painted, galvanized, 
or stainless steel

•  Motors: any available
•  Epoxy phenolic coating for corrosion protection of the core
•  Units can be built to required dimensions
•  Multiple cores combined together to make a single unit

Accessories:  
•  Instrument Coupling                                     
•  Thermometer (Includes Coupling)                   
•  Differential Pressure Gauge                       
•  Service side filters
•  Others available upon request      

$    60
$    90
$  280
Ask





i

The information supplied in this manual is based on many years of field experience with
our heat exchangers. Following the instructions of this manual will extend the service life
of your heat exchanger.

Please note that all heat exchangers will eventually fail, even if they have been properly
installed and well maintained. Our experience shows that some of the most common
reasons for failure are: over-pressurization, water hammer, freezing, corrosion, and
vibration induced metal fatigue.

When a heat exchanger fails, the likely result is contamination of the process and/or
service fluids. If this would be a serious problem for your system, steps should be taken
to protect your system to eliminate or reduce the impact of such contamination. Depending
on the type of failure, it is also possible that one or both fluids could leak into the
atmosphere.
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1.0 SCOPE OF THIS MANUAL
This manual describes the appropriate procedures for the use and care of Xchanger
AA, C, HP, HR, LC, and TV Series heat exchangers. Warranty and service contact
information is also included.

Due to the custom nature of all Xchanger heat exchangers, this manual discusses the
characteristics and procedures that are common to all exchangers. Unit specific
information not included in this manual will be shown on or included with the data sheet
and certified drawing that characterize each distinct exchanger design. Information
about any accessories provided with an exchanger would also be separate from this
manual.

AA Series Heat Exchangers
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C/TV Series Heat Exchangers

LC Series Heat Exchangers
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HP Series Heat Exchangers

HR Series Heat Exchangers
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2.0 RECEIVING THE HEAT EXCHANGER
The unit should be examined thoroughly upon receipt. The unit should have no cracks,
dents or deformations.

Damage to either the unit or its crating should be immediately noted on the freight receipt.
If the shipment was made F.O.B. our factory, damage claims should be filed with the
responsible carrier.

Accessories are sometimes shipped loose on the same skid as the exchanger. If so, the
Bill of Lading and/or Packing Slip would reflect the loose parts. Check for any accessories
before discarding the skid.

2.1 STORAGE
If the unit will not be placed into operation for an extended period of time, it should be left
on the shipping skid. Store in a clean, dry, and protected area. All openings should be
covered to protect interior surfaces. Unprotected carbon steel should be sprayed with a
light coating of a rust inhibitor.
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3.0 MOUNTING LOCATION
If the heat exchanger is located at the inlet or discharge of a blower with a pulsating flow,
such as a Roots type rotary lobe blower, the heat exchanger must be protected from the
pulsation by a chambered silencer.

The heat exchanger must be isolated from system vibrations using flexible piping
connections and isolation pads on the mounting feet. Vibration can cause work-hardening,
and failure of the heat exchanger.

The process gas stream should be free of particulate. If there is a possibility of particulate
passing through the heat exchanger, a filter should be installed upstream of the heat
exchanger.

Ample space should be provided on all sides to allow servicing when required.

3.1 C/HP/TV SERIES
To facilitate servicing a unit with a removable core, provide enough clear space to remove
the core through the bolted access panel.

For cooling applications where vapors may condense from the gas stream, a proper drain
trap arrangement is necessary (see section 4.1.5 titled C/HP/TV SERIES Housing Drain
Trap for more information).

The service fluid must not be allowed to freeze or damage to the core will result (see
section 6.4 titled FREEZING PROTECTION - C/HP/TV SERIES for more information).
Heating of the service fluid beyond its boiling point may also damage the core.



6

3.2 AA/LC SERIES
The heat exchanger should be mounted in a well ventilated area, preferably outdoors, as
these units dissipate heat to the ambient air. If the unit is installed indoors and ducting of
the service air is required, a booster fan should be used to convey the air through the duct.

A minimum clearance of 2 feet around the heat exchanger base is essential for proper
cooling air flow.

3.3 HR SERIES
If installed in a very warm or very cool location, the ambient conditions could interfere with
the intended heat transfer. The effects of the ambient conditions can be minimized by
insulating the exchanger after installation.
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4.0 INSTALLATION
The heat exchanger should be supported and secured by the mounting feet. All piping
should be supported independently of the heat exchanger, and any flex connectors present
should not add loads or moments to the heat exchanger process connections. Any debris
in the piping should be removed before the heat exchanger is installed, as the core of the
exchanger could trap any particles, causing reduced performance or damage to the core.

The unit is equipped with labels indicating gas flow direction and service fluid inlets and
outlets. Connections must be installed as labeled. The certified drawing also indicates the
flow direction, and should be consulted during installation.

If the gas flow through the unit is pulsating and/or vibrations are present in the system
piping, a chambered silencer and/or flexible connections should be used. If vibrations may
pass through the mounting skid, isolation pads should be used between the skid and the
mounting feet of the heat exchanger. Pulsation and/or vibration can cause metal fatigue,
and lead to failure of the heat exchanger.

If the heat exchanger is used in a pneumatic conveying system, a check valve should be
placed between the air lock and the heat exchanger. This will help to prevent clogging the
heat exchanger with the product being conveyed.
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4.1 C/HP/TV SERIES
The orientation for which the heat exchanger is designed is noted on the certified drawing.
A unit that is designed for horizontal gas flow may not perform to specification if it is
installed in a vertical flow orientation.

Attachment to the service connections should be made using industry standard practices.
If special valves, controls, traps, etc., are provided by Xchanger, separate instructions may
be attached.  If shut off valves are installed on both of the service lines, a pressure relief
valve should be installed on the heat exchanger side of one of the shut off valves to
prevent over pressurizing the unit.  A pressure relief valve similar to a domestic water
heater valve is usually adequate.

On standard heat exchangers, there is a 3/4 inch female NPT drain coupling in the bottom
of the housing.  Condensate that forms on the outside of the fins can be drained though
this coupling to a drain leg or trap.

4.1.1 Drainable Tube Circuits
These units should be installed with a slight slope toward the service connection side of
the exchanger.

4.1.2 Steam Piping
Proper installation, piping, and trapping is necessary to insure satisfactory operation and
prevent damage under normal operating conditions.  These installation recommendations
must be followed to assure trouble free operation:

� Provide swing joints or flexible fittings in all piping connections adjacent to the heat
exchanger.  This absorbs the thermal expansion and contraction of the piping.

� Condensate must flow freely from the heat exchanger at all times to prevent
physical damage to the core caused by water hammer, unequal thermal stresses,
freeze-up, or corrosion.

� Do not pitch the heat exchanger.  The mounting position should be level.

� Control each heat exchanger core separately when installing multiple cores.

� Do not modulate systems with overhead or pressurized returns unless the
condensate is drained by gravity to a receiver, vented to atmosphere, and returned
to the steam main by a condensate pump.

� Pitch all supply and return piping down a minimum of 1 inch per 10 feet in the
direction of steam flow.

� Do not drain steam mains or take-offs through the heat exchanger.  Drain steam
mains ahead of the heat exchanger through a steam trap into the steam return line.
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� Do not bush or reduce the steam condensate return piping smaller than the heat
exchanger connection.  Run return pipe full size to a steam trap (except for a short
nipple screwed directly into the condensate connection of the steam trap).

� Overhead steam return lines require 1 PSIG pressure at the steam trap discharge
for each 2 feet of elevation to assure continuous condensate removal.

� When an overhead steam return line is installed, provisions should be incorporated
into the piping system to allow condensate to drain from the heat exchanger during
down time.

� The end of the steam supply main must be trapped.

� A vacuum breaker must be installed if there is any possibility that the heat
exchanger will see a vacuum resulting from a fast acting valve operation.

4.1.3 Steam Trap Selection
Proper steam trap selection and installation is necessary for satisfactory heat exchanger
performance and service life:

� Select a steam trap based on the maximum possible condensate flow rate along
with the recommended load factors.

� Locate the steam trap discharge at least 12 inches below the heat exchanger
condensate return connection.  This will provide sufficient hydrostatic head pressure
to overcome trap losses and assure complete removal of the condensate from the
heat exchanger.

� Float and thermostatic type steam traps are preferred because of their gravity drain
and continuous discharge operation.

� Use a float and thermostatic type steam trap with gravity condensate return and
automatic controls where there is a possibility of a low pressure steam supply.

� Use bucket traps only when steam supply is not modulated and is over 25 PSIG.

� When installed for series airflow, size steam traps for each heat exchanger core
using the capacity of the first heat exchanger core (in airflow direction).

� Trap each heat exchanger separately.  This will prevent condensate holdup in the
heat exchanger cores.

� Install strainers as close as possible to the inlet side of a steam trap.

4.1.4 Refrigerant Circuit
Direct expansion refrigerant circuits are shipped open and uncharged.  They must be
evacuated and charged.  If you need assistance, contact a local refrigeration contractor.
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4.1.5 Housing Drain Trap
In applications where vapors are expected to condense from a horizontal gas flow, an
automatic drain trap should be installed. Approximately 12 inches total clearance under
the housing box is required, or 9 inches below the standard mounting feet.

For installations where the gas flow is vertical, any condensed vapors will fall out of the low
side transition, due to gravity.

4.2 AA/LC SERIES
The electric motor must be wired on site. On many air cooled heat exchangers, the
electrical service must be brought through the exhaust hood. Any holes in the exhaust
hood should be sealed to prevent air that has not passed through the core from entering,
thereby short-circuiting the core. Refer to the motor name plate for electrical requirements.
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5.0 START-UP
After carefully observing all the points listed under Section 4.0 INSTALLATION, the unit
is ready for start-up.  After the process/service fluids have been directed to the unit, check
for leaks.

5.1 C/HP/TV SERIES STEAM HEATERS
Steam should be turned on full for at least ten minutes before the airflow is started to
prevent water hammer, freezing, and excessive thermal stresses on the heat exchanger.

5.2 AA/LC SERIES
Before starting the electric fan, the following checklist should be used:

� The propeller hub should be secure on the motor shaft.

� The propeller should rotate freely.

� Electrical wiring should be safely secured.

� The air flow path should be open (i.e. packing material removed).

After starting the motor, verify that the propeller is rotating in the proper direction.  The data
sheet and certified drawing should state the design flow direction for the ambient air.
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6.0 MAINTENANCE
Depending on the model, and your operating environment, the maintenance requirements
may vary.

6.1 LUBRICATION

6.1.1 C/HP/HR/TV SERIES
No lubrication is required for the heat exchangers. Accessories may require lubrication,
per their manuals.

6.1.2 AA/LC SERIES
Refer to the maintenance instructions provided with the motor(s).

6.2 C/HP/TV SERIES CORE REMOVAL AND INSTALLATION
It may be necessary to occasionally remove the fin-tube core from the housing for
inspection or cleaning.

For units with removable cores, the following steps describe the procedure for removing
the fin-tube core from the heat exchanger housing. Units which are all-welded will need
to be returned to the factory for service. [See page 2 & 3 for reference to terminology.]

6.2.1 C/TV SERIES Core Removal
1. Disconnect service fluid and remove any connections from the service hubs (i.e.

sweat on bronze flanges, screwed on threaded flanges, etc.). If the core and cover
are welded together, the flanges do not need to be removed, as the cover will
remain with the core.

2. Remove the bolts securing the hub plate assemblies to the front cover.
3. Remove the hub plate assembly (hub plate, O-ring, and backing washer). Some

prying with a screwdriver or similar tool may be required to break the bond of the
sealant.

4. Remove the bolts securing the front and rear housing covers to the housing.
5. Remove the front and rear covers. Some prying with a screwdriver or similar tool

may be required to break the bond of the sealant.
6. Remove the bolts securing the core to the housing. Check both sides.
7. Remove the core from the housing by pulling evenly on the headers or the casing

and/or pushing evenly on the 180°tube return bends on the back side of the core.
Take care not to damage the headers or return bends.

6.2.2 HP SERIES Core Removal
1. Remove the flange bolts around the removable dished head cover.
2. Disconnect the core connections from the internal service connections.
3. Remove the bolts holding the core to the side of the housing.
4. Remove the core from the housing.
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6.2.3 C/HP/TV SERIES Core Installation
Install the core in the reverse order of removal, noting the following:

1. Slide the core into the housing and attach the casing to the side of the housing.

For replacement cores, the holes in the casing which hold the core against the side
of the housing may not match the holes on the original core. If not, new holes will
need to be drilled as follows:

a. Slide the core into the housing such that the core face is centered in the
transition opening.

b. Mark the locations of the housing holes on the casing.
c. Remove the core and drill the holes where marked. When drilling the holes,

place a wooden block behind the casing to prevent damage to the core’s
tubing.

d. Reinstall the core into the housing.

2. For HP Series exchangers, the internal service connections will need to be
reattached.

3. Clean the sealing surfaces on the covers and housing flanges with solvent to
remove any oils or residue.

4. Apply new gasket material to the housing flange. Refer to the data sheet supplied
at the time of purchase for proper gasket material selection.

5. Install covers, cover bolts-washers-nuts and for C/TV Series exchanger, the hub
cover assemblies. To facilitate installing the hub cover assemblies, do not tighten
the cover bolts until after the hub cover assemblies are installed. All bolts should
be finger tight at this point.

For C/TV Series replacement cores, the hub locations may not be identical to those
of the original core. To check for proper alignment, install the front cover with the
four corner bolts. Slide on the hub cover assemblies to check for alignment over the
hubs of the replacement core. If the hub and cover bolt holes do not match, new
holes must be drilled and tapped into the cover. The hub covers may be rotated
such that the old air holes will not interfere with the new holes. Fill in the old holes
to prevent gas leakage.

6. Tighten the front and, if applicable, rear cover bolts.

7. Tighten the hub cover assembly bolts.
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6.3 CLEANING
Xchanger heat exchangers perform best when clean. It is recommended that they be
prevented from becoming fouled since their design is such that once plugged or coated,
it may not be possible to fully clean them. The sections below offer suggestions, where
applicable, if cleaning is attempted.

6.3.1 AA/HR SERIES Internal Gas Passages
The internal process gas passages in these heat exchangers are not cleanable. Filtered
air is absolutely required for these units. If plugging does occur, core replacement is
recommended.

6.3.2 AA/HR/LC SERIES Service Gas Passages
For dirt/dust contamination, a soap and water wash is usually adequate to clean the
service side of these units. If not, the use of an appropriate solvent or compressed air is
recommended. Pressure washers can damage the fins, and should not be used.

6.3.3 C/HP/TV SERIES Gas Passages
These heat exchangers may require disassembly for cleaning. See Section 6.2 for
disassembly instructions. Once access is obtained, the cleaning options described in
Section 6.3.2 can be used.

6.3.4 C/HP/LC/TV SERIES Fluid Passages
The tube interior can become coated with sediment. This coating will reduce the thermal
capacity of the heat exchanger. To try to restore a fouled heat exchanger to the original
capacity, an appropriate solvent or cleaner compatible with the tube material can be
circulated through the circuit to clean the tube interior.

6.4 FREEZING PROTECTION - C/HP/LC/TV SERIES

6.4.1 Drainable Circuits
If the heat exchanger is equipped with a drainable tube circuit, the tubes can be drained
by simply opening the service and outlet to atmosphere. These units should be installed
with a slight slope toward the service connection end to facilitate complete drainage.

6.4.2 Non-trapped Circuits
These tube circuits run horizontally and downward across the exchanger. If the exchanger
is installed level, when the service inlet and outlet are opened to atmosphere, the service
fluid may drain out of the low connection sufficiently to prevent freezing damage. If the
exchanger is installed out of level, some service fluid will hang up in the now trapped points
of the core. In this case, antifreeze should be added as discussed below.
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6.4.3 Trapped Circuits
These circuits run downward and upward, like the trap under a sink, and therefore are not
drainable. Antifreeze should be added as discussed below.

Antifreeze should be added to the core to provide freezing protection, per the following
procedure.

1. Open the water inlet and outlet to atmosphere and allow the core to drain as
completely as possible.

2. Add antifreeze to the core and circulate the solution through the core for
approximately fifteen minutes.

3. Check the concentration for adequate freeze protection for your area. If the
concentration is not sufficient, repeat steps 1 & 2 as necessary.
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7.0 SPARE PARTS

7.1 C/HP/TV SERIES
Normally, no spare parts are recommended. If a specific exchanger includes special parts
or accessories that could be a spare part, or if an accessory itself uses spare parts, they
would be noted on the data sheet, certified drawing, or on accompanying documentation.

Please note that the manufacturing and shipping time for replacement cores is often 6
weeks. If this length of downtime would present a significant problem, it may be advisable
to stock a spare core.

7.2 AA/LC SERIES
A spare electric motor is recommended.

7.3 HR SERIES
Normally, no spare parts are recommended. Similar to the C/HP/TV Series above, any
special parts would be noted on a case by case basis.
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8.0 GUARANTEE

8.1 DURATION
The sooner of either:

� 12 months from date of start-up.
� 18 months from date of shipment from Xchanger.

8.2 TERMS
Xchanger will replace or repair any part or parts free of charge, F.O.B. our factory, provided
our examination shows the item to be defective by reason of inferior materials or
workmanship.

The part or parts must have been used as intended and in accordance with our
instructions.  No allowance will be made for repairs or alterations made without our written
consent.

8.3 EXCLUSIONS
This Guarantee does not cover damages resulting from misuse, neglect, alteration, or
accident, specifically including operating at temperatures or pressures in excess of those
for which the equipment was specified and furnished.

The liability of Xchanger is limited to our option of the repair or replacement at our factory
of any part which has been found defective by our examination.  Such repair or
replacement shall constitute the extent of our obligation.  Xchanger shall not be liable for
any incidental or consequential damages resulting from the resolution of the warranty
issue, or otherwise.

Motors, controls and other purchased parts are warranted by their original manufacturers.
Such warranties will be carried out in accordance with the usual terms thereof.
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9.0 SERVICE
Should assistance in installation, demonstration, or repair of any equipment be required,
please contact Xchanger at:

Mail: 1401 South 7th Street
Hopkins, MN 55343 USA

Ph: 952-933-2559
Fax: 952-933-5647
E-mail: info@xchanger.com









Accessories

Measurement - Air Flow Meter

 

FEATURES
• Direct reading in SCFM
• Low pressure drop (2-4" typical) across the

�ow meter
• Non-clogging, low impedance air stream
• Light weight aluminum
• No moving parts
• Large easy-to-read dial
• Accurate within 2% at standard conditions
• Good repeatability
• Available in 2", 3" and 4" sizes
• Factory con�gured for quick installation
• .048" Allen key supplied for gauge adjustment

OPTIONS
• Corrosion-resistant version with Chem-Tough ™

or in stainless steel
• FDA-approved Food Tough™ surface conversion

BENEFITS

• OPTIMIZE SYSTEM EFFICIENCY
Measuring the correct air �ow can assist you in         
�ne-tuning to your system’s optimal e�ciency.

• BALANCE MULTI-PIPING SYSTEMS
When evacuating CFM from more than one pipe,        
di�erent run lengths or end system impedance can 
cause one pipe to handle more CFM than the other. 
With an accurate CFM reading, piping can be            
balanced by bleeding air in/out or by creating an        
extra impedance.

• DETECT CHANNELING OR PLUGGING
For systems in which channeling or plugging can 
occur, a change in the CFM measured can help        
indicate the unseen changes in your system.

Part/Model Number

FM20C030Q FM20C045Q FM20C065Q FM20C125Q FM20C175Q FM20C225Q

Specification Units 550599 550600 550601 550602 550603 550604

Flow Rate
CFM
m3/hr

2
3.4

2
3.4

2
3.4

2
3.4

2
3.4

2
3.4

Threads B - 6-30 9-45 13-65 25-125 35-175 45-225

Dimension C
Inches

mm
7.18

182.4
7.18

182.4
7.18

182.4
7.18

182.4
7.18

182.4
7.18

182.4

Dimension D
Inches

mm
7.0

177.8
7.0

177.8
7.0

177.8
5.8

147.3
5.8

147.3
5.8

147.3

Dimension E
Inches

mm
2.0

50.8
2.0
50.8

2.0
50.8

2.0
50.8

2.0
50.8

2.0
50.8

Dimension F
Inches

mm
3.75
95.3

3.75
95.3

3.75
95.3

3.75
95.3

3.75
95.3

3.75
95.3

Part/Model Number

FM30C250Q FM30C350Q FM30C475Q FM40C450Q FM40C600Q FM40C850Q

Specification Units 550605 550606 550607 550608 550609 550610

Flow Rate
CFM
m3/hr

2
3.4

2
3.4

2
3.4

2
3.4

2
3.4

2
3.4

Threads B - 50-250 70-350 95-475 90-450 120-600 170-850

Dimension C
Inches

mm
7.18

182.4
7.18

182.4
7.18

182.4
7.18

182.4
7.18

182.4
7.18

182.4

Dimension D
Inches

mm
7.0

177.8
7.0

177.8
7.0

177.8
5.8

147.3
5.8

147.3
5.8

147.3

Dimension E
Inches

mm
2.0

50.8
2.0
50.8

2.0
50.8

2.0
50.8

2.0
50.8

2.0
50.8

Dimension F
Inches

mm
3.75
95.3

3.75
95.3

3.75
95.3

3.75
95.3

3.75
95.3

3.75
95.3
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This document is for informational purposes only and should not be considered as a binding description of the products or their performance in all applications. The performance data on this page depicts typical performance under controlled
laboratory conditions. AMETEK is not responsible for blowers driven beyond factory specified speed, temperature, pressure, flow or without proper alignment. Actual performance will vary depending on the operating environment and application.
AMETEK products are not designed for and should not be used in medical life support applications. AMETEK reserves the right to revise its products without notification. The above characteristics represent standard products. For product
designed to meet specific applications, contact AMETEK Technical & Industrial Products Sales department.

 AMETEK TECHNICAL & INDUSTRIAL PRODUCTS
75 North Street, Saugerties, NY 12477
USA: +1 215-256-6601 - Europe: +44 (0) 845 366 9664 - Asia: +86 21 5763 1258
Customer Service Fax: +1 215.256.1338
www.ametektip.com
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Accessories

Measurement - Air Flow Meter

 

HOW IT WORKSHIGH TEMPERATURE/ PRESSURE 
CORRECTION

TYPICAL FLOW METER ARRANGEMENT

ROTRON’S �ow meter is a venturi style design. After
air enters the inlet, the pressure is measured in the
P1 tap. The second tap, P2, measures the pressure at
the throat. The di�erential between P1 and P2 registers
across a special calibrated CFM gauge to provide
accurate readings. The throat is then expanded back
to the original size to keep pressure loss to under
2-4 IWG.

SCFM 1
SCFM 2 =

14.7 x 530

Pf 2 Tf2 + 460√( ) ( )
Pf 2 = Absolute Pressure in PSIA

Tf 2 = Temperature in °F

• Use on inlet to limit need to correct for high pressure
or elevated outlet temperature

• Standard model limits = 140°F and 30 PSIG

TYPICAL GAUGE FACE

REGENERATIVE BLOWER GROUP

P R E S S U R E 3 0 P S I G...
.

XAM

0
14070

210 280

350

MINIHELIC II

FLOW DIRECTION

3.75

3.
75

2.0

2.87
DIA.

5.56

1.75

3.5
REGENERATIVE BLOWER GROUP

 C
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AMETEK products are not designed for and should not be used in medical life support applications. AMETEK reserves the right to revise its products without notification. The above characteristics represent standard products. For product
designed to meet specific applications, contact AMETEK Technical & Industrial Products Sales department.

 AMETEK TECHNICAL & INDUSTRIAL PRODUCTS
75 North Street, Saugerties, NY 12477
USA: +1 215-256-6601 - Europe: +44 (0) 845 366 9664 - Asia: +86 21 5763 1258
Customer Service Fax: +1 215.256.1338
www.ametektip.com



cus-serv
Rectangle





Þ«´´»¬·²

ÍÍóïðì

ÚÛßÌËÎÛÍæ

Ú´»¨·¾´»
Ò±·­»
Þ¿®®·»®­

Ô±¿¼»¼ ª·²§´ ²±·­» ¾¿®®·»®­

Î»·²º±®½»¼ô ²±²ó®»·²º±®½»¼ô ¬®¿²­°¿®»²¬ ¿²¼
º±·´óº¿½»¼ ´¿¹ ­¬§´»­

Ó¿­­ ´±¿¼»¼ ¾¿®®·»®­ º®±³ ïñî ´¾ò ¬± î ´¾­ò °»® ­¯ò º¬ò

ß½±«­¬·½¿´ ®¿¬·²¹­æ ÍÌÝóîð ¬¸®« ÍÌÝóíï

Ô·³°ô º´»¨·¾´»ô º±®³¿¾´»ô ª»®­¿¬·´»

Ø·¹¸ ¬»¿® ¿²¼ ¬»²­·´» ­¬®»²¹¬¸

Ú±® ·²¼«­¬®·¿´ô ½±²­¬®«½¬·±²ô ½±³³»®½·¿´ô ®»­·¼»²¬·¿´
¿²¼ ÑÛÓ ¿°°´·½¿¬·±²­

ÞóïðÝÊ
ÞóéòëÝÊ

ÞóëÝÊ

ÞïðóÎ

ÞóïðÒÎ

ÞóïðÔßÙ

ÞóïðÝÊ

Þ¿®®·½¿¼»
ÌÓ

ÒÑ×ÍÛ ÝÑÒÌÎÑÔ ÐÎÑÜËÝÌÍ

belssi.chang
Rectangle



Þ¿®®·½¿¼»v Ú´»¨·¾´» Ò±·­» Þ¿®®·»®­ ¿®» ¿ª¿·´¿¾´» ·² ¿ ª¿®·»¬§ ±º ­¬§´»­ ¬± ³»»¬ ¿ ³«´¬·¬«¼» ±º ¿°°´·½¿¬·±²­ò

Ò±²óÎ»·²º±®½»¼ Þ¿®®·»®­æ

ÞóïðÒÎ

ï ´¾ò ÐÍÚ ²±²ó®»·²º±®½»¼ ´±¿¼»¼ ª·²§´ ²±·­» ¾¿®®·»®

Ô±©ó½±­¬ô ±º¬»² «­»¼ ¾»¬©»»² ¼®§ ©¿´´ ¿²¼ ­¬«¼ ½±²­¬®«½¬·±² ¬± ­«¾­¬¿²¬·¿´´§
·³°®±ª» ¬®¿²­³·­­·±² ´±­­ ¾»¬©»»² ®±±³­ ø­»» °¸±¬±÷

Ë­»¼ ¿­ ¬¸» ¾¿®®·»® ­»°¬«³ ³¿¬»®·¿´ ·² ¿½±«­¬·½¿´ ½«®¬¿·² ¿²¼ º±¿³ ½±³°±­·¬»­

ß² »½±²±³·½ ¿½±«­¬·½¿´ °·°» ±® ¼«½¬ ©®¿°

Ë¬·´·¦»¼ ¿­ ¿ ®±±º¬±° »¯«·°³»²¬ ²±·­» ¾¿®®·»®

Ë­»¼ ¿­ ¿ ²±·­» ¾¿®®·»® ½»·´·²¹ ¬·´» ø¬§°·½¿´´§ ·² ½±²¶«²½¬·±² ©·¬¸ ¿ º·¾»®¹´¿­­
¼»½±«°´»®÷ ¿¾±ª» ­¬¿²¼¿®¼ ­«­°»²¼»¼ ½»·´·²¹ ­§­¬»³­

Ë­»¼ «²¼»®²»¿¬¸ ½¿®°»¬·²¹ ¬± ·³°®±ª» ¬®¿²­³·­­·±² ´±­­ ±º º´±±®

ÞóëÒÎ

ïñî ´¾ò ÐÍÚ ª»®­·±² ±º ¬¸» ¿¾±ª»

Ë­»¼ ©¸»®» ©»·¹¸¬ ®»­¬®·½¬·±²­ ®»¯«·®» ¿ ´·¹¸¬»® ©»·¹¸¬ ¾¿®®·»®

ÞóîðÒÎ

î ´¾ò ÐÍÚ ª»®­·±² ±º ¬¸» ¿¾±ª»

Ú±® ¿°°´·½¿¬·±²­ ®»¯«·®·²¹ ¹®»¿¬»® ²±·­» ®»¼«½¬·±²ô »­°»½·¿´´§ ¿¬ ´±©»® º®»¯«»²½·»­

ÞóïðÝÔß

ï ´¾ò ÐÍÚ ²±²ó®»·²º±®½»¼ º´»¨·¾´» ´±¿¼»¼ ª·²§´ ²±·­» ¾¿®®·»®

Ý´¿­­ ß øï÷ º´¿³³¿¾·´·¬§ ®¿¬·²¹ °»® ßÍÌÓ Ûóèì ø­«®º¿½»

¾«®²·²¹ ½¸¿®¿½¬»®·­¬·½­ ±º ¾«·´¼·²¹ ³¿¬»®·¿´­÷

Ú±® ½±³³»®½·¿´ô ½±²­¬®«½¬·±²ô ·²ó°´¿²¬ô ®»­·¼»²¬·¿´ ±® ÑÛÓ ®»¯«·®»³»²¬­

Î»·²º±®½»¼ Þ¿®®·»®­æ

ÞóïðÎ

ï ´¾ò ÐÍÚ ®»·²º±®½»¼ ´±¿¼»¼ ª·²§´ ²±·­» ¾¿®®·»®

Ø·¹¸ó­¬®»²¹¬¸ °±´§»­¬»® º¿¾®·½ ®»·²º±®½»³»²¬ ·­ «¬·´·¦»¼ ·² ¬¸» ½»²¬»® ±º ¬¸»
¾¿®®·»® ¬± ¼®¿³¿¬·½¿´´§ ·³°®±ª» ·¬­ ¼«®¿¾·´·¬§ô ¬»¿® ¿²¼ ¸¿²¹·²¹ ­¬®»²¹¬¸

Û¨½»´´»²¬ ±«¬¼±±® ËÊ ¿²¼ ©»¿¬¸»® ®»­·­¬¿²½»

Ý¿² ­»®ª» ¿­ ¿½½±®¼·±² º±´¼ ¿½½»­­ ¼±±®

Ë­»¼ ¿­ ¿ º®»» ¸¿²¹·²¹ ¿½±«­¬·½¿´ ½«®¬¿·² °¿²»´ô ¬§°·½¿´´§ ©·¬¸ ¹®±³³»¬­
¿¬ ¬¸» ¬±° ¿²¼ ¸±±µ ¿²¼ ´±±° º¿­¬»²»®­ ¿´±²¹ »¿½¸ »¼¹» ø­»» °¸±¬±÷

É¸»² «­»¼ ·² ½±³¾·²¿¬·±² ©·¬¸ ¿ Ï«·´¬»¼ Ú·¾»®¹´¿­­ Í±«²¼ ß¾­±®¾»®ô
øÞÞÝóïíô ÞÞÝóïíóîþÚ÷ ½¿² ±ºº»® ÍÌÝ Î¿¬·²¹­ «° ¬± íî øÍ»» Þ«´´»¬·² ÍÍïðï÷

Í¬¿²¼¿®¼ ½±´±® ·­ ¹®¿§ò Ì¿² ¿²¼ ¾´«» ¿®» ¿´­± ¿ª¿·´¿¾´»

ÞóëÎ

ïñî ´¾ò ÐÍÚ ®»·²º±®½»¼ ´±¿¼»¼ ª·²§´

Í¿³» °®±°»®¬·»­ ¿­ ¿¾±ª»ô «¬·´·¦»¼ ©¸»®» ©»·¹¸¬ ®»­¬®·½¬·±² ®»¯«·®» ¿ ´·¹¸¬»®
©»·¹¸¬ ³¿¬»®·¿´

ÞóïðÎ Ú´»¨·¾´» Ò±·­» Þ¿®®·»® ³¿¬»®·¿´ º¿¾®·½¿¬»¼ ·²¬± ß½±«­¬·½¿´ Ý«®¬¿·² Ð¿²»´­
©·¬¸ ¹®±³³»¬­ ¿¬ ¬±° ¿²¼ ¸±±µ ¿²¼ ´±±° º¿­¬»²»®­ ­»©² ¿´±²¹ »¿½¸ »¼¹»ò

Þóïð ÒÎ ¿¬¬¿½¸»¼ ¬± ­¬«¼­ ¾»º±®» ¼®§©¿´´ ·­ ·²­¬¿´´»¼ ©·´´
­·¹²·º·½¿²¬´§ ®»¼«½» ²±·­» ¬®¿²­³·­­·±² ¾»¬©»»² ®±±³­ò

Ü®§ É¿´´

îþ¨ìþ É±±¼ Í¬«¼

ÞóïðÒÎ

belssi.chang
Rectangle



Ð·°» ¿²¼ Ü«½¬ Ô¿¹¹·²¹æ

Þóïð ÔßÙ

ï ´¾ò ÐÍÚ ®»·²º±®½»¼óº±·´ º¿½»¼ ´±¿¼»¼ ª·²§´ ²±·­» ¾¿®®·»®

ß½±«­¬·½¿´ ©®¿° º±® ²±·­§ °·°»­ô ¼«½¬ ©±®µô ª¿´ª»­ô
¸»¿¬ »¨½¸¿²¹»®­

Û¿­§ ¬± ½«¬ô ©®¿° ¿²¼ ·²­¬¿´´ ©·¬¸ ³¿¬½¸·²¹ ´¿¹ ¬¿°»

Ó¿§ ¾» ½±³¾·²»¼ ©·¬¸ ¯«·´¬»¼ º·¾»®¹´¿­­ ¼»½±«°´»® ¬±
·³°®±ª» ¿½±«­¬·½¿´ °»®º±®³¿²½»ô ¬¸»®³¿´ ½±²¼«½¬·ª·¬§
¿²¼ ´±©»® ·²­¬¿´´¿¬·±² ½±­¬­

Ý´¿­­ ß º´¿³³¿¾·´·¬§ ®¿¬·²¹ ®»¯«·®»³»²¬­
°»® ßÍÌÓ Ûóèì

Ü«®¿¾´» ®»·²º±®½»¼ º±·´ º¿½·²¹ ­»®ª»­ ¿­ °®±¬»½¬·ª» ¶¿½µ»¬ ¿­
©»´´ ¿­ ®»¿¼·´§ ¿½½»°¬­ ³¿¬½¸·²¹ ¬¿°»

Ì®¿²­°¿®»²¬ Þ¿®®·»®­æ

Ú´»¨·¾´» ¬®¿²­°¿®»²¬ ¾¿®®·»® ³¿¬»®·¿´­ ±ºº»® ­·¹²·º·½¿²¬ ²±·­» ®»¼«½¬·±² ©¸·´»

¿´´±©·²¹ º±® ª·­·¾·´·¬§ ¿²¼ »¿­§ ¿½½»­­

ß´­± «¬·´·¦»¼ ¬± ®»¼«½» ¸»¿¬ ¿²¼ ½±´¼ ´±­­ ¾»¬©»»² ¿®»¿­

Í¸»»¬ ³¿¬»®·¿´ ·­ ±º¬»² «¬·´·¦»¼ ¿­ ¿ ª·»© ©·²¼±© ·² Í±«²¼ Í»¿´ ß½±«­¬·½¿´

Ý«®¬¿·² Ð¿²»´­

ÝÊ ­¬®·° ¼±±®­ ¿®» ±º¬»² ·²½±®°±®¿¬»¼ ·²¬± ß½±«­¬·½¿´ Ý«®¬¿·² Û²½´±­«®»­ º±® »¿­§ ¿½½»­­

Ó±«²¬·²¹ ¿²¹´»­ ¿²¼ ¸¿®¼©¿®» ¿®» ¿´­± ¿ª¿·´¿¾´»ò

Ú«®²·­¸»¼ ·² ¬¸®»» ­¬¿²¼¿®¼ °®±¼«½¬­æ

Þóïð ÝÊ Þóéòë ÝÊ Þóë ÝÊ

ï ´¾ò ÐÍÚ íñì ´¾ò ÐÍÚ ïñî ´¾ò ÐÍÚ

ïêþ ©·¼» ­¬®·°­ ïîþ ©·¼» ­¬®·°­ èþ ©·¼» ­¬®·°­
ìèþ ©·¼» ­¸»»¬­ ìèþ ©·¼» ­¸»»¬­ ìèþ ©·¼» ­¸»»¬­
Ý«®¬¿·² °¿²»´­ ©·¬¸ ¹®±³³»¬­ Ý«­¬±³ó­·¦»¼ Ý«­¬±³ó­·¦»¼
¿¬ ¬±° ¿²¼ ª»´½®± »¼¹»­ º¿¾®·½¿¬·±²­ º¿¾®·½¿¬·±²­
Ý«­¬±³ó­·¦»¼ ©·²¼±© ½±ª»®­

Í°»½·¿´¬§ Þ¿®®·»®­æ

ÞóïðÓÞ

ï ´¾ò ÐÍÚ ¾¿®®·»® ³¿¬»®·¿´ ©·¬¸
¿ ©±ª»²óº·¾»®¹´¿­­ ½´±¬¸ º¿½·²¹
Ì§°·½¿´´§ ®»º»®®»¼ ¬± ¿­
N³¿®·²» ¾¿®®·»®M
Í«°»®·±® º·®» ®¿¬·²¹­ ©¸»²
·²­¬¿´´»¼ ¿¹¿·²­¬ ¾«´µ¸»¿¼­ô »¬½ò

ÞóïðÔ

ï ´¾ò ÐÍÚ ´»¿¼ ­¸»»¬
Ý±³³±²´§ «­»¼ ¿­ ¿ ­»°¬«³
°®±¼«½¬ ·² ¿½±«­¬·½¿´ ½±³°±­·¬»­
Ë¬·´·¦»¼ ©¸»®» ®¿¼·¿¬·±² ±® ÎÚ
®»­·­¬¿²½» ¿®» ®»¯«·®»¼ ·² ¿¼¼·¬·±²
¬± ²±·­» ®»¼«½¬·±²

Þóïð ÔßÙñÏÚßóí ß½±«­¬·½¿´ Ð·°» Ô¿¹ ·²­¬¿´´»¼ ±² ïîþ ¼·¿³»¬»® °·°» ©·¬¸ ³¿¬½¸·²¹ ´¿¹ ¬¿°»ò
Í»» Í±«²¼ Í»¿´ ¾«´´»¬·² ÍÍóïðë º±® ¿¼¼·¬·±²¿´ ·²º±®³¿¬·±²ò

Ó±«²¬·²¹ ¿²¹´» º±® ½´»¿® ª·²§´
­¬®·° ¼±±®­ ø­»» ¾«´´»¬·² ÍÍóïðî÷

Ý´»¿® ª·²§´ ­¬®·° ·²­¬¿´´»¼ ±² ´±¿¼·²¹ ¼±½µ ¼±±® ¿´´±©­ »¿­§ ¿½½»­­
©¸·´» ±ºº»®·²¹ ¬¸»®³¿´ °®±¬»½¬·±² ¿²¼ ²±·­» ®»¼«½¬·±²ò



Í±«²¼ Ì®¿²­³·­­·±² Ô±­­ ø¼Þ÷ ïñí Ñ½¬¿ª» Þ¿²¼ Ý»²¬»® Ú®»¯«»²½·»­ øØ¦÷

ß¼¼·¬·±²¿´ ·²º±®³¿¬·±² ±² ¬»²­·´»ô ¾®»¿µ·²¹ ¿²¼ ¬»¿® ­¬®»²¹¬¸­ô »´±²¹¿¬·±²ô
½¸»³·½¿´ ®»­·­¬¿²½»ô º´¿³³¿¾·´·¬§ô »¬½ò ¿ª¿·´¿¾´» «°±² ®»¯«»­¬ò

Ì¸» ¬»­¬ ®»­«´¬­ ®»°±®¬»¼ ©»®» ±¾¬¿·²»¼ «­·²¹ ­¬¿²¼¿®¼ ´¿¾±®¿¬±®§ °®±½»¼«®»­
®»½±¹²·¦»¼ ¾§ ¬¸» ¬»½¸²·½¿´ ½±³³«²·¬§ò Ì¸» ¼¿¬¿ ·­ ª¿´·¼ ¿­ ¿ ³»¿­«®»³»²¬ ±º
¬¸» ³¿¬»®·¿´ «²¼»® ­°»½·º·½ ½±²¬®±´´»¼ ¬»­¬ ½±²¼·¬·±²­ò Ø±©»ª»®ô ¬¸·­ ¼¿¬¿ ¼±»­
²±¬ ®»°®»­»²¬ ¿² ¿½½«®¿¬» ·²¼·½¿¬±® ±º ¬¸» °»®º±®³¿²½» ±º ¬¸» ³¿¬»®·¿´ ±® ±º ¬¸»
¸¿¦¿®¼­ ©¸·½¸ ³¿§ »¨·­¬ «²¼»® ¿½¬«¿´ º·»´¼ ½±²¼·¬·±²­ò

Ü·­¬®·¾«¬»¼ Þ§

Ú´»¨·¾´» Þ¿®®·»®­

Ò±·­» Ì®¿²­³·­­·±² Ô±­­

Ð»® ßÍÌÓæ Û çð øçðß÷

Ò±·­» Ì®¿²­³·­­·±² Ô±­­ ø¼Þ÷ Ð»® Ñ½¬¿ª» Þ¿²¼ øØÆ÷

ïîë îëð ëðð ïððð îððð ìððð

î ´¾ò ÐÍÚ ïê îî îê íî íë ìð íï

ï ´¾ò ÐÍÚ ïí ïé îî îê íî íé îê

íñì ´¾ò ÐÍÚ ïï ïê îð îë íð íì îí

ïñî ´¾ò ÐÍÚ è ïí ïé îî îé íï îð

Þ¿®®·»®­ ÍÌÝ

Í±«²¼ Ì®¿²­³·­­·±² Ô±­­ ø¼Þ÷ ïñí Ñ½¬¿ª» Þ¿²¼ Ý»²¬»® Ú®»¯«»²½·»­ øØ¦÷

Ð®±¼«½¬ Ò±³ò Ò±³ò É»·¹¸¬ Ü»­½®·°¬·±² Î±´´ Í·¦» ß¼¼·¬·±²¿´
Ì¸·½µ²»­­ ø·²ò÷ ´¾ñ­¯ò º¬ò Ü»¬¿·´­

Þóïð ÒÎ òïðé ïòð

Þóë ÒÎ òðìî òë Ò±²óÎ»·²º±®½»¼

Þóîð ÒÎ òîîë îòð ëìþ É ¨ êðK Ô

Þóïð Î òðçð ïòð

Þóë Î òðëð òë
Î»·²º±®½»¼

Þóïð ÔßÙ òðçð ïòð Ú±·´ Ú¿½»¼ ìèþ É ¨ êðK Ô Í»» Þ«´´»¬·² ÍÍïðë

Þóïð ÝÊ òïêð ïòð ïêþ É ¨ ïððK Ô ú ìèþ É ¨ êðK Ô

Þóéòë ÝÊ òïîð éòë Ì®¿²­°¿®»²¬ ïîþ É ¨ îððK Ô ú ìèþ É ¨ êðK Ô

Þóë ÝÊ òðèð òë èþ É ¨ íððK Ô ú ìèþ É ¨ êðK Ô

Þóïð ÝÔß òïðç ïòð Ý´¿­­ ß ëìþ É ¨ êðK Ô

Þóïð Ô òðîð ïòð Ô»¿¼ Í¸»»¬ ìèþ É ¨ îëK Ô ÍÍïðì

ÞóïðÓÞ òïðð ïòð Ó¿®·²» Þ¿®®·»® íèþ É ¨ ìëK Ô

Ð¸§­·½¿´ Ð®±°»®¬·»­

Í»» Þ«´´»¬·²
ÍÍïðï

Ó±«²¬·²¹
Ø¿®¼©¿®» Ü»¬¿·´­

Í»» Þ«´´»¬·² ÍÍïðî

Ú±® ÑÛÓ
ß°°´·½¿¬·±²­
­»» Í±«²¼ Í»¿´
Þ«´´»¬·² ÍÍóîðí

ëð Øò Ðò ß´³¹®»² Ü®·ª»

ß¹¿©¿³ô Óß ðïððï

ÌÛÔæ ìïíòéèçòïééð

ÚßÈæ ìïíòéèçòîîìè

»ó³¿·´æ ­¿´»­à­±«²¼­»¿´ò½±³

©©©ò­±«²¼­»¿´ò½±³

ÍÑËÒÜ ÍÛßÔ
x

Í±«²¼ Í»¿´x ¿²¼ Þ¿®®·½¿¼»ÌÓ ¿®» ®»¹·­¬»®»¼ ¬®¿¼»³¿®µ­ ±º Ë²·¬»¼ Ð®±½»­­ô ×²½ò
wîððí Ë²·¬»¼ Ð®±½»­­ô ×²½ò

belssi.chang
Line


	Operation and Maintenance Manual: Sub-Slab Depressurization System—Building C, Lockheed Martin Middle River Complex
	TABLE OF CONTENTS
	LIST OF TABLES
	ACRONYMS

	Section 1 Introduction
	1.1	BACKGROUND
	1.2	PURPOSE
	1.3	OPERATIONAL OBJECTIVES AND VAPOR EFFLUENT LIMITATIONS
	1.3.1	Operational Objectives
	1.3.2	Vapor Effluent Limitations

	1.4	MANUAL ORGANIZATION

	Section 2 System Processesand Components
	2.1	SYSTEM DESCRIPTION
	2.1.1	Extraction System
	2.1.2	Vapor Treatment System

	2.2	MAJOR EQUIPMENT OPERATION AND MAINTENANCE
	2.2.1	Extraction Wells
	2.2.2	Moisture Separators
	2.2.3	Blower
	2.2.4	Heat Exchanger
	2.2.5	Granular Activated Carbon Units
	2.2.6	Potassium Permanganate Zeolite Unit
	2.2.7	Gauges, Switches, and Miscellaneous Equipment


	Section 3 System Operation
	3.1	INITIAL OPERATION
	3.2	EMERGENCY OPERATION AND FAIL-SAFE FEATURES
	3.2.1	Power Failure
	3.2.2	Fail-Safe Features

	3.3	SYSTEM MONITORING
	3.4	SYSTEM OPERATION AND MAINTENANCE PROCEDURES
	3.4.1	Testing Temperature Switch Operation
	3.4.2	Testing Auto-Dialer Alarms
	3.4.3	Water Handling Procedures
	3.4.4	Inspection of Vapor Treatment Units


	Section 4 System Startup and Shutdown Procedures
	4.1	STARTUP PROCEDURE
	4.2	SHUTDOWN PROCEDURE FOR SHORT-TERM PERIODS (LESS THAN 24 HOURS)
	4.3	SHUTDOWN PROCEDURE FOR LONG-TERM PERIODS (MORE THAN 24 HOURS)
	4.4	SHUTDOWN PROCEDURE FOR EMERGENCIES

	Section 5 Troubleshooting
	Section 6 Lock-Out/Tag-Out Procedures
	Section 7 Reporting
	Section 8 References
	APPENDIX A—AS-BUILT DRAWINGS
	APPENDIX B—SYSTEM-CHECK FORMS
	APPENDIX C—MATERIAL SAFETY DATA SHEETS
	APPENDIX D—EQUIPMENT MANUFACTURER MANUALS




