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1 INTRODUCTION

SCIENTECH, Inc. -(formerly SCIENTECH NES, Inc. or NES, Inc. hereafter referred to as
SCIENTECH) was contracted by Leica Microsystems, Inc., (Leica) to design, install, and operate the
remedial system proposed at the former Leica Optical Site (Site) in Cheektowaga, New York. After
delineation of the contaminated area within the Supplemental Area C, SCIENTECH prepared the
design and installed the remedial system. The remedial system integrates the technologies of dual
vacuum extraction (DVE) and air injection to simultaneously remediate VOCs from both soil and
groundwater in the overburden material.

Also, concurrent with soil and shallow groundwater remediation, SCIENTECH was contracted by
Leica to design, install, and operate a bedrock groundwater pump and treat system consistent with
conceptual designs approved by NYSDEC to address the contamination present in the bedrock
aquifer.

The design report entitled, “Construction and Operation of Remediation System Project Design, 95%
Submittal,” was submitted to the New York State Department of Environmental Conservation
(NYSDEC) on January 20, 1999. The design was approved by the NYSDEC by letter dated March
3, 1999. On March 23, 1999, SCIENTECH submitted a New York Licensed Professional Engineer
stamped and signed design report entitled, “Construction and Operation of Remediation System
Project Design Final Submittal,” (the “Design Report”) to the NYSDEC for use during construction
and implementation. A preconstruction meeting was held on April 13, 1999, with the NYSDEC and
Leica representatives.

Installation activities were initiated on April 21, 1999. The subsurface remediation system was
installed by December 1999 and is currently operating. This document provides.As-built drawings
and additional information in regard to the maintenance and monitoring efforts at the site during
system operation.

2 SITE DESCRIPTION

The site is located in Cheektowaga, New York (Figure 1). Previous site investigations indicate that
the subsurface has been contaminated with chlorinated and aromatic hydrocarbons as a result of past
operations at the facility. Three separate areas of contamination were identified: the former drum
storage area, the northeastern source area, and the southeastern area. These areas are designated
Areas A, B, and C, respectively, as shown on Figure 2. Supplemental Area C is adjacent to Area C.
The contaminants of concern consist of the chilorinated hydrocarbons: vinyl chloride, 1,1-
dichloroethene, 1,2-dichloroethene (cis and trans), 1,1-dichloroethane, 1,2-dichloroethane,
trichloroethene, and 1,1,1-trichloroethane and the aromatic hydrocarbons: benzene, toluene, ethyl
benzene, and xylene (BTEX).

The analytical results, presented in the Additional Investigation Report, prepared by SCIENTECH
(latest revision September 1998, “Investigation Report”), indicate that the contaminated soil extends
to the west and northeast of the original Area C designation as delineated by the Supplemental Area
C.

As discussed in the Investigation Report, within the area of Supplemental Area C, an interval of fill
and debris ranging from 0.5 to 4 feet in thickness is underlain by a dry to wet, red/brown, stiff, hard
clay. In some areas, the clay displays thin silt varves. In some areas, the fill material (fill layer)
contains dark-stained soil with a petroleum odor. The varved clay layer (clay layer), identified as
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native soils in previous investigations, extends to a depth of approximately 11 to 14 feet below grade
level. The clay is firm and stiff with little or no odor. Beneath the clay, a Loot layer of a wet, gray,
loose, fine to medium sandy silt is present (sandy-silt layer (ss)). The sandy silt layer, in certain
areas, also contained a petroleum odor. The top of carbonate bedrock was encountered from 12 to 15
feet below grade level. The thin glacial till layer identified during previous investigations was not
observed during the supplemental investigation.

SCIENTECH also discovered that the contamination is not generally present within the clay layer,
but it is isolated within the layers above and beneath the clay. It is apparent that the clay is an
aquaclude and has prevented the contamination within the fill layer (mostly xylene) from migrating
downward and the contamination within the silty sand layer (mostly chlorinated solvents) from
migrating upward.

This soil stratigraphy observed in Supplemental Area C was also observed in Areas B and C
during the installation of the remediation system. Area A consisted of four feet of fill material as
expected.

3 SYSTEM DESIGN

SCIENTECH has prepared the final design of the subsurface remediation system. As detailed in the
Final Submittal of the “Construction and Operation of Remediation System, Project Design”, the
subsurface overburden remediation system integrates the technologies of dual vacuum extraction and
air injection to simultaneously remediate VOCs from both soil and groundwater in the overburden
material. Concurrent with soil and shallow groundwater remediation, SCIENTECH has also
designed a bedrock groundwater pump and treat system consistent with conceptual designs approved
by NYSDEC to address the contamination present in the bedrock aquifer. The major design
parameters for the remediation system are discussed below.

3.1 WELL SPACING AND DESIGN

Baséd on our experience with vacuum extraction in similar soils and the results observed during the
pilot study (results presented in the Pilot Study Final Report, December, 1996, prepared by NES,
Inc.), a zone of influence of approximately 30 to 40 feet (radius) in both the lower silty-sand interval
and the fill interval is anticipated. SCIENTECH has taken a conservative approach and set the well
spacing based on a 30 foot on-center distance between wells in the fill layer and also in the silty-sand
layer. This approach provides a reasonable design safety factor and also allows for the operation of
the DVE wells in various configurations, reducing the possibility of no or low flow zones.

Silty-Sand Layer

Boreholes were advanced at the 30-foot grid spacing nodes and an extraction well was placed in each
borehole. The well contains a vertical well screen fully penetrating the silty-sand layer
(approximately 2 feet in length). Approximately 2 feet of bentonite was used to separate the screen
interval from the soils above. The remaining borehole was filled with auger cuttings since PID
screening indicated that the material was suitable (<25 ppm). This design eliminates the preferential
airflow that would occur from the zone of high permeability soils (i.e. the fill layer) if the wells were
screened over the entire subsurface interval.

The silty-sand interval below the clay unit was used as the main dewatering aquifer, since it is
expected to yield a larger quantity of groundwater than the clay and fill layers. This larger quantity
will produce greater drawdowns and zones of influence for capture of the groundwater plume. Each
of these DVE wells in the silty-sand layer were equipped with vacuum-entrainment groundwater
recovery tubing, which does not require down-hole pumps or controls.
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Fill Layer

The horizontal vapor extraction wells within the fill layer are approximately 30 feet in length. The
horizontal wells were placed in trenches approximately 2 to 3 feet below ground surface and spaced
30 feet apart. These horizontal wells were connected to the vapor extraction unit through horizontal
~ manifold piping, which was installed approximately 3 to 4 feet below grade.

The material unearthed during the installation of the vertical DVE wells was placed in a bermed,
polyethylene-lined area for treatment near the Vapor Extraction. Perforated pipes were placed
horizontally within the material that is being treated using vapor extraction. The material is covered
with polyethylene during the Vapor Extraction treatment process. After the material has been
remediated to RAOs, it will be released to Leica for use as fill material on-site or for transport to an
off-site disposal facility.

Most material unearthed during placement of horizontal extraction wells and manifold pipes was
used to backfill the trench and remediated in that location. Any excess soil was placed in the lined
area and treated as described above.

3.2 VACUUM SYSTEM

The vacuum level required to induce airflow in the soils is a function of the permeability of the soil.
In order to provide an efficient application of vacuum to the subsurface, two vacuum blowers are
being used to separately address the two main subsurface zones (the fill and silty-sand) requiring
remediation. Both vacuum units are positive displacement, rotary blowers with electric motors. The
capacities of the blowers have been increased to account for the increased area of contamination.
Each system is capable of producing up to approximately 1000 standard cubic feet per minute (scfm)
at 12 inches of mercury vacuum. This 1000 scfm airflow produces approximately 15 scfm per well in
each of the two layers (fill and silty-sand).

Each of the vacuum extraction systems is equipment with an air water separator, which removes the
water within the system. The separated water is pumped to the air stripper for treatment prior to
discharge.

3.3 AIR INJECTION

The air injection system consists of injection points, a manifolded air delivery system and an air
compressor. Injection probes were installed into the silty-sand layer within Areas B and C to assist
with VOC transport and dewatering efforts.

Airflow of 325 cfm at pressures of up to 20 pounds per square inch (psi) is being used for the
continuous air injection operations. These air injection points were installed near the middle of the
30 foot grid node. The compressor produces an airflow of approximately 5 cfm per air injection point
in the silty-sand layer.

3.4 BEDROCK GROUNDWATER PUMP AND TREAT SYSTEM

To address the contaminated bedrock aquifer, two (2) bedrock well pumps are utilized. The first
pump was placed in existing well MW-16A and a second pump was placed in a new bedrock well
installed approximately 150 to 200 feet west of MW-13A. Similar to MW-16A, the new bedrock
well is 6 inches in diameter and extends approximately 40 feet below grade.
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The pneumatic pumps are each capable of removing seven (7) to ten (10) gallons per minute of
groundwater within the bedrock aquifer. The air injection compressor supplies compressed air to the
pneumatic pumps.

3.5 EXTRACTED VAPOR TREATMENT

The quantity of contaminants within the subsurface was estimated using analytical data collected
during the investigation in conjunction with other data collected during previous investigations.
Assuming a soil density of 2,200 pounds per cubic yard within the overburden material and a
porosity of 50% within the bedrock aquifer, the following estimates were calculated:

e 900 pounds of VOCs were present in the fill layer;
e 1,700 pounds of VOCs were present in the silty-sand layer; and
e 460 pounds of VOCs were present in the bedrock.

With these concentrations present within the different layers of the subsurface, SCIENTECH
activated the vacuum extraction and groundwater recovery systems sequentially. Care was taken to
prevent contaminants from being drawn from areas of higher concentration in the silty-sand layer to
the deeper bedrock areas. In order to avoid this potential problem, SCIENTECH removed the high
level of contaminant present within the subsurface soils and shallow groundwater. After installation,
SCIENTECH activated the extraction system within the silty-sand and fill layers first to remove the
heaviest contamination. The vapor stream and groundwater removed was monitored several times
per week to determine when the initial concentrated contamination has been removed. Once the most
concentrated contamination was removed and the extracted vapor concentrations stabilized, the
bedrock aquifer pumping system was activated. All three vapor streams (vacuum extraction from the
fill layer, vacuum extraction from the silty-sand layer, and airstripping off-gas) are treated using
activated carbon. Remediating the subsurface by this sequence will minimize the potential for cross
contamination into the bedrock Five (5) vapor phase carbon canisters were mobilized to the site with
additional carbon brought on site as needed. Each canister contains 3,000 pounds of carbon and is
capable of treating approximately 400 pounds of VOCs from the vapor stream. The treatment
system utilizes the carbon vessels in three parallel trains with each vapor stream traveling through
two vessels prior to discharging to the atmosphere. Each treatment train contains a primary
treatment vessel to remove the bulk of the contaminants from the air stream and a secondary
treatment vessel for polishing and as a backup. The secondary vessel will remove any contaminants
that pass the first vessel, therefore minimizing the presence of VOCs escaping into the atmosphere.

Subsequently, when field screening of the vapor stream after the primary vessel indicates that the
carbon is saturated, the carbon from the primary vessel will be removed for regeneration, the
secondary vessel will then become the primary vessel, and regenerated carbon will be used in the
new secondary vessel. The air emissions discharged after treatment by activated carbon is negligible.
Treatment by activated carbon typically provides removal efficiencies in excess of 99%.
SCIENTECH monitors the air emissions from each of the vapor streams to prevent release of VOCs
to the atmosphere above allowable levels.

4 SYSTEM INSTALLATION

Installation of the subsurface remediation system was initiated on April 21, 1999. The first field
activity was the installation of the vertical vapor extraction wells and sparge points. Soil samples
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collected during the well installation activiies were analyzed using EPA Method 8260 and compared
to the Site-Adjusted Remedial Action Objectives (ARAOs) calculated previously and shown below.

VOCs (ug/Kg) Fill Clay Sandy/Silt
Benzene 232 87 116
1,1-Dichloroethane 600 225 300
1,2-Dichloroethane 280 105 140
Ethylbenzene 22,000 8,250 11,000
Methylene Chloride 420 158 210
Toluene 6,000 2,250 3,000
1,1,1-Trichloroethane 3,040 1,140 1,520
Trichloroethene 2,520 945 1,260
Vinyl Chloride 456 171 228
Xylene (Total) 4,800 1,800 2,400

Respectively, the system layout was modified to exclude extraction wells and sparge points in areas
with soils below these ARAOs based on the new data. These modifications were described in the
monthly status report (May 1999) prepared by SCIENTECH on June 11, 1999 (ES - 1641) and are
represented on the As-built drawings (Figures 3 and 4).  Although these ARAOs have been
calculated, the remedy is attempting to achieve the RAOs established in the Record of Decision
dated March 1997, as reasonably practical. Following is a brief summary of field activities.

e In May 1999, SCIENTECH installed the vertical vent wells and new bedrock well located in
Area C (designated MW-11A) and initiated the subsurface system installation in Area C.

e In June 1999, SCIENTECH installed the horizontal vent wells in Area A and continued
installing the horizontal vent wells in Area C.

e In July 1999, SCIENTECH installed the remainder of the horizontal vent wells in Area C and
started connecting the wells to the main manifold that leads to the treatment shed.

o In August 1999, SCIENTECH completed the connection of the wells from Area C to the main
manifold that leads to the treatment shed. SCIENTECH installed the extraction and injection
piping within the loading area of Area B and started installing the remainder of the system.
SCIENTECH also constructed the bermed, polyethylene-lined treatment area for placement and
treatment of material unearthed during the well and trench installation activities.

« In September 1999, SCIENTECH installed the extraction and injection piping within Area B and
connected that piping to the main manifold that leads to the treatment shed.

« In November 1999, SCIENTECH installed the extraction and injection piping within Area C and
the equipment was connected to the system. The shallow horizontal well extraction system was
activated and the vertical deep well extraction system was tested.

e InDecember 1999, SCIENTECH completed the installation of the subsurface remediation system.
The vapor extraction system (both horizontal and vertical) and the bedrock groundwater pump
and treat system were operational.

In Area A, the two horizontal vapor extraction wells were installed essentially as planned and are
shown on the As-built drawing (Figure 3).

In Area B, 10 horizontal vapor extraction wells, 12 vertical vapor extraction wells, 12 sparge points,
and the bedrock well pump were installed essentially as planned in the locations illustrated on the
As-built drawing (Figure 3). The bedrock well pump was installed in MW-16A
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In Area C and Supplemental C, 46 horizontal vapor extraction wells, 39 vertical vapor extraction
wells, 44 sparge points, the bedrock well, and the bedrock well pump were installed essentially as
planned in the locations illustrated on the As-built drawing (Figure 4). The bedrock well pump was
installed in MW-11A.

The wells, points, and pumps were manifolded together as planned and connected to the appropriate
equipment. Figures 5 and 6 depict the location of the treatment sheds and the layout of the
associated equipment.

S SYSTEM OPERATION AND MAINTENANCE

With the installation of the subsurface system complete, the system will operate continuously
(excluding periods when undergoing repairs/maintenance, as required) until the RAOs or other
criteria, approved by the NYSDEC, are met. The RAOs for this project are provided in Section 3 of
this report for reference.

The design and operational parameters of the remediation system are outlined as follows:

e Within the vacuum extraction systems, the vacuum is increased incrementally as the water is
removed from the subsurface piping and surrounding area. This process is continued until
the vacuum reaches an operating pressure between 7-9 inches of mercury at the blowers;

e The air injection system is maintained at 5-8 pounds per square inch of air pressure
measured after the regulator; and

e The air pressures for the two bedrock well pumps are regulated down to 40 psi at the wells.
The pumps are self-actuating therefore there are no other timers or regulators that need to be
set. .

5.1 OPERATION AND MAINTENANCE

System and equipment maintenance will be performed in accordance with the manufacturers’
recommendations throughout the duration of the remedial efforts. A list of normal yearly spare parts
and the maintenance sections of the equipment manuals for the remediation system have been
compiled and are included as Attachment 1. The general maintenance schedule is summarized in the
following table. Equipment manuals should be reviewed for proper maintenance procedures.
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Maintenance Schedule

Maintenance

Approximate Schedule

Each
Day

Each
Week

Each
Month

Each 6
Months

Each
Year

Blower Skid: Check belts (adjust belts as needed)

Blower: Oil changes (add oil as needed)

Blower: Greasing shaft bearings (do not over grease)
Blower Motor: Greasing

Compressor: Air filter change (check auto sentry
controller)

Compressor: Change oil separator (check auto sentry
controller)

Compressor: Check reservoir oil level

Compressor: Check for proper load/unload

Compressor: Check discharge pressure/temperature
Compressor: Check dirt accumulation on cooler
Compressor: Change oil filter element

Compressor: Change compressor lubricant (aeon 9000 sp)
Compressor: Check relief valve

Compressor: Motor lubrication

Air Filter Replacement (Replace at 10 PSI pressure drop)
Pumps: Mechanical Seal (check for leakage and replace as
required)

Pumps: Motor lubrication

3

w

5.2 ROUTINE INSPECTIONS

-

The site will be inspected quarterly in conjunction with the monitoring events. The site will be

inspected for:
e integrity of groundwater monitoring wells;

e integrity of each vapor extraction system;

e integrity of the bedrock groundwater dewatering system;

s condition of MSD and compressor; and

e adequacy of access control for the system.

5.3 MISCELLANEOUS MAINTENANCE REQUIREMENTS

5.3.1 Groundwater Monitoring Wells

Monitoring wells, which are found to be damaged during the quarterly inspections such that
representative ground water samples cannot be obtained, will be repaired or replaced. Repair
measures will be based on case-specific evaluation. Any well damaged beyond repair or rendered
inoperative will be replaced with a new well of similar depth and construction. Well installationand

decommissioning will be conducted in accordance with the applicable state regulations
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5.3.2 Access Control

The vapor extraction systems are housed in C-containers at the site. Each container is provided with
access through a double door. These doors are to remain locked at all times unless someone is
working in the container. SCIENTECH presumes that these containers will not need repair or

~ maintenance during the period of the remedial effort; however, locks may need to be replaced

periodically.

SCIENTECH does not anticipate the need for any additional maintenance to be conducted; however,
if any additional activity becomes necessary, the maintenance will be conducted as necessary and
added to the schedule shown above.

The Site Inspection and Maintenance list (included in Attachment 2) will be posted at the site. The
Monthly Site Inspection and Maintenance Checklist (also included in Attachment 2) will be
completed monthly.

6 MONITORING PLAN

Both Groundwater and Air Monitoring will be conducted at the Site. The following sections provide detailed
information related to this monitoring.

6.1 GROUNDWATER MONITORING — BASIS OF PLAN
The proposed monitoring plan is designed to accomplish the following objectives:

1. To monitor the two hydrogeologic units beneath the site;
2. To monitor the groundwater both upgradient and downgradient of the site; and
3. To evaluate the groundwater quality over time to assess the effectiveness of the remedial action.

There are 30 groundwater monitoring wells present at the site, two of which are inaccessible (well
logs are included as Attachment 3). These monitoring wells address both hydrogeological units
beneath the site (the overburden zone and the bedrock zone). The overburden wells are designated
as MW-1,3,4,5,6,7,8',9,10, 11, 12, 13, 14, 15, 16, 18, 19, 20, 21, 22, and 23 and are located as
depicted on Figure 7. The bedrock wells are designated as MW-1A, 2A, SA, 6A, 11A, 13A, 14A,
15A, 16A, and 17A. These wells are also depicted on Figure 7.

6.2 BASE-LINE MONITORING RESULTS

6.2.1 Groundwater Elevation Monitoring

Groundwater measurements were taken on December 14, 1999. All accessible wells were monitored
for groundwater depth. Using previous survey data, SCIENTECH -calculated the groundwater
elevation at each well. Tables 1 and 2 summarize the results of these measurements and
calculations. The data from Table 1 were used to create Figures 8 and 9, which depict groundwater
elevations and flow within the different strata. Figures 8 and 9 illustrate that gradients in the
overburden material and bedrock are in the southeast direction.

" Inaccessible, buried under a stockpile of debris
? Inaccessible, buried under new pavement
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6.2.2 Groundwater Sampling and Analyses

As discussed with NYSDEC (letter dated December 10, 1999), the overburden wells MW- 4, 6, 7,
10, 14, 15, 18*, and 22 and the bedrock wells MW-6A, 14A, 15A, and 16A were sampled on
December 14 - 20, 1999 (initial base-line evaluation). The groundwater samples were analyzed for
" Volatile Organic Compounds (VOCs) using EPA Method 8260. Analysis was performed by
Columbia Analytical Services of Rochester, New York.

Tables 3 and 4 present the results of these analyses. The groundwater analyses demonstrate that the
overburden groundwater quality in the southeast corner of Area C has been adversely impacted by
elevated concentrations of cis-1,2-dichloroethene (MW-4, 6, 7, 10, and 14), trichloroethene (MW-4),
and vinyl chloride (MW-6, 7, 10, and 14). Monitoring’ wells located in the vicinity (but southeast
and south) of Area B (MW-15 and 18) did not indicate an adverse impact to the overburden
groundwater quality; however, the NYSDEC has indicated that MW- 16, which is located within
Area B which has historically exhibited groundwater contamination, will need to be located and
repaired or a new well installed in the same area.

The groundwater analysis also demonstrated that the groundwater quality within the bedrock aquifer
is adversely impacted with elevated concentrations of cis-1,2-dichloroethene in all four bedrock
monitoring wells (MW-6A, 14A, 15A, 16A). Groundwater samples collected from MW-16A, which
is located in Area B, indicate that the bedrock groundwater in that area also contains elevated
concentrations of 1,1,1-trichloroethane, trichloroethene, and xylene. Groundwater samples collected
from MW-15A, which is located between Areas B and C, indicate that the bedrock groundwater in
that area contains elevated concentrations of trans-1,2-dichloroethene, trichloroethene, and vinyl
chloride. Groundwater samples collected from MW-6A, which is located northwest (upgradient,
using previous survey data) of Area C, indicate that the bedrock groundwater in that area contains
elevated concentrations of vinyl chloride and total xylenes.

This data will serve as the initial base-line data indicating groundwater quality in the area before it is
effected by the remediation system.

6.3 ELEMENTS OF THE PROPOSED MONITORING PLAN
The groundwater monitoring plan contains the following key elements:

e collection of groundwater elevation measurements; and
e collection and laboratory analysis of groundwater samples.

In an effort to monitor the effectiveness of the groundwater treatment system, treatment system influent (MW-
11A and 16A) and effluent samples (groundwater discharge) will be collected and analyzed on a quarterly

basis.

6.3.1 Groundwater Elevation Monitoring

The objective for collecting groundwater elevation measurements is to gain knowledge of the
groundwater flows and hydraulic gradients of the two hydrogeologic units at the site. Groundwater
elevation monitoring will be conducted quarterly for the first two years following activation of the
system and annually from year two to year five. Groundwater elevations will be measured in all
accessible monitoring wells as discussed above. Groundwater elevation measurements will be

3 A groundwater sample was collected from MW-4 because MW-11 did not contain any collectable liquid.
* A groundwater sample was collected from MW-18 because MW-16 is inaccessible.
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recorded on the Groundwater Sampling Record included in Attachment 4. This information will be
used to generate groundwater flow maps and evaluate hydraulic gradients. A groundwater elevation-
monitoring schedule after the first five years will be determined at that time in communication with
the NYSDEC.

6.3.2 Groundwater Sampling and Analyses

The purpose of groundwater sampling and analysis is to evaluate the groundwater quality over time
to assess the effectiveness of the remedial action.

Monitoring wells MW-6, 7, 10, 11°, 14, 16R, 22, 6A, 11A, 14A, 15A, and 16A will be monitored
quarterly for the first two years following activation of the system.

Groundwater samples will be analyzed for VOCs using EPA Method 8260. After the soil and
shallow groundwater remediation system is considered complete as described in Section 6
(approximately two years), monitoring wells MW-6, 7, 10, 11°, 14, 15, 16R, 22, 6A, 11A, 14A, 15A,
and 16A will be monitored annually for the following three years. A groundwater quality

monitoring schedule after the first five years will be determined at that time in communication with
the NYSDEC.

The proposed sampling frequency, sampling parameters, and/or selected wells may be modified
based on the results of the previous sampling events, but only with written permission from the
NYSDEC.

SCIENTECH will monitor the overburden and bedrock remediation systems on a regular basis.
System monitoring will be conducted more frequently during the initial months of operation and less
during later stages of the remediation. This allows closer monitoring of the remedial activities during
the initial operations, when changes are occurring at a faster rate. During continued operations and
monitoring the following tasks will be accomplished:

6.4 AIR MONITORING

Air quality will be monitored at specific locations using site screening or laboratory analysis for
VOCs of concern to determine the pre-treatment contaminant removal effectiveness of the horizontal
vapor extraction systems (HVES1), vertical vapor extraction systems (VVESI), the groundwater
treatment system air discharge (GTS1), and each of the vapor treatment systems (HVES2, VVES2,
GTS2). Figure 5 provides an As-built Drawing and Process Flow Diagram of the Equipment Layout
that includes the aforementioned air sampling locations. The monitoring methods and frequency are
summarized below.

Monitoring Method | Number of Samples Analysis Frequency
Vapor Screening 6 Field Screen (PID) Quarterly
Laboratory Analysis 6 TO-14 modified Yearly

Screening results will be recorded on the Air Sample Screening Record included in Attachment 4.

* If no collectable liquid is present in MW-11, a groundwater sample will be collected from MW-4.
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6.5 SAMPLE CONTAINER PREPARATION

Sample containers for groundwater samples will be properly washed and decontaminated by the
laboratory prior to use. The containers will be tagged and Chain of Custody (COC) initiated before
shipping to the sampling site in coolers. The types of containers and preservation techniques are
shown in Attachment 5. All bottles will need to have preservatives added prior to being filled.
Following sample collection, the bottles will be placed on ice in the shipping cooler. The samples
will be cooled to 4° C but not frozen.

New sample containers will be provided from the laboratory for air samples. The containers will be
tagged and COC initiated before shipping to the sampling site in boxes or coolers. The types of
containers and preservation techniques are shown in Attachment 5. The Tedlar bags should not
contain any preservative. Following sample collection, the bags will be placed in the shipping
container (box or cooler), but not cooled; therefore, the air samples will not be shipped with the
groundwater samples. :

6.6 FIELD PROCEDURES

6.6.1 Groundwater Monitoring

The following is a step-by-step sampling procedure to be used to collect the groundwater samples.
Well sampling procedures will be recorded on the Groundwater Sampling Record included in
Attachment 3.

o Assemble all field equipment necessary for sample collection (see Attachment 6 for a list of
necessary equipment).

¢ Inspect equipment to ensure it is working properly.
e Select up gradient well (ex. MW-15) as the initial sampling location.

e Prior to purging and sampling, measure the static water level from the surveyed well elevation
mark on the top of the casing with a water level indicator. Water levels will be measured to
nearest 0.01 foot and recorded on the Groundwater Sampling Record (included in Attachment 4).

e Decontaminate the water level indicator. (See Section 6.7 for decontamination procedures.)

e Purge the well by removing a minimum of three well volumes of water. Purging will be
conducted with a bailer or a stainless steel centrifugal pump and dedicated polyethylene tubing.
The centrifugal pump will be equipped with a gate valve on its discharge. If the well goes dry
before the required volumes are removed, the well may be sampled when it recovers sufficiently.
The purged water from all on-site wells should be collected and disposed of in the sanitary sewer
located on Vine Street adjacent to the site. Purged water from offsite wells may be disposed on
the ground surface a minimum of ten feet away from the well in a downhill location. Sample
collection must be performed within 24 hours of purging the well.

e Collect samples from each well with a dedicated bailer lowered by a dedicated nylon line.
Sample description and location will be noted on the Groundwater Sampling Record
(Attachment 3).

e Fill sample containers to be analyzed for VOCs. Sample containers will be labeled in
accordance with historic monitoring well titles shown on Figure 7. Care should be taken to
obtain a sample with the least amount of turbidity possible (<50 ntu).
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¢ The groundwater samples will be placed in a laboratory cooler, packed on ice and driven directly
to or shipped overnight to the laboratory. Quality assurance blanks will be sent with each
sample shipment. COC procedures will be strictly followed as outlined in Section 6.8.

6.6.2 Air Monitoring

The following is a step-by-step sampling procedure to be used to collect the air samples.

s Assemble all field equipment necessary for sample collection (see Attachment 6 for a list of
necessary equipment).

e Inspect equipment to ensure it is working properly.

e Connect plastic tubing to the first pump and the Tedlar bag. Open the stopcock on the Tedlar
bag and allow air to flow in. Fill the bag to the consistency of a soft pillow— do not overfill to
prevent popping during transport. Close the stopcock and repeat the procedure with new tubing
and a new bag on each of the other pumps.

e Label sample bags and place in a laboratory cooler (without ice), or a heavy shipping box with
packing materials. The air samples should be driven directly to or shipped overnight to the
laboratory. COC procedures will be strictly followed as outlined in Section 6.8.

6.7 EQUIPMENT DECONTAMINATION

Testing and sampling equipment will be decontaminated prior to coming into contact with each
sampling point or sample media. Decontamination procedures will comply with SCIENTECH SOP
for "Decontamination of Field Equipment"” (document number 82A8499) includ:d as Attachment 7.

6.8 FIELD SAMPLE CUSTODY

Evidence of sample traceability and integrity is provided by COC procedures. These procedures
document the sample traceability from the selection and preparation of the sample containers by the
laboratory, to sample collection, to sample shipment, to laboratory receipt and analysis. A sample is
considered to be in a person's custody if the sample is: '

e Ina person's possession;
¢ Maintained in view after possession is accepted and documented;

e Locked and tagged with Custody Seals so that no one can tamper with it after having been in
physical custody; or

e In a secured area which is restricted to authorized personnel only.

A COC record (Attachment 8) accompanies the sample containers from selection and preparation at
the laboratory, during shipment to the field for sample containment and preservation, and during
return to the laboratory. Triplicate copies of the COC must be completed for each sample set
collected.

The COC lists the field personnel responsible for taking samples, the project name and number, the
name of the analytical laboratory to which the samples are sent, and the method of sample shipment.
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The COC also lists a unique description of every sample bottle in the set. If samples are split and
sent to different laboratories, a copy of the COC record will be sent with each sample.

The REMARKS space is used to indicate if the sample is a matrix spike, matrix spike duplicate or
matrix duplicate. Since they are not specific to any one sample point, trip and field blanks are
indicated on separate rows. Once all bottles are properly accounted for on the form, the sampler will
write his or her signature and the date and time on the first RELINQUISHED BY@ space. The
sampler will also write the method of shipment, the shipping cooler identification number, and the
shipper air bill number on the top of the COC. Mistakes will be crossed out with a single line and
initialed by the author.

One copy of the COC is retained by sampling personnel and the other two copies are put into a
sealable plastic bag and taped inside the lid of the shipping cooler. The cooler lid is closed, custody
seals provided by the laboratory are affixed to the latch and across the back and front lids of the
cooler, and the person relinquishing the sample signs his name across the seal. The seal is taped, and
the cooler is wrapped tightly with clear packing tape. It is then relinquished by field personnel to
personnel responsible for shipment, typically an overnight carrier. The COC seal must be broken to
open the container. Breakage of the seals before receipt at the laboratory may indicate tampering. If
tampering is apparent, the laboratory will contact the designated person, and the sample will not be
analyzed.

6.9 SAMPLE ANALYSIS

The following table illustrates the proposed sampling plan for the site:

# Samples
Time period Frequency Parameters Locations per Sampling
Event
First & Second Quarterly VOCs MW-6, 7, 10, 11°, 14, 12 water
Years’ (EPA Method | 16R, 22, 6A, 11A, 14A,
(4 monitoring 8260) 15A, 16A, and system
events each year) effluent (groundwater
discharge)
VOCs (PID) Each vapor extraction 6 air
system
First & Second Annually VOCs Each vapor extraction 6 air
Year’ (EPA Method system .
(1 monitoring TO-14
event each year) modified)
Third Year to Annually VOCs MW-6,7, 10, 115, 14, 12 water
completion of (EPA Method 15, 16R, 22, 6A, 11A,
monitoring 8260) 14A, 15A, and 16A

% If no collectable liquid is present in MW-11, a groundwater sample will be collected from MW-4.
7 Air monitoring will continue until the remediation system is shut down
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Note: Monitoring parameters and frequencies may be modified based on the outcome of the routine
monitoring results.

Sampling will be conducted on quarterly basis for the first two years during the remedial activities.
There after, only an annual sampling event is anticipated which will vary by season (i.e.: spring,
summer, fall, winter) to evaluate seasonal groundwater changes.

After five years, the parameter list and monitoring well sampling locations will be reevaluated based
on the post-closure sampling results.

Samples will be analyzed by a laboratory approved by the New York State Department of Health
(NYSDOH) Environmental Laboratory Approval Program (ELAP) in all categories of solid and
hazardous waste and certified for Contract Laboratory Protocols (CLP). Reduced laboratory
deliverables (Category A package in lieu of Category B) submittals maybe requested because of the
long term sampling that will be conducted as part of this O&M plan.

6.10 QUALITY ASSURANCE/QUALITY CONTROL

Quality Assurance/Quality Control (QA/QC) samples will include "Trip Blanks," collected in
addition to water and vapor samples. The trip blanks will be prepared and handled in accordance
with SCIENTECH SOP for "Collection of Quality Control Samples" (document number 82A8498)
included as Attachment 9.

6.11 HEALTH AND SAFETY

A Health and Safety Plan is provided in Attachment 10 which includes information on chemical and
physical hazards anticipated during maintenance and monitoring at the site, personnel protection and
monitoring equipment, accident prevention and contingency plan, sample handling, monitoring well
decommissioning, and decontamination.

6.12 DATA EVALUATION AND REPORTING

The results of each monitoring event will be summarized quarterly in a letter report. Analytical
results will be evaluated quarterly with respect to background levels detected in monitoring wells
during the Remedial Investigation, and applicable NYSDEC and NYSDOH standards and guidance
values. Analytical results showing an increase in contamination must be reported to the NYSDEC
project manager within 14 days of such determination. Background will be determined from the
review of contaminant levels in an upgradient well.

An annual summary report will be prepared which compares background levels, individual sampling
round results and applicable water quality standards. Included in the report will be a table with the
following information:

e Sample identification number

e Sample collection date

e Well identification including description of upgradient wells
e Analytical results

e  Method Detection Limits (MDL)
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e Chemical Abstracts Service (CAS) numbers for all compounds
e Applicable water quality standards

Delineation of samples with exceedances of background levels, standards, guidance values, or
statistical triggers.

A summary and discussion of all exceedances of background levels, standards, values, or statistical
triggers and any proposed modifications to the sampling and analysis schedule will also be included.

Reports will be submitted to the NYSDEC office responsible for this project, which is:

Mr. Gerald Rider, P.E. .

Chief, Operation, Maintenance & Support Section
New York State Department of Environmental Conservation
50 Wolf Road
Albany, NY 12233-7010
(518) 457-0927

7 SITE CLOSURE

As stated in the Design Report, when the system performance monitoring data indicate that
recovered VOC concentrations are negligible or as low as reasonably achievable, soil samples will
be collected and analyzed by EPA Method 8260 to demonstrate an area-wide average less than or
equal to the Remedial Action Objectives (RAOs) has been achieved for each area. Prior to sample
collection, SCIENTECH will notify NYSDEC that verification samples will be collected. At that
time, a specific soil verification sampling plan that provides the number of samples to be collected to
verify compliance including the location and depth of each sample will be submitted. After
NYSDEC approval, SCIENTECH will collect the soil samples for analysis. Once compliance has
been verified for a specific area, that area will be disconnected from the soil and shallow
groundwater remediation systems and considered closed. The vertical vapor extraction wells will be
abandoned in accordance with NYSDEC guidelines after the area is disconnected from the
overburden remediation system and considered closed.

The bedrock remediation system (bedrock groundwater removal and treatment) will probably operate
for a longer period of time than the overburden remediation system. Therefore, demobilization
activities will likely not include the bedrock recovery wells (MW-11A and MW-16A), related
equipment or associated subsurface piping. The bedrock remediation system will continue to operate
until the RAOs are achieved within the bedrock aquifer.

8 REPORTING AND RECORD KEEPING

This section describes the reporting and record keeping that will be during the duration of the
remedial effort. Groundwater data will be reported to NYSDEC on a quarterly basis. An annual
report summarizing monitoring and maintenance activities will also be submitted to NYSDEC.
Copies of the quarterly and annual reports will be sent to NYSDEC at each of the following
locations:

Mr. Gerald Rider, P.E.

Chief, Operation, Maintenance & Support Section

New York State Department of Environmental Conservation
50 Wolf Road
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N

Albany, New York 12233-7010
(518) 457-0927

Mr. Gregory P. Sutton, P.E.

. Project Engineer

New York State Department of Environmental Conservation - Region 9
270 Michigan Avenue
Buffalo, New York 14203-2999

Dr. G. Anders Carlson

Director of Environmental Exposure
New York State Health of Department
2 University Place

Room 205

Albany, New York 12203-3399

8.1 ANNUAL REPORT

The annual report will contain a summary of water quality information from the quarterly monitoring
events with special note of any changes in water quality that occurred throughout the year. This
report will also include a summary of the field vapor screening information from the quarterly events
and the analytical results from the laboratory analysis of air samples. The report outline will be based
on the data reporting regulations in 6NYCRR Part 360-2.11(c)(4)(iv), including tables showing
collection data, analytical results and applicable NYSDEC and NYSDOH standards and guidance
values, a summary of contravention of water quality standards and a discussion of results. The
annual report will also evaluate the effectiveness of the remedial system and provide any
recommendations for operational changes and/or modifications.

8.2 RECORD KEEPING

Records of data, drawings, and calculations concerning any work proposed or completed at the site
are kept on permanent file by SCIENTECH. For example, wells will be monitored and data
recorded on a data sheet. This and other investigative results are incorporated into reports that will
be maintained by NYSDEC. Included in the reports are appendices with copies of data sheets, log
books, and laboratory analysis results. A record of the cost for the monitoring and maintenance of
the site will also be kept.
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Prepared by:MC

Date:03/27/2000

Checked by:

Date: J’Zﬁ’w T LE 1

LEICA INC. GROUNDWATER MONITORING REPORT

GROUNDWATER WELL MEASUREMENTS
DECEMBER 14, 1999

Well Riser { Depthto | Water

Number Elev. Water Elev.
(Feet) (Feet) (Feet)

1 66238 | 17.03 655.35
1A 663.48 | 17.21 | 646.27 |
2A 657.02 7.40 649.62

3 655.94 649 | 649.45

4 655.57 3.85 646.72

5 654.80 5.60 649.20
5A 654.84 6.42 648.42

6 660.84 13.90 | 646.94
6A 659.38 13.61 | 645.77 |

7 65821 10.14 | 648.07 |

3 656.11

9 654.99 8.35 646.64

10 655.48 9.12 646.36
11 656.08 1096 | 645.12
12 656.93 11.55 | 645.38
13 654.66 2.92 651.74

13A 655.13 6.94 648.19
14 653.38 532 648.06

14A 653.70 3.82 644 88
15 658.35 7.70 650.65

15A 658.51 13.24 | 645.27 |
16 659.89

16A 65995 14.38 645.57 |

17A 659.18 5.08 654.10
18 662.51 1129 | 651.22
19 660.84 1061 | 650.23
20 659.12 9.05 650.07 |
21 657.72 9.34 648.38
22 652.51 6.22 646.29

23% 656.25 541 650.84

* Riser elevation 1s estimated
All Elevations are referenced to Mean Sea Level

\\NES-NT\DEPT\DEPT020\3947-3948-LEICA\DELVDSGN\GW Monitoring\TABLEl.Xxls
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Checked by:
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TABLE 2

LEICA INC. GROUNDWATER MONITORING REPORT

GROUNDWATER WELL PURGING
DECEMBER 14 - 20, 1999

Well Riser | Depthof | Depthto| Water | Water Height Diameter of | Water Volume | Volume Removed
Number Elev. Well Water Elev. in Well Well in Well from Well
. (Feet) (Feet) (Feet) (Feet) (Feet) (inches) (Gallons) (Gallons)
4 65557 | 12.1 885 | 646.72 3.25 2.00 0.5 1.6
6 660.84 14.8 13.90 646.94 0.90 2.00 0.1 04
6A 659.38 35 13.61 645.77 21.39 4.00 13.7 41.1
7 658.21 12.27 10.14 648.07 . 2.13 2.00 03 1.0
10 655.48 10.04 9.12 646.36 0.92 2.00 0.1 04
11 656.08 11.3 10.96 645.12 0.34 2.00 0.1 0.2
14 653.38 10.5 532 648.06 5.18 2.00 0.8 25
14A 653.70 34.37 8.82 644.88 25.55 4.00 16.4 49.1
15 658.35 10.82 7.70 650.65 3.12 2.00 05 15
15A 658.51 3545 13.24 64527 2221 4.00 14.2 427
16A 659.95 33.06 14.38 645.57 18.68 4.00 12.0 359
18 662.51 12.80 11.29 651.22 1.51 2.00 0.2 0.7
22 652.51 10.2 6.22 646.29 3.98 2.00 0.6 19

\\NES-NT\DEPT\DEPT020\3947-3948-LEICA\DELVDSGN\GW Monitoring\TABLEZ.xls



Prepared by:MC
Date:3/27/00
Checked by,
Date:3/27/00

TABLE 3

LEICA INC GROUNDWATER MONITORING REPORT
GROUNDWATER MONITORING

DECEMBER 1999

SHALLOW WELL VOC'S
(Concentrations in ug/L)

Method
: Detection
ANALYTE MW-4| MW-6 | MW-6 | MW-7 | MW-7 | MW-10| . .
Dilution* 1000 1.0 10.0 2.0 10.0 100.0

acetone ND ND ND ND ND ND 20
benzene ND ND ND 120 140 ND 5.0
bromodichloromethane ND ND ND ND ND ND 5.0
bromoform ND ND ND ND ND ND 5.0
bromomethane ND ND ND ND ND ND 50
2-butanone (MEK) ND ND ND ND ND ND 10
carbon disulfide ND ND ND ND ND ND 10
carbon tetrachloride ND ND ND ND ND ND 5.0
chlorobenzene ND ND ND ND ND ND 5.0
chloroethane ND ND ND ND ND ND 50
chloroform ND ND ND ND ND ND 5.0
chloromethane ND ND ND ND ND ND 5.0
dibromochloromethane ND ND ND ND ND ND 5.0
1, 1-dichloroethane ND ND ND ND ND ND 5.0
1,2-dichloroethane ND ND ND ND ND ND 5.0
1,1-dichloroethene ND 8.1 ND ND ND ND 5.0
cis-1,2-dichloroethene 110,000 1200 E | 1,200 930 E 900 16,000 5.0
trans-1,2-dichloroethene ND 13 ND 72 64 ND 5.0
1,2-dichloropropane ND ND ND ND ND ND 5.0
cis-1,3-dichloropropene ND ND ND ND ND ND 5.0
trans-1,3-dichloropropene ND ND ND ND ND ND 5.0
ethlybenzene ND ND ND ND ND ND 5.0
2-hexanone ND ND ND ND ND ND 10
methylene chloride ND ND ND ND ND ND 5.0
4-methyl-2-pentanone (MIBK) [ ND ND ND ND ND ND 10
styrene ND ND ND ND ND ND 5.0
1,1,2,2-tetrachloroethane ND ND ND ND ND ND 5.0
tetrachloroethene ND ND ND ND ND ND 5.0
toluene ND ND ND 16 ND ND 50
1,1, 1-trichloroethane ND ND ND ND ND ND 5.0
1,1,2-trichloroethane ND ND ND ND ND ND 5.0
trichloroethene 41,000 8.6 ND ND ND ND 5.0
vinyl chlonde ND 100 120 1,700E| 1,600 5,800 5.0
m+p xylene ND ND ND ND ND ND 5.0
o-xylene ND ND ND ND ND ND 5.0
TOTAL VOC'S 151,000[ 1,329.70} 1,320 2,718 2,564 | 21,800

ND - analyte Not Detected

*Dilution x Method Detection Limit = Detection limit for sample (e.g., Detection Limit for Acetone in MW-4 =

1000 x 20 = 20,000)
E = Exceeds Calibration Range

\NES-NT\DEPT\DEPT020\3947-3948-LEICA\DEL VDSGN\GW Monitoring\TABLE3.xls




Prepared by:MC
Date:3/27/00
Checked by:
Date:3/27/00

LEICA INC GROUNDWATER MONITORING REPORT

TABLE 3

GROUNDWATER MONITORING

DECEMBER 1999

SHALLOW WELL VOC'S
(Concentrations in ug/L)

Method
Detection
ANALYTE MW-14 | MW-14 | MW-15| MW-18 | MW-22 Limit
Dilution* 1.0 2.0 1.0 1.0 1.0

acetone ND ND ND ND ND 20
benzene ND ND ND ND ND 50
bromodichloromethane ND ND ND | ND ND 50
bromoform ND ND ND ND ND 5.0
bromomethane ND ND ND ND ND 50
2-butanone (MEK) ND ND ND ND ND 10
carbon disulfide ND ND 19 11 76 10
carbon tetrachlonde "ND ND ND ND ND 5.0
chlorobenzene ND ND ND ND ND 5.0
chloroethane ND ND | ND ND ND 5.0
chloroform ND ND ND ND ND 5.0
chloromethane ND ND ND ND ND 5.0
dibromochloromethane ND ND ND ND ND 5.0
1,1-dichloroethane ND ND 19 ND ND 5.0
1,2-dichloroethane ND ND ND ND ND 5.0
1,1-dichloroethene ND ND ND ND ND 5.0
cis-1,2-dichloroethene 370E 360 ND ND ND 5.0
trans-1,2-dichloroethene 10 ND ND ND ND 5.0
1,2-dichloropropane ND ND ND ND ND 5.0
cis-1,3-dichloropropene ND ND ND ND ND 5.0
trans-1,3-dichloropropene ND ND ND ND ND 5.0
ethlybenzene ND ND ND ND ND 5.0
2-hexanone ND ND ND ND ND 10
methylene chloride ND ND ND ND ND 5.0
4-methyl-2-pentanone (MIBK) ND ND ND ND ND 10
styrene ND ND ND ND ND 50
1,1,2,2-tetrachloroethane ND ND ND ND ND 5.0
tetrachloroethene ND ND ND ND ND 50
toluene ND ND ND ND ND 5.0
1,1,1-trichloroethane ND ND ND ND ND 5.0
1,1,2-tnchloroethane ND ND ND ND ND 5.0
trichloroethene ND ND ND ND ‘ND 5.0
vinyl chloride 140 150 ND ND ND 50
m+p xylene ND ND ND ND ND 5.0
o-xylene ND ‘ND ND ND ND 5.0
TOTAL VOC'S 520 510 38 1 76

ND - analyte Not Detected

*Dilution x Method Detection Limit = Detection limit for sample (e.g., Detection Limit for Acetone in MW-4 =

1000 x 20 = 20,000)

E = Exceeds Calibration Range

\NES-NT\DEPT\DEPT020\3947-3948-LEICA\DEL VDSGN\GW Monitoring\TABLE3.xls
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Prepared by:MC
Date:3/27/00
Checked by:ZK
Date:3/27/00

TABLE 4

LEICA INC GROUNDWATER MONITORING REPORT
GROUNDWATER MONITORING
DECEMBER 1999

BEDROCK WELL VOC'S

(Concentrations in ug/L)

) Method
Trip | petection
ANALYTE MW-6A IMW-14A|MW-15AIMW-15A|MW-16A{ Blank Limit
Dilution 20.0 1.0 1.0 5.0 500.0 1.0
acetone ND ND ND ND ND ND 20
benzene ND ND ND ND ND ND 5.0
bromodichloromethane ND ND ND ND ND ND 50
bromoform ND ND ND ND ND ND 5.0
bromomethane ND ND ND ND ND ND 5.0
2-butanone (MEK) ND ND ND ND ND ND 10
carbon disulfide ND 14 ND ND ND ND 10
carbon tetrachlonde ND ND ND ND ND ND 5.0
chlorobenzene ND ND ND ND ND ND 5.0
chloroethane ND ND ND ND ND ND 5.0
chloroform ND ND ND ND ND ND 50
chloromethane ND ND ND ND ND ND 5.0
dibromochloromethane ND ND ND ND ND ND 5.0
1,1-dichloroethane ND ND 14 ND ND ND 5.0
1,2-dichloroethane ND ND ND ND ND ND - 5.0
1,1-dichloroethene ND ND ND ND ND ND 5.0
cis-1,2-dichloroethene 3,900 26 950 E 830 9,400 ND 5.0
trans-1,2-dichloroethene ND ND 93 72 ND ND 50
1,2-dichloropropane ND ND ND ND ND ND 5.0
cis-1,3-dichloropropene ND ND ND ND ND ND 5.0
trans-1,3-cichloropropene ND ND ND ND ND ND 5.0
ethlybenzene ND ND 13 ND ND ND 5.0
2-hexanone ND ND ND ND ND ND 10
methylene chloride ND ND ND ND ND ND 5.0
4-methyl-2-pentanone (MIBK) ND ND ND ND ND ND 10
styrene ND ND ND ND ND ND 5.0
1,1,2,2-tetrachloroethane ND ND ND ND ND ND 5.0
tetrachloroethene ND ND ND ND ND ND 5.0
toluene ND ND ND ND ND ND 5.0
1,1, 1-trichloroethane ND ND ND ND .56,000 ND 5.0
1,1,2-trichloroethane ND ND ND ND ND ND 5.0
trichloroethene ND ND 65 48 17,000 ND 5.0
vinyl chloride 240 13 390 E 270 ND ND 5.0
m+p xylene 120 ND ND ND 8,400 ND 5.0
o-xylene ND ND ND ND 3,800 ND 5.0
TOTAL VOC'S 4260 53 1,498 1,220 94,600 ND

ND - analyte Not Detected

*Dilution x Method Detection Limit = Detection limit for sample (e.g., Detection Limit for Acetone in MW-6A =

20 x 20 = 400)
E = Exceeds Calibration Range

WNES-NT\DEPT\DEPT020\3947-3948-LEICA\DEL VDSGN\GW Monitoring\Table4.xls
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ATTACHMENT 1
Catalog Cut-sheets and Maintenance Schedule
Tomlin Equipment Company and

Carbtrol Corporation

SCIENTECH NES, Inc., 44 Shelter Rock Road, Danbury, Connecticut 06810
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ITEM # ITEM DESCRIPTION MANUFACTURER MODEL #
1 Rotary Vane Vacuum Pump Roots Dresser 718 URAI
2 Horizontal Electric Motor U.S. Motors 364T
3 Liquid Separator/Silencer EM Products/Tomlin Equipment Corp. LIS-6
4 Rotary Screw Air Compressor Gardner Denver A EBM*L
5 Air Receiver Tank ' Silvan Industries Silvan STD Model 36"
6

Multiple Stage Diffuser Carbtrol Corpofation MSD-6-100
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ITEM 1

Roots Dresser Rotary Vane Vacuum Pump

Ancillaries

Inlet Vacuum Air Filters
Rotary Positive Air Silencers
Expansion Joints and Flanges

Cast Iron Safety Valves

Temperature Controls
Vacuum Gauges
Thermometers




Rotary Positive Blowers
Gas Pumps
Vacuum Pumps

e discharge pressures to 30 psig

e vacuums to 27" Hg

» capacities to 5600 cfm

(Larger units available - see page 25)




BACKGROUND

The Roots rotary positive blower originated in Con-
nersville, Indiana in 1854. Two brothers, Francis and
Philander Roots, operated a woolen mill in the small

inprovements on their operating machinery to produce
better products with increased productivity.

The rotary blower principle was devised while rede-
signing a water wheel. Although the water wheel did not
function as planned, it occurred to the two inventors that
the design could be used as a blast blower for their cupola.
It worked so well in this capacity that the brothers began

southeastern Indiana town. They constantly made .

to manufacture the "Roots" blower in their woolen mill
workshop.

Being the original, since 1854, means more years of 427

experience in product manufacturing, product improve- g
ment and application expertise. Roots familiarity with all
types of applications assures proven, dependable prod-
ucts designed to satisfy specific requirements. As the
leading producer in the world, Roots, from a wide selection
of models and frame sizes, can provide the most efficient,
economical and dependable blower, gas pump or vacuum
pump to meet the needs of nearly any application.

CONFIGURATIONS

Orientation drawings for inlet and discharge connec-
tions are viewed from the drive end. Roots offers two basic
configurations to meet nearly any piping arrangement or
installation requirement:

1. Vertical configuration
In the vertical configuration, one impeller is
mounted above the other. On most units, the drive
is from the end opposite the timing gears. Inlet and

INLET

DISCHARGE

&

3

discharge connections are on the side of the ma- DISCHARGE
chine, providing a horizontal air flow. *
2. Horizontal configuration
The impellers are located side by side. On most
units, the drive is from the end opposite the timing VERTICAL HORIZONTA
gears. Inlet and discharge connections are on the
top and bottom of the machine providing a vertical air CONFIGURATION CONFIGURATI
flow. The driver can usually be specified for connec- impellers "f‘o:me: one Impellers mounted
tion to either the left hand or right hand blower shaft. on top of the other side by side
MODEL FEATURES TABLE .
. . PAGE REVERSIBLE REMOVABLE WHISPAIR WATER COMPLETELY
MODEL NUMBER ROTATION MOUNTING DESIGN SEALED PACKAGED
FEET UNIT UNIT
Universal RAIl blower 4-5 X X
Universal RAI-J blower 6-7 X X
RAM blower 8-9 X X
RAM-J blower 10-11 X X
RAM-J vacuum pump 12-13 X X X
RAM-J dry vacuum pump 14-15 X
RAM-J gas pump 10-11 X X
DVJ dry vacuum pump 16-17 X X
RAM-J high-pressure blower 18-19 X X
RCS blower 20-21 X X
RCS-J blower 20-21 700 FRAMES ONLY X
XLP tri-lobe blower 22-23 X X
RootsPak packaged blower 24 X X
ACCESSORIES _

Available accessories for Roots blowers, gas pumps and vacuum pumps include driver, relief vaive, inlet and discha
silencer, inlet filter, check valve, extended base, V-belt drive or flexible coupling and drive guards.

Contact your Authorized Roots Distributor or Roots Sales Representative for details concerning your specific application

or installation.
2

v




UNIVERSAL RAI® PERFORMANCE TABLE

FRAME | | Saps 2f 2ps e et aps |t sPS
1160 | 10 02| 7 03| 4 03] 2 04
22 | 3600 49 06| 46 08| 43 11| 41 13
5275 | 76 o8| 73 12| 70 16| .e8 19
1160 24 03 19 04/ 15 06( 11 08
24 | 3600 | 102 08) 97 13| 93 18/ 89 23
5275 | 156 12| 150 19| 146 27| 143 34| 1
1160 | 40 04| 34 06{ 30 09| 27 1.1 )
32 | 2800 | 113 10| 108 16| 104 21| 101 27| 98 32| 95 38| 93 43| B6 60| 84 65§ 82 71| 77 87
3600 | 149 13| 144 20| 140 27| 137 34| 134 41| 131 48| 129 55| 122 77|120 84 118 91 [113 11.2|15] 114 58
1160 ] 55 05| 48 08 43 11| 39 14| 35 17{ 31 21| 28 24 . 10| 27| 17
33 | 2800 156 12| 149 20| 144 27| 140 35| 136 42| 132 50| 129 57( 120 80[{118 87| 116 95 14| 113| 56
3600 | 205 16| 199 25| 193 35| 189 45| 185 54| 181 64| 178 7.4| 170 103]167 11.2 | 165 122 15{ 158 7.6
1160 | 95 07| 8 12[ 78 17| 72 23| e6 28| 61 33| 57 38 10] ss| 27
36 | 2800 | 262 20| 253 33| 245 45| 239 58] 234 70| 229 B3| 224 95 ) 12| 213{ 79
3600 | 344 29| 334 45| 327 6.1| 321 7.7] 315 9.3| 310 109 306 125 15| 278{12.7

32

87

18| 3 21| 32 28| 31 31| 29

16 .
27| .63 31| 59 42| 57 45| 56 49

23
0.9
28| 83 33| 81 38
42| 137 49| 135 56
1.3 21 16 19 1.8

o€

8 8 |8 8

860 38 04 06] 28 09 24 1.1 21 13} 18 15| 15 18 8 19 1.1
42 1760 92 08
| 3600 | 204 17| 198 26| 194 36| 190 45| 186 55| 183 64| 181 7.4| 173 102|171 11.2 | 169 121 | 163 150 15| 164]| 7.6
860 79 06 68 11| 60 15| S3 20 48 24 42 29| 37 34 8 46 1.9
45 1760 | 188 1.3 | 177 22| 169 3.1 162 4.1 156 50| 151 5.9 146 69| 133 96 12| 134| 58
3600 | 410 34| 400 53| 392 72| 385 9.1 | 379 11.0| 374 129 | 369 14.8| 356 205 15| 339/15.0

860 | 105 0.8 92 14| 8 20{ 73 26 66 32| 59 38| 53 44 8 63| 25
47 1760 | 249 1.6 | 236 2.8 225 4.0/ 217 53| 209 65| 203 7.7| 196 89 12| 181 75
3600 | 542 45 529 7.0| 519 95| 510 12.0| 503 14.3| 496 17.0| 490 195 15| 452{19.8

700 72 06 63 10} 5 14| 51 18 46 22| 42 26| 38 30 10 36| 22

4).
C_"_ 53 1760 | 211 17| 203 27} 196 3.7 191 47| 186 57| 181 6.7| 177 7.7| 167 10.8|163 11.8 | 160 128 14| 158] 7.5
l >
|
l "

1.3] 82 18| 78 22 75 27| 72 31| 69 36| 62 50| 60 55| S8 59 14 56| 3.5

2850 | 355 3.3 | 346 50| 340 6.6 334 82| 329 99| 325 11.5( 321 13.2| 310 18.1]307 19.7 | 304 21.3 (295 26.2 | 15| 296{132
700 [ 123 0.9 | 110 16| 100 22| 92 29 85 36| 78 43 72 49 10 70; 35
56 1760 | 358 26| 345 46| 335 6.0 326" 7.7 | 319 9.4| 312 11.1| 306 12.8] 290 17.9 14| 276|123
2850 | 598 5.2 | 585 8.0f 575 10.7{ 567 13.5| 560 16.2| 553 19.0| 547 21.7| 531 30.0 ) 15| 510{21.9
700 | 187 1.2 | 170 22| 158 32| 147 42| 138 5.1 130 6.1 ’ 8| 135| 4.4
59 1760 | 529 39| 513 64| 500 89| 490 11.4 ! 480 13.8] 472 16.3| 464 188 12| 445|156
2850 | 881 7.8 | 865 11.8| 852 15.8| 842 19.9 | 832 23.9( 824 27.9| 816 31.9 15| 770321
700 | 140 10| 126 1.8) 116 26f 107 33| 100 41| 93 48| 8 55 70 78 12 71| 47
65 1760 | 400 3.4 | 387 53| 377 72| 368 9.1 | 360 11.0( 353 12.8| 347 14.7| 330 20.4|325 22.3 | 320 24.2 {307 29.8 | 16| 300;15.8
2350 | 546 5.2 | 532 7.7| 522 10.3] 513 12.8 | 506 15.3| 499 17.8( 492 20.3| 475 27.4 (470 30.4 | 466 32.9 | 452 40.5 | 16| 445|216
700 | 224 15| 203 27| 187  3.9f 172 51| 160 6.3} 149 75| 139 87 10] 135 6.2
68 1760 | 643 49| 621 79| 605 16.9 591 14.0 | 579 17.0| 567 20.0| 557 23.1| 530 322|522 352 | 515 38.2 15| 495235
2350 | 876 7.3 | 855 11.4| 838 15.4| 824 19.5| 812 23.5| 801 27.6( 790 31.6| 763 43.8|755 47.8 | 748 51.9 16| 715)34.0
700 | 420 26| 380 4.8| 351 7.1} 323 9.3 | 301 11.6| 279 13.8 8| 292{ 9.1
615 1760 | 1205 8.1 {1164 13.9( 1133 19.5{ 1107 25.2 | 1084 30.8] 1063 36.5 12] 997]35.0
2350 | 1641 11.9 | 1601 19.3} 1570 27.0| 1544 34.6 | 1521 43.2| 1500 49.8 12| 1433[47.5
5§75 1 195 13| 179 23] 168 33| 158 43| 150 54| 142 64| 134 74} 115 104 12( 117] 62
76 1400 | 526 4.0 | 511 6.4| 500 9.0} 490 11.5 | 481 13.9| 473 16.4| 466 18.8| 447 26.3|441 28.7 | 436 31.2 (421 386 | 16| 413|204
2050 | 788 6.9 | 772 10.5| 761 14.2| 751 17.8 | 742 21.4| 734 25.0| 727 28.6| 708 39.5|703 43.1 | 697 46.7 | 682 57.6 | 16| 674|30.6
) 575 | 362 22| 336 40| 316 59| 299 7.7 284 96| 271 11.4| 258 13.3| 226 18.8 12| 228|112
71 1400 | 970 6.5 944 11.0| 925 15.5| 908 20.0 | 893 24.5] 880 29.0| 867 33.5| 835 47.1 15| 793[34.4
2050 | 1450 10.9 {1424 17.5| 1404 24.1| 1387 30.7 | 1373 37.3( 1359 43.9 {1347 50.5(1315 70.3 ] 16 [ 1256| 54.6
§75 | 600 33| 563 6.3| 534 9.3| 510 12.3 ] 489 15.4| 470 184 ’ 10| 446|15.0
718 1400 | 1590 9.7 [ 1553 17.0| 1524 24.3| 1500 31.6 | 1479 39.0] 1460 46.3 12| 1398{44.6
2050 | 2370 15.7 (2333 26.9|2304 37.2(2280 47.9 | 2259 58.612240 69.4 12 | 21781 66.4

PAE

Notes: 1. Pressure ratings based on inlet air at standard pressure of 14.7 psia, standard temperature of 68°F, and specific gravity of 1.0.
2. Vacuum ratings based on iniet air at standard temperature of 68°F, discharge pressure of 30" Hg and specific gravity of 1.0.
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WHISPAIR® ROTARY POSITIVE BLOWERS

FRAMES 33J THRU 56J

OUTLINE DRAWING & DIMENSIONAL TABLE

[—AF-'CLET & DISCHARGE

c

VERTICAL CONFIGURATION
(HORZZONTAL AIR FLOW)

s

BOTTOM DISCHARGE

RIGHT DISCHARGE

HORIZONTAL CONFIGURATION
(VERTICAL AIR FLOW)

it | o [
< e o "" .| Obe)
7.63|12.13| 5.00]| 8.50| 5.00|12.81 10.00 { 10.00| 12.13 6:75 750 |.188 X .094 | 20NPT | 1.75 84
10.00|14.63| 5.00| 8.50 5.00|12.81 1050 | 11.00] 1213 | 6.75 | .750 |.188 X094 25NPT | 175 112
10.00 15.59 6.2511025| 625|15.06{1225 1.2.(X) 1363 |825| .875].188X.094 | 25NPT | 200] 119
11.75/17.63| 625 .10.25 6.25/15.06|12.25 | 12.00] 13.63 | 825 | .875 .188X.0§4 30NPT | 200] 138
1_1:00 18.00| 6.25|1125| 6.75 17.38/14.00 | 14.50| 1725 | 8.75 1.18‘ 250x.125 4'.0 NPT | 250 | 180

BASIC BLOWER
DESCRIPTION

Patented Universal RAI-J™

Whispair® blowers are heavy du;’

rotary blowers in a compact, stur
design engineered for continuous
service when operated within speed
and pressure/vacuum ratings.
The basic model features a grey

iron casing with a computer-designed
cast relief for noise and shock
suppression, carburized and ground
alloy steel spur timing gears se-
cured to steel shafts with a taper
mounting and locknut, and grey iron
involute impellers. Oversized anti-
friction bearings are used, with a
cylindrical roller bearing at the drive
shaft to withstand V-belt pull.

~ Detachable rugged steel mount-
ing feet permit easy in-field adapt-
ability to either vertical or horizon-
tal installation requirements. Be-
cause of the detachable mounting
feet, these units can be easily
adapted to any of four drive shaft
positions - right hand, left hand,
bottom or top.

The Universal RAI-J incorp"

rates thrust control, and has grea
lube on the drive end and splash
oil lube on the gear end. Roots
exclusive "Figure 8" gearbox de-
sign improves oil distribution and
lengthens bearing and gear life.

All Universal RAI-J blowers are
covered by an uncontested war-
ranty that guarantees repair or re-
placement of any unit that malfunc-
tions for any reason. This pro-
tects you for a full 18 months from
date of original start-up or 24 months
from date of shipment, whichever
occurs first.

For details, see page 3.



ROOTS ROTARY POSITIVE DISPLACEMENT PRINCIPLE

POSITION 1 POSITION 2

The schematic above shows the operation of a rotary
positive blower. ‘

The basic unit consists of two figure-eight shaped impel-
lers mounted on paraliel shafts. These impellers rotate in
opposite directions within an elongated cylindrical housing.
As each impeller passes the inlet, it traps a definite volume

ROOTS WHISPAIR® BLOWER PRINCIPLE

POSITION 1

POSITION 2

" The Whispair® blower operates on the same basic
principle as all other rotary positive displacement blowers
with one important advantage — units with the Whispair
design offer reduced pulsation, operating noise and power
loss by utilizing an exclusive wrap-around plenum to control
pressure equalization. Whispair blowers (shown above)
have a proprietary jet to feed backflow in the direction of
impeller movement, aiding rotation and lowering power
requirements.

Incoming air is trapped by the impellers and moved
through the machine as in the basic rotary positive displace-

POSITION 3 POSITION 4 -

of airandcarries itaround the casing to the discharge, where
it is expelled. The cycle repeats four times with every
revolution.

All rotary positive blowers have close tolerances be-
tween the impellers, headplates and casing to minimize
back-slippage of air and to improve efficiency.

POSITION 3

POSITION 4

ment principle. As pressure builds against the wrap-around
plenum due to system resistance, the Whispair blower jet
equalizes the pressure between the trapped air and the
discharge area. This action reduces shock and feeds the
backflow in the direction of rotation.

As the impeller completes its cycle, it discharges the
trapped air, which now has the same pressure as the
discharge line. Backflow is controlled, resulting in reduced
pulsation compared to the conventional blower. This im-
proves efficiency, reduces noise level, and increases bear-
ing and gear life.

0

<7\\/:/\ \/:/\\/:/\\Q

k Uncontested

!

Made § Warranty |
in the §meKWg»

Roots is the leader in blower warranties — the first
to introduce an uncontested warranty that guarantees
repair or replacement of any Universal RAI®, Universal
RAI-J™ or RAM™ series unit that malfunctions for any
reason. We'll protect you or your customer for a full
18 months from date of original start-up or 24 months
from date of shipment, whichever occurs first.

U.S.A.
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ROTARY POSITIVE BLOWERS

FRAMES 22 THRU 718

OUTLINE DRAWING & DIMENSIONAL TABLE

AF = INLET & DISCHARGE

4]
D

80TTON
SHAFT

LEFT DISCHARGE

VERTICAL CONFIGURATION
(MORIZONTAL AIR FLOW) .

TOP DISCHARGE

i
|

e

RIGHT DISCHARGE

[L_._J

BOTTOM DISCHARGE

HORIZONTAL CONFIGURATION
ERTICAL

[\

AIR FLOW)

‘800 [11.75/17.63| 625[10.25| 625 15.06|10.50

2332228882008 808RN

S S
Eathad

513, | 7.00{11.75] 375( 6.25| 3.75| 8.
725 | e7s{11.25| 5.00| 8.50| 5.00/12.81] 8.88
725 | 7.63]1213| 5.00| 8.50| 5.00/12.81] 8.88
725 | 10.00|14.63| 5.00| 850| 5.00|12.81| 8.88
800 | 7.25!13.00] 625/1025| 6.25|15.06/10.63
800 |10.00}15.50| 6.25/10.25| 625]15.06|10.63

1050 . | 8.38]15.38] 625{11.25| 6.75/17.38/11.88
1050 |11.00]18.00} 625|11.25] 6.75|17.38|1225
1050 | 14.0021.18) 625[1125| 6.75/17.38/1225
11.00° | 10.00}18.38] 8.75{14.75| 8.75/21.63|15.13
11.00° | 13.00|21.38] 8.75|14.75| 8.75/21.63{15.13
11.00° | 20.00|28.38] 8.75[14.75| 8.75/21.63;1625
14.00*| 11.75/19.94/11.00|18.0011.00| 26.13| 20.69
14.00 ~! 16.75|25.19/11.00 |18.00|11.00| 26.13| 19.50
14.00 ~*| 23.75|32.18{11.00{18.00/11.00| 26.13/19.50

- 7.75

7.75
7.75
8.75
8.75
8.50
1025
11.00
11.00
12.75
1275
15.00
19.38
17.00
17.00

.625|.188 x .084
.625 |.188 x".094

6.75| .750|.188 x .094
6.75{ .750}.188 x .094
6.75] .750|.188 x .094
825| .875.188x.094
825| .B75(.188x.094
825 | .875|.168x.094

8.75 1 1.1251.250 x
8.75 | 1.125 [ 250 x
8.75 |1.125 | 250 x
11.75]1.375|.312x
11.7511.375|.312x
11.75|1.375|.312x
14.50 | 1.562 |.375 x
14.50 | 1.562 |.3756 x
14.50 | 1.562|.375 x

125
125
125
158
.156
.156
.188
.1881.
.188

1.75

* 17.00 in horizontal configuration
== 21.00 in horizontal configuration

BASIC BLOWER
DESCRIPTION

heavy duty rotary blowers in a co
pact, sturdy design engineered for
continuous service when operated
within speed and pressure/vacuum
ratings.

The basic model features a grey
iron casing, carburized and ground
alloy steel spur timing gears se-
cured to steel shafts with a taper
mounting and locknut, and grey iron
involute impellers. Oversized anti-
friction bearings are used, with a
cylindrical roller bearing at the drive
shaft to withstand V-belt pull.

Detachable rugged steel mount-
ing feet permit easy in-field adapt-
ability to either vertical or horizon-
tal installation requirements. Be-
cause of the detachable mounting
feet, these units can be easily
adapted to any of four drive shaft
positions — right hand, left hand,
bottom or top. All frame sizes are
center-timed to allow rotation in either
direction.

The Universal RAI incorpora
thrust control, and has grease lub
on the drive end and splash oil lube
on the gear end. Roots exclusive
"Figure 8" gcarbox design improves
oil distribution and lengthens bearing
and gear life.

All Universal RAI blowers are
covered by an uncontested war-
ranty that guarantees repair or re-
placement of any unit that malfunc-
tions for any reason. This pro-
tects you for a full 18 months from
date of original start-up or 24 months
from date of shipment, whichever
occurs first.

Also available in 6 sizes are
RootsPak™ factory-engineered,
completely assembled packaged
units incorporating 17 frame sizes
of Universal RAI rotary positive
blowers. For compiete information
on these units, please turn to pages
8 thru 11.

Universal RAI® blowers a’b

For details, see page 3.

(- ARSI A Sl

- -Q_



l UNIVERSAL RAI-J™ PERFORMANCE TABLE
v |, 57D i g VACUUM, (6 g VACUUAI | & g VACUUM | 10" Hg VACUUM | 12" Mg YACUUM |

il il | BHP 3L..CPM ] HP “sCPM ToBMP [ CFM TUBHP (] CFM
. 1160 y - 27 17 R ] 1 7. 28 ]
- 53 a3y | 2800 ! 128 -41 | 122 49 | 113 s6° ' 12 116 95
' p 3600 | 197 .27 | 190 36 A77. 53| 170 63 | 163 -. 72 [ 153 76 12 165 124
1160 83 12 76 17 65 . 22 55 .27 L S 7 57 ;.38
36 | 2800 | 251 32 | 241 44 | 282 57 | 23 66 | 213 79 | 202 941 7 224 95
2600 | 33> 44 | 323 60 | 313 76 | 304 .87 | 294 103 | 284 M9 | 278 127 7 - 306 125
860 66 1.1 56 15 4% - 19 ) 7 37 34
45J 1760 175 22 164 3.1 154 4.0 144 4._9 134 58 o 10 133 - 9.6
3600 398 52 387 71 377 8.9 367 103 356 122 345 141 339 150 10 356 20.5
860 89 13 76 18 63 25 51 30 . 7 53 ‘a4
473 1760 | 233 29 | 220 41 | 207 53 | 194 63 | 181 75 7 196 9.0
2600 | 526 69 | 513 93 | 500 118 | 488 136 | 474 161 | 460 185 | 452 198 7 490 19.5
700 | 108 15 | 95 22 g2 29 70 35 S 7 72 49
56J 1760 | 342 43 [ 329 59 | 316 76 | 304 90 | 291 106 | 276 123 10 290 17.9
2850 | 583 79 | 570 106 | 557 132 | 545 152 | 532 179 | 517 206 | 510 219 10 531 300

Notes: 1. Vacuum ratings based on inlet air at standard temperature of 68°F, discharge pressure of 30" Hg and specific gravity of 1.0.
2. Pressure ratings based on inlet air at standard pressure of 14.7 psia, standard temperature of 68°F, and specific gravity of 1.0.

LOWER AIR PULSATION

Patented Whispair blowers oper-
ate with up to 50% less pressure pul-
sation than conventional blowers due
to the pressure equalizing effect of the
Whispair design.

In conventional blowers, as the
mpeller opens up to the outlet port,
the higher pressure air in the dis-
charge line rapidly expands into the
lower pressure pocket formed by the
impeller and the blower case. The
resulting shock wave strikes the ad-
vancing surface of theimpeller at sonic
velocity. Four pressure pulses occur
each revolution, transmitting shock
loads to the gears and bearings.

LONGER BEARING LIFE

The pre-pressurization of the low
pressure pocket through the Whispair
cavity smooths the pulsations and re-
sults in less shock being transmitted
through the impellers to the bearings,
resulting in approximately 20% longer
bearing life.

LOWER VIBRATION

The reduction in the magnitude of
the pressure pulsation results in
smoother operation.

LOWER NOISE

The pressure pulses, inherent in

the rotary-lobe design, are also the.

major source of blower noise. The
rapid backflow of air into the blower
from the discharge line, four times per
revolution, results in high noise levels
in the conventional blower. The
Whispair design controls the backflow
of air into the blower, reducing noise
by approximately 5 dB vacuum, 3 dB
pressure.
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ROTARY POSITIVE BLOWERS

FRAMES 404 THRU 624
BASIC BLOWER DESCRIPTION

QU

RAM rotary blowers are heavy- The top shatft is extended for drive top or bottom outlet blowers. All frame
duty units designed with integral-shaft on side outlet blowers, and either sizes are center-timed to allow rota-
ductile iron impellers having an in- shaft can be extended for drive on tion in either direction.
volute profile. The headplates and
rigid, one-piece casing are grey iron,
while the drive end cover and gear
cover are aluminum. Carburized and
ground alloy steel spur timing gears
are taper mounted on the shafts, se-
cured with a locknut. Cylindrical rolier
bearings are used on all units.

Piston rings reduce air leakage
through the shaft openings in the
headplates, and lip-type oil seals pre-
vent lubricant from entering the air
chamber. RAM rotary blowers incor-
porate thrust control, with splash oil
lubrication at both ends of the blower.

All frame sizes are designed with
detachable rugged steel mounting feet
which permit in-field adaptability to
either vertical or horizontal installa-
tion requirements.

OUTLINE DRAWING & DIMENSIONAL TABLE

AF - NLET & DISCHARGE

= |

!
s
J BOTTOM DISCHARGE
NOTES: ) . LEFT OISCHARGE IGHT DISCHARGE
1. AN cimensions are in inches. - VERTICAL CONFIGURATION HORIZONTAL CONFIGURATION
2 Do not use for construction. . (HORIZONTAL AR FLOW) (VERTICAL AIR FLOW)

W
/|
~
I BN AN BN EE e

1R E T L T I . AF Approx.
“o.{ 0" P ] P "R ] U Keyway Inlet & AX | Net Wt.
S PERATE AP R . ) Discharge | - - (Lbs.)
; ‘ R T S : Diameter : .
1663 | 1275 | 1200 | 1525 9.00 1500 | 375x.188 3.0NPT 2.25 200
1663 | 1275 | 1200 | 1525 9.00 1500 | .375X.188 40NPT 225 230
1663 | 1250 | 1100 | 1525 | 9.0 1500 | .375.188 4ONPT 225 2
1663 [ 1250 | 11.00 | 1525 200 1500 | .375x.188 60FLG 225
1 16.63 | 1250 | 11.00 | 1525 9.00 1500 | .375X.188 BOFLG 225 410
618 | 1000 1600 | 2144 | 3244 | 1500 | 900 | 2200 | 1625 | 1450 | 2000 .| 1200 2000 | .500X.250 8.0FLG 3.00 650
62¢ | 1000 1600 | 2044 | 4044 | 1500 | 800 | 2200 | 1625 | 1450 | 2000 12.00 2000 | .500X.250 100 FLG 3.00 775
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RAM PERFORMANCE TABLE _

FRAME FAPSLEITC e PSI 3 8 PSI" | TIMAX VACUUM

- SIZE ' E SBHP | *Hg | CAMJiBHPJ
2R S a4 PN Prévuma * ety
: . 40| 15| 59
@ 404 266 | 150 | 200 | 112
. ‘370 | 160 | 353 | 159
) 140 | 173 9.0
406 2050 | 426 105| 411 147 | 398 - 189 | 387 231 | 377 400 | 150 | 35| 169
4000 | 601 150 586 201 | 574 260 | s62 319 | s52 540 | 160 | 531 | 236
1750 | 338 85| 315 120 | 296 158 | 279 200 | 264 140 | 258 | 135
‘ 409 2950 | 638 152 | 615 215 | 596 278 | 579 341 | 564 59.4 | 150 | 546 | 24.8
i 4000 | 900 240 | 878 300 | 859 381 | 842 468 | 827 550 | 806 679 | 788 79.0 | 160 | 795 | 3$5.1
A 1750 | 450 110 | 420 160 | 334 210 | 372 260 | 352 320 | 325 390 140 | 343 | 17.9
412 2050 | 849 199 | 819 283 | 794 366 | 772 450 752 534 | 724 660 : 150 | 728 | 37
: 4000 | 1199 288 | 1169 399 | 1144 510 1121 622 | 1101 733 | 1074 0.0 160 | 1059 | 465
[ : 1750 | 675 165 | 630 240 | 592 317 | 559 39.0 REE 140 | 515 | 268
: 418 2050 | 1275 295 | 1230 421 | 1192 547 | 1159 673 : 150 | 1092 | 489
! 4000 | 1800 429 | 1755 597 | 1717 734 | 1684 931 ) ‘ 160 | 1500 | 697
170 | 718 169 | 672 249 | 633 329 | s599 . 409 | sS68 490 : . 130 | s79] 259
616 1750 | 1176 262 | 1130 382 | 1091 501 | 1056 620 | 1025 739 140 | 1013 ] 420
1 3000 | 2162 489 | 2116 687 | 2077 885 | 2043 1083 | 2012 1280 | 1970 157.7 160 | 1946 | 817
1170 | 1077 254 | 1008 375 | 950 495 | 899 615 130 | 869 | 390
624 1750 | 1764 399 | 1695 57.8 | 1637 757 | 1585 936 140 | 1519 | 634
: 2000 | 3244 776 | 3175 107.3 | 3117 137.0 | 3065 166.7 16.0 | 2020 | 124.6

Notes: 1. Pressure ratings based on inlet air at standard pressure of 14.7 psia, standard temperature of 68°F, and specific gravity of 1.0.
2. Vacuum ratings based on inlet air at standard temperature of 68°F, discharge pressure of 30" Hg and specific gravity of 1.0.

™ : .
n n “ helps Roots to continue as the industry leader in warranties — the first to introduce an uncontested
warranty procedure that guarantees to repair or replace any defective RAM unit that has not been mistreated. We'll protect
you and your customer for a full 18 months after installation (not to exceed 24 months after shipment).
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ROTARY POSITIVE BLOWERS & GAS PUMPS

FRAMES 404J THRU 624J

BASIC BLOWER DESCRIPTION

RAM Whispair® rotary blowers
are heavy-duty units designed with
integral-shaft ductile iron impellers
having an involute profile. Whispair
blowers reduce noise and power loss
by utilizing an exclusive wrap-around
plenum and proprietary Whispair jet
to control pressure equalization —
feeding backflow in the direction of
impeller movement, thereby aiding
rotation.

The headplates and rigid, one-
piece casing are grey iron, while
the drive end cover and gear cover
are aluminum. Carburized and ground
alloy steel spur timing gears are
taper mounted on the shafts, se-
cured with a locknut. Cylindrical roller
bearings are used.

Piston rings reduce air leakage
through the shaft openings in the
headplates, and lip-type oil seals
prevent lubricant from entering the
air chamber. RAM rotary blowers
incorporate thrust control, with splash
oil lubrication at both ends of the

blower. A hydrodynamic seal on the
drive shaft prevents shaft seal oil
leaks.

All frame sizes are designed
with detachable rugged steel mount-
ing feet which permit in-field adapt-
ability to either vertical or horizon-
tal installation requirements.

The top shaft is extended for
drive on side outlet blowers, and
either shaft can be extended for drive
on top or bottom outlet blowers.

BASIC GAS PUMP DESCRIPTION

The RAM Whispair line of stan-
dard rotary positive gas pumps is
intended for use with non-corrosive
gases. Basic design features are
the same as for RAM Whispair blow-
ers. Stainiess steel construction
is available for corrosive gases and
optional O-ring material is also avail-
able.

Piston ring seals form a laby-
rinth between the compression
chamber and cored vent cavities.

OUTLINE DRAWING & DIMENSIONAL TABLE

The vent cavities are plugged for
purge or drain. Special long-life
mechanical seals and viton O-rings
are installed at each bearing to
control gas and oil leakage, and
are suitable for vacuum or pres-
sure service. Each seal incorporates
a unique geometry that promot
the flow of oil, air and vapor acro
the back of the stainless steel seat
to enhance cooling and extend seal
life.

INLET

{

VERTICAL CONFIGURATION
(HORIZONTAL AIR FLOW)

r&]
L& ]

HORIZONTAL CONFIGURATION
(VERTICAL AIR FLOW)

N |

e - AF | | Approx
R. Keyway | Inlet& 1° aAx | Netwt
CoL e Discharge | (Lbs.)
: L Diameter | . .
900 .| 1s00 | .375x.188 30NPT 225 200
9.00 1500 | .375X.188 4.0NPT 225 230
9.00 1500 | .375x.188 40NPT 225 270
X x : 900 .| ts00 | 375x.188 6.0FLG 225
4183 | 700 1150 | 2200 | 23250 | 1125 | 675 | 1663 [ 1250 | 1100 | 1525 9.00 1500 | .375X.188 8.0FLG 225 410
e16) | 1000 1600 | 2144 | 3244 | 1500 | 9.00 | 2200 | 1625 | 1450 | 2000 12.00 2000 | .500X 250 B.OFLG 3.00 650
w4 | 1000 1600 | 29.44 | 4044 | 1500 | 900 | 2200 1625 | 1450 | 20.00 12.00 2000 | .500X.250° 10.0 FLG 3.00 775
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o
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RAM PERFORMANCE TABLE

prssed JFVETTEN e Y BT e v o} =Lk R B
*Z4psI i 246 PSI T B0 PSI 34

FRAME | SPEED

@ 1 1750
4044 2950

st E=3

. 123 87
255 154 | 248 182 )
370 216| 34 253 | 355 309 | 347
187 . 130 | 177 156 | 163 196 . 140 | 173 9.0
387 231|. 377 273 | 383 336 | 351 400 | 150 | 365 | 164
562 319 | 552 370 | 539 465 | 526 -54.0 | 16.0 531 | . 236

279 200 264 235 | 244 292 : 140 259 | 135

so4 .
827
3s2

15.0 0 | 103
160} 853 | "159

1750 338 8.5 315 120
409 . 2950 638 .152 615 215
H 4000 900 24.0 878 30.0

579 341 404 | 544 498 | 525 59.4 | 150.| 5467 244

B42 468 550 | 806 679 | 788 79.0 | 16.0 795 35.1

1750 450 110 420 16.0 394 210 372 260 320 R5 39.0 14.0 343 171
4129 2950 849 1991 819 283 794 366 772 450 752 534 724  66.0 ' 15.0 728 23
4000 | 1199 288 | 1169 399 | 1144 510 § 1121 622 [ 1101 73.3 | 1074 90.0 16.0 | 1059 465

1750 675 165 630 24.0 §92 317 5§59 39.0 . 140 515 26.5

4183 2050 | 1275 295 | 1230 421 | 1192 547 | 1159 673 . ’ . 15.0 | 1092 48.4
4000 | 1800 429 | 1755 597 | 1717 734 | 1684 931 16.0 | 1590 69.7
1170 718 169 672 249 633 329 599 409 568 49.0 ' 13.0 579 259
616J 1750 | 1176 262 | 1130 382 | 1081 50.1 | 1056 620 | 1025 739 140 | 1013 420
3000 | 2162 489 | 2116 68.7 | 2077 885 | 2043 1083 | 2012 1280 | 1870 157.7 16.0 | 1946 81.7
! 1170 | 1077 254 | 1008 375 950 495 | 899 615 13.0 869 39.0
I 624J 1750 | 1764 399 | 1695 578 | 1637 75.7 | 1585 93.6 14.0 | 1519 63.4
‘ 3000 | 3244 77.6 | 3175 107.3 | 3117 137.0 | 3065 1667 16.0 | 2920 124.6

Notes: 1. Pressure ratings based on inlet air at standard pressure of 14.7 psia, standard temperature of 68°F, and specific gravity of 1.0.
2. Vacuum ratings based on inlet air at standard temperature of 68°F, discharge pressure of 30" Hg and specific gravity of 1.0.

|
{ RAM Whispair blower notes:
: 1. Pressure ratings based on inlet air at standard pressure of 14.7 psia, standard temperature of 68°F, and specific gravity of 1.0.

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

l RAM Whispair gas pump notes:
) 1. Pressure ratings based on inlet gas at standard pressure of 14.7 psia, standard temperature of 68°F, and specific gravity of 1.0.
2. Estimated actm for specific gravity of 0.6
Multiply tabulated cfm by: :
I 4 - 10 psig - 0.90 .
12 - 15 psig - 0.85
3. Consult Factory for performance of units with stainless steel construction.

</‘\/:/¢/:/‘\/:/¢/:/¢/§

!

0

& Warranty

™ o
n n “ helps Roots to continue as the industry leader in warranties — the first to introduce an uncontested
warranty procedure that guarantees to repair or replace any defective RAM unit that has not been mistreated. We'll protect
you and your customer for a full 18 months after installation (not to exceed 24 months after shipment).

Uncontested ﬁ

!
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rooTsIFR A INE™ wHisPAIR®

WATER-SEALED VACUUM PUMPS

FRAMES 406J THRU 624J

BASIC VACUUM PUMP DESCRIPTION

RAM Whispair water-sealed ro-
tary vacuum pumps are heavy-duty
units designed with integral-shaft duc-
tile iron impellers. Whispair vacuum
pumps reduce noise and power loss
by utilizing an exclusive wrap-around
plenum and proprietary Whispair jet
to control pressure equalization —
feeding backflow in the direction of
impeller movement, thereby aiding
rotation.

The headplates and rigid, one-
piece casing are grey iron, while
the drive end cover and gear cover
are aluminum. Carburized and ground
alloy steel spur timing gears are
taper mounted on the shafts, se-
cured with a locknut. Cylindrical roller
bearings are used.

Piston rings reduce air leakage
through the shaft openings in the
headplates, and lip-type oil seals
prevent lubricant from entering the
air chamber. RAM Whispair vacuum
pumps incorporate thrust control,

with splash oil lubrication at both
ends of the units. A hydrodynamic
seal on the drive shaft prevents shaft
seal oil leaks.

All frame sizes are designed
with detachable rugged steel mount-
ing feet which permit in-field adapt-
ability to either vertical or horizon-
tal installation requirements.

The top shaft is extended for
drive on side outlet vacuum pumps,
and either shaft can be extended
for drive on bottom outlet vacuum
pumps. An inlet spray nozzie and
seal water flow meter are supplied
for water injection.

g -

AF - INLET I
AF ° ~ DISCHARGE
c P ,
! AX AX
m_ &
) s 1N 2 DISCH.
] s N —q&— o
O R D ’ . '
L L N
‘ Z
8 g{
WATER DRAIN e l
. A'—
VERTICAL CONFIGURATION HORIZONTAL CONFIGURATION
. (MORZONTAL AIR FLOW) (VERTICAL AIR FLOW)
- DI""“:O":* EEREE A ER eS| AF AF’ ..|... |Approx. l
TR A 3 oeal' O o' | P - Keyway inlet |Discharge| AA | AX | Net Wt
%30 S D {Dy |-s-] 7 7 o Diameter | Diameter i (Lbs.)
a0ss | 800 [1100 | 1075 | 2050 | 1125| 7.50 | 1663 | 1475 | 1450 [ 1525 °| 9.00 | 1.500 | .375X.188 | 4ONPT aoNPT | 725 | 225 300
o | 800 1100 | 1375 | 2350 | 1125 750 | 1663 | 1475 | 1450 | 1525 | 9.00 -| 1.500 375X.188 | SONPT 50NPT | 725 | 225 350
a12s | 8oo |11.00 | 1675 | 2650 | 1125 |- 750 | 1663 | 1350 | 1300 | 1525 | 9.00 | 1.500 | 375X .188 | 6.0FLG S50FLG | 600 | 225 400
ass | 800 |1100 | 2275 | 3250 | 1125 | 7.50 | 1683 | 1450 | 1400 | 1525 | .00 | 1.500 | .375X.188 | B.OFLG 60FLG | 700 | 225 500
618) | 1000 | 1600 | 21.44 | 3244 | 1500 | 900 | 2200 | 1650 | 1625 | 2000 | 12.00 | 2.000 | 500X 250 | BOFLG 60FLG | 750 | 3.00 800
6200 | 1000 | 1600 | 29.44 | 4044 [ 1500 | 500 | 2200 | 17.50 | 17.50 | 2000 | 1200 | 2000 | 500X 250 | 10.0FLG 8OFLG | 875 | 3.00 | 1000




. RAM WATER-SEALED VACUUM PUMP P
FRAME | SPEED | 210" Hg VAC. = 1= '
SIZE_| RPM | cEM SiB
. 406J 2325 301 109 . 276 14.8

3200 436 17.1 408 25
1530 284 9.2 257 - 132 160

409J 2325 458 14.8 423 209 26. 200
3200 653 224 611 311 S 466 .
1530 379 119 342 17.2 331 18.2 268 22.4 213 245 118 . 26.6

4124 2325 610 19.3 563 272 550 . 28.8 470 351 400 38.3 280 414
3200 870 29.0 815 39.6 800 47 705 50.2 620 54.4 . 475 §8.7
1530 570 174 513 25.3 500 26.9

418J 2325 815 27.7 845 39.4 825 1.9
3200 1305 40.9 1230 56.8 1200 59.9
1160 796 207 746 30.2 734 32,0 661 39.6 596 434 504 47.1

616J 1750 1245 327 175 46.7 1160 496 1075 60.9 975 66.4 855 721
2400 1703 483 1634 67.1 1623 70.9 1523 85.9 1434 93.5 1238 101.1
1160 1192 30.1 117 44.2 1100 47.1

6244 1750 1840 46.7 1755 67.7 1725 - 719
2400 2552 67.1 2448 95.2 2431 100.9

Uncontested

Warranty

Note: 1. Vacuum ratings based on inlet air at standard temperature of 68°F, discharge pressure of 30" Hg and specific gravity of 1.0.

™ :
n n “ helps Roots to continue as the industry leader in warranties — the first to introduce an uncontested
warranty procedure that guarantees to repair or replace any defective RAM unit that has not been mistreated. We'll protect
you and your customer for a full 18 months after installation (not to exceed 24 months after shipment).
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roots IRAAINE™ wHisPaIRe

DRY VACUUM PUMPS

FRAMES 406, 412 AND 616 DVJ

BASIC DRY VACUUM PUMP DESCRIPTION

The Roots RAM Whispair dry
vacuum pump has an exclusive dis-
charge jet plenum design which
allows cool, atmospheric air to flow
into the casing. This unique de-
sigh permits continuous operation
at vacuum levels to blank-off with
a single stage unit, without water
injection.

Standard dry vacuum pumps are
limited to approximately 16" Hg
vacuum because operation at higher
vacuum levels can cause extreme
discharge temperatures resulting in
casing and impeller distortion. The
RAM vacuum pump's cooling de-
sign eliminates the problems caused
by high temperatures at vacuum lev-
els beyond 16" Hg. :

RAM Whispair dry vacuum
pumps are heavy-duty units designed
with integral-shaft ductile iron im-
pellers. Whispair vacuum pumps
reduce noise and power loss by uti-
lizing an exclusive wrap-around ple-
num and proprietary Whispair jet
to control pressure equalization —
feeding backflow in the direction of
impeller movement, thereby aiding
rotation.

The casing and headplates are
grey iron, while the drive end cover
and gear cover are die cast alumi-
num. Carburized and ground alloy
steel spur timing gears are taper
mounted on the shafts, secured with
a locknut. Cylindrical rolier bear-
ings are used, with splash lubrica-
tion at both the gear end and the
drive end.

14

Piston rings reduce air leakage
through the headplate bores and
lip-type oil seals prevent lubricants
from entering the air chamber. RAM
Whisper dry vacuum pumps can aiso
be equipped with mechanical seals
for gas applications. .

Detachable rugged steel mount-
ing feet permit in-field adaptability
to either vertical or horizontal in-
stallation requirements.

OPERATING PRINCIPLE

POSITION v

POSITION 2 POSITION 3

Shaded blue areas indicate air pressure varnations from intake to atmospheric discharge.

Position 1:

Incoming airis trapped be-
tween the impellers and the
case, producing a vacuum in
the application system. Simul-
taneously, airis discharged (left)
from the vacuum pump.

Position 2: -

As the upper impeller
passes the jet plenum, atmo-
spheric air flows into the space
between the impeller and the
case. This cools the trapped
air, aids impellermovement, and
reduces discharge shock and
power loss.

Position 3:

The trapped air is then
moved to the discharge fla
(left). Backflow is reduced,
sulting in lower discharge noise
relative to conventional rotary
vacuum pumps.




RAM WHISPAIR DRY VACUUM PUMP
OUTLINE DRAWING & DIMENSIONAL TABLE

| ROOTS

AF - INLET .
AF ’ - DISCHARGE

r B

P {

(HORIZONTAL AfR FLOW)

L

08 L
l INLET
e =
gt PO [
—

COUNTER CLOCKWISE ROTATION
FURNISHED UNLESS OTHERWISE

AW - ATMOSPHERIC AIR INLET

CLOCKWISE ROTATION
FURNISHED ONLY WHEN

ceed 24 months after shipment).

RAM WHISPAIR DRY VACUUM PUMP

SPECIFIED SPECIFIED
=
AF ' — DISCHARGE AW - ATMOSPHERIC § -
) _\ AIR INLET — P —
c b—Af ' —b——R*—
\ AX +ax
. L. L -~
: o iSR!
A 4 A ~2n
HORIZONTAL I\NERE
CONFIGURATION
(VERTICAL AIR FLOW) | o B
g *‘J NOTES:
= 1. All dimensions are in inches.
——A’ 2. Do not use for constructon.
e |A|A[B|C|[D|DI|O|O|P|P|R|R | U |KEYWAY |AA(AA'|AB| AF | AF' |AW | AX |WGT.
@ 406J | 8.00{11.0010.75|20.50|11.25)7.50|16.38 | 18.00 |17.75|14.75] 9.00( 7.38 | 1.500|.375 X .188 | 7.25|10.50| 6.75| 4 NPT | SNPT | 4NPT| 225 | 365
. 412J | 8.00{11.00{16.75|26.50{11.25}7.50]16.63 |19.25 [17.75|15.25| 9.00( 7.63 | 1.500|.375 X .188 | 6.00 |11.75| 6.50| 6 FLG | 6 FLG | 5FLG} 225 | 5§75
616J | 10.00| 16.00 | 21.44{ 32.50 | 15.00|9.00 | 21.63 [22.75 }21.25(|19.25 | 12.00 | 9.63 | 2.000 |.500 X .250 | 7.50 {13.75| 6.75| 8 FLG |10FLG | 8FLG| 3.00 | 975
RAM" o—
helps Roots to continue as the industry leader in warran- H U ntested ﬁ
ties — the first to introduce an uncontested warranty procedure that guarantees to [> nco k
repair or replace any defective RAM unit that has not been mistreated. We'll Q Warranty ﬁ
protect you and your customer for a full 18 months after installation (not to ex- N4 >
V===

ROOTS

gravity of 1.0.
2. Refer to Factory for performance guarantee above 24" HgV.

PERFORMANCE TABLE

FRAME | SPEED ﬂ'gsélEMﬂl\Rﬂ 12" Hg VAC. | 16" Hg VAC. | 20" Hg VAC. | 24" Hg VAC. | 27" Hg VAC.

SIZE RPM - CFM . - 'CFM - BHP | CFM BHP | CFM BHP |CFM - BHP |CFM - BHP

2320 288 10.3 258 13.5 216 16.7 135 20.0 * 23.0

406, 2695 350 12.2 320 15.8 278 19.5 198 23.2 . 27.0

3564 496 16.9 465 21.4 423 26.2 343 30.9 143 s

4000 668 569 19.5 538 24.4 496 29.6 416 34.8 216 38.8

2320 576 20.2 516 26.6 432 33.1 270 39.6 . 45.0

4129 2695 700 237 640 311 556 38.6 396 46.1 . 52.0

3564 992 322 930 41.7 846 51.4 686 61.2 286 68.5

4000 1332 1138 36.7 1076 47.1 992 58.0 832 68.9 432 77.0

1750 1015 36.0 901 48.0 748 59.0 448 710 * 80.0

2124 1310 440 1196 58.0 1043 72.0 743 86.0 . 97.0

616J 2437 1556 51.0 1443 67.0 1290 83.0 990 99.0 244 1110

2860 1890 60.0 | 1777 79.0 1623 98.0 1324 1170 578 1310

‘ 3000 2367 2001 63.0 1887 85.0 1734  103.0 1434 1230 688  138.0
Notes: 1. Vacuum ratings based on inlet and jet air at standard temperature of 68°F, discharge and jet pressure of 30" Hg and specific

* Denotes blank-off
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'ROOTS DVJ WHISPAIR®

DRY VACUUM PUMPS

FRAMES 2504J AND 721J

BASIC DRY VACUUM PUMP DESCRIPTION
GENERAL FRAME 2504J

Roots model DVJ Whispair® dry The headplates, gear housing
vacuum pumps have an exclusive and rigid, one-piece casing are grey
discharge jet plenum design which iron. Carburized and ground alloy
allows cool, atmospheric air to flow steel spur timing gears are taper
into the casing. This unique de- mounted on the shafts, secured with
sign permits continuous operation a locknut. Ball bearings are used,
at vacuum levels to blank-off with with spiash lubrication at the gear
a single stage unit, without water end and grease lubrication at the
injection. drive end. Lip-type seals restrict

Standard dry vacuum pumps are oil leakage into the air stream.
limited to approximately 16° Hg Detachable rugged steel mount-
vacuum because operation at higher ing feet permit in-field adaptability
vacuum levels can cause extreme to either vertical or horizontal in-
discharge temperatures resulting in stallation requirements.
casing and impeller distortion. The
DVJ's cooling design eliminates the
problems caused by high tempera-
tures at vacuum levels beyond 16"
Hg.

DVJ Whispair dry vacuum pumps
are heavy-duty units designed with
integral-shaft ductile iron impellers.
Whispair vacuum pumps reduce
noise and power loss by utilizing
an exclusive wrap-around plenum
and proprietary Whispair jet to control
pressure equalization — feeding
backflow in the direction of impeller
movement, thereby aiding rotation.

POSITION 1

FRAME 721J

The headplates, gear cover,
drive end cover and rigid, one-piece
casing are grey iron. Carburized
and ground alloy steel spur timing
gears are taper mounted on the
shafts, secured with a locknut. Cy-
lindrical roller bearings are used,
with splash lubrication at both the

gear end and the drive end. Lip-

type seals restrict oil leakage into
the air stream.

Frame size 721J is designed
with detachable rugged steel mount-
ing feet which permit in-field adapt-
ability to either vertical or horizon-
tal installation requirements.

POSITION 2 POSITION Y

16

Shaded blue areas indicate air pressure variations from intake to atmospheric discharge.

Position 1:

Incomingairis trapped be-
tween the impellers and the
case, producing a vacuum in
the application system. Simul-
taneously, airisdischarged (left)
from the vacuum pump.

Position 2:

As the upper impelier
passes the jet plenum, atmo-
spheric air flows into the space
between the impeller and the
case. This cools the trapped
air, aids impellermovement, and
reduces discharge shock and
power loss.

Position 3:

The trapped air is then
moved to the discharge flang
(left). Backflow is reduced,
sulting in lower discharge noi
relative to conventional rotary
vacuum pumps.




I AF ~ DISCHARGE

DVJ OUTLINE DRAWING & DIMENSIONAL TABLE

AF — INLET .

R
! +.0000
1 ° ] 2R
i LR Rl .
l i | FRAME 2504y e — _
; VERTICAL CONFIGURATION CLOCKWISE ROTATION COUNTER CLOCKWISE ROTATION
FURNISHED UNLESS FURMISHED ONLY
OTHERWISE S_PECIFIED WHEN SPECIRED
l . HORIZONTAL CONFIGURATIONS
, AVAILABLE UPON REQUEST
’— AW — ATMOSPHERIC AIR INLET
P P
l AL ——AA —] — AA——— AA* —
c i‘--AB-d -Aa—z
I ._J'-"u S0 ) .. | /—A—\\-‘ KL—\ t ;:;_
R L A\ " Q (—D B
l l N LI [ 1
FRAME 721J o A A NOTES:
VERTICAL CONFIGURATION e L L oS OTHEAWISE O iy 1. All dimensions are in inches.
l SPECIFIED WHEN SPECIFIED 2. Do not usa for constructon.
1 - . F)rive shaft] - i .| 2] AF | AF' | - - | Appra
. F;lrne A|A'| B C |[location | O |O'| P |P'|[ R "R'| U | Keyway |AA[AA'|AB " ikt |Discharge| AW AX [nawm
’§ - ze : . o T bt C N A =T % | olametes | Dlameter] < | 7] bl
l 25040 | 6.50| 6.50| 7.50[11.38] 4.00| 4.00| 9.88(11.63|12.38{ 8.75| 5.25| 4.38 | .7500 |.188 X .094 {4.75| 7.63 |4.75 |25 NPT|25NPT| 2NPT|1.25| 65
7214 [19.00| 26.00{ 27.00 | 39.38{ 17.00[10.00 | 24.88(25.25 | 24.25|22.75{13.5011.38 | 2.375 {.625 X .313 [9.00|15.25 | 5.50 [ 12 FLG | 12 FLG |12FLG |3.50 |1750
J » rooTs [Eam]
DVJ PERFORMANCE TABLE
FRAME | SPEED 12" Hg VAC. 16" Hg VAC. 20" Hg VAC. 24" Hg VAC. 27" Hg VAC. -
l SIZE RPM CFM  BHP CFM BHP CFM BHP CFM -~ BHP CFM ... BHP
2400 47 21 37 28 22 3.5
2655 56 23 - 45 3.1 31 3.9
l . 2990 67 2.6 57 35 42 44
25044 3540 86 3.2 75 4.2 60 5.2
3985 101 3.6 90 4.7 75 5.9
4515 119 4.1 108 5.4 93 6.7
. 4970 135 4.6 124 6.0 109 7.4
1180 1137 43.0 975 57.0 755 271.0 323 85.0 * 97.0
7214 1770 1967 67.0 1804 88.0 1585 108.0 1153 129.0 a3 145.0
2200 2572 85.0 2409 111.0 2190 136.0 1758 162.0 688 181.0
l . 2600 3135 104.0 2972 133.0 2750 163.0 2321 193.0 1250 215.0
i Notes: 1. Vacuum ratings based on inlet and jet air at standard temperature of 68°F, discharge and jet pressure of 30" Hg and specific
. gravity of 1.0.
. ‘l 2. Refer to Factory for performance guarantee above 24" HgV. * Denotes blank-off
R
| 17



roots IR A I wHispAIR®

HIGH-PRESSURE ROTARY POSITIVE BLOWERS |

FRAME 406 DPJ

BASIC BLOWER
DESCRIPTION

The Roots RAM Whispair ro-
tary blower has an exclusive dis-
charge jet plenum design which al-
lows cool, pressurized system air
to flow into the cylinder. This unique
design permits operation at high
pressure levels with a single stage
unit.

The RAM high pressure blower
is designed for continuous opera-
tion at discharge pressures up to
30 psig. It has no valves, vanes
or Teflon rings. Discharge tempera-
tures can often range up to 370°F,
providing usable heat for your pro-
cess or for building heat. ’

The basic model is designed us-

OPERATING PRINCIPLE

POSITION1

ing integral-shaft ductile iron im-
pellers with an involute profile. The
casing and headplates are grey iron,
while the drive end cover and gear
cover are die cast aluminum. Car-
burized and ground alloy steel spur
timing gears are taper mounted on
the shafts, secured with a locknut.
Cylindrical roller bearings are splash
lubricated at both the gear end and
drive end.

Piston rings reduce air leakage
through the headplate bores and
lip-type oil seals prevent lubricants
from entering the air chamber. A
hydrodynamic seal on the drive shaft
prevents shaft seal oil leaks.

POSITION 2

Shaded biue areas indicate air pressure variations from intake to pressurized discharge.

Position 1: Position 2:

Position 3:

Incoming air is trapped by
the impellers. Simultaneously,
pressurized air is being dis-
charged.

As the upper impeller
passes the jet plenum, cooled,
pressurized air flows into the

space betweentheimpellerand’

cylinder. This cools thetrapped
air, helps control thermal growth
and allows higher discharge
pressures.

The trapped air is then
moved to the discharge flange
(left). Backflow is reduced, re-
sulting in lower operating noise
level and reduced shock load-
ing on the impellers.

RAM WHISPAIR HIGH- PRESSURE BLOWER PERFORMANCE TABLE

" ve. It “(
B Tl P R e T A

CFM 5

£ BHP | C

4000
3070 |
2320

1750

510 75 | 495 88
| 385, 57| 340 68
. 230 43 | 215 52

134 - 32| 118 39

NOTES: Ratings based on inlet air at standard pressure of 14.7 psia, standard temperature of 68°F,

and specific gravity of 1.0.
18

® _

All units are designed with rug-
ged steel mounting feet which per-
mit in-field adaptability to either ver-
tical or horizontal installation require-
ments.

Uncontested
Warranty

RAM™
helps Roots to

continue as the industry leader in
warranties — the first to introduce an
uncontested warranty procedure that
guarantees to repair or replace any
defective RAM unit that has not been
mistreated. We'll protect you and your
customer for a full 18 months after in-
stallation (not to exceed 24 months
after shipment).

Y Nl

- e




| ‘ ROOTS [@Z=57]
i RAM WHISPAIR HIGH-PRESSURE BLOWER .
‘ OUTLINE DRAWING & DIMENSIONAL TABLE. . ‘

AW - SYSTEM AIR INLET

- ' - ~AF-INLET T . I o
‘ : - 'FAF'-DISCHA'RGEv ) C—>p
! - C — - i . (- - o ’

INLET

i
z

VERTICAL
CONFIGURATION
(HORIZONTAL AIR FLOW)

T B C i
’ COUNTER CLOCKWISE ROTATION . CLOCKWISE ROTATION

FURNISHED UNLESS OTHERWISE FURNISHED ONLY WHEN
SPECIFIED L SPECIFIED

| 2 *
[3]
1 : 8
’ AF ‘' - DISCHARGE —\ AW - SYSTEM =1

HORIZONTAL
CONFIGURATION
(VERTICAL AIR FLOW)

b . ‘ NOTES:
1. All dimensions are in inches.
2. Do not use for construction.

ElA|A |B|C|D|D1| O |O|P|P|R|R| U|KEWAY |AA|AA'|AB| AF | AF' | AW | AX |WGT.
406

8.00|11.00110.75|20.50 [11.25)| 7.50 | 16.38 |18.00| 17.7514.75| 9.00 | 7.38 | 1.500|.375 X .188 | 7.25]/10.50| 6.75| 4 NPT | 5NPT| 4 NPT| 225 | 365
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ROOTS RCS-J WHISPAIR® & RCS

ROTARY POSITIVE BLOWERS

RCS-J FRAMES 715J THRU 832J

RCS FRAMES 817 THRU 827

BASIC BLOWER
DESCRIPTION

RCS-J Whispair® and RCS
rotary blowers are heavy-duty units
designed with integral-shatt ductile
iron impellers having an involute pro-
file. Whispair blowers reduce noise
and power loss by utilizing an ex-
clusive wrap-around pienum and
proprietary Whispair jet to control
pressure equalization — feeding
backflow in the direction of impel-
ler movement, thereby aiding rota-
tion.

The headplates, gear cover, drive
end cover and rigid, one-piece casing
are grey iron. Carburized and ground
alloy steel spur timing gears are
taper mounted on the shafts, se-
cured with a locknut. Cylindrical
roller bearings are used.

Piston rings reduce air leakage
through the shaft openings in the
headplates, and lip-type oil seals
prevent lubricant from entering the
air chamber. These blowers in-
corporate thrust control, with splash
oil lubrication at both ends of the
blower.

RCS-J frame sizes 715J and
721J, and RCS blowers are designed

with detachable rugged steel mount- . |

ing feet which permit in-fieid adapt-
ability to either vertical or horizon-
tal installation requirements.

The top shaft is extended for
drive on side outlet blowers, and
either shaft can be extended for drive
on top or bottom outlet blowers.

OUTLINE DRAWING & DIMENSIONAL TABLE

AF - INLET
AF ‘' — DISCHARGE

&

)

| St
%
Q0
(7]
NOTES: 8 *
1. All dimensions are in inches. —a—
2. Do not use for construction.
3. RGS~J gas pumps availabls in frame sizes VERTICAL CONFIGURATION HORIZONTAL CONFIGURATION
616J and 624J only. (H.ORIZONTAL AJR FLOW) (VERTICAL AIR FLOW)
; T T . AF'. - | o) - |Approx.
< A - n R .U, | Keyway |* inlet |Discharge AA | AX |Net Wt
i ; b P :4.01. SER T S b T )L L&, | Diameter | Diameter| - ‘| (Lbs.)
7155 | 19.00 | 2600 | 21.50 | 3388 | 17.00 | 1000 | 25.13 | 19.00 | 1800 | 2325 | 1350 2.375 | .625X.313 | 10.0FLG 8OFLG | 900 | 350 | 1100
721 | 19.00 | 2600 | 27.00 | 3938 | 17.00 | 1000 | 2513 | 19.00 | 1800 | 2325 | 1350 2375 | 625X.313 | 120FLG | 10.0FLG | 900 | 350 | 1200
8173 | 1375 | 2200 | 2425 | 3863 | 21.00 [ 13.00 | 30,00 | 2575 | 2550 | 25.00 | 17.00 2750 | 625X .313 | 10.0FLG | 100FLG | 1275 | 400 | 1620
a1y | 1375 | 22000 | 2788 | 4225 | 21.00 [ 43.00 | 3000 | 2575 | 2550 | 2500 | 17.00 2750 | 625X.313 | 120FLG | 100FLG | 1275 | 4.00 | 1800
8269 | 1275 | 2200 | 3313 | 4750 | 21.00 | 1300 | 30.00 | 2575 | 2550 | 25.00 | 17.00 2750 | 625X .313 | 120FLG | 120FLG | 1275 [ 4.00 | 207
&32s | 1375 | 2200 | 3850 | 5288 | 21.00 | 13.00 | 3000 { 2575 | 2550 | 2500 | 17.00 2750 | 625X .313 | 140FLG | 120FLG | 1275 | 400 | 2325
e17 | 19.00 | 2700 | 2425 | 38.44 | 18.00 | 10.00 | 28.33 | 20.38 | 19.00 | 2525 | 14.00 2750 | .625X.313 [ 10.0FLG | 10.0FLG 950 | 400 | 1200
a4 | 1900 | 27.00. | 3050 | 4469 | 18.00 | 1000 | 28.38 | 2038 | 19.00 | 2525 | 14.00 2750 | 625X .313 [ 120FLG | 120FLG | 950 | 400 | 1330
azr | 1900 | 27.00 | 3400 | 4819 | 18.00 | 1000 | 2838 | 2038 | 19.00 | 2525 | 14.00 2750 | .625X.313 [ 14.0FLG | 14.0FLG 950 | 400 | 1600

20
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| ROOTS E==3

RCS-J/ RCS PERFORMANCE TABLE

FRAME |speep| “74PS! "} 26 PSI “FasPst Tl %18 PSI Tl 2 MAX VACUUM 2

SZE _|. RPM ' BHP |-cPM__BHP *Hg | CFM TEBHP ;;
1180 334 | 815 X : - 663  81.0 140 | 705 | 372

7159 1770 530 | 1428 688 | 1379 845 | 1335 1003 | 1276 1239 150 | 1281 | 614
2600 860 | 2200 1085 | 2241 1310 | 2198 1537 | 2138 1875 150 | 2144 | 954
1180 448 | 1103 590 | 1037 - 735 | 978 878 | 892 1092 140 | o5 | .s00

7214 1770 704 | 1933 917 [ 1867 113.1 | 1808 1344 | 1727 1664 150 | 1735 | 817
2600 1120 | 3101 1425 | 3035 1731 | 2976 2037 | 2895 2495 150 | 2003 | 1248
880 38 | 821 487 | 756 606 _

8120 | .1770 785 | 2206 1020 | 2142 1254 | 2083 1489 | 2004 1841 | 2055 219.4 | 160 | 1962 | 959
2250 1050 | 2055 134.0 | 2890 1640 | 2830 193.0 | 2751 237.0 | 2680 281.0 | 160 | 2707 | 1260
880 439 | 985 581 | 907 724 _ :

8214 1770 939 | 2648 1221 | 2571 1503 | 2500 178.4 | 2405 2207 160 | 2354 | 114.8
2250 127.0 | 3546 163.0 | 3468 198.0 | 3398 2330 | 3302 286.0 16.0 | 3249 | 1530
880 550 | 1231 728 | 1134 907

8264 1770 1167 | 3311 1519 | 3214 1871 | 3126 2223 16.0 | 2044 | 1428
2250 156.0 | 4434 2000 | 4336 247.0 | 4248 288.0 160 | 4062 | 188.0
880 658 | 1477 872 | 1360 1086

832J 1770 139.8 | 3972 1820 | 3857 2243 160 | 3531 | 168.4
2250 186.0 | 5320 239.0 | 5202 2920 16.0 | 4874 | 2250
880 368 | 821 487 | 756 606 120 | 761 | 357

817 1770 79.5 | 2207 1035 | 2142 1276 | 2083 151.6 | 2003 187.7 16.0 | 1959 | 101.4
2250 109.2 | 2955 139.8 | 2890 170.4 | 2831 2009 | 2751 246.8 160 | 2707 | 137.1
880 492 | 1108 654 | 1020 815 120 | 1028 | 482

824 1770 107.2 | 2980 139.7 | 2892 172.2 | 2813 2047 | 2705 253.4 160 | 2646 | 136.8
2250 147.2 | 3990 188.5 | 3002 229.8 | 3823 2711 [ 3715 3330 160 | 3656 | 1849
880 564 | 1269 749 | 1169 934 120 | 1178 | 552

827 1770 1227 | 3415 1599 | 3314 197.1 [ 3223 2343 16.0 | 3032 | 157.0
2250 168.2 | 4572 2155 | 4472 2628 | 4381 310.1 16.0 | 4189 | 2123

]

Notes: 1. Pressure ratings based on inlet air at standard pressure of 14.7 psia, standard temperature of 68°F, and specific gravity of 1.0.

2. Vacuum ratings based on inlet air at standard temperature of 68°F, discharge pressure of 30" Hg and specific gravity of 1.0.
3. 800J frame sizes only — Operation above 15 psi pressure rise, 15" Hg vacuum or 230°F temperature rise requires oil coolers -

reter to Factory. Oil cooler not available on 700J frame sizes.
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ROOTS XLP® WHISPAIR®

EXTRA LOW PULSE TRI-LOBE BLOWERS

BASIC BLOWER
DESCRIPTION

The XLP Whispair® blower has
been specially designed to reduce
noise and power loss by utilizing
the exclusive Roots wrap-around
plenum and proprietary double
Whispair jet to control pressure
equalization. Combining this feature
with the three-lobe design results
in a high efficiency blower that
dramatically reduces in-pipe pulsation
and noise levels.

XLP impeller profiles ensure
maximum volumetric efficiency with
minimum absorbed power without
sacrificing torsional rigidity. The
conservative load carrying capac-
ity of the large-diameter rolling el-
ement bearings contributes to a long
operating life. Timing gear lite is
also extended by a controlied lu-
brication system.

Taper mounted, precision ground
and hardened high-grade alloy steel
gears ensure smooth, quiet operation.

OPERATING PRINCIPLE

POSITION 1

POSITION 2

Cylinder and headplates are
made from cast iron; dynamically
balanced impellers and integral
shafts are manufactured from duc-
tile iron. Roller bearings at the drive
and gear ends give long operational
lite.

All units are designed with rug-
ged steel mounting feet which per-
mit in-field adaptability to either
vertical or horizonta! installation
requirements.

T

g W“’“"‘Ww
E XLP Advanisge
i Drwaser Roots XIP

i Srower Speed

--Q-

DISCHARGE PRESSURE PULSATION

POSITION 3

L J

POSITION 4

in addition to the tri-lobe design, Roots XLP Whispair
blowers have a proprietary jet to feed backflow in the
direction of impelier movement, aiding rotation and lowering
power requirements. : :

Incoming air is trapped by the impellers and moved
through the machine as in the basic rotary positive displace-
ment principle. As pressure builds against the wrap-around
plenum due to system resistance, the Whispair blower jet
equalizes the pressure between the trapped air and the

22

discharge area. This action reduces shock and feeds the
backflow in the direction of rotation.

As the impeller completes its cycle, it discharges the
trapped air, which now has the same pressure as Qg€ ¥
discharge line. Backflow is controlied, resulting in reducfal
pulsation compared to the conventional blower. This im-
proves efficiency, reduces noise level, and increases bear- I
ing and geatr life.




ROOTS [GZZEa)

XLP WHISPAIR OUTLINE DRAWING & DIMENSIONAL TABLE - .

VERTICAL CONFIGURATION s ‘ HORZONTAL CONFIGURATION
(HORIZONTAL AR FLOW) (VERTICAL AIR FLOW)
NOTES:
1. Unless otherwise specified, dimensions are in inches. NOTE: Dimensions in these 3
2. Do not use for construction. columns are in millimeters
Frame S BT S 3 L) inlet& | - b Approx.
A B discharge AA AA AX Net Wt
110 | 1295 | 19.76 | 18.11 16.02 | 12.20 . 45.045.011 150 57 6.69 | 2.44 169
108 | 1295 | 19.76 | 23.23 16.02 | 12.20 | 12.40 9.88 45.03/45.011 150 SN 6.69 | 2.44 202
210 | 17.24 | 2598 | 24.80 2421 | 1594 | 1563 | 12.99 60.03/60.011 200 728 | 835 |3.15 340
208 | 17.24 | 25.98 | 31.10 24.21 | 15.94 | 1563 | 12.99 60.03/60.011 250 728 { 835 ]3.15 375
PERFORMANCE TABLE
FRAME | SPEED 2Psl =] " 6 PSI <1 10PSl - | . 12PS1 T o XU-15 PSI . MAX.VACUUM ...
SIZE |RPM [ cpm  BHP .| CFM  BHP | CFM  BHP | CFM  BHP .| CFM . BHP |*®Hg | CFM | BHP
1750 576 6.2 511 17.8 467 294 448 35.2 8.0 520 1.7
110 2950 1032 1.8 967 314 923 51.0 904 60.8 878 75.4 120 925 30.1
3650 1298 16.1 1233 40.3 1189 64.5 1170 76.6 1144 94.7 15.0 1146 465
1750 769 8.3 682 23.8 623 38.2 597 47.0 8.0 694 15.6
108 2950 1377 15.7 1291 418 1231 67.9 1206 80.9 - 12.0 1234 40.0
: 3650 1732 21.1 1646 53.4 . 1586 85.7 1561 101.8 15.0 1529 61.9
1750 1243 139 1131 38.2 1055 62.5 1022 74.7 978 93.0 8.0 1146 252
210 2300 1681 19.9 1570 51.9 1493 83.9 1460 99.8 1416 123.8 120 1496 49.5
2850 2119 27.3 2008 66.9 1931 106.5 1899 126.3 1855 156.1 15.0 1859 76.7
1750 1656 18.4 1507 50.8 1405 83.2 1362 99.4 8.0 1527 334
208 2300 2240 26.2 2091 68.8 1989 114 1946 132.7 12.0 1993 65.7
2850 2824 35.7 2676 88.5 2573 141.3 2530 167.7 1150 | 2476 101.9

Notes:

1. Pressure ratings based on inlet air at standard pressure of 14.7 psia, standard temperature of 68°F, and specific gravity of 1.0.
2. Vacuum ratings based on inlet air at standard temperature of 68°F, discharge pressure of 30" Hg and specific gravity of 1.0.
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ROOTS PAK=

UNIVERSAL RAI®° PACKAGED UNITS

DISCHARGE PIPE SIZES 2 THRU 6

BASIC PACKAGE
DESCRIPTION

Available through Authorized
Roots Distributors, RootsPak™ com-
pletely assembled, factory-engineered
and guaranteed packages incorporate
17 frame sizes of Universal RAI rotary

PACKAGE COMPONENTS

blowers in 3 package arrangements to
suit your various installation and appli-
cation requirements. Flows to 2370
cfm, pressures to 15 psig or vacuums
to 16" Hg are possible.

The basic, or type "S", package
consists of the blower, V-belt drive,
OSHA guard, motor slide base, inlet
filter and inlet silencer all mounted on

discharge silencer in one compa
easy to install package. A pressu
relief valve is mounted on the dis-
charge silencer. A type "F" package
is available, with aninietfilter-silencer
replacing the separate inlet filter and
inlet silencer. For vacuum service, a
type "V" package can be supplied
with a vacuum relief valve mounted
on top of a tee at the blower inlet.

Motor and other accessories are
optional. Allthree arrangements are
fully described in the table below and
illustrated on the next page.

The combination base/discharge
silenceris arigid, one-piece weldment,
reinforced for minimal vibration. The
inlet filter is supplied with a 10 micron
pleated paper element. All standard
components are designed for indoor
or outdoor operation.

The Universal RAI blower con-
sists of a grey iron casing, carburized
and ground alloy steel timing gears

secured to steel shafts with a taper~w
mounting and locknut, and grey iﬂ

"involute impellers. Oversized a
friction bearings are used, with a cy-
lindrical roller bearing at the drive
shaft on all models to provide in-
creased bearing life and to withstand
V-belt pull. The Universal RAI fea-
tures thrust control, with splash oil
lube on the gear end and grease lube
on the drive end.

For complete RootsPak™
specifications and ordering
information, refer to Roots
Bulletin S-12X91.

o o s B

5 TYPE “S“ PACKAGE

S an e e

TYPE "F" PACKAGE

TYPE "V PACKAGE

Umversal RAI blower i
Unitized base/discharge silencer
Inlet filter with weatherhood
Horizontal inlet silencer & support
V-belt drive

OSHA guard

Motor slide base

Interconnecting fittings -

Pressure relief valve

Shipped completely assembled
Domestic shipping preparation
Suitable for indoor/outdoor installation

Unlversal RAI blower

Unitized base/discharge silencer
Inlet filter-silencer with weatherhood
V-belt drive

"OSHA guard.

Motor slide base’

Interconnecting fittings -

Pressure relief valve

Shipped completely assembled
Domestic shipping preparation
Suitable for indoor/outdoor installation

Umversal RAI blower

Unitized base/discharge silencer
V-belt drive

OSHA guard

Motor slide base
Interconnecting fittings

Vacuum relief valve

. Shipped completely assembled

Domestic shipping preparation
Suitable for indoor/outdoor installation

24
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Pressure
Relief Valve

Typical Configuratiohs

Pressure Application

Inlet Filter

Flexible
Connectors

Inlet
Silencer

Provide connections I
for thermometers and

pressure gauges

close to blower inlet l
and discharge

Iniet from
system

Vacuum Application

Unloading Valve

Flexible
Connectors

Discharg

Provide connections Optional
Silencer

for thermometers and Inlet Silencer
pressure gauges
close to blower inlet
and discharge

Motor

Blower

High Vacuum
Application

inlet Fiiter Screen 1/4" Mesh

Air Discharge

Vacuum Relief Valve

Jet
Silencer

Inlet from *
system

Unloading Valve

OptionNo.2 __ :""ol _  Option No. 1 - Inlet l

‘Optional Inlet Silencer ‘ .
N | Discharg
Silencer

Motor

Vacuum Pump
Temperature
Switch
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» DID YOU KNOW...

L
A

— Authorization requires every
Roots Distributor's service de-
partment to have a minimum of
16 hours factory training at Roots
Division's Connersville, Indiana,
facility. That's just the begin-
ning!

- Bi-annual factory refreshers on
new products andtechniques are
offered to keep each Authorized
Distributor's service department
proficient, reducing repair time
and costs.

.What is an "Authorized Roots Distributor"?

Roots Authorized Distributors
have the special factory-de-
signedtools necessary todoyour
jobs quickly.

Authorization requires distribu-
tors to maintain facilities for test-
ing of repairs. Authorized Dis-
tributor repair work is proven be-
fore it ships.

You get complete Roots war-
ranty service/replacement di-
rectly from your Factory Autho-
rized Distributor.

Authorized Roots Distributors
are required to carry stock.

- They stock several popular Roots
blowers in various arrangements
of flow, rotation and shaft location.

- They stock parts kits and timing
gears for the popular Roots mod-
els.

R




Other
‘Roots

products...

Type H multi-stage centrifugal
compressors: polytropic heads to 90,000
* feet, pressures to 50 psig, capacities to
125,000 cfm.

psig, capacities to 250,000 cfm.

Single stage centrifugal compressors:
pressures to 32 psig, booster pressures to 600

"

St

advctd

Facilities of Roots Division, Dresser Industries, Inc., where complete design, manufactunng.

")

assembling and testing of rotary blowers and centrifugal compressors takes place. Type RAS~J Whispair® rotary blowers:
pressures to 20 psig, vacuum to 16" Hg,
capacities to 60,000 cfm.

Type RGS-J Whispair® rotary gas

pumps: pressures to 20 psig, vacuum to 16"

For more information on units illustrated in this bulletin or other Roots products and services, to 200 psig.
write or call us today.

Hg, capacities to 60,000 cfm, case pressures

DRESSER INDUSTRIES, INC.

900 WEST MOUNT STREET CONNERSVILLE, INDIANA 47331

n o DT S ROOTS DIVISION www.rootsblower.com

TELEPHONE: 765/827-9200 FAX: 765/825-7669

Printed in U.

Tie onigina ROOTS teowen~

B-05X93 Revised October, 1998  (Was B-5053)
All specifications subject to change without notice

©1998, Dresser Industries, Inc.
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B SECIFIATI
«Vafef"

FRAMES 22 THRU 718

OPERATING PRINCIPLE

POSITION 1

POSITION 2

POSITION 3

POSITION 4

Two figure-eight lobe impellers mounted on parallel shafts rotate in opposite directions. As
each impeller passes the blower inlet, it traps a definite volume of air and carries it around the case
to the blower outlet, where the air is discharged. With constant speed operation, the displaced
volume is essentially the same regardiess of pressure, temperature or barometric pressure.

Timing gears control the relative position of the impellers to each other and maintain small but
definite clearances. This allows operation without lubrication being required inside the air casing.

OUTLINE DRAWING & DIMENSIONAL TABLE

r

INLET & DISCHARGE CONNECTIONS

—p

TOP DISCHARGE

AF

RS

L

BOTTOM A
SHAFT
BOTTOM DISCHARGE
LEFT DISCHARGE RIGHT DISCHARGE
VERTICAL CONFIGURATION HORIZONTAL CONFIGURATION
o [ ortve shantocation | ‘ - T 5 Twets | | [reeon
Alelci{oJot[m|{ofo]{ep| R | u/|xeywsy| Disch | AF | AX [Nnaw
Size ¢ |potiom] Top |Morz| | ] ozl x| os | o (Ltm)
* | shant | shent [gnan] . - )

22 | 5.13 5.00| 9.75| 3.75]| 6.25| 3.75| 9.63| 6.88| 6.25| 5.00 | .625].188x.094| 1.ONPT | 925| 1.25 R

24 | 5.13 7.00[11.75] 3.75| 6.25] 3.75| 9.63| 6.88| 6.25| 5.00| .625|.188x.094| 2O0NPT | 9.25] 1.25 43

32| 725 6.75111.25| 5.00| 8.50} 5.00/12.8t| 888} 7.75{ 6.75 | .750|.188 x .094|1.25 NPT | 1213 ] 1.75 &9

33725 7.63(12.13| 5.00| 8.50| 5.00{12.81| 8.88| 7.75| 6.75] .750|.188 x.094] 2.0NPT | 1213 | 1.75 74

36 | 7.25 |10.00/14.63| 5.00| 8.50| 5.00(12.81| 8.88| 7.75| 6.75| .750(.188 x .094] 25NPT | 12.13 | 1.75| 102

42 | 8.00 7.25|13.00] 8.25(1025| 6.25[15.06|10.63 | 8.75| 8.25 | .875|.188 x.094| 1.SNPT | 13.63 | 2.00 88

45 | 8.00 |10.00/15.50] 6.25[10.25]| 6.25/15.06{10.63 | 8.75| 8.25 | .875}.188 x.094| 2.5NPT | 13.63 | 2.00| 109

47 | 800 |11.75{17.63| 6.25[1025| 6.25|15.06/10.50 { 8.50( 8.25 | .875|.188 x.094{ 3.0NPT | 13.63 (200} 128

53 |10.50 8.38]15.38| 6.25|11.25| 6.75|17.38[11.88 [ 10.25| 8.75 {1.125 (.250 x.125( 2.5NPT | 1725 | 250 | 143

56 {10.50 | 11.00(18.00| 6.25]|11.25| 6.75|17.38/1225 | 11.00| 8.75 |1.125 |.250 x .125| 4.0NPT | 17.25 | 250{ 170

59 [10.50 [ 14.00[21.18{ 6.25]11.25| 6.75[17.38/12.25 | 11.00| 8.75 |1.125 |.250x .125| 4.0NPT | 17.25 | 2.50 | 204

65 |11.00* | 10.00/18.38| 8.75]14.75| 8.75[21.63{15.13 | 12.75]11.75 | 1.375 |.312 x.156| 3.O0NPT | 19.75 | 3.00 | 245

68 [11.00° | 13.00|21.38] 8.75]|14.75] 8.75/21.63]15.13 | 12.75|11.75 | 1.375 |.312x.156| 5.0NPT | 19.75 | 3.00 | 285
615 [11.00° | 20.00(28.38| 8.75 14.75] 8.75121.63|16.25 { 15.00{11.75 | 1.375 [.312 x.156| 6.0 FLG { 19.75 [ 3.00 | 425

76 [14.00**{ 11.75]19.94/11.00]18.00[11.00]26.13/20.69 | 19.38{14.50 | 1.562 [.375 x.188| 4.O0NPT | 23.25 | 3.50 | 400
71t |14.00** | 16.75]25.19/11.00(18.00|11.00{26.13[19.50 [ 17.00(14.50 | 1.562 |.375 x.188| 6.0 FLG | 2325 [ 3.50 | 530
718 ]14.00** | 23.75/32.19]11.00|18.00|11.00/26.13|19.50 | 17.00}14.50 {1.562 |.375 x .188 | 8.0 FLG | 2325 | 3.50 | 650

* 17.00 in horizonta! configuration
** 21.00 in horizontal contiguration

All dimensions in inches

BASIC BLOWER
DESCRIPTION

Universal RAI blowers are heavy
duty rotary biowers designed with
detachable rugged steel mounting feet,
which permit easy in-field adaptability
to either vertical or horizontal instal-
lation requirements. The Universal
RAI blowers can even be hung from
overhead supports.

Because of the detachable mount-
ing feet, these units can be easily
adapted to any of four drive shaft
positions — right hand, left hand, bot-
tom or top. The compact, sturdy
design is engineered for continuous
service when operated in accordance
with speed and pressure ratings.

The basic model consists of a
cast iron casing, carburized and
ground alloy stee! spur timing gears
secured to steel shafts with a taper
mounting and locknut, and cast iron
involute impellers. Oversized anti-
friction bearings are used, with a
cylindrical roller bearing at the drive
shaft to withstand V-belt pull. The
Universal RAl features thrust con-
trol, with splash oil iube on the gear
end and grease lube on the drive
end. After standard tests, the unit
is sprayed with a protective paint
and boxed or placed on skids.

Available accessories include
driver, relief valve, inlet and discharge
silencer, inlet filter, check valve, ex-
tended base, V-belt or flexible cou-
pling and drive guards.

EVERY GROWING PLAI\IT NEEDS ROOTS



Roots Blower Selection 2.9-97e ‘ Thursday September 17, 1998 3:33 pm
1
f Selected Unit
l Model: 718 URAI
Inlet Volume (ACFM): 1695 SCFM: 1028 Gas: AIR
Inlet Pressure (PSIA): 8.83 B K-Value: 1.395
l Inlet Temp (Deg.F): 60 ' Specific Gravity: 0.991
Discharge Pressure (PSIA): 14.90 Molecular Weight: 28.711
» Inlet Vacuum (HG): 12.00 100% Elevation/Feet: 0
I Ambient Pressure (PSIA): 14.70 .~ Relative Humidity: 80%
. Speed (RPM): 1650 80% Amb/Jet Temperature: 100
Brake- Horsepower: 54.6§ A < SEp—— \
l Temperature Rise (Deg. F): 117 90%
Discharge Temperature (Deg. F): 177
Discharge Volume (ACFM) : 1230
I . Gear Tip Speed (FPM) : 3026
Estimated B10 Bearing Life (HRS): 101000
l Estimated Noise Level at 1 Meter (DBA): 90.4
<Esc> Exit, <F7> Cancel, <«F8> Previous
‘ Roots Blower Selection 2.9-97e Thursday September 17, 1998 3:33 pm

Il Select a Unit ” Main Menu _”
Single Unit Performance - Vacuum
l Blower Speed (RPM): 1650
Relative Humidity: 80% Amb/Jet Temperature: 100
Ambient Pressure (PSIA): 14.70 Elevation/Feet: 0 It
Inlet Vacuum (HG): 12.00 4 Inlet Temp(Deg.F): 60
Gas: AIR K-Value: 1.395
l Molecular Weight: 28.966 Specific Gravity: 1.000
Open Clearances (Y/N): No Reduced Clearance (Y/N): No

Water Injection (Y/N): No

, <F7> Cancel, <F10>
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DRESSER INDUSTRIES, INC. . PERFORMANCE BASED ON

ROQTS QIVISION INLET AIR = 68°F
900 WEST MOUNT STREET DISCHARGE PRESSURE = 30" HG ABS.

CONNERSVILLE,INDIANA 4733! - JULY, 1994
PRINTED IN U.S.A. : A

VACUUM PERFORMANCE

FRAME 718 UNIVERSAL RAI BLOWER
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INFORMATION SUMMARY........... This page
"Receiving. . .Installing. . .Operating

OPERATING CHARACTERISTICS............. 2
Description. . .Control. . .Protection

OPERATING LIMITATIONS.................. 2
Pressure. . .Temperature. . .Speed

BLOWER ORIENTATION. ................... 3

INSTALLATION ... ..o es 5
Mounting. . .Aligning. . .Piping ‘

LUBRICATION .. ... i eans 7

Qil Fill. . .Servicing. . .Greasing

Check shipment for damage. If found, file claim with
carrier and notify Sales Office.

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

Store in a clean, dry location until ready for installa-
tion, if possible. Lift by methods discussed under IN-
STALLATION to avoid straining or distorting the equip-
ment. Keep covers on all openings. Protect against weather
and corrosion if outdoor storage is necessary.

Ekead LIMITATIONS and INSTALLATION sections
in this manual and plan the complete installation.

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

Elnstall all equipment correctly. Foundation design
must be adequate and piping carefully done. Use recom-
mended accessories for operating protection.

INSTRUCTIONS

ROTARY LOBE BLOWERS

NUMBERS IN ( ) ARE METRIC EQUIVALENTS

OPERATION . . ... et eiaes 8
Starting. . .Checking. . .Running

TROUBLESHOOTING. .......coiiviiiiinnnns 9
Capacity. . .Power. . .Heating

SAFETY PRECAUTIONS. ........ ..o 10
Physical. . .Operating. . .General

MAINTENANCE/REPLACEMENTS........... 10
Servicing. . .Repairs. . .Clearances

PARTSDRAWINGS .. ..... ..., 14

SALESOFFICES .....ciiriitiiivnanreanunns 24

ORI To Get The Most From Your Roots Blower

Make sure both driving and driven equipment is cor-
rectly lubricated before start-up. See LUBRICATION.

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

Eln event of trouble during installation or operation, do
not attempt repairs of Roots furnished equipment. Notify
Sales Office or factory, giving all nameplate information
plus an outlinc of opcrating conditions and a description of
the trouble. :

Unauthorized attempts at equipment repair may void
Manufacturer’s warranty. Units out of warranty may be
repaired or adjusted by the owner. It is recommended that
such work be limited to the operation described in this
manual, using Factory Parts. Good inspection and
maintenance practices should reduce the need for repairs.

‘See Sales Office List on last page for parts and service

after warranty period.

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

Bulletin IRB-103-098



OPERATING CHARACTERISTICS

Roots UNIVERSAL RAI® and UNIVERSAL RAI-J®
blowers, as covered in this manual, are designated as air
blowers, and may be used for handling air in either pres-
sure or vacuum service. They are unsuitable for handling
gases because shaft seals are not designed to prevent leak-
age to atmosphere.

The Roots rotary lobe blower is a positive displace-
ment type unit, whose pumping capacity is determined by
size, operating speed and pressure conditions. It employs
two double-lobe impellers mounted on parallel shafts and
rotating in opposite directions within a cylinder closed at
the ends by headplates. As the impellers rotate, air is
drawn into one side of the cylinder and forced out the op-
posite side against the existing pressures. The differen-
tial pressure developed, therefore, depends on the resis-
tance of the connected systems.

Effective sealing of the blower inlet area from the dis-
charge area is accomplished by use of very small operating
clearances. Resulting absence of moving contacts elimi-
nates the need for any internal lubrication. Clearances

between the impellers during rotation are maintained by
a pair of accurately machined timing gears, mounted on
the two shafts extending outside the air chamber.

Operation of the familiar basic rotary lobe blower is
illustrated in FIGURE 1, where air flow is right to left
from inlet to discharge with the bottom impeller rotating
clockwise. In Position 1 it is delivering a known volume
(A) to the discharge, while space (B) between the upper
impeller and cylinder wall is being filled. Counterclock-
wise rotation of this impeller then traps equal volume (B)
in Position 2, and further rotation delivers it to the dis-
charge in Position 3. At the same time, another similar
volume is forming under the lower impeller, and will be
discharged when rotation reaches Position 1 again.

One complete revolution of the driving shaft alter-
nately traps four equal and known volumes of air (two by
each impeller) and pushes them through to the discharge.
The pumping capacity of a lobe blower operating at a con-
stant speed therefore remains relatively independent of
reasonable inlet or discharge pressure variations. To
change capacity, it is necessary either to change speed of
rotation or vent some of the air.

No attempt should ever be made to control capacity

POSITION 2

POSITION 3

Figure 1 — Flow Through a Basic Type U-RAI Blower

POSITION 2

POSITION 3

2

Figure 1A — Blower Operating Principle with Slot Jet U-RAI




by means of a throttle valve in the intake or discharge pip-
ing. This increases the power load on the driver, and may
seriously damage the blower. Likewise, if a possibility exists
that flow to the blower inlet may be cut off during normal
operation of a process, then an adequate vacuum relief
valve must be installed near the blower. A pressure type
relief valve in the discharge line near the blower is also
strongly recommended for protection against cut-off or
blocking in this line. . .

When a belt drive is employed, blower speed can usu-
ally be adjusted to obtain desired capacity by changing the
diameter of one or both sheaves. See pages 18 and 20 for
minimum sheave diameter. In a direct coupled arrange-
ment, a variable speed motor or transmission is required,
or air may be vented through a manually controlled un-
loading valve and silencer. If discharge air is returned to
the blower inlet, it must be cooled to 100°F (38°C) through
a cooling by-pass arrangement.

Before making any change in blower capacity or oper-
ating conditions, contact the nearest Distributor for spe-
cific information applying to your particular blower. In all
cases, operating conditions must be maintained within the
approved range of pressures, temperatures and speeds as
stated under LIMITATIONS. Also, the blower must not
be used to handle air containing liquids or solids, or seri-
ous damage to the rotating parts will result.

OPERATING LIMITATIONS

~ To permit continued satisfactory performance, a Roots
UNIVERSAL RAI® blower must be operated within cer-
tain approved limiting conditions. The Manufacturer’s
warranty is, of course, also contingent on such operation.

Maximum limits for pressure, temperature and speed
are specified in Table 1 for various sizes of UNIVERSAL
RAI® blowers. These limits apply to all blowers of normal
construction, having operating clearances as listed in Table
5 when operated under standard atmospheric conditions.
Do not exceed any of these limits.

Table 1 — Maximum Allowable Operating Conditions

Inlet Vac. | Temp. Rise | Press. Rise

Frame | Speed | Inches Hg. | Fahr. Deg. PSI
Size | RPM (kPa) (C°) (kPa)
22 5275 15 (50) 225 (125) 12 ( 82)
24 5275 15 (50) 210(117) 7047
32 3600 15 (50) 240 (133) 15 (101)
33/33J | 3600 15 (50) 225 (125) 12 ( 82)
36/36J | 3600 15 (50) 225 (125) 7047
42 3600 15 (50) 240 (133) 15 (101)
45/45J | 3600 15 (50) 225 (125) 10 ( 68)
47/47J | 3600 15 (50) 225 (125) 7(47)
53 2850 15 (50) 225 (125) 15 (101)
56/56J | 2850 15 (50) 225 (125) 10 ( 68)
59 2850 15 (50) 225 (125) 7(47)
65 2350 16 (53) 250 (130) 15 (101)
68 2350 16 (53) 240 (133) 12 ( 82)
615 2350 12 (40) 130 ( 72) 6 ( 40)
76 2050 16 (53) 250 (139) 15 (101)
phl 2050 16 (63) 225 (125) 10 ( 68)
718 | 2050 12 (40) 130 ( 72) 6 ( 40)

Example: The listed maximum allowable temperature
rise (increase in air temperature between inlet and dis-
charge) for any particular blower may occur well before its
maximum pressure or vacuum rating is reached. This can
easily occur at high altitude or at very low speed. Tem-
perature rise then is the limiting condition. Inother words,
the operating limit is always determined by the maximum
rating reached first. It can be any one of the three: pres-
sure, temperature or speed. .

Be sure to arrange connections or taps for thermom-
eters and mercury type pressure or vacuum gauges at or
near the inlet and discharge connections of the blowers.
These, along with a good tachometer, will enable periodic
checks of operating conditions to be made easily.

PRESSURE - On pressure service, the pressure rise
in pounds per square inch (kPa) (between blower inlet and
discharge) must not exceed the figure listed for the spe-
cific blower frame size concerned. Also, in any system

“ where the blower inlet is at a positive pressure above at-

mosphere, the discharge pressure must never exceed 25

PSI (172 kPa) gauge regardless of blower size.

On vacuum service, with the discharge going to atmos-
pheric pressure, the inlet suction or vacuum in inches of
mercury (Hg.) (kPa) must not be greater than the values
listed for the specific frame size.

TEMPERATURE - Various blower-frame sizes are
approved only for installations where the following tem-
perature limitations can be maintained in service.

A. Measured temperature rise in Fahrenheit degrees (C°)
must not exceed listed values when the inlet is at am-
bient temperature. Ambient is considered as the gen-
eral temperature of the space around the blower. This
is not outdoor temperature unless the blower is installed
outdoors.

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

C. Average of inlet plus discharge temperature must not
exceed 250°F (139°C).

SPEED RANGE - UNIVERSAL RAI® blowers may
be operated at speeds up to the maximums listed for vari-
ous frame sizes. They may be direct coupled to suitable
constant speed drivers if pressure/temperature conditions
are also within limits. At low speeds, excessive tempera-
ture rise may be the limiting factor as noted in the preced-
ing example.

RIGHT WRONG

Figure 2 — Breather Installation



than cylinder (26), onl (32)
BLOWER ORI ENTATION than cylincer tt.:eae;:hs)crews only capscrews are

5. Remove cylinder capscrews (32) where feet are to be

The unique removable feet feature of Roots UNIVER- re-installed. Install capscrews (26) in the location pre-
SAL RAI® blowers permit field modification of blower viously occupied by feet capscrews (32).
mounting by repositioning blower feet and gear box 6. Install feet using capscrews (32).
breather as shown in Figure 3. 7. Place blower on its feet on flat surface.
Four blower mounting positions are possible: 8. Loosen feet capscrews (32) and square up blower and
1. Horizontal mounting, vertical air flow, drive shaft on re-tighten capscrews (32).
left. 9. Gear box has four threaded holes, one with breather
2. Same as (1) except drive shaft on right. and three with pipe plugs. Remove pipe plug (21) from
3. Vertical mounting, horizontal air flow, drive shaft on the top most hole. Remove breather (25) and install it
bottom. in the top most hole. Install pipe plug that was re-
4. Same as (3) except drive shaft on top. moved from the top hole into the hole previously occu-
To change blower mounting: pied by the breather. The breather and the pipe plug
1. Place blower on its feet. ) should be sealed with a thread sealer.
2. Loosen feet capscrews (32). For convenience, the position of the grease fitting (37)
3. Place blower on a solid base resting on the gear box end and the relief fitting (38) could be interchanged, how-
with drive shaft on top. ever each bearing must have one grease fitting (37) and
4. Remove feet. (Note — Feet capscrews (32) are longer one relief fitting (38).
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Figure 3 — Blower Orientation and Lubrication Points
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INSTALLATION

Roots UNIVERSAL RAI® blowers are internally and

externally treated after factory assembly to protect against

normal atmospheric corrosion before installation. Maxi-
mum period of internal protection is considered to be one
year under average conditions, if closing plugs or seals are
not removed. Protection against chemical or salt water
atmosphere is not provided. Avoid opening the blower until
ready to start installation, as protection will be lost quickly
by evaporation. :

NOTE — If there is to be an extended period between
delivery (and/or installation) and startup, the following
steps should be taken to insure corrosion protection:

1. Coat internals of cylinder and gearbox with Nox-Rust
No. VCI10 or equivalent. Repeat once a year or as con-
ditions may require. Motorstor is oil soluble and does
not have to be removed before lubricating. If desired,
No. VCI10 may be removed from within the cylinder
shortly before startup by spraying a fine mist of
petroleum solvent through the blower while it is run-
ning at a slow speed with open inlet and discharge, or
it can remain in the blower if it is not harmful to the
operation of the connected system.

2. Fill drive end bearing cavities with grease as specified
in Lubrication section.

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

4. Seal inlet, discharge, and all vent openings with tape.
It is not recommended that the unit be set in place,
piped to the system, and allowed to remain idle for
extended periods. If any part is left open to the atmos-
phere, the Motorstor vapor will escape and lose its
effectiveness.

5. Units are not to be subjected to excessive vibration
during storage.

6. Rotate drive shaft three or four revolutions every two
weeks.

7. Prior to startup, remove flange covers on both inlet and
discharge and inspect internals to insure absence of
rust. Check all internal clearances. Also, at this time,
remove gearbox and inspect gear teeth for rust.

Because of the completely enclosed blower design,
location of the installation is generally not a critical mat-
ter. A clean, dry and protected indoor location is to be
preferred. However, an outdoor or wet location will nor-
mally give satisfactory service. Important requirements
are that the correct grade of lubricating oil be provided for
expected temperatures, and that the blower be located so
that routine checking and servicing can be handled conve-
niently after installation. Effect of the location on driver
and accessory equipment must also be considered.

Supervision of the installation by a Factory Service
Engineer is not usually required for these blowers.
Workmen with experience in installing light-medium
weight machinery should be able to produce satisfactory

results. Handling of the equipment needs to be ac-
complished with care, and in compliance with safe prac-
tices. Blower mounting must be solid, without strain or
twist, and air piping must be clean, accurately aligned and
properly connected.

A bare blower without base should be lifted by a rope
sling, with one loop passing under the gearhouse and the
other loop under the cylinder. '

When a blower is furnished mounted on a baseplate,
with or without a driver, use of lifting slings passing
under the base flanges is required. Arrange these slings so
that no strains are placed on the blower casing or mount-
ing feet, or on any mounted accessory equipment.

Before starting the installation, remove plugs, covers
or seals from blower inlet and discharge connections and
inspect the interior completely for dirt or foreign material.
If cleaning is required, finish by washing the cylinder,

" headplates and impeller thoroughly with a petroleum sol-

vent such asDuPont Triclene D. After this, turn the drive
shaft by hand to make sure that the impellers turn freely
at all points. Anti-rust compound on the drive shaft exten-
sion may also be removed at this time with the same sol-
vent. Then plug the inlet and discharge connections to
keep out dirt until ready to connect the air piping.
Washing out is not required if the interior is found to be
clean. The corrosion inhibitor used will vaporize and
disappear during operation.

Care, plus consideration of all possible problems, will
pay dividends when arranging the blower mounting. This
is especially true when the blower is a ‘‘bare’’ unit furnish-
ed without a baseplate. The convenient procedure may be
to mount such a unit directly on a floor or small concrete
pad, but this generally produces least satisfactory results.
It definitely causes the most problems in leveling and
alignment.

Direct use of structural framing members is also not a
recommended mounting. If unavoidable, the members
must be rigidly reinforced when part of a building, and
spring type mountings should not be used. Noise
transmission can usually be reduced by use of a cork in-
sulating pad 1 to 2 inches (25 to 50 mm) thickness. The
pad should be supported by a full steel plate attached to
the structure, with a rigid concrete slab laid on top of the
cork to carry the blower and driver.

For a blower without base, it is recommended that a
well anchored and carefully leveled steel or cast iron
mounting plate be provided at the installation point. The
plate should be % to 1% inches (19 to 32 mm) thick, with
its top surface machined flat, and needs to be large
enough to provide leveling areas at one side and one end
after the blower is mounted. It should have properly sized
studs or tapped holes located to match the blower foot
drilling. As an alternative, smaller plates at each end of
the blower may be used. This is more complicated, usually
makes leveling more difficult, and can produce twist or
strains in the blower. Use of a high quality machinist’s
level is important. With the mounting plate in place and
leveled; set the blower on it without bolting and check for
rocking. If it is not solid, determine the total thickness of
shims required under one foot to stop the rocking. Place
half of this under each of the two short feet, and tighten
the mounting studs or screws. Rotate the drive shaft to
make sure the impellers still turn freely. If the blower is to



be direct coupled to a driving motor, consider the height
of the motor shaft and the necessity for it to be aligned
very accurately with the blower shaft. Best arrangement
is for the blower to be bolted directly to the mounting
plate while the driver is on shims of at least ! inch (3 mm)
thickness. This allows adjustment of motor position in
final shaft alignment by varying the shim thickness.
Satisfactory installation can be obtained by setting
the baseplate on a concrete slab that is rigid and free of
vibration, and leveling the top of the base carefully in two
directions so that it is free of twist. The slab must be pro-
vided with suitable anchor bolts. The use of grouting

under and inside the base, after it has been carefully lev-

eled by shimming, is recommended.

When blower and driver have been factory mounted
on a common baseplate, the assembly will have been pro-
perly aligned and is to be treated as a unit for leveling pur-
poses. It is possible for a base mounted assembly to
become twisted during shipment thus disturbing the
original alignment. For this reason, make the following
checks after the base has been leveled and bolted down.
Disconnect the drive and rotate the blower shaft by hand.
It should turn freely at all points. Loosen the blower foot
hold-down screws and determine whether all feet are even-
ly in contact with the base. If not, insert shims as required
and again check for free impeller rotation. Finally, if
blower is direct coupled to the driver, check shaft and
coupling alignment carefully and make any necessary cor-
rections prior to grouting. .

In planning the installation, and before setting the
blower, consider how piping arrangements are dictated by
the blower design and assembly.

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

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

For engine drives, couplings with proper stiffness
must be selected to avoid resonant torisonal vibrations.
Also, safe operating speed must be limited to avoid
critical speeds.

Coupling halves must be accurately aligned, and a
sufficient gap between shaft ends provided, so that side
strains and end thrust on either shaft are avoided or
minimized. This will require considerable care in the
mounting of the driver. The two shafts must be in as near
perfect alignment in all directions as possible, and the gap

must be established with the motor armature on its elec- .

trical center if end play exists. Coupling halves must be
fitted to the two shafts such that they can be worked into
place by hand. Maximum deviation in offset alignment of
the shafts should not exceed .005’ (.13 mmj} total in-
dicator reading, taken on the two coupling hubs. Max-
imum deviation from parallel of the inside coupling faces
should not ‘exceed .001"" (.03 mm) when checked at six
points around the coupling.

CAUTION
Couplings as well as sheave bushings must have a
slight slide fit with the blower shaft such that they can be
installed in place by hand. Any force used to install them
will change blower end clearances resulting in blower
damage. If an interference fit is desired for the coupling,

the coupling hub should be heated and shrunk on the
shaft. For engine drives, use ‘‘Locktite’’ between the
coupling hubs and the blower/engine shafts and. on the
threads of the coupling set screws.

When a blower is BELT DRIVEN, a proper selection of
sheave diameters can usually be made to adapt any
standard driver speed to the required blower speed. This
flexibility can sometimes lead to operating temperature
problems caused by blower speed being too low. Make
sure the drive speed selected is within the allowable range
for the specific blower size, as specified under LIMITA-
TIONS.

Belted drive arrangements usually employ two or
more V-belts running in grooved sheaves, and a variety of
positions are available for the driver. Installation of the
driver is less critical than for direct coupling, but its shaft
must be level and parallel with the blower shaft. The
driver must also be mounted on an adjustable base to per-
mit installing, adjusting and removing the V-belts. To
position the driver correctly, both sheaves need to be
mounted on their shafts and the nominal shaft center
distance known for the belt lengths to be used.

Install the blower sheave (usually the larger one) so
that its inner hub face is not more than % inch (7 mm)
from the bearing end cover. The shaft fit should be such
that the sheave can be worked into place by hand. A tight
or driving fit can damage a bearing, and may cause inter-
nal blower damage by forcing the impeller out of its nor-
mal operating position. A loose fit or wobbly sheave will
cause vibration, and may result in shaft breakage.

The driver sheave should also be mounted as close to
its bearing as possible, and again should fit the shaft cor-
rectly. Position the driver on its adjustable base so that %3
of the total movement is available in the direction away
from the blower. and mount the assembly so that the face
of the sheave is accurately in line with the blower sheave.
This position minimizes belt wear, and allows sufficient
adjustment for both installing and tightening the belts.
After belts are installed, adjust their tension in accor-
dance with the manufacturer’s instructions. However, on-
ly enough tension should be applied to prevent slippage
when the blower is operating under load. Excessive
tightening can lead to early bearing failures.

Failure to properly align the blower and drive sheaves
will result in the impeller being forced against one of the
headplates during operation causing serious damage to
the blower.

In the absence of belt manufacturer’s instructions for
tensioning, the following procedures may be used.

1. With the belts loose, pull the slack on all of them to the
bottom side of the drive.

2. Adjust motor position to tighten belt until they appear
to be seating in the sheave grooves.

3. Thump the belts with your fist. If they feel dead,
tighten them more until they vibrate and feel springy
when struck.

4. Run-in the drive for a short period, after preparing the
blower as instructed in a following paragraph. While
running, adjust until only a very slight bow appears in
the slack side of the belts.

5. Stop the motor and compare the tensions of the in-

dividual belts by pressing down firmly with one hand
on the top surface. It should be possible to deflect each
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belt only to the point where its top surface is even with
the bottoms of the other undeflected belts.
6. A new set of belts should be first tensioned about ¥4
" greater than normal to allow for stretch and wear-in.
Before putting the drive into normal operation, in-

crease the tension as obtained above by a small .

amount. Recheck after each 8 hour operating period
during the first 50 hours, and adjust as necessary.

Before operating the drive under power to check in-
itial belt tension, first remove covers from the blower con-
nections. Make sure the interior is still clean, then rotate
the shaft by hand. Place a screen over the inlet connection
to prevent anything being sucked into the blower while it
is operating, and avoid standing in line with the discharge
opening. Put oil in the gearhouse per instructions under
LUBRICATION. ‘

Before connecting piping, remove any remaining anti-
rust compound from blower connections. Piping must be
clean and should be sized so that the air velocity will not
exceed 75 feet per second (23 m per second). Pipe used
should be no smaller than blower connections. In addition,
make sure it is free of dirt, scale, cuttings, weld beads, or
foreign materials of any kind.

To further guard against damage to the blower,
especially when an inlet filter is not used, install a
substantial screen of 16 mesh backed with hardware cloth
at or near the inlet connections. Make provisions to clean
this screen of collected debris after a few hours operation.
It should be removed when its usefulness has ended, as
the wire will eventually deteriorate and small pieces going
into the blower may cause serious damage.

Pipe threads or flanges must meet the blower connec-
tions accurately and squarely. Do not attempt to correct
misalignment by springing or cramping the pipe. In most
cases this will distort the blower casing and cause im-
peller rubbing. In severe cases it can prevent operation or
result in a broken drive shaft. For similar reasons, piping
should be supported near the blower to eliminate dead
weight strains. Also, installation of flexible connectors or
expansion joints is recommended.

Figure 4 represents in diagram form a blower installa-
tion with all accessory items that might be required under
various operating conditions. Inlet piping should be com-
pletely free of valves or restrictions. When a shut-off
valve (not shown) cannot be avoided, make sure a full size
vacuum relief is installed near the blower inlet. This will
protect against blower overload caused by accidental clos-
ing.

Need for an inlet silencer will depend on blower speed
and pressure, as well as sound-level requirements in the
general surroundings. An inlet filter is normally recom-
mended, especially in dusty or sandy locations, for blower
protection. A discharge silencer is also normally sug-
gested. Specific recommendations on silencing can be ob-
tained from the nearest Sales Office. Silencers should be
mounted as close to blower as possible.

Discharge piping requires a pressure relief valve, and
should include a manual unloading valve to permit star-
ting the blower under no-load conditions. Reliable
pressure/vacuum gauges and good thermometers at both
inlet and discharge are recommended to allow making the
important checks on blower operating conditions. If the
demand is constant, but somewhat lower than the blower

output, excess may be blown off through the manual
unloading valve. .

In multiple blower installations when two or more
units discharge into a common header, use of check valves
is recommended. These should be of a direct acting or free
swinging type, with one valve located in each blower

FEOVIDE  COMMECTIONS $O8
THEAMOMETERS AND PRYSIURE
O WACUUM GAUGES CLOM TO
MOWIR Sai? AMD ONCHANGE

~BAIT FRTEE-SALNCH

HIRIBE COMMNECTOR

DISCHARGE
SILENCER

PREIURE SUMP WLVE

cross

ALTSENATE il ANLANGEWEN?

»ovt
. N~ e MOWID 13 UMD $O8 WAL U
‘_ = SUSVICH CHICE watnt /5 TO M W

K TION Lisl

Figure 4 — Installation with Accessories

discharge line. Properly installed, they will protect
against damage from reverse rotation caused by air back-
flow through an idle blower.

After piping is completed, and before applying power,
rotate the drive shaft by hand again. If it does not move
with uniform freedom, look for uneven mounting, piping
strain, excessive belt tension or coupling misalignment.
Do not operate the blower more than briefly at this time
because of possible inadequate oil supply in the
gearhouse. Read LUBRICATION section.

LUBRICATION

A simple but very effective lubrication system is
employed on UNIVERSAL RAI® blowers. At the drive
shaft end the bearings are grease lubricated using hydraulic
pressure relief fittings. These relief fittings vent any excess
grease, preventing pressure build-up on the seals. A
restriction plug and metering orifice prevent loss of lubri-
cant from initial surges in lubricant pressure but permit
venting excess lubricant under steadily rising pressures.

The blind end bearings and timing gears are enclosed
by a gearhouse located opposite the drive end of the
blower. In a side outlet blower, the lower timing gear func-
tions as an oil slinger, carrying lubricant to the upper tim-
ing gear and providing splash lubrication for the bearings.
Pressure within the gearbox is vented through the
breather vent plug (25).

The above description also applies in general to the
top or bottom outlet style blower, the principal difference
being that both gears dip into the oil sump.

Before starting blower, be sure oil has been put in
gearhouse, as ALL OIL WAS DRAINED FOLLOWING
SHOP TESTS. For recommended lubrication oil see Table
2. Use a good grade industrial type rust, oxidation, and
foam inhibited, non-detergent oil such as Mobil DTE BB,
Texaco R&O 220, Amoco 220 or equal. Also, Roots synthetic
oil has proven to be an excellent lubricant.



Table 2 — Recommended Oil Grades

Ambient Viscosity Range
Temperature ° F. SSU at 100° F. 1SO No.
(°C) (38°C)
Above 90° {32°) 1000 - 1200 320
32° to 90° (0° to 32°) 700 - 1000 220
0° to 32° (-18°to 0°) 500 - 700 150
Below 0° (—189) 300 - 500 100

-

To fill the gearbox, remove the breather plug and the
oil overflow plug (Fig. 3). Fill the reservoir up to the
overflow hole. Place the breather and the overflow plug
back into their respective holes.

Table 3 — Oil Sump Capacities

Frame Capacity, Fl. Oz. (Liters)
Size Vertical Horizontal
22 3.4(.1) 6.1( .18)
24 3.41(.1) 6.1 ( .18)
32 8.5 (.25) 16.0{ .47)
33 8.5 (.25) 16.0 ( .47)
36 8.5 (.25) 16.0 ( .47)
42 12.7 (.37) 22.8 ( .67)
45 12.7 (.37) 228 ( .67)
47 12.7 (.37) 22.8 ( .67)
53 16.0 (.47) 27.6 ( .82)
56 16.0 (47) 27.6 ( .82)
59 16.0 (.47) 27.6 ( .82)
65 28.3 (.84) 52.1 (1.54)
68 28.3 (.84) 52.1 (1.54)
615 28.3 (.84) 52.1 (1.54)
76 32.3 {.96) 59.5 (1.76)
711 32.3 (.96) 59.5 (1.76)
718 32.3 (.96) 59.5 (1.76)

Proper lubrication is usually the most important single
consideration in obtaining maximum service life and the
most satisfactory operation from the unit. Unless operating
conditions are quite severe, a weekly check of gearhouse
oil level and necessary addition of lubricant should be suf-
ficient. However, oil should be changed after initial 100
hours of operation. Thereafter, a complete oil change nor-
mally is made after 1000 operating hours, or less, depend-
ing on the type of oil and oil operating temperature.

Shaft bearings at the drive end of the blower are grease
lubricated and each bearing housing is equipped with

pressure type grease fittings and pressure type relief fit-

tings. When servicing drive end bearings, use a NLGI #2
premium grade, petroleum base grease with high
temperature (300° service temperature) and moisture
resistance and good mechanical stability. Using a pressure
gun, force new lubricant into each drive end bearing hous-
ing until traces of clean grease comes out of the relief fitting.
After a long shutdown, it is recommended that the grease
relief fittings be removed, the old grease flushed out with
kerosene or #10 lubricating oil, drained thoroughly, and
bearings refilled with new grease. Be sure grease relief fit-
tings are reinstalled. Grease should be added using hand
operated grease gun to the drive end bearings at varying
time intervals depending on duty cycle and RPM. Table 4
has been prepared as a general greasing schedule guide
based on average operating conditions. More frequent in-
tervals may be necessary depending on the grease operating
temperature and under unusual circumstances.

Table 4 — Suggested Bearing
Lubrication intervals

Speed Operating Hours Per Day
in 8 | 1.6 | 24
RPM Greasing Intervals in Weeks
750 - 1000 7 4 2
1000 - 1500 5 1
1500 - 2000 4 2 1
2000 - 2500 3 1 1
2500 - 3000 2 1 1
3000 and up 1 1 1

OPERATION

Before operating a blower under power for the first
time, check the unit and the installation thoroughly to
reduce the likelihood of avoidable troubles. Use the follow-
ing procedure list as a guide, but consider any other
special conditions in the installation.

1. Be certain that no bolts, tools, rags or dirt have been
left in the blower air chamber.

2. Be certain that inlet piping is free of debris. If an out-
door intake without filter is used, be sure the opening
is located so it cannot pick up dirt and is protected by a
strong screen or grille. Use of the temporary protective
screen at the blower as described under INSTALLA-
TION is strongly recommended.

3. Recheck blower leveling, drive alignment and
tightness of all mounting bolts if installation is not re-
cent. If belt drive is used, adjust belt tension correctly.

4. Turn drive shaft by hand to make sure impellers still
rotate without bumping or rubbing at any point.

5. Make sure oil level in blower gearbox is correct.

6. Check lubrication of driver. If it is an electric motor, be
sure that power is available and that electrical overload
devices are installed and workable.

7. Open the manual unloading valve in the discharge air
line. If a valve is in the inlet piping, be sure it is open.

8. Bump blower a few revolutions with driver to check
that direction of rotation is correct, and that both units
coast freely to a stop.

After the preceding points are cleared, blower is ready
for trial operation under ‘‘no-load” conditions as set up
under Item 7. The following procedure is suggested to

" cover this initial operating test period.
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a. Start blower, let it accelerate to full speed, then shut
off. Listen for knocking sounds, both with power on
and as speed slows down.

b. Repeat above, but let blower run 2 or 3 minutes. Check
for noises, and vibrations of 5 mils or greater.

c. Operate blower for about 10 minutes unloaded. Check
oil levels. Feel cylinder and headplate surfaces for
development of spots too hot to touch, indicating im-
peller rubs. Be aware of any noticeable increase in
vibration. :

Assuming that all trials have been satisfactory, or

. that necessary corrections have been made, the blower

should now have a final check run of at least one hour
under normal operating conditions. After blower is re-
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started, gradually close the discharge unlnading valve to
apply working pressure. At this point it is recommended
that a good pressure gauge or manometer be connected in-
to the discharge line if not already provided, and that
thermometers be in both inlet and discharge- lines.
Readings from these instruments will show whether
pressure or temperature ratmgs of the blower are being
exceeded.

During the final run, check operatmg condmons fre-
quently and observe the oil levels at reasonable intervals.
If excessive noise or local heating develops, shut down im-
mediately and determine the cause. If either pressure rise
or temperature rise across the blower exceeds the limit
specified in this manual shut down and investigate condi-
tions in the piping system or in the process to which air is
being supplied. Refer to the TROUBLE SHOOTING
CHECKLIST for suggestions on various problems that
may appear.

The blower should now be ready for continucus duty
operation at full speed. During the first few days make

. periodic checks to determine whether all conditions re-

main steady, or at least acceptable. This may be par
ticularly important if the blower is supplying air to a pro-
cess system where conditions can vary. At the first oppor-

" tunity, stop the blower and clean the temporary inlet pro-
. tective screen. If no appreciable amount of debris has col-

lected, the screen may be removed. See comments under
INSTALLATION. At this same time, verify leveling.

" coupling ahgnment or belt tensxon. and mounting balt

tightness.

Should operating experience prove that blower
capacity is a little too high for the actual air requirements,
a small excess may be blown off continuously through the
manual unloading vent valve. Never rely on the pressure

" relief valve as an automatic vent. Such use may cause the
: discharge_: pressure to become excessive and can also

TROUBLE SHOOTING CHECKLIST

TROUBLE ITEM POSSIBLE CAUSE REMEDY
No Air Flow 1 Speed too low Check by tachometer and compare with speed
shown on Roots Order Acknowledgment.

2 . Wrong rotation Compare actual rotation with Figure 3. -

. Change driver if wrong.

3 Obstruction in piping Check piping, screen, valves, silencer, to assure
an open flow path.

Low capacity 4 Speed too low See item 1. If belt drive, check for slippage and
) readjust tension.

5 Excessive pressure Check inlet vacuum and discharge pressure,
and compare these figures with specified
operating conditions on Order.

6 Obstruction in piping See item 3.

7 Excessive slip Check inside of casing for worn or eroded sur-
faces causing excessive clearances.

Excessive Power 8 Speed too high Check speed and compare with Roots Order
Acknowledgement.
9 Pressure too high See item 5.
10 Impellers rubbing Inspect outside of cylinder and headplates for
high temperatures areas, then check for im-
peller contacts at these points. Correct blower
. mounting, drive alignment.
Overheating of 11 Inadequate lubrication Restore correct oil levels in gearbox and
Bearings, or Gears lubricate.
12 Excessive lubrication Check gear oil level. If incorrect, drain and refill
’ with clean oil of recommended grade.
13 Excessive pressure rise See item 5.
14 Coupling misalignment Check carefully. Realign if questionable.
15 Excessive belt tension Readjust for correct tension.
16 Speed too low Sgeeds lower than the minimum recommended
will overheat the entire blower.
Vibration 17 Misalignment See item 14.
18 Impellers rubbing See item 10.
19 Worn bearings/gears Check gear backlash and condition of bearings.
20 Unbalanced or rubbing Scale or process material may build up on cas-
impellers ing and impellers, or inside impellers. Remove
build-up to restore original clearances and
impeller balance.
21 Driver or blower loose Tighten mounting bolts securely.
22 Piping resonances Determine whether standing wave pressure
pulsations are present in the piping. Refer to
Sales Office.




result in failure of the valve itself. If blower capacity ap-
pears to be too low, refer to the TROUBLE SHOOTING
CHECKLIST first. Ifno help is found there it may be pos-
sible to increase the blower speed. Before attempting this
change, contact the nearest Distributor for recommenda-
tions. Be prepared to furnish data on actual air require-

ments and operating pressure/temperature conditions.
VIBRAT[ON ASSESSMENT CRITERIA

With measurements taken at the bearing locations on
the housings, an unfiltered vibration of 1.0 in/sec peak is
considered an appropriate assessment guide line for rotary
lobe blowers rigidly mounted on stiff foundations.

If the blower is operating above this level then the in-
stallation must be fully evaluated to determine the source
or cause of the vibration. And, the cause corrected.

In general, blower vibration levels should be monitored
on a regular basis and the vibration trend observed for pro-
gressive or sudden change in level. If such a change occurs,
the cause should be determined through spectral analysis.

SAFETY PRECAUTIONS

For equipment covered specifically or indirectly
in this instruction book, it is important that all per-
sonnel observe safety precautions to minimize the
chances of injury. Among many considerations, the
following should particularly be noted:

m Blower easing and associated piping or accesso-
ries may become hot enough to cause major skin
burns on contact.

« Internal and external rotatingparts ofthe blower
and driving equipment can produce serious
physical injuries. Do not reach into any opening
in the blower while it is operating, or while sub-
ject to accidental starting. Cover external mov-
ing parts with adequate guards.

I Disconnect power before doing any work, and
avoid by-passing or rendering inoperative any
safety or protective devices.

« If blower is operated with piping disconnected,
place a strong coarse screen over the inlet and
avoid standing in the discharge air stream.

« Stay clear of open inlet piping (suction area) of
pressure blowers, and the open discharge blast

from vacuum blowers.

| Stay clear ofthe blast frompressure reliefvalves
and the suction area of vacuum relief valves.

| Avoid extended exposure in close proximity to
machinery which exceeds safe noise levels.

« Use proper care and good procedures in han-
dling, lifting, installing, operating and maintain-
ing the equipment.

 Casingpressure must not exceed 25 PSI (172 kPa)
gauge. Do not pressurize vented cavities from an
external source, nor restrict the vents.

« Do not use air blowers on explosive or hazard-
ous gases.

« Other potential hazards to safety may also be as-
sociated with operation of this equipment. All
personnel working in or passing through the
area should be warned by signs and trained to
exercise adequate general safety precautions.
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MAINTENANCE & REPLACEMENTS

A good program of inspection and maintenance ser-
vicing, followed consistently, is the most reliable method
of minimizing repairs to a blower. A simple record of ser-
vices and dates will help keep this work on a regular
schedule. Basic service needs are lubrication, checking for
hot spots or increase in vibration and noise and the record-
ing of operating pressures and temperatures. Above all, a
blower must be operated within its specified rating limits,
to obtain satisfactory service life.

A newly installed blower should be checked frequent-
ly during the first month of full-time operation. Attention
thereafter may be less frequent, depending on what the
early checks have shown. Lubrication is normally the
most important consideration. IJnless operating condi-
tions are unusually severe, a weekly check of oil levels in
the gearbox, with addition of oil as required, should be
sufficient. Complete oil changes should be made.at inter-
vals of 1000 operating hours, or more frequently if oil con-
dition becomes poor.

Driver lubrication practices should be in accordance
with the manufacturer's instructions. If direct connected
to the blower through a lubricated type coupling. the
coupling should be checked and greased each time blower
oil is changed. This will help reduce wear and prevent it
from causing vibration. In a belted drive system, check
belt tension periodically and inspect for frayed or cracked

belts. Refer to tensioning instructions under INSTALLA-
TION.

In a new and properly installed blower there are no
moving contacts between the two impellers, or between
the impeller and cylinder or headplates. Wear is then con-
fined to the bearing which support and locate the shafts,
the shaft seals, and the timing gears. All are lubricated.
and wear should be nominal if clean oil of the correct
grade is always supplied. Seals are subject to deteriora-
tion as well as wear, and may require replacement at vary-
ing periods.

Shaft bearings have been selected to have optimum
life under average conditions with proper lubrication.
They are critical in the service life of the blower. Gradual
bearing wear may allow a shaft position to change slight-
ly, until rubbing develops between impeller and cylinder
headplate. This will cause spot heating, which can be
detected by feeling these surfaces. Sudden bearing failure
is usually more serious. Since the shaft and impeller are no
longer supported and properly located, extensive general
damage to the blower easing and gears is likely to occur.

Shaft seals should be considered expendible items, to
be replaced whenever drainage from the headplate vent
cavity becomes excessive or when the blower is
disassembled for any reason. Sealing effectiveness can
vary considerably from seal to seal and is also affected by
shaft smoothness under the seal lip. Because of these nor-
mal variables, minor seal leakage should not be considered
an indicator for seal replacement.

Timing gear wear, when correct lubrication is main-
tained should be negligible over a period of years. Gear
teeth are cut to provide the correct amount of backlash.
and gears correctly mounted on the shafts will accom-



