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1.0   Introduction and Description of Remedial Program 

1.1 Introduction 

This document is required as an element of the remedial program at the former NOW Corporation 
facility (hereinafter referred as the “Site”) under the New York State Superfund Standby Program 
administered by the New York State Department of Environmental Conservation (NYSDEC). The 
Site was remediated in accordance with the Record of Decision (ROD) issued in March 1995 for 
impacted groundwater, denoted as Operable Unit (OU) 1, and in March 1996 for impacted soil, 
denoted as OU2. The primary sources of contamination were removed or remain controlled with a 
groundwater extraction and treatment system (GWETS), which became operational in 1998. 

1.1.1 General 

Allegations of improper management and disposal of tank rinsing solutions and firefighting efforts 
resulted in the identification of chlorinated solvent contamination associated with the Site. 
Pursuant to the ROD, excavation and on-site treatment of contaminated soil and weathered 
bedrock and groundwater treatment system design and construction were all carried out under the 
Superfund Standby Program. A Site Location Map is included as Figure 1.  

Following completion of the remedial work described in the RODs, residual groundwater 
contamination remained. This Site Management Plan (SMP) was prepared to manage remaining 
contamination at the Site until the NYSDEC determines that either adequate attenuation of 
contamination has been achieved, or there is sufficient evidence that a threat of off-site migration of 
contaminants no longer exists. All reports associated with the Site can be viewed by contacting the 
NYSDEC or its successor agency managing environmental issues in New York State. 

This SMP is prepared by AECOM Technical Services Northeast, Inc. (AECOM), on behalf of the 
NYSDEC, in accordance with the requirements in DER-10/Technical Guidance for Site 
Investigation and Remediation (NYSDEC, May 2010) and other guidelines provided by the 
NYSDEC. This SMP addresses the means for implementing the Institutional Controls (ICs) and 
Engineering Controls (ECs) that are required by the ROD. 

1.1.2 Purpose 

The Site contains contamination left after completion of the remedial action. ECs have been 
incorporated into the Site remedy to control exposure to remaining contamination during the use of the 
Site, to ensure protection of public health and the environment. An IC in the form of a deed 
restriction/environmental easement is required per the ROD; however, no recorded easement has 
been identified as of August 2012. Upon acceptance of this SMP, an environmental easement will 
be recorded, which will be certified during periodic reviews.  
 
An easement granted to the NYSDEC and recorded with the Dutchess County Clerk will require 
compliance with this SMP and all ECs and ICs placed on the Site. The IC places restrictions on Site 
use, and mandate operation, maintenance, monitoring and reporting measures for all ECs and ICs. 
This SMP specifies the methods necessary to ensure compliance with all ECs and ICs required by the 
ROD. Once this plan is approved by the NYSDEC and compliance with this plan is required by the 
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grantor of the ROD and the grantor’s successors and contractors, this SMP may only be revised with 
the approval of the NYSDEC.  

This SMP provides a detailed description of all procedures required to manage remaining 
contamination at the Site after completion of the Remedial Action, including:  (1) implementation 
and management of all EC/ICs; (2) media monitoring; (3) operation and maintenance of all 
treatment, collection, containment, or recovery systems; (4) performance of periodic inspections, 
certification of results, and submittal of Periodic Review Reports (PRRs); and (5) defining criteria 
for termination of treatment system operations. 

To address these needs, this SMP includes three plans: (1) an Engineering and Institutional 
Control Plan for implementation and management of EC/ICs; (2) a Monitoring Plan for 
implementation of Site monitoring; (3) an Operation and Maintenance (O&M) Plan for the GWETS. 

This plan also includes a description of PRRs for the periodic submittal of data, information, 
recommendations, and certifications to NYSDEC. 

It is important to note that: 

 This SMP details the Site-specific implementation procedures required by the ROD and 
environmental easement. Failure to properly implement the SMP is a violation of the ROD 
and environmental easement; and 

 Failure to comply with this SMP is also a violation of New York State Environmental 
Conservation Law 6 NYCRR Part 375 (NYSDEC, December 2006) and thereby subject to 
applicable penalties. 

1.1.3 Revisions 

Revisions to this plan will be proposed in writing to the NYSDEC’s project manager. In accordance 
with the environmental easement for the Site, the NYSDEC will provide a notice of any approved 
changes to the SMP, and append these notices to the SMP retained in NYSDEC files. 

1.2 Site Background 

1.2.1 Site Location and Description 

The Site is located at an active manufacturing facility in the Town of Clinton, County of Dutchess, New 
York and is identified as Section 6267, Block 00, Lot 272452 on the Clinton, Dutchess County Tax 
Map. The Site is classified as Class 4, meaning it has been properly closed but requires continued 
monitoring. The Site consists of approximately 9 acres of a 94.5-acre parcel, and is located at 2092 
NYS Route 9G, near the intersection of Route 9G and South Creek Road (Figure 2). Figure 2 also 
displays the approximate property boundary in the vicinity of the groundwater treatment system. The 
metes and bounds of the full property are defined in the current deed (Appendix A1), which was 
recorded in May 1957 with the Dutchess County Clerk. Crum Elbow Creek is present to the northwest 
of the Site, north of Route 9G. The current tenant of the Site is UNIFUSE/B&R Specialties, Inc., which 
manufactures plastic containers.  

The site remedial goals as established in the ROD include groundwater remediation to less than the 
applicable state and federal guidelines and soil remediation to contaminant levels that would prevent 
further degradation of groundwater.   
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1.2.2 Site History 

The Site was identified after allegations of improper on-site disposal of tank rinsing solutions were 
reported to the NYSDEC. Concerns about contamination associated with the Site increased after a 
warehouse fire at the Site in February 1989. Consequently, samples of runoff water and groundwater 
from three nearby residential wells were collected. The runoff samples contained low concentrations 
of benzene, toluene, ethylbenzene, trichloroethene and 1,1,1-trichloroethane; however, no volatile 
organic compounds (VOCs) were detected in the homeowner well samples. Subsequent residential 
well sampling in April 1989 indicated that VOCs were present in two of the wells. In October 1989, the 
NYSDEC began sending bottled water to House #1 and House #4, and in February 1990, granular-
activated carbon (GAC) systems were installed on their water systems (refer to Figure 2). Point-of-
entry (POE) GAC treatment systems were also installed for a residence on Route 9G further 
southwest of the Site in the mid-1990s, for House #3 (located on South Creek Road; not shown on 
Figure 2) in 1996 and for House #2 in 2002.  

In August 1990, the Site was reclassified to Class 2, signifying that the Site presents a significant 
threat to public health and/or the environment and action is required. A remedial investigation (RI) at 
the Site was conducted in two phases, beginning in July 1992. The first phase (July 1992 to April 
1994) consisted of a review of historical documents, magnetic survey, site-wide soil gas survey, test 
pitting, soil boring program, monitoring well installation and sampling, sediment and surface water 
sampling, and nearby homeowner well sampling. This phase identified the primary contaminants of 
concern (COCs) related to the Site, as well as their approximate concentrations. The second phase of 
the RI was initiated in April 1994, for the purpose of gathering information for the development of 
remedial alternatives. This work consisted of a treatability study for groundwater via GAC, and a 
separate treatability study involving a soil vapor extraction (SVE) pilot system for treating subsurface 
soil contamination. 

The Draft Final Remedial Investigation and Feasibility Study (RI/FS) Report was completed by 
Engineering-Science, Inc. (ES) in January 1995 under the State Superfund Program. RODs were 
subsequently issued in March 1995 for OU1 (Appendix A2) and in March 1996 for OU2 (Appendix 
A3).  

The selected remedy for groundwater contamination per the ROD for OU1 consisted of: 

 Groundwater extraction and treatment, and vapor recovery and treatment from impacted 
bedrock; 

 Reinfiltration of a portion of the treated groundwater; 

 Institutional controls and restrictions on groundwater use; 

 Maintenance of existing “point-of-entry” carbon filters on impacted homeowner wells; and 

 Long-term monitoring. 

VOCs identified as primary COCs and listed in the ROD for OU1 include: 

 Benzene 

 Chloroethane 

 1,1-Dichloroethene (1,1-DCE) 

 1,2-Dichloroethene (1,2-DCE) 
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 Tetrachloroethene (PCE) 

 1,1,1-Trichloroethane (1,1,1-TCA) 

 Trichloroethene (TCE) 

 Vinyl chloride (VC). 

The selected remedy for soil contamination per the ROD for OU2 consisted of: 

 Excavation of soil containing more than 700 parts per billion (ppb) of TCE located near the 
northeast corner of the building (Area A on Figure 3), along the drainage ditch near the 
northern corner of the building (Area B), and the south corner of the concrete pad (Area C); 

 Excavation of weathered bedrock containing more than 700 ppb of TCE in Areas A and B; 
and 

 On-site treatment of excavated soils and weathered bedrock by low temperature thermal 
desorption or comparable technology. 

The COCs listed in the ROD for OU2 include chlorinated compounds, specifically TCE and DCE. The 
results of soil sampling performed at the Site prior to issuance of the ROD for OU2 and the locations 
of the areas of interest are presented on Figure 3. 

The remediation of both operable units was implemented concurrently under a single set of contract 
documents. Earth Remediation Services (ERS) began construction of the groundwater remediation 
system in August 1997. In accordance with the ROD, highly impacted soils and weathered bedrock 
were removed from several areas and treated on-site via low temperature thermal desorption between 
September 1997 and January 1998. According to the Final Remediation Report (Rust Environment 
and Infrastructure, March 1999), a total of 1,013 tons of contaminated soil was excavated, treated on-
site and reused on-site as backfill.  

In February 1998, an SVE system and a GWETS became operational. In 1999, the Site was 
reclassified to Class 4. 

1.2.3 Geologic Conditions 

The Site is located in a broad northeast-trending valley, with bedrock outcrops exposed along the 
eastern portion of the valley. The depth to bedrock ranges from 0 to approximately 35 feet below 
ground surface (bgs). The bedrock consists of dark gray phyllite and metamorphosed dark gray 
sandstone of the Austin Glen Formation. Published geologic maps and reports indicate that the rocks 
in the area have undergone extensive folding and faulting. Where observed, the phyllite appears 
highly fractured with generally closely spaced fractures along bedding and cleavage planes (ES Draft 
Final Remedial Investigation and Feasibility Study [RI/FS] Report, 1995). 

Locally, the unconsolidated materials are variable in thickness and composition. In the southern 
portion of the Site, a relatively thin brown silt and clay unit (5 to 10 feet thick) overlies approximately 
20 feet of fine to coarse sand and gravel. Throughout the central and northern portions of the Site, a 
brown silt unit overlies a dense, gray till of variable thickness of 0 to 14 feet (ES RI/FS, 1995). 
According to the RI, all unconsolidated materials were observed to be unsaturated. 

Groundwater flow at the Site occurs under semi-confined conditions along zones of secondary 
porosity in the fractured bedrock aquifer. The natural direction of groundwater flow is generally from 
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the relatively high elevations and hillsides in the eastern portion of the Site to the lower western 
portion (Figure 4). The Rust Environment & Infrastructure Design Investigation Report (1996) 
confirms that the natural flow of groundwater is from the east to the west across the Site. Pumping test 
data indicated that the groundwater flow direction is strongly influenced by the occurrence and 
orientation of the fractures in the bedrock, especially under pumping/drawdown conditions. 

Crum Elbow Creek is present to the northwest of the Site, north of Route 9G. 

1.3 Summary of Remedial Investigation Findings 

An RI was performed to characterize the nature and extent of contamination at the Site. The results 
of the RI and supplemental investigations are described in detail in the following submittals: 

 Engineering-Science, Inc. of New York, P.C. 1995. “Remedial Investigation/Feasibility Study 
Report, Former NOW Corporation Site, Clinton, New York, Volumes I, II and III.” February 
1995. 

 New York State Department of Environmental Conservation. 1995. “New York State 
Superfund Record of Decision, Former NOW Corporation Site Operable Unit 1, Dutchess 
County, New York, Site Number 3-14-008.” March 1995. 

 New York State Department of Environmental Conservation. 1996. “New York State 
Superfund Record of Decision, Former NOW Corporation Site Operable Unit 2, Dutchess 
County, New York, Site Number 3-14-008.” March 1996. 

The results of the RI, which was not available during preparation of this SMP, are summarized in the 
following subsections based on available documentation. 

1.3.1 Site-Related Soil and Weathered Bedrock 

According to the ROD addressing OU2, four areas of concern were identified at the Site (Figure 3). 
Soil borings were advanced through the overburden to the weathered bedrock and samples were 
collected for analysis. Two areas (Area A and Area B) were located near the northeast corner of the 
building. More specifically, Area A was located between the building’s wall and the access road, and 
Area B was located along the drainage ditch. The third area (Area C) was located along the south 
corner of the concrete pad, and the fourth area (Area D) was located between the loading docks and 
the concrete pad. Area D extended southwest of the manufacturing building into the parking lot. 
Remediation efforts in Area D were not considered to be cost-effective, as discussed in the ROD for 
OU2. The COCs identified in the soil and weathered bedrock at these areas of concern are chlorinated 
compounds, specifically TCE and DCE.  

1.3.2 Site-Related Groundwater 

Chlorinated VOCs and benzene have been identified as primary COCs for the Site, based on 
groundwater monitoring well sampling results. Refer to Section 1.2.2 and to Table 1 for pre-remedial 
(baseline) groundwater concentrations from 1993 to 1994.  

Per the ROD for OU1, during the RI in 1994 the highest concentrations of VOCs were detected in 
samples collected from monitoring wells MW-1, MW-6, MW-6D, MW-7, and MW-7D, and ranged from 
11 ppb to 2,800 ppb for TCE and 12 ppb to 82 ppb for 1,2-DCE (Figure 5). These concentrations 
exceed the levels established in the Division of Water Technical and Operational Guidance Series 
(1.1.1) Class GA Ambient Water Quality Standards and Guidance Values (AWQS) and Groundwater 
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Effluent Limitations (NYSDEC, June 1998). The NYS drinking water standard for each of these 
compounds is 5 ppb.  

Also per the ROD, groundwater was collected from nearby private drinking wells and the same 
compounds were detected in these samples. The reported concentrations of these compounds 
exceeded the drinking water standards as well. The concentrations ranged from 27 ppb to 730 ppb for 
TCE, 21 ppb to 700 ppb for 1,1,1-TCA, and 35 ppb to 1,838 ppb for total VOCs.  

As a result of the initial results of the RI, which specifically identified soil and weathered bedrock as 
source material and identified a direct pathway of exposure to groundwater contamination via private 
wells, Interim Remedial Measures (IRM) were implemented. The IRM included the installation of 
carbon filtration systems on three private residences and supplying residences with potable water.  

Per the NOW Corporation Immediate Investigation Work Assignment (IIWA), Site 3-14-008 Final 
2008-2010 Project Summary Report (AECOM, June 2010), a supplemental investigation of tap water 
was conducted for several residences in the vicinity of the site between 2008 and 2009. No site-
related compounds of concern were reported in the two tap water samples collected in March 2008. 
Follow-up sampling between November 2008 and February 2009 revealed that no compounds on the 
Target Compound List were detected at concentrations above the Method Detection Limits (MDL < 1 
micrograms per liter (µg/L) for most compounds).  

1.3.3 Site-Related Soil Vapor  

During the first phase of the RI/FS, a soil gas survey was conducted at 145 sampling locations. The 
survey was performed to delineate the areas of soil and groundwater contamination near and 
downgradient of the source areas. The results of the survey in conjunction with chemical analysis of 
subsurface soils identified four areas with elevated levels of soil vapor concentrations (refer to Section 
1.3.1). A treatability study was performed in Area D to determine the effectiveness of an SVE system 
as part of OU2. The study did not extend to the other three areas (Area A, B, and C) due to the 
shallow depth of the bedrock and fine grained soil in these areas (see Appendix A3). Ultimately, 
based on the results, it was concluded that no SVE system would be installed at Area D. However, as 
part of the GWETS pilot test, significant vapors were observed coming from the test wells; SVE was 
later included as a selected remedy for OU1 and a system was operated at the site between 1998 and 
1994 to address bedrock impacts in the vicinity of Areas A &B.  

NYSDEC Program Policy DER-13 (Strategy for Evaluating Soil Vapor Intrusion at Remedial Sites in 
New York, October 2006) requires that vapor intrusion evaluations are performed at all remedial sites 
with known or likely subsurface VOC contamination where remedial decisions were made prior to 
January 1, 2003. Therefore, to delineate the extent of vapor phase contaminants present within the 
investigation area, AECOM conducted a soil vapor investigation at the Site and several privately 
owned structures adjacent to it between 2008 and 2009. NYSDEC, in consultation with the New York 
State Department of Health (NYSDOH), selected locations to collect vapor samples during the 
multiple phases of the investigation. This data was presented in the NOW Corporation Immediate 
Investigation Work Assignment (IIWA), Site 3-14-008 Final 2008-2010 Project Summary Report 
(AECOM, June 2010). 

Samples were collected and analyzed for VOCs via United States Environmental Protection Agency 
(US EPA) Method TO-15. The air sampling results were compared to mean outdoor air 
concentrations from a study of VOCs in air of fuel oil heated homes (NYSDOH Final Guidance for 
Evaluating Soil Vapor Intrusion in the State of New York, Appendix C, NYSDOH, October 2006). 
Indoor air data indicated that PCE was the only site-related compound found at elevated 
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concentrations in any of the structures; however, the indoor air results alone did not warrant 
mitigation per NYSDOH guidance. Outdoor air sample results contained several chlorinated 
compounds at concentrations greater than the NYSDOH Background Concentrations. With the 
exception of PCE, all of the elevated concentrations in outdoor air samples were within one order of 
magnitude of the New York State Background Concentration for that analyte. 

The results of this investigation reported concentrations of site-related VOCs (namely TCE, at a 
concentration of 720 micrograms per cubic meter [µg/m3]) requiring mitigation in the sub-slab sample 
at one residence (House #4). As a result, a sub-slab depressurization system (SSDS) was installed at 
House #4 (refer to Section 2.2.1 for details). 

In April 2009, AECOM submitted an interim memo to the NYSDEC presenting sub-slab and indoor air 
sampling results (all data except for House #4) and tap water sampling results for homes on South 
Creek Road and West Pine Road. An additional round of sub-slab vapor, indoor air, and tap water 
sampling took place at House #2 in December 2009. Based on the sample results, SSDSs are not 
required for any other residences at this time. AECOM submitted a letter report summarizing all of the 
work performed under the IIWA, including the air and tap water sampling program, in June 2010. 

1.4 Summary of Remedial Actions (1997-2012) 

The Site was remediated in accordance with the following design and construction documents: 

 Rust Environment and Infrastructure of New York, Inc. 1996. “Work Plan, NOW Corporation 
Site, Work Assignment No. D004445-4, Site 3-14-008, Dutchess County, New York.” 
January 1996. 

 Rust Environment and Infrastructure of New York, Inc. 1999. “Final Remedial Report, NOW 
Corporation Site Number 3-14-008, Volumes I.” March 1999. 

 Earth Tech Northeast, Inc. 2006. “Operation, Maintenance and Monitoring Plan, NOW 
Corporation Site, Work Assignment No. D004445-4, Site 3-14-008, Dutchess County, New 
York.” May 2006. 

 The selected remedies for OU1 and OU2 are listed in Section 1.2.2. 

1.4.1 Removal of Contaminated Materials from the Site 

Site Soils and Weathered Bedrock 

In accordance with the ROD, highly impacted soils and weathered bedrock were removed from 
several areas and treated on-site via low temperature thermal desorption between September 1997 
and January 1998. According to the Final Remediation Report (Rust Environment and Infrastructure, 
March 1999), a total of 1,013 tons of contaminated soil was excavated and treated on-site, not 
including test burns. All of the treated soil was used on-site as backfill.  

1.4.2 Site-Related Treatment Systems 

Groundwater Treatment System 

The groundwater treatment system at the Site began operation in February 1998. Influent VOC 
concentrations from the first two years of GWETS operation (1998 and 1999) are presented in Figure 
6. A standby submersible well pump, effluent sump pumps and float switch are maintained in the 
treatment building so that if the equipment fails the spare unit is installed, minimizing interruptions. 
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With the exception of a ten-month period in 2001 and a seven-month period between 2011 and 2012, 
the treatment system has generally run without significant downtime. The GWETS was not operational 
beginning in October 2011 due to repeated malfunctions of the air stripper. The air stripper was 
replaced with a refurbished unit and placed back on-line in June 2012.  

Soil Vapor Extraction System 

The SVE system was installed in 1998 as part of the remedy for OU1, to address impacts to bedrock. 
Information is provided in the 1999 Final Remediation Report. The system consisted of a small pre-
engineered skid system equipped with a moisture separator, air filter, blower, instrumentation, and 
controls for the blower and air emissions. The unit was installed inside the treatment building and 
vented to the outside where the exhaust was treated via vapor phase GAC adsorption. The system 
used two existing wells (TW-1A and TW-2A) in addition to two new wells (VE-1, and VE-2) which were 
installed in bedrock between Areas A and B. 

Extraction wells VE-1 and VE-2 (Figure 2) have not been operational since February 2004, when the 
well screens were inundated by a high water table. On November 2, 2005, the SVE system was 
completely shut down when the vapor blower motor ceased operation. The system was taken off-line 
permanently with NYSDEC approval, because the system was not significantly reducing VOC 
concentrations. The carbon vessels associated with the SVE system were also removed from the 
process in November 2005. Refer to the Site’s initial PRR (AECOM, November 2010) for additional 
information. 

While no longer used for vapor extraction, TW-1 and TW-2A continue to act as groundwater treatment 
(recovery) wells.  

1.4.3 Remaining Contamination 

Based on reviewed data, no contaminated source material (e.g. soil, septic, drywell, etc.) remains on-
site. Groundwater on-site remains contaminated and groundwater has been monitored on an ongoing 
basis for assessment of overall trends in contaminant concentrations. Table 1 presents groundwater 
monitoring data from 1998 and 1999 to provide a post-remediation baseline for groundwater quality. 
Data has been provided to NYSDEC in periodic Groundwater Monitoring Reports.  
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2.0   Engineering and Institutional Control Plan 

2.1 Introduction 

2.1.1 General 

Since contaminated groundwater exists beneath the Site, EC/ICs are required to protect human 
health and the environment. This Engineering and Institutional Control Plan (EC/IC Plan) 
describes the procedures for the implementation and management of all EC/ICs at the Site. The 
EC/IC Plan is subject to revision by the NYSDEC. 

2.1.2 Purpose 

The purpose of the EC/IC Plan is to provide: 

 A description of all EC/ICs on the Site; 

 The basic implementation and intended role of each EC/IC; 

 A description of the key components of the ICs as set forth in the ROD and environmental 
easement; 

 A description of the features to be evaluated during each required inspection and periodic 
review; 

 A description of plans and procedures to be followed for implementation of EC/ICs; and 

 Any other provisions necessary to identify or establish methods for implementing the EC/ICs 
required by the Site remedy, as determined by the NYSDEC. 

2.2 Engineering Controls 

The Site has the following ECs: 
 

 A GWETS;  

 A sub-slab depressurization system at House #4;  

 Several off-site residential POE GAC potable water treatment systems; and 

 A locked groundwater treatment building.  

2.2.1 Engineering Control Systems 

Groundwater Extraction and Treatment System 

The groundwater extraction system consists of three groundwater treatment wells (TW-1, TW-2A and 
TW-3), from which contaminated groundwater is pumped to a treatment building containing an air 
stripper for removal of VOCs (refer to Figure 2). In January 2000, the air stripper discharge treatment 
train was modified to eliminate the carbon polish by directing exhaust through an 8-inch polyvinyl 
chloride (PVC) stack on the roof of the building. The air stripper exhaust manifold is fitted with a single 
mist eliminator to prevent water from being drawn by vacuum into the exhaust system. The GAC 
adsorbers were taken off-line and the carbon was disposed off-site, leaving the empty carbon vessels 
in-place. 
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Treated groundwater is collected in a three-chamber precast concrete settling tank, which is located 
beneath metal grates in the floor of the treatment building. The treated water was formerly pumped to 
a 30-inch diameter by 72-inch multi-media particulate filter, manufactured by Miami Tank 
Manufacturing, Inc., to remove any solids prior to discharge. The multi-media filter was packed with 
seven components which included three sizes of filter gravel, two sizes of garnet sand, one size of 
silica sand and one size of anthracite sand. This filter has been offline for years. The pumping system 
uses a close-coupled submersible pump controlled by high and low level indicators in the third 
chamber of the settling tank.  

Prior to circa 2005, treated effluent was pumped to a distribution pit from which water flowed by gravity 
to two injection wells (IW-1 and IW-2). A portion of the treated groundwater was reinjected into the 
subsurface via the injection wells. The discharge lines were equipped with independent flow meters 
and control valves to allow tracking and control of the flows to the injection wells and to surface water 
discharge. When effluent flow exceeded the infiltration capacity of the two wells, water would rise to 
the distribution pit and overflow by gravity via subsurface piping to an outfall on Crum Elbow Creek 
(Figure 2). However, the injection wells are not currently operational due to the accumulation of scale 
within the distribution pit and injection wells. Effluent from the treatment system currently flows through 
the distribution pit to the outfall. 

Treatment of the recovered groundwater is achieved using a QED E-Z Tray®  4.4 Sliding Tray Air 
Stripper, located inside the treatment building. The E-Z Tray® unit consists of four trays (arranged in 
series).  Air is provided to the stripper through a 7.5 HP blower, which is controlled manually with a 
variable frequency drive (VFD). The blower was fitted with a Cerus Industrial P-Series, 7.5 HP VFD in 
June 2012.  The exhaust gases flow via an 8" PVC pipe manifold and exhausts to the atmosphere. 
The air stripper exhaust manifold is fitted with a single mist eliminator to prevent water from being 
drawn by vacuum into the exhaust system. 

The on-site GWETS began operation in 1998, and has been performing effectively to date, with the 
exception of two extended periods of downtime (refer to Section 1.4.2). While concentrations of the 
COCs in the treatment wells have decreased since 1998, groundwater analytical data shows that 
contaminant concentrations still exceed the standards, criteria and guidance (SCGs). Therefore, the 
GWETS must continue to operate in order to meet the remedial goals established in the ROD for the 
Site. Procedures for operating, maintaining, and monitoring the GWETS are described in the 
Operation and Maintenance Plan (Section 4.0). Additionally, an O&M Manual containing information 
regarding the GWETS components and monitoring system is provided in Appendix B.  

Off-Site Residential Potable Water Treatment Systems 

Following the determination that several residential wells near the Site contained contamination 
(Appendix C), POE water treatment systems were installed. The NYSDOH recommends treatment 
with two carbon tanks connected in series for removal of organics from drinking water. This 
configuration provides a primary and secondary GAC unit and allows for monitoring water quality 
between these units. The systems are also typically equipped with ultraviolet (UV) treatment units for 
bacterial disinfection. 

In 1990, the NYSDEC requested that a POE water treatment system be installed on the water supply 
well at House #1. Culligan Water Conditioning (Culligan) of Poughkeepsie installed and maintained 
the system that consisted of two one-cubic-foot capacity GAC tanks. The NYSDEC rented the unit 
from Culligan until July 1994, at which time RUST Environment & Infrastructure (RUST) replaced the 
Culligan system with larger capacity (14” x 47”) tanks. 
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NYSDEC also requested that a GAC system be installed on the well at House #3, which RUST 
installed in June 1996. The installation included an Ideal Horizon UV unit. 

In response to a request from NYSDEC, Earth Tech Northeast, Inc. (Earth Tech) installed a GAC 
system at House #2 in July 2002. The system consists of two 14” x 47” tanks, connected in series 
and a Trojan model 708 UV unit. 

A fourth contaminated well, whose water supply has also apparently been impacted by historic 
operations at the former NOW Corporation facility, is located at a commercial property (Business #1) 
to the north of the Site. It is not equipped with a POE system; as such, the NYSDEC provides workers 
in the building with bottled water.  

Sub-Slab Depressurization System 

As discussed in Section 1.3.3, based on concentrations of site-related VOCs found in a sub-slab 
sample at House #4 (located immediately west of the Site on Route 9G), an SSDS was installed on 
November 11, 2008 by GeoLogic NY, Inc. in order to mitigate indoor VOC vapors. The system 
prevents vapors or gases from accumulating beneath the slab and possibly entering the home, and is 
comprised of an electrically-powered exhaust fan mounted on the outside of the building, vacuum 
gauges (“U-tubes”) attached at one or more suction points, system piping, and labels identifying the 
system and providing contact information. The levels of the liquid in the U-tube(s) should be uneven to 
demonstrate differential pressure and effective operation. 
 
Procedures for operating and maintaining the GWETS, POE, and SSDS systems are documented 
in the Operation and Maintenance Plan (Section 4.0), while procedures for monitoring the systems 
are included in the Monitoring Plan (Section 3.0). The Monitoring Plan also addresses severe 
condition inspections in the event that a severe condition occurs. 

In June 2009, HDR, Inc. of Pearl River, New York was subcontracted by the NYSDEC to inspect and 
maintain the SSDS at House #4. A post-inspection letter from HDR to the residents of House #4 has 
been included as Appendix D. The letter instructs the residents to notify the NYSDEC if they observe 
operational issues. 

2.2.2 Criteria for Completion of Remediation/Termination of Remedial Systems  

Generally, remedial processes are considered to be completed when effectiveness monitoring 
indicates that the remedy has achieved the remedial action objectives (RAOs) identified in the ROD. 
The framework for determining when remedial processes are complete is provided in Section 6.6 of 
DER-10 (NYSDEC, May 2010). 

Site RAOs consist of the SCGs derived from the AWQS for the COCs, which are summarized below: 

Contaminant AWQS (µg/L) 
Benzene 1 
Chloroethane 5 
1,1-Dichloroethene (1,1-DCE) 5 
cis-1,2-Dichloroethene (cis-1,2-DCE) 5 
trans-1,2-Dichloroethene (trans-1,2-DCE) 5 
Tetrachloroethene (PCE) 5 
1,1,1-Trichloroethane (1,1,1-TCA) 5 
Trichloroethene (TCE) 5 
Vinyl Chloride 2 
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The GWETS treats approximately 6.6 million gallons of groundwater per year, removing 
approximately 50 pounds of VOCs per year in recent years. Groundwater data indicates that 
additional remediation will be required to meet the SCGs for individual compounds. Therefore, the 
anticipated date of completion is currently unknown.  

Operation and maintenance of the GWETS and residential POE systems will not be discontinued 
unless prior written approval is granted by the NYSDEC. In the event that monitoring data indicates 
that the GWETS is no longer required, then the NYSDEC will evaluate a proposal to discontinue 
operation. Conditions that warrant discontinuing the GWETS include contaminant concentrations in 
groundwater that: (1) reach levels that are consistently below ambient water quality standards; (2) 
have become asymptotic to a low level over an extended period of time as accepted by the NYSDEC; 
or (3) the NYSDEC has determined that the GWETS has reached the limit of its effectiveness. This 
assessment will be based in part on post-remediation contaminant levels in groundwater collected 
from monitoring wells located throughout the Site. The system will remain in place and operational 
until permission to discontinue its use is granted in writing by the NYSDEC. In the event of GWETS 
shutdown, the NYSDEC may require continual monitoring of raw water VOC concentrations at 
residences and businesses for a specified period of time. 

If the NYSDEC determines that the GWETS will be decommissioned, collection of sub-slab samples 
within buildings in the vicinity of the site and/or sampling of the existing SSDS at House #4 may be 
required in order to evaluate the potential for risks associated with remediation system shutdown. The 
SSDS may also be decommissioned if sampling results indicate that there is no longer a potential for 
contamination of indoor air by site-related compounds. 

2.3 Institutional Controls 

Per the ROD, the site remedy includes “institutional controls and restrictions to restrain the future use 
of groundwater at the Site.”  The intent of the ICs is to:  

 Implement, maintain and monitor EC systems;  

 Prevent future exposure to remaining contamination by containing and controlling 
disturbances of the subsurface contamination; and,  

 Limit the use and development of the Site to those activities which do not interfere with the 
effectiveness of the remedy or allow for exposure to contaminants.  

Adherence to ICs on the Site is a requirement of the ROD and environmental easement and will be 
implemented under this SMP. The ICs for the Site include: 

 Compliance with the environmental easement and this SMP by the Grantor and the 
Grantor’s successors and assigns; 

 All ECs must be operated and maintained as specified in this SMP; 

 All ECs on the Controlled Property must be inspected at a frequency and in a manner 
defined in the SMP;   

 Groundwater, residential potable water, soil vapor, and other environmental or public health 
monitoring must be performed as defined in this SMP;  

 Maintaining restricted access to the Site remedial components and posting of warning 
notifications and contact information; and 
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 Data and information pertinent to Site Management of the Controlled Property must be 
reported at the frequency and in a manner defined in this SMP. 

ICs identified in the SMP may not be discontinued without an amendment to or extinguishment of 
the environmental easement for the Controlled Property.  

Additionally, site restrictions that apply to the Controlled Property are: 

 All future activities on the property that will disturb remaining contaminated material must be 
conducted in accordance with this SMP. No intrusive activities or excavation may be 
conducted at the Site without the consent of the NYSDEC; 

 The use of the groundwater underlying the property is prohibited without treatment 
rendering it safe for intended use;  

 The potential for vapor intrusion must be evaluated for any buildings developed at the Site 
or in the surrounding area, and any potential impacts that are identified must be monitored 
or mitigated; and  

 Vegetable gardens and farming are prohibited on the Site. 

2.3.1 Excavation Work Plan 

In the event that any intrusive work which may encounter or disturb remaining contamination (i.e., 
impacted groundwater or soils) at the Site is proposed in the future, an excavation work plan (EWP) 
must be submitted to the NYSDEC. Any work conducted pursuant to the EWP must also be 
conducted in accordance with the procedures defined in the Health and Safety Plan (HASP) and 
Community Air Monitoring Plan (CAMP) prepared for the Site in accordance with applicable 
Federal, State and local regulations. Any intrusive construction work will be performed in 
compliance with these documents and included in the periodic review reports per Section 3.4.3.  

The EWP must include provisions for the structural integrity of excavations, proper disposal of 
excavation de-watering liquid, control of runoff from open excavations into remaining contamination, 
and for structures that may be affected by excavations (such as building foundations and bridge 
footings). The Site owner will ensure that Site development activities will not interfere with, or 
otherwise impair or compromise, the ECs described in this SMP. 

2.3.2 Soil Vapor Intrusion (SVI) Evaluation 

Prior to the construction of any new enclosed structures located over areas of remaining 
groundwater contamination (see Figure 7), an SVI evaluation may need to be performed to 
determine whether mitigation measures are necessary to eliminate potential exposure to vapors in 
the proposed structure. Alternatively, an SVI mitigation system may be installed as an element of 
the building foundation without first conducting an investigation. This mitigation system will include a 
vapor barrier and passive sub-slab depressurization system that is capable of being converted to an 
active system.  

Prior to conducting an SVI investigation or installing a mitigation system, a work plan will be 
developed and submitted to the NYSDEC and NYSDOH for approval. This work plan will be 
developed in accordance with the most recent NYSDOH “Guidance for Evaluating Vapor Intrusion 
in the State of New York”. Mitigation measures will be evaluated, selected, designed, installed, and 
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maintained based on the SVI evaluation, the NYSDOH guidance, and construction details of the 
proposed structure. 

Preliminary (i.e., not validated) SVI sampling data will be forwarded to the NYSDEC and NYSDOH 
for initial review and interpretation. Upon validation, the final data will be transmitted to both 
agencies, along with a recommendation for follow-up action, such as mitigation. Validated SVI data 
will be transmitted to the property owner within 30 days of validation. If any indoor air test results 
exceed NYSDOH guidelines, relevant NYSDOH fact sheets will be provided to all tenants and 
occupants of the property within 15 days of receipt of validated data. 

Any SVI sampling results, evaluations, and/or follow-up actions that occur will be summarized in the 
subsequent PRR. 

2.4 Inspections and Notifications 

2.4.1 Inspections 

Inspections of all remedial components installed at the Site will be conducted at the frequency 
specified in the SMP Monitoring Plan schedule (Section 3.0). A comprehensive Site-wide inspection 
will be conducted annually, regardless of the frequency of the PRR. The inspections will determine 
and document the following: 

 Whether ECs continue to perform as designed; 

 If these controls continue to be protective of human health and the environment; 

 Compliance with requirements of this SMP and the environmental easement; 

 Achievement of remedial performance criteria; 

 Sampling and analysis of appropriate media during monitoring events; 

 If Site records are complete and up-to-date; and 

 If any changes have been made to the remedial or monitoring system, or if changes are 
necessary. 

Inspections will be conducted in accordance with the procedures set forth in the Monitoring Plan 
(Section 3.0) and Operation and Maintenance Plan (Section 4.0). 

If an emergency, such as a natural disaster or an unforeseen failure of any of the ECs occurs, an 
inspection of the Site will be conducted within 5 days of the event to verify the effectiveness of the 
EC/ICs implemented at the Site by a qualified environmental professional as determined by the 
NYSDEC.  

2.4.2 Notifications 

Notifications will be submitted by the property owner and/or an entity responsible for Site 
maintenance to the NYSDEC as needed for the following reasons: 

 60-day advance notice of any proposed changes in Site use that are required under the terms 
of 6 NYCRR Part 375 and/or the Environmental Conservation Law. 
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 Notice within 48 hours of any damage or defect to the foundations or structures that reduces 
or has the potential to reduce the effectiveness of other ECs and likewise any action to be 
taken to mitigate the damage or defect. 

 Verbal notice by noon of the following day of any emergency, such as a fire, flood, or 
earthquake that reduces or has the potential to reduce the effectiveness of ECs in place at 
the Site, with written confirmation within 7 days that includes a summary of actions taken, or 
to be taken, and the potential impact to the environment and the public. 

 Follow-up status reports on actions taken to respond to any emergency event requiring 
ongoing responsive action shall be submitted to the NYSDEC within 45 days and shall 
describe and document actions taken to restore the effectiveness of the ECs. 

 30-day advance notice of any proposed ground intrusive activities that may disturb material 
below the water table, so that an appropriate excavation plan may be developed. 

Any change in the ownership of the Site or the responsibility for implementing this SMP will include the 
following notifications: 

 At least 60 days prior to the change, the NYSDEC will be notified in writing of the proposed 
change. This will include a certification that the prospective purchaser has been provided with 
all approved work plans and reports, including this SMP. 

 Within 15 days after the transfer of all or part of the Site, the new owner’s name, contact 
representative, and contact information will be confirmed in writing. 

Notifications will be made to Carl Hoffman, Remedial Bureau E, Section D, NYSDEC DER, 625 
Broadway, Albany, New York 12233. In the event that NYSDEC develops a centralized notification 
system, that system will be used instead. 
 
2.4.3 Evaluation and Reporting 

The results of inspections and Site monitoring data will be evaluated as part of the EC/IC 
certification to confirm that the: 

 EC/ICs are in place, are performing properly, and remain effective; 

 Monitoring Plan is being implemented; 

 O&M activities are being conducted properly; and 

 Site remedy continues to be protective of public health and the environment. 

2.5 Contingency Plan 

Emergencies may include injury to personnel, fire or explosion, environmental release, or serious 
weather conditions.  

No development is allowed within the limits of the Site without NYSDEC coordination. No intrusive 
activities will be allowed that will disturb the remedy. If development is proposed, NYSDEC 
personnel will require notice at least 60 days in advance of the proposed change in site use and a 
work plan will be required 30 days in advance for assessing and managing any potentially impacted 
material.  
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If previously unidentified contaminant sources are found during post-remedial subsurface 
excavations or development-related construction, excavation activities will be suspended until the 
appropriate equipment is mobilized to address the condition, and any new health and safety issues 
are addressed.  

In such event, sampling will be performed on appropriate media as necessary to determine the 
nature of the material and proper disposal method. A sampling and analysis plan must be provided 
to NYSDEC for review and approval.  

If any area of the Site is to be developed or excavated and dewatered, the NYSDEC must be 
informed at least 30 days in advance. The extracted groundwater must be analyzed for the COCs 
and treated via the existing treatment system or transported off-site for proper disposal. Depending 
on the estimated volume of groundwater to be generated from the dewatering activities, 
modification to the current discharge permit may be necessary. The Site developer will be 
responsible for obtaining or modifying the permit or for installation and maintenance of a new 
treatment system. 

Identification of unknown or unexpected contaminated media identified by screening during invasive 
Site work will be promptly communicated by telephone to the NYSDEC Project Manager. 
Reportable quantities of petroleum product will also be reported to the NYSDEC spill hotline. These 
findings will be included in daily and periodic reports. 

2.5.1 Emergency Telephone Numbers 

In the event of any environmental situation or unplanned occurrence requiring assistance, the 
Owner or Owner’s representative(s) should contact the appropriate party from the contact list below. 
For emergencies, appropriate emergency response personnel should be contacted. Prompt contact 
should also be made to the qualified environmental professional. These emergency contact lists 
must be maintained in an easily accessible location at the Site. Contact numbers are provided in the 
below tables. 
 
Emergency Contact Numbers 

Police/Fire: 911 

DigSafely New York: (800) 962-7962 or 811 

Poison Control Center: (800) 222-1222 

National Response Center: (800) 424-8802 

NYSDEC Spills Hotline (800) 457-7362 

Town of Clinton Town Clerk (845) 266-5853 

Note: Contact numbers are subject to change and should be updated as necessary. 

Site Contact Numbers 

Carl Hoffman, NYSDEC Project Manager (518) 402-9812 

Steve Choiniere, AECOM Project Manager 

(Qualified Environmental Professional) 
(518) 951-2262 

Note: Contact numbers are subject to change and should be updated as necessary. 
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2.5.2 Maps and Directions to Nearest Health Facility 

The hospital nearest the Site is Northern Dutchess Hospital, located in Rhinebeck, New York. The 
hospital is approximately 8.8 miles from the Site.  
 
Site Location:     2092 Route 9G, Staatsburg, NY 12580 (Mailing address) 
Nearest Hospital Name: Northern Dutchess Hospital 
Hospital Location:  6511 Springbrook Avenue, Rhinebeck, New York 12572  
Hospital Telephone:  (845) 876-3001 or 1-877-729-2444  
 
Total Distance:   8.8 miles 
Total Estimated Time:  13 minutes 
 

Driving directions and a map to the hospital are provided below: 
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2.5.3 Response Procedures 

In the event of any release of material or other emergency, the fire department and other emergency 
response groups will be notified immediately by telephone and provided with site hazard information. 
The emergency telephone number list is found in Section 2.5.1. The Site contacts listed in the same 
section will also be notified. Local responders will be notified through 911. The Fire Department 
would be the first responders. If the incident requires Hazardous Materials response, 911 should be 
called and the appropriate emergency response personnel will be contacted. 

Evacuation Plan 

In the event of an explosion and/or fire, all site personnel shall assemble at a safe distance upwind 
of the affected area. Minimum response procedures include notification of emergency services and 
site contacts. Re-entry should not occur until site conditions are deemed safe. Subsequent to the 
event, an incident investigation should be performed and any recommended corrective actions 
addressed. If breathing zone/perimeter monitoring activities determine that consistent VOC 
readings of greater than 5 ppm are indicated on a photoionization detector, then site personnel will 
cease operations and immediately evacuate the site, consult with a health and safety professional, 
and revisit health and safety protocols to properly protect themselves from site hazards prior to re-
entry to the Site (e.g., increase level of personal protective equipment). 

Spills 

Based on site conditions, a spill situation of material other than treated or untreated groundwater is 
considered unlikely. In the event of a petroleum release (e.g. equipment leak from contractor), the 
release will be cleaned up in a timely fashion per applicable guidance and reported to the NYSDEC 
Spill Hotline. In the event of a system leak, the system will be taken offline until repaired and the 
building will be cleaned, as necessary. Appropriate personal protective equipment (PPE) will be 
worn for the hazards presented, consistent with the site-specific HASP. 

Amendments to the Contingency Plan 

Amendments to the contingency plan should be made subsequent to any incident investigation and 
changes should be approved by NYSDEC personnel.  

Medical Emergencies 

Medical emergencies are addressed in the site HASP. Appropriate first aid will be administered, and 
if necessary, the injured individual will be sent to the designated medical facility. An ambulance will 
be summoned, if needed. The cause of the accident will be determined and corrected prior to 
continuing operations. First aid kits are maintained in all AECOM-owned or leased vehicles at all 
times. 

Training 

All individuals performing work on-site will attend an initial 40-hour health and safety training course 
and annual 8-hour refresher training for conducting work at hazardous waste sites. These courses 
satisfy the initial and follow-up training requirements of 29 CFR 1910.120 (OSHA regulation of 
hazardous waste site activities). Other required task-specific training will be provided as appropriate 
based on task hazard analysis and training needs assessments.  

All individuals are required to read, sign and comply with the site HASP at all times when 
performing work on the Site. 
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3.0   Site Monitoring Plan 

3.1 Introduction 

3.1.1 General 

The Monitoring Plan describes the measures for evaluating the performance and effectiveness of the 
remedy to reduce or mitigate contamination at the Site and all affected Site media identified below. 
Monitoring of ECs is described in Section 4.0, Operation and Maintenance Plan. This Monitoring Plan 
may only be revised with the approval of the NYSDEC. 

3.1.2 Purpose and Schedule 

This Monitoring Plan describes the methods to be used for:   

 Sampling and analysis of all appropriate media; 

 Assessing compliance with applicable NYSDEC standards, criteria and guidance, particularly 
ambient groundwater standards; 

 Assessing achievement of the remedial performance criteria;  

 Evaluating Site information periodically to confirm that the remedy continues to be effective in 
protecting public health and the environment; and 

 Preparing the necessary reports for the various monitoring activities. 

To adequately address these issues, this Monitoring Plan provides information on: 

 Sampling locations, protocol, and frequency; 

 Information on all designed monitoring systems (e.g., well logs); 

 Analytical sampling program requirements; 

 Reporting requirements; 

 Quality Assurance/Quality Control (QA/QC) requirements; 

 Inspection and maintenance requirements for monitoring wells; 

 Monitoring well decommissioning procedures; and 

 Annual inspection and periodic certification. 

Monitoring of the performance of the remedy and overall reduction in contamination on-site will be 
conducted according to the schedule provided below. Trends in contaminant levels in groundwater 
in the affected areas will be evaluated to determine if the remedy continues to be effective in 
achieving remedial goals. The monitoring program is summarized in the table below and outlined 
in detail in Section 3.2 below. 
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* The frequency of events will be conducted as specified until otherwise approved by NYSDEC and 
NYSDOH.  

3.2 Media Monitoring Program 

The following sections describe the details of the Media Monitoring Program procedures for affected 
media at the Site. The primary affected media is groundwater. The following summarizes the current 
media monitoring program: 

 Collection of select monitoring well depth-to-groundwater measurements and collection of 
groundwater samples for analysis of VOCs utilizing US EPA SW 846 protocol, more 
specifically US EPA Method 8260C. 

 Collection and analysis of soil vapor and/or indoor air samples (for VOCs via US EPA 
Method TO-15) and tap water samples (for Target Compound List [TCL] VOCs via US EPA 
SW 846 Method 524.2 drinking water) from residences and local businesses, at the request 
of and at a frequency specified by the NYSDEC and NYSDOH.  

 In the event that new buildings are erected above the contaminated area at the Site, the 
NYSDEC or NYSDOH may require completion of additional soil vapor intrusion evaluation 
activities, in accordance with NYSDOH guidance.  

3.2.1 Groundwater Monitoring 

Groundwater monitoring will be performed annually to assess the performance of the remedy.  

The network of 23 monitoring wells has been installed to monitor both upgradient and 
downgradient groundwater conditions at the Site. The network of on-site and off-site wells has 
been designed primarily based on the following criteria: 

 Historical analytical results identifying contamination in excess of standards; 

 Anticipated contaminant plume migration; and 

 Adequate assessment of overburden and bedrock groundwater conditions and 
contaminant distribution. 

Based on the site definition in Section 1.2.1, the following wells are considered to be on-site wells: 
MW-1, MW-2, MW-3S, MW-3D, MW-4S, MW-4D, MW-6S, MW-6D, MW-7S, MW-7D, MW-8, MW-
11, OW-1, OW-2, OW-3, OW-4, OW-5 and OW-6. Off-site monitoring wells include MW-5, MW-9, 
MW-10, MW-12S and MW-12D. The locations of on-site and off-site wells are shown on Figure 2. 
The suffixes S and D are used to differentiate screened intervals in the same location (shallow 
and deep [bedrock]). If new wells are installed, then the SMP should be updated. Available boring 
logs and well construction diagrams for limited Site wells are contained in Appendix D, while well 

Monitoring Program Frequency* Matrix Analysis 

Groundwater (MW-1, MW-4S, 
MW-6S, MW-6D, MW-7S, MW-
7D, MW-12S, MW-12D) 

Annually Water TCL VOCs 8260C 
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construction details are summarized in Table 2 along with groundwater elevations collected in 
2011. 

A discussion of site geology is presented in Section 1.2.3. In general, overburden wells are stick-
up wells screened within a relatively thin layer of unconsolidated material. Wells located within the 
southern section of the site screen a brown silt and clay unit (5 to 10 feet thick) and a fine to 
coarse sand and gravel unit approximately 20 feet thick. Wells located in the central and northern 
portions of the Site screen a brown silt unit that superimposes a dense, gray till of variable 
thickness (ES RI/FS, 1995). Specific well details for the groundwater wells installed during the RI, 
including TW-1, were not available at the time this report was drafted due to the inability to locate 
a copy of the RI. Prior to installation of the treatment wells, the natural direction of groundwater 
flow was generally from the relatively high elevations and hillsides in the eastern portion of the 
Site to the lower western portion towards Crum Elbow Creek. 

Bedrock wells are generally stick-up wells as well and are screened or consist of an open 
borehole beginning near the top of the bedrock surface. Again, specific well details for the wells 
installed during the RI, including TW-1, were not available at the time this report was drafted due 
to the inability to locate a copy of the RI. During the Design Investigation, five additional wells, 
consisting of two treatment wells (TW-2 and TW-3), two injection wells (IW-1 and IW-2), and an 
observation well (OW-6), were installed. Boring logs for these five wells are included in Appendix 
D. The injection and treatment wells are open borehole wells, for which depth-to-bottom elevations 
range from 75.2 feet below ground surface (fbgs) (IW-1) to 160.5 fbgs (TW-2). During the Design 
Investigation, pumping tests were performed on the newly installed wells. TW-2 did not yield an 
adequate amount of water for efficient operation of the groundwater treatment system; therefore, 
another treatment well (TW-2A) was installed. The tops of the bedrock open boreholes ranged 
from 6 fbgs (TW-3) to 18.3 fbgs (IW-2). OW-6 is a bedrock well, with a 2” riser and screen 
installed within the open borehole from 11.5 fbgs to the well bottom (91.5 fbgs). See Table 2 for 
available construction details for wells installed during the Design Investigation phase. 

In September 2011, the depth to water in monitoring and injection wells ranged from 3.4 to 42.6 
feet bgs. The observation wells have not been included in these values due to their close 
proximity to the treatment wells, which cause significant drawdown of groundwater. The overall 
groundwater flow direction in September 2011 was toward the treatment wells at the center of the 
Site (Figure 8).  

Sampling Frequency 

All accessible, on-site wells and off-site wells (listed above) in good condition and expected to 
contain reportable levels of VOCs are currently included in the sampling program except the three 
treatment wells (TW-1, TW-2A and TW-3), which are included in monthly O&M monitoring events. 
Monitoring wells will be sampled at the frequency specified in Section 3.1.2 until the criteria for 
completion of remediation are met, per Section 2.2.2. The sampling frequency may be modified with 
the approval of the NYSDEC. The SMP will be modified to reflect changes in sampling plans 
approved by the NYSDEC. Deliverables for the groundwater monitoring program are specified 
below. 
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Sampling Protocol 

Monitoring well sampling will be conducted in a manner that allows consistent repetition of 
groundwater monitoring events and data comparison. Adhering to a consistent sampling schedule 
and protocol will provide data that can be properly evaluated for measurable changes in reported 
concentrations at a particular location or between locations. 

All monitoring well sampling activities will be recorded in a field book and on the Monitoring Well 
Purging/Sampling Forms presented in Appendix E. Other observations (e.g., well integrity, etc.) will 
also be noted on the sampling forms and/or the Operation, Maintenance & Monitoring Checklist in 
(Appendix E). 

Prior to sampling each well, a depth-to-water measurement and a depth-to-bottom measurement will 
be taken using a water level indicator. The instrument shall be sprayed down with a mixture of spring 
water and Liquinox® and then rinsed with distilled water before each use. Each monitoring well will 
be purged of three times the volume of water present in the water column at the time of measurement. 
Based on the VOC concentrations found within the wells that are currently included in the annual 
groundwater monitoring program, only the purge water from nearby well MW-7D must be transported 
to the GWETS for treatment, until such point that total VOC concentrations are less than 200 ppb. 
Purge water from the other wells sampled may be discharged directly to the ground. This is based on 
a directive from the NYSDEC which states that, generally, purge water containing less than 200 ppb 
of VOCs may be discharged to the ground unless it is prudent to discharge the water to a treatment 
system based on the well’s location in a paved or residential area. 

Wells will be purged and sampled using a Waterra® inertial pump (or equivalent) and dedicated, 
Teflon-lined polyethylene tubing and dedicated, polyethylene check valve. A dedicated, disposable 
polyethylene bailer can be substituted depending on the volume of water to be removed prior to 
sampling. Dedicated tubing and/or bailers do not have to be decontaminated and may remain in the 
wells for future reuse. Following sampling, the water level meter will be decontaminated between 
each use in a Liquinox® bath and distilled water rinse. 
 
During purging and prior to collecting groundwater samples, the following minimum water quality 
parameters must be recorded on the Monitoring Well Purging/Sampling Forms (Appendix E): 
temperature, conductivity, specific conductance, pH, dissolved oxygen, oxidation-reduction potential 
(ORP), turbidity, color and odor of the water, well construction, and well condition. Samples will be 
collected in bottles provided by the NYSDEC ELAP-certified analytical laboratory. All samples shall be 
packed on ice and submitted to the laboratory with a completed Chain of Custody for analysis of 
VOCs by US EPA Method 8260C.  

All documents and data will be submitted in electronic format to the NYSDEC Division of 
Environmental Remediation. The Department will not approve a final report unless, and until, all 
documents and data generated in support of that report have been submitted in accordance with 
the electronic submission protocols. 

Information on the format of data submissions can be found at: 

http://www.dec.ny.gov/chemical/62440.html  
 
Information on document submissions can be found at: 

http://www.dec.ny.gov/regulations/2586.html.  
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Monitoring Quality Assurance/Quality Control 

All sampling and analyses will be performed in accordance with the requirements of the Generic 
Quality Assurance Project Plan (QAPP; AECOM, May 2010), except as noted below: 

 A trip blank will be collected and analyzed for each annual groundwater monitoring event; 

 A duplicate sample will be collected from one monitoring well during each annual groundwater 
monitoring event; 

 No Category B deliverables will be requested and no data validation will be performed on site 
management data unless necessary to support a site closure recommendation. 

 No matrix spikes or matrix spike duplicates will be collected as part of the sampling event.  

 Sample identification will include the monitoring well ID and a reference to the sample date 
(e.g., MW- # MMDDYY or MW-DUP MMDDYY [for monitoring well duplicates]). 

 Sample identification for trip blanks will include a reference to the sample date (e.g., TRIP 
BLANK MMDDYY or TB MMDDYY. 

Monitoring Well Repairs, Replacement, and Decommissioning 

If excessive biofouling or silt accumulation occurs in the on-site or off-site monitoring wells, which 
will be assessed by the depth-to-groundwater and depth-to-bottom changes over time, the wells will 
be physically agitated/surged and redeveloped. Additionally, monitoring wells will be properly 
decommissioned and replaced (as per the Monitoring Plan) if an event renders the wells unusable 
or if they are eliminated from the Monitoring Program with NYSDEC approval. 

Repairs and/or replacement of wells in the monitoring well network will be performed based on 
assessments of structural integrity, overall performance, and unforeseen events such as well 
destruction due to local redevelopment of the Site.  

The NYSDEC will be notified prior to any repair or decommissioning of monitoring wells for the 
purpose of replacement, and the repair or decommissioning and replacement process will be 
documented in the subsequent periodic report. Well decommissioning without replacement will be 
done only with the prior approval of the NYSDEC. Well abandonment will be performed in 
accordance with the Groundwater Monitoring Well Decommissioning Policy (NYSDEC, November 
2009). Monitoring wells that are decommissioned because they have been rendered unusable will 
be replaced with a similar well at a nearby location approved by NYSDEC. 

3.2.2 Other Media 

If any other media (e.g. surface water, sediment, soil vapor) is to be collected and analyzed as a 
result of periodic review or discovery of new information or development, then a sampling and 
analysis plan shall be presented to NYSDEC. For example, soil vapor intrusion and private drinking 
water samples are collected at the request of the NYSDEC and NYSDOH. As a result, a work plan 
and an addendum were submitted with the NYSDEC for the performance of an IIWA in March 2008 
and September 2008, respectively. The soil vapor samples will be analyzed for VOCs via US EPA 
Method TO-15 and the drinking water samples will be analyzed for TCL VOCs via US EPA Method 
524.2. If routine monitoring occurs, the SMP should be modified to incorporate the requirements.  
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3.3 Media Monitoring and Site-Wide Inspection Schedule 

The schedule of monitoring events is provided in the table below. See Section 4.0 for discussion of 
the O&M event schedule. The frequency of events will be maintained as specified until otherwise 
approved by NYSDEC and NYSDOH. Unscheduled inspections and/or sampling may take place 
when a suspected failure of the remedial systems has been reported or an emergency occurs that 
is deemed likely to affect the operation of the EC/ICs. Features to be monitored include, but are not 
limited to, the following: 

 
Media Monitoring and Site-Wide Inspection Schedule 

Monitoring Program Frequency Matrix/System 

Analysis/ 

Assessment 

Media/EC Annually 
Groundwater (MW-1, MW-4S, MW-
6S, MW-6D, MW-7S, MW-7D, MW-
12S, MW-12D) 

TCL VOCs 8260C

ECs Annually 
Groundwater Monitoring Network 
Inspection  

Integrity (Visual) 

ECs/ICs Annually Comprehensive Site-wide Inspection Visual 

3.4 Reporting Requirements 

Forms and any other information generated during regular monitoring events and inspections will be 
kept with the project file. See Section 4.0 for discussion of O&M reporting requirements related to 
the GWETS. All forms, and other relevant reporting formats used during the monitoring/ inspection 
events, will be (1) subject to approval by the NYSDEC and (2) submitted on a periodic basis in the 
PRR or separate status reports. The table below provides information on the reporting frequency. 

Schedule of Monitoring/Inspection Reports 

Task Reporting Frequency 

Groundwater Monitoring Report 
Annually – Included with corresponding monthly Operation, 
Maintenance and Monitoring Report 

Site-Wide Inspection 
Annually – Included in the Groundwater Monitoring Report, 
unless corrective actions are required 

Periodic Review Report  Triennially 

IC/EC Certification  
Triennially – Includes contacting county clerk to confirm 
easement is still in place; findings included in PRR 
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3.4.1 Annual Site-Wide Inspection 

Site-wide inspections will be performed once per year and after all severe weather conditions that 
may affect ECs or ICs. During these inspections, an inspection form will be completed (Appendix 
E). The form will be included in the annual groundwater monitoring report. The form will compile 
sufficient information to assess the following: 

 Compliance with all ICs, including Site usage; 

 An evaluation of the condition and continued effectiveness of ECs; 

 General site conditions at the time of the inspection; 

 Site management activities being conducted including, where appropriate, confirmation 
sampling and a health and safety inspection;  

 Compliance with permits and schedules included in the Operation and Maintenance Plan; and 

 Confirmation that site records are up-to-date. 

If an emergency, such as a natural disaster or an unforeseen failure of any of the ECs occurs, an 
inspection of the Site will be conducted within 5 days of the event to verify the effectiveness of the 
EC/ICs implemented at the Site by a qualified environmental professional as determined by the 
NYSDEC.  

3.4.2 Groundwater Monitoring Data Reporting 

Groundwater monitoring reports will be prepared and submitted subsequent to each groundwater 
monitoring event. This report will include, at a minimum: 

 Date of event; 

 Personnel conducting sampling; 

 Description of the activities performed; 

 Type of samples collected and list of wells sampled;  

 Copies of all field forms completed (e.g., sampling logs, chain-of-custody documentation, 
etc.);  

 Sampling results in comparison to appropriate standards/criteria; 

 A figure illustrating sample type and sampling locations; 

 Copies of all laboratory data sheets and the required laboratory data deliverables required 
for all points sampled (to be submitted electronically in the NYSDEC-identified format); 

 Any observations, conclusions, or recommendations; and 

 A determination as to whether the groundwater quality and/or conditions have changed 
since the last reporting event where groundwater monitoring well data was provided. 

 All documents and data are to be submitted in electronic format to the NYSDEC Division of 
Environmental Remediation. The Department will not approve a final report unless, and 
until, all documents and data generated in support of that report have been submitted in 
accordance with the electronic submission protocols.  
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3.4.3 Periodic Review Reporting 

PRRs will be submitted to the NYSDEC in accordance with the schedule outlined above. In the 
event that the Site is subdivided into separate parcels with different ownership, a single PRR will be 
prepared that addresses the Site as described in the RODs. 

The report will be prepared in accordance with NYSDEC DER-10 and submitted 45 days prior to the 
end of each certification period. Media sampling results will also be incorporated into the PRR. The 
report will include: 

 Identification, assessment and certification of all ECs/ICs required by the remedy for the 
Site;  

 Results of the required annual site inspections and severe condition inspections, if 
applicable; 

 All applicable inspection forms and other records generated for the Site during the reporting 
period in electronic format; 

 A summary of any discharge monitoring data and/or information generated during the 
reporting period with comments and conclusions; 

 Data summary tables and graphical representations of contaminants of concern by media 
(groundwater, soil vapor), which include a listing of all compounds analyzed, along with the 
applicable standards, with all exceedances highlighted. These will include a presentation of 
past data as part of an evaluation of contaminant concentration trends; 

 Results of all analyses, copies of all laboratory data sheets, and the required laboratory 
data deliverables for all samples collected during the reporting period will be submitted 
electronically in a NYSDEC-approved format; 

 A site evaluation, which includes the following: 

o The compliance of the remedy with the requirements of the Site-specific ROD; 

o The operation and the effectiveness of all treatment units, etc., including 
identification of any needed repairs or modifications; 

o Any new conclusions or observations regarding Site contamination based on 
inspections or data generated by the Monitoring Plan for the media being 
monitored;  

o Recommendations regarding any necessary changes to the remedy and/or 
Monitoring Plan; and  

o The overall performance and effectiveness of the remedy. 

 A performance summary for the GWETS during each calendar year, including information 
such as: 

o The number of days the system was run for the reporting period; 

o The average, high, and low flows per day; 

o The contaminant mass removed; 

o A description of breakdowns and/or repairs along with an explanation for any 
significant downtime;  
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o A description of the resolution of performance problems;  

o A summary of the performance, effluent and/or effectiveness monitoring; and 

o Comments, conclusions, and recommendations based on data evaluation.  

The PRR will be submitted, in electronic format, to the NYSDEC Central Office. 

3.5 Corrective Measures Plan 

If any component of the remedy is found to have failed or is no longer protective of human health or 
the environment, a corrective measures plan will be submitted to the NYSDEC for approval. This plan 
will explain the problem and provide the details and schedule for performing work necessary to correct 
it. Unless an emergency condition exists, no work will be performed unless the corrective measures 
plan is approved by the NYSDEC. 
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4.0   Operation and Maintenance Plan 

4.1 Introduction 

This Operation and Maintenance (O&M) Plan describes the measures necessary to operate, 
monitor and maintain the mechanical components of the remedy selected for the Site. This O&M 
Plan: 

 Includes the steps necessary to allow individuals unfamiliar with the Site to operate and 
maintain the GWETS system, the SSDS, and the POE GAC units; and 

 Will be updated periodically to reflect changes in Site conditions or the manner in which the 
remedial systems are operated and maintained. 

Information on monitoring and inspection of non-mechanical site features is provided in Section 3.0 
- Monitoring Plan. A copy of this SMP will be kept in the system building. This O&M Plan is not to be 
used as a stand-alone document, but as a component document of the SMP. 

4.2 Engineering Control System Operation and Maintenance 

4.2.1 Groundwater Treatment System 

4.2.1.1 Scope 

Operation and maintenance of the GWETS began in January 1998. A Process and Instrumentation 
diagram (P&ID) of the current GWETS is provided as Figure 9. Equipment shown in red on the 
drawing is no longer in use for groundwater treatment.  

Equipment specifications, system layout drawings and as-built drawings are included in the O&M 
Manual (Appendix B), along with installation and maintenance documentation provided by 
manufacturers for specific system components. Information is excerpted within the body of this SMP 
as appropriate. Since the scope of this SMP includes operation and maintenance of the GWETS, the 
following information is intended to provide an overview of system characteristics and O&M 
procedures; however, it should not supersede the O&M Manual. 

4.2.1.2 GWETS Start-Up and Testing 

Prior to starting up the GWETS, the following should be checked: 

1. Check all piping and fittings to confirm that connections are tight and that there are no leaks; 

2. Visually inspect all components of the system for any signs of damage; 

3. Check all piping fasteners, making sure all pipes and equipment are secure; 

4. Confirm that all valves are closed or open in a manner which will produce the desired flow 
path. Valves are labeled as normally open or closed; 

5. Check that all sample ports are tightly closed; 

6. Check all components that have any lids or other openings and confirm that they are sealed 
properly; 
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7. Inspect all electrical wires and connections for fraying or other types of damage; and 

8. Inspect all connections within the three well boxes and check for any damage. 

When starting the GWETS, the following steps should be followed: 

1. Make sure the system circuit breaker is turned on in the main breaker panel; 

2. Check and if necessary reset the circuit breakers and thermal overload protectors located 
within the system control panel; 

3. Check all system control parameters located on the interior of the system control panel (i.e., 
water levels, line pressures); 

4. Confirm that the control unit is programmed properly and set to “auto”; 

5. Turn on the main power switch, labeled “Main Disconnect”, located on the interior door of the 
system control panel; 

6. Close and secure the exterior door of the control panel using the handle; 

7. Individual pumps can be tested by switching each pump control switch to “Hand” for 
approximately 1-2 seconds; 

8. Switch each of the pump control switches to “Auto”, always starting with the settling tank 
pump to ensure that the settling tank cannot overflow; 

9. Set the air stripper to “Auto”; 

10. After a short delay, the three well pumps will begin to pump. This can be verified with the 
“pump run” lights located on the control panel, and also with the flow meter display units, 
mounted on the left side of the control panel. It may take a few minutes for water to reach the 
flow sensors before there will be any reading on the display units; and 

11. Adjust the brass gate valves to obtain the desired flow rates. 

The following procedures should be implemented for GWETS shut-down: 

1. Turn the three well pump control switches to the “off” position, followed by the air stripper 
after a set amount of time, and lastly the effluent pump. It is necessary to turn the effluent 
pump off last to compensate for any residual flow into the third settling tank after power to the 
well pumps and sump pump has been turned off; and 

2. In situations where the system may be shut off for long periods of time, it is a good practice to 
turn off the main circuit breakers in order to prevent the system from being accidentally 
turned on. 

The system testing described above will be conducted if the system requires restarting (e.g. power 
outage, shutdown during maintenance, substantial modifications, etc.). 

4.2.1.3 GWETS Operation: Routine Operation Procedures 

The system operates continuously upon startup, allowing the pumps within the three treatment wells 
to remove groundwater at an approximate rate of 3 to 14 gallons per minute (gpm) and convey it to 
the treatment building via subsurface piping. Pressure and level sensors control operation of the 
pumps. Within the building, the groundwater passes through the flow meter/totalizer. Water is pumped 
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through the air stripper to remove the VOC contaminant mass through volatilization. Treated effluent 
is contained in a in a three-chamber, precast concrete settling tank, located in the floor of the 
treatment building. The third chamber is equipped with a submersible pump and water level sensors. 
Upon reaching the high level, the pump turns on and conveys the effluent to the precast concrete 
effluent distribution and meter pits and then drains by gravity to the creek (Figure 2). 

The system operation is electronically controlled via a programmable system controller and system 
conditions are monitored remotely (e.g. status of level sensors, flow, pressure differentials, pumps, 
alarm indicators, etc.). Real-time details are recorded and the system controls can be remotely turned 
on or off based on conditions.  

4.2.1.4 GWETS Operation: Routine Equipment Maintenance 

Generally, maintenance requirements include the following: 

 Clean pressure/level sensors and probes; 

 Pump cleaning/repair/replacement; 

 Keeping stripper intake free of debris and insects; 

 Desiccant tube replacement; 

 Cleaning the three-chamber, precast concrete settling tank; 

 De-scaling the air stripper; 

 Water vapor trap replacement; 

 Confirm no abnormal heating or abnormal vibration from VFD; 

 Gutter cleaning for treatment building;  

 Keeping stripper motor lubricated; and 

 Well lock lubrication (no solvent-based lubricants). 

4.2.1.5 GWETS Operation: Non-Routine Equipment Maintenance 

In the event of a system malfunction, the ProControl Series II will trigger an alarm condition and is 
programmed to generate a facsimile and/or output an alphanumeric message. Details on 
programming the controller are provided in the ProControl Series manual (refer to Appendix B). 

Alarm conditions currently programmed to generate facsimile notifications and responses to the 
alarms are outlined in the “ProControl Series 2Plus User Manual” section of the O&M Manual in 
Appendix B. 

Non-routine maintenance may include timely coordination of the removal of scale from the air stripper 
and granulated scale and settled sediment from the three-chamber, precast concrete settling tank and 
repair or replacement of pumps, transducers, and control system components. 

4.2.1.6 GWETS Operation: Troubleshooting 

System troubleshooting is discussed in the “ProControl Series 2Plus User Manual” section of the 
O&M Manual. 
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4.2.2 Residential Point of Entry (POE) Water Treatment Systems 

4.2.2.1 Scope 

The residential POE systems were installed in 1990, the mid-1990s and 2002; however, a P&ID of 
these units is not available. Further detail is provided in Section 2.2.1. 

4.2.2.2  POE GAC System Start-Up and Testing 

Prior to turning the water back on, the following should be checked: 

 Ensure all residential valves are open; 

 Check that sample ports are tightly closed; 

 Make sure all connections are tight and properly sealed (e.g., the 14” X 47” GAC tanks); 

 Confirm the UV light is working properly; 

 Turn valve to main water supply for the residence water back on; and 

 Look for leaks and loss of pressure. 

The following procedures should be implemented for system shut-down: 

 If resident is home at the time, inform the resident that the water will have to be temporarily 
shut off; and 

 Turn valve off for main water supply to the residence. 

The system testing described above will be conducted if the system requires restarting (e.g. power 
outage, shutdown during maintenance, substantial modifications, etc.). 

4.2.2.3 POE GAC System Operation: Routine Operation Procedures 

The system operates continuously upon startup, allowing potentially contaminated water pumped from 
the private wells into the residences to be continuously treated before exposure to the residents. 
Pressure sensors control operation of the private well pumps and control the amount of flow through 
the GAC systems and through the residence. Within the building, the groundwater passes through the 
flow meter/totalizer sensor, which records the volume of water flowing through the GAC systems. 
Water is pumped through the GAC tanks to remove the VOC contaminant mass. Treated effluent is 
transmitted through the building’s plumbing system for potable use. 

4.2.2.4 POE GAC System Operation: Routine Equipment Maintenance 

Specific routine and preventive maintenance procedures conducted in conjunction with the 
semiannual compliance sampling include the following: 

 Confirm system is performing as designed (e.g., no leaks, proper water flow, etc.); 

 Check pressure gauges; and 

 Clean or replace UV bulbs. 
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4.2.2.5 POE GAC System Operation: Non-Routine Equipment Maintenance 

In the event of a system malfunction or when volatiles are detected in the intermediate (mid-carbon) or 
final (treated) water sample collected from a POE system non-routine equipment maintenance may 
include, but is not limited to activities like carbon change outs and UV bulb replacement.  

4.2.3 Residential Sub-Slab Depressurization System 

4.2.3.1 Scope 

The residential SSDS was installed in House #4 in November 2008 and operates continuously, as 
discussed below. Further detail is provided in Section 2.2.1. Although NYSDEC commissioned system 
installation and an initial inspection of the system, the responsibility for continued inspection of the 
system lies with the property owner. If issues are encountered, then the owner is responsible for 
contacting the NYSDEC.  

4.2.3.2 Operation, Maintenance and Troubleshooting 

While the system is designed to operate continuously, there may be instances when the system 
needs to be repaired or modified. In any of the following situations, please contact the NYSDEC at the 
toll-free number listed above in 2.5.1 and on the system label:  

 If the exhaust fan is not operating or is making excessive, unusual noise; 

 If the liquid levels in any U-tube are even (no difference in levels); 

 If any new construction or structural changes occur that affect the footprint of the building or 
the basement or crawl space including penetrations through the slab; 

 If there is standing water or flooding observed in the basement; 

 If any new combustion appliance or exhaust system is installed; or 

 If the property is sold. 

4.3 Engineering Control System Performance Monitoring 

4.3.1 Groundwater Treatment System 

4.3.1.1 Performance Monitoring 

The Monitoring Plan for the existing groundwater monitoring well network is described in Section 3.0. 
This section specifically addresses performance monitoring of the GWETS components. Performance 
monitoring consists of: 

 Remote system monitoring via computer link; 

 Collection of combined influent VOC, oil, grease, total dissolved solids (TDS), total suspended 
solids (TSS), total cyanide, and metal samples; 

 Collection of individual treatment well VOC samples; 

 Collection of influent and effluent pH readings; 

 Collection of combined effluent VOC, oil, grease, total dissolved solids (TDS), total 
suspended solids (TSS), total cyanide, and metal samples; 
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The treatment system is controlled remotely with an EOS ProControl Unit via computer link. A 
telemetry network provides information relating to system pressures from critical points, filters, tanks 
and discharge lines, as well as flow rates and volumes from the treatment wells. System failures 
trigger an alarm code, which provides notice to the O&M contractor that corrective action is required. 

The GWETS should be monitored on a daily basis using a remote sensing system. If an issue 
related to system operation is identified, a field inspection may be required to replace, maintain or 
restart the troubled component of the system. The system should be checked during the monthly 
site visits. A complete list of components to be checked during the monthly inspections is provided 
in the Operation, Maintenance and Monitoring (OM&M) Checklist in Appendix E. If any equipment 
readings are not within their typical range, any equipment is observed to be malfunctioning, or the 
system is not performing within specifications, maintenance and/or repairs will be performed 
immediately and the system will be restarted.  

4.3.1.2 Monitoring Schedule 

Performance monitoring will be conducted at the frequency summarized in the table provided 
below. Influent from each of the three treatment wells are sampled on a monthly basis as part of the 
GWETS O&M program. Other wells in the monitoring network will be sampled as described in 
Section 3.0 of this SMP. The inspection and sampling frequencies may be modified with the 
approval of the NYSDEC. The SMP will be modified to reflect changes in sampling plans approved 
by the NYSDEC.  

Unscheduled inspections and/or sampling may take place when a suspected failure of the GWETS 
has been reported or an emergency occurs that is deemed likely to affect the operation of the 
system. Details on EC monitoring deliverables for the GWETS are specified later in this section. 

4.3.1.3 General Equipment Monitoring 

A visual inspection of the complete system will be conducted during the monthly monitoring event. 
The GWETS components to be monitored include, but are not limited to, the following: 

 Building utilities (phone, heat, fans, doors, etc.); 

 Piping systems and tanks, including connections; 

 Functionality of gauges, sensors, transducers, pumps, flow meters, filters, blowers, electrical, 
etc.; 

 Totalizer readings from treatment wells; 

Monitoring Program Frequency Matrix Analysis 

Remote System Monitoring Daily -- -- 

System Treatment Wells, 
Combined Influent, and Effluent 
Sampling 

Monthly Water 

pH (in field) 
VOCs – 8260C 
Oil and Grease – 1664A 
TDS – 2540C 
TSS – 2540D 
Total Cyanide – 9012B  
Metals – 6010C/7470A   
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 Discharge pressure from treatment wells; 

 Flow rate (gpm); 

 Air Stripper and blower pressures and temperatures; and 

 pH of influent and effluent. 

A complete list of components to be checked is provided in the OM&M Checklist provided in 
Appendix E. If any equipment readings are not within their typical range, any equipment is observed 
to be malfunctioning, or the system is not performing within specifications, maintenance and repair are 
required immediately, and the GWETS must be restarted. 

4.3.1.4 System Monitoring Devices and Alarms  

The GWETS has warning devices to indicate (during remote monitoring or on-site inspection) that the 
system is not operating properly. In the event that a warning device is activated, applicable 
maintenance and/or repairs will be performed immediately and the system will be restarted. 
Operational problems will be noted in the subsequent PRR. 

4.3.1.5 Sampling Event Protocol 

Treatment system O&M samples are collected on a monthly basis to assess the effectiveness of the 
GWETS and to ensure that the effluent discharge limitations are being met. Monthly samples will be 
collected from the three treatment wells, the combined influent, and the effluent. Combined influent 
samples are collected when all treatment wells are pumping. Samples will be collected from the 
sampling ports. 

As indicated in Section 4.2.4, all monthly monitoring samples will be analyzed for TCL VOCs via EPA 
Method 8260C. The effluent and combined influent samples will also be analyzed for oil and grease 
(Method 1664A), TDS (Method 2540C), TSS (Method 2540D), total cyanide (Method 9012B), and 
metals (Methods 6010C and 7470A). The effluent discharge limitations for these compounds and 
water quality parameters are provided in Appendix F. 

All samples are to be collected in bottles provided by the NYSDEC ELAP-certified analytical 
laboratory. All samples shall be packed on ice and submitted to the laboratory with a completed Chain 
of Custody. Sample preservation, holding times, and other laboratory and quality assurance 
information are outlined in AECOM’s Generic QAPP for the NYSDEC Superfund Standby Contract 
(May 2010). 

Quality Assurance/Quality Control 

All sampling and analyses will be performed in accordance with AECOM’s Generic QAPP for the 
NYSDEC Superfund Standby Contract (May 2010), except as noted below: 

 A trip blank will be collected and analyzed for each monthly GWETS and semiannual POE 
sampling event; 

 No Category B deliverables will be requested and no data validation will be performed on site 
management data unless necessary to support a site closure recommendation;  

 No field duplicates, matrix spikes, or matrix spike duplicates will be collected as part of the 
sampling events; and 
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 Sample identification will be as follows, with the addition of the sample collection date 
(MMDDYY) to the sample identification as a suffix: 
 

o TW-1, TW-2A, TW-3 (for treatment wells)  

o INF (for influent samples) 

o EFF (for effluent samples) 

o Trip Blank or TB (for trip blanks). 

4.3.2 Residential POE Water Treatment Systems 

4.3.2.1 Performance Monitoring 

Performance monitoring of the residential POE GAC systems consists of: 

1) Inspection of particle filter condition; 

2) Sampling of final, intermediate, and raw water for VOCs; and 

3) Sampling of water for Coliform bacteria. 

4.3.2.2 Monitoring Schedule 

All semi-annual compliance samples (raw, intermediate, and final) will be analyzed for VOCs via EPA 
Method 524.2. Only the final sample collected after the GAC system will be analyzed for Coliform and 
E. Coli via Colisure analysis. Details on monitoring deliverables for the POE Systems are listed below. 

4.3.2.3 General Equipment Monitoring 

A visual inspection of the complete system will be conducted during the monthly monitoring event. 
The POE system components to be monitored include, but are not limited to, the following: 

 Piping systems, including connections; 

 Functionality of gauges, sensors, electrical, etc.; 

 Flow rate (gpm); 

If any equipment readings are not within their typical range, any equipment is observed to be 
malfunctioning, or the system is not performing within specifications, maintenance and repair are 
required immediately, and the POE system must be restarted. 

Monitoring Program Frequency Matrix Analysis 

POE Raw (influent), Intermediate 
(between carbons), and Final 
(effluent) Sampling 

Semi-annually Water 
VOCs – 524.2 (All) 
Total Coliform and E. Coli - 
Colisure (Final samples only) 

GAC Breakthrough Semi-annually Water 
VOCs – 524.2 
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4.3.2.4 System Monitoring Devices and Alarms  

The POE system does not have warning devices to indicate that the system is not operating properly. 
Six-month compliance sampling and inspections are performed to evaluate effectiveness.  

4.3.2.5 Sampling Event Protocol 

POE samples are collected on a semi-annual basis to ensure each system is effectively removing 
contaminants from the water to be used by the residence. POE samples will be collected from sample 
ports or taps before the primary GAC unit, between the two GAC units, and after the secondary GAC 
unit and analyzed for VOCs via EPA Method 524.2. Additionally, the effluent water will be sampled for 
Total Coliform and E. Coli via the Colisure test method. 

All samples are to be collected in bottles provided by the NYSDEC ELAP-certified analytical 
laboratory. All samples shall be packed on ice and submitted to the laboratory with a completed Chain 
of Custody. Sample preservation, holding times, and other laboratory and quality assurance 
information are outlined in AECOM’s Generic QAPP for the NYSDEC Superfund Standby Contract 
(May 2010). 

Quality Assurance/Quality Control 

All sampling and analyses will be performed in accordance with AECOM’s Generic QAPP for the 
NYSDEC Superfund Standby Contract (May 2010), except as noted below: 

 A trip blank will be collected and analyzed for each semiannual POE sampling event; 

 No Category B deliverables will be requested and no data validation will be performed on site 
management data unless necessary to support a site closure recommendation;  

 No field duplicates, matrix spikes, or matrix spike duplicates will be collected as part of the 
sampling events; and 

 Sample identification will be as follows, with the addition of the sample collection date 
(MMDDYY) to the sample identification as a suffix: 
 

o Residential street address, date and carbon phase (for POE samples) (e.g., House #1 
R or I or F, where R is raw water, I is between carbons, and F is final sample) 

o Trip Blank or TB (for trip blanks). 

4.3.3 Residential Sub-slab Depressurization System 

4.3.3.1 Performance Monitoring 

Though NYSDEC commissioned system installation and an initial inspection of the system, the 
responsibility for continued inspection of the system lies with the property owner. If issues are 
encountered, then the owner is responsible for contacting the NYSDEC.  

If any of the below conditions are noted by the homeowner or by the site representative during site 
visits, then NYSDEC must be contacted immediately so that repair can occur:  

 If the exhaust fan is not operating or is making excessive, unusual noise; 

 If the liquid levels in any U-tube are even (no difference in levels); 
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 If any new construction or structural changes occur that affect the footprint of the building or 
the basement or crawl space including penetrations through the slab; 

 If there is standing water or flooding observed in the basement; or 

 If any new combustion appliance or exhaust system is installed. 

4.3.3.2 Monitoring Schedule 

NYSDOH recommends annual inspection of an SSDS by homeowners.  

4.3.3.3 Sampling Event Protocol 

At this time, routine monitoring of indoor air quality is not included as part of this SMP; however, if 
indoor air or sub-slab vapor sampling becomes necessary, then sampling should be performed in 
accordance with current NYSDOH Guidance and the SMP updated to reflect ongoing or routine 
sampling events.  

4.4 Maintenance and Performance Monitoring Reporting Requirements 

Maintenance reports and any other information generated during regular operations at the Site will be 
maintained by the qualified environmental professional (i.e., NYSDEC contractor). All reports, forms, 
and other relevant information generated will be available upon request to the NYSDEC and 
submitted as part of the PRR, as specified in Section 3.4.3 of this SMP. 

4.4.1 Routine Maintenance Reports 

Checklists or forms (see Appendix E) will be completed during each routine maintenance event. 
Checklists/forms will include, but not be limited to, the following information: 

 Date of event; 

 Name, company, and position of personnel conducting maintenance activities; 

 Description of the maintenance activities performed; 

 Any modifications to the system; 

 Where appropriate, color photographs or sketches showing the approximate location of any 
problems or incidents noted (included either on the checklist/form or on an attached sheet); 
and 

 Other documentation such as copies of invoices for maintenance work, receipts for 
replacement equipment, etc. (attached to the checklist/form). 

4.4.2 Non-Routine Maintenance Reports 

During each non-routine maintenance event, a form will be completed which will include, but not be 
limited to, the following information: 

 Date of event; 

 Name, company, and position of personnel conducting maintenance activities; 

 Presence of leaks; 

 Date of leak repair; 

 Other repairs or adjustments made to the system; 
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 Where appropriate, color photographs or sketches showing the approximate location of any 
problems or incidents noted (included either on the checklist/form or on an attached sheet); 
and 

 Other relevant supporting documentation, as appropriate. 

4.4.3 Monthly O&M Reports 

OM&M reports will be submitted to the NYSDEC on a monthly basis and will include the following: 

 Volume of water treated during period and total water volume treated to date; 

 Influent and effluent data generated during the reporting period, including the laboratory 
report; 

 Periods of downtime and/or noted performance issues; and 

 Description of inspections, maintenance, and/or repairs completed during the period. 

4.4.4 Semi-Annual POE Reports 

On a semi-annual basis, reports will be generated to summarize the results of the POE potable 
water treatment system sampling events. These reports will be submitted to the NYSDEC and the 
Dutchess County Health Department and will include the following: 

 Site description and description of systems; 

 Description of sampling methodology and list of analytes; 

 Summary of VOC and bacteria analytical results for the current period, including the 
laboratory report (unless provided under separate cover);  

 Summary of historical VOC analytical results; 

 Summary of flow totalizer readings;  

 Description of maintenance and/or modifications/repairs completed during the six-month 
inspection and sampling event. This includes noting whether the data suggests GAC 
breakthrough has occurred; and 

 The month of the next sampling event.  

In addition, a brief letter will be sent to each property owner providing the analytical results. 
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Table 1
 Pre-Remedial and Post-Remedial VOC Concentrations in Groundwater

Former NOW Corporation Facility
 Site 3-14-008

Town of Clinton, New York

4/27/93 1/12/94 5/8/98 8/1/99 4/27/93 1/12/94 5/8/98 8/1/99 4/27/93 1/12/94 5/8/98 8/1/99 1/12/94 5/8/98 5/8/98 8/1/99 4/27/93 1/12/94 5/8/98 8/1/99 1/12/94 5/8/98 8/1/99 4/27/93 1/12/94 5/8/98 8/1/99
1,1,1-Trichloroethane 5 75 150 57 33 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
1,1,2-Trichloroethane 1 N/A N/A ND ND N/A N/A ND ND N/A N/A ND ND N/A ND ND ND N/A N/A ND ND N/A ND ND N/A N/A ND ND
1,1-Dichloroethane 5 50 50 30 66 ND ND ND ND ND ND ND ND ND ND ND ND ND 4 5 ND ND ND ND ND ND ND ND
1,1-Dichloroethene 5 6 6 5 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
1,2-Dichloroethane 0.6 N/A N/A ND ND N/A N/A ND ND N/A N/A ND ND N/A ND ND ND N/A N/A ND ND N/A ND ND N/A N/A ND ND
Benzene 1 ND N/A ND ND ND N/A ND ND ND N/A ND ND N/A ND ND ND ND N/A ND ND N/A ND ND ND N/A ND ND
Chlorobenzene 5 N/A N/A ND ND N/A N/A ND ND N/A N/A ND ND N/A ND ND ND N/A N/A ND ND N/A ND ND N/A N/A ND ND
Chloroethane 5 8 6 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
cis-1,2-Dichloroethene 5 27 32 20 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Ethylbenzene 5 N/A N/A ND ND N/A N/A ND ND N/A N/A ND ND N/A ND ND ND N/A N/A ND ND N/A ND ND N/A N/A ND ND
m&p-Xylene 5 ND N/A ND ND 3 N/A ND ND ND N/A ND ND N/A ND ND ND ND N/A ND ND N/A ND ND 2 N/A ND ND
o-Xylene 5 N/A N/A ND ND N/A N/A ND ND N/A N/A ND ND N/A ND ND ND N/A N/A ND ND N/A ND ND N/A N/A ND ND
Tetrachloroethene 5 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Toluene 5 2 N/A ND ND 3 N/A ND ND 1 N/A ND ND N/A ND ND ND 1 N/A ND ND N/A ND ND 2 N/A ND ND
trans-1,2-Dichloroethene 5 N/A N/A ND ND N/A N/A ND ND N/A N/A ND ND N/A ND ND ND N/A N/A ND ND N/A ND ND N/A N/A ND ND
Trichloroethene 5 88 200 100 130 ND 2 ND ND 0.7 3 ND ND ND ND ND ND ND ND ND ND ND ND ND ND 2 ND ND
Vinyl Chloride 2 N/A 2 1 ND N/A ND ND ND N/A ND ND ND ND ND ND ND N/A ND ND ND ND ND ND N/A ND ND ND
Total VOCs 256 446 213 229 6 2 0 0 1.7 3 0 0 0 0 0 0 1 4 5 0 0 0 0 4 2 0 0

Notes:
1) Detected concentrations are shown in  bold typeface, in units of µg/L.

2) **New York State Ambient Water Quality Standards (AWQS) and Guidance Values (GV), June 1998.
3) Concentrations exceeding the AWQS are highlighted in gray.
4) ND = Not Detected.
5) N/A  = Not Analyzed (well was effectively dry on sample date, or indicated analyte was not reported).

6) VOCs = Volatile Organic Compounds.
7) Data from 1993 and 1994 represent groundwater quality during the Remedial Investigation, prior to Remedial Actions, while data from 1998 and 1999 represent groundwater quality subsequent to remedial action.

Analyte NYSAWQS**
MW-5MW-4DMW-4SMW-3SMW-3DMW-2MW-1
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Table 1
 Pre-Remedial and Post-Remedial VOC Concentrations in Groundwater

Former NOW Corporation Facility
 Site 3-14-008

Town of Clinton, New York

1,1,1-Trichloroethane 5
1,1,2-Trichloroethane 1
1,1-Dichloroethane 5
1,1-Dichloroethene 5
1,2-Dichloroethane 0.6
Benzene 1
Chlorobenzene 5
Chloroethane 5
cis-1,2-Dichloroethene 5
Ethylbenzene 5
m&p-Xylene 5
o-Xylene 5
Tetrachloroethene 5
Toluene 5
trans-1,2-Dichloroethene 5
Trichloroethene 5
Vinyl Chloride 2
Total VOCs

Analyte NYSAWQS**
MW-7S MW-7D

4/27/93 1/12/94 5/8/98 8/1/99 1/12/94 5/8/98 8/1/99 5/8/98 5/8/98 4/27/93 1/12/94 5/8/98 8/1/99 4/27/93 1/12/94 5/8/98 8/1/99 4/27/93 1/12/94 5/8/98 8/1/99 1/12/94 5/8/98 8/1/99
710 510 23 27 160 13 ND 34 15 ND ND ND ND ND ND ND ND 2 2 ND ND ND ND ND
N/A N/A ND ND N/A ND ND ND ND N/A N/A ND ND N/A N/A ND ND N/A N/A ND ND N/A ND ND
57 39 3 68 140 20 52 11 34 ND ND ND ND ND ND ND ND 17 9 ND ND ND ND ND
11 3 ND ND 1 ND ND ND 4 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

N/A N/A ND ND N/A ND ND ND ND N/A N/A ND ND N/A N/A ND ND N/A N/A ND ND N/A ND ND
ND N/A ND ND N/A ND ND ND ND ND N/A ND ND ND N/A ND ND ND N/A ND ND N/A ND ND
N/A N/A ND ND N/A ND ND ND ND N/A N/A ND ND N/A N/A ND ND N/A N/A ND ND N/A ND ND

3 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
17 12 2 ND 0.7 2 ND 17 8 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

N/A N/A ND ND N/A ND ND ND ND N/A N/A ND ND N/A N/A ND ND N/A N/A ND ND N/A ND ND
ND N/A ND ND N/A ND ND ND ND 0.8 N/A ND ND 1 N/A ND ND ND N/A ND ND N/A ND ND
N/A N/A ND ND N/A ND ND ND ND N/A N/A ND ND N/A N/A ND ND N/A N/A ND ND N/A ND ND
ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
ND N/A ND ND N/A ND ND ND ND ND N/A ND ND 2 N/A ND ND 1 N/A ND ND N/A ND ND
N/A N/A ND ND N/A ND ND ND ND N/A N/A ND ND N/A N/A ND ND N/A N/A ND ND N/A ND ND
610 460 43 100 11 13 6 280 340 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
N/A ND ND ND ND ND ND ND ND N/A ND ND ND N/A ND ND ND N/A ND ND ND ND ND ND
1408 1024 71 195 312.7 48 58 342 401 0.8 0 0 0 3 0 0 0 20 11 0 0 0 0 0

Notes:
1) Detected concentrations are shown in  bold typeface, in units of µg/L.

2) **New York State Ambient Water Quality Standards (AWQS) and Guidance Values (GV), June 1998.
3) Concentrations exceeding the AWQS are highlighted in gray.
4) ND = Not Detected.
5) N/A  = Not Analyzed (well was effectively dry on sample date, or indicated analyte was not reported).

6) VOCs = Volatile Organic Compounds.
7) Data from 1993 and 1994 represent groundwater quality during the Remedial Investigation, prior to Remedial Actions, while data from 1998 and 1999 represent groundwater quality subsequent to remedial action.

MW-11MW-10MW-9MW-8MW-6DMW-6S
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Table 2

Monitoring Well Construction Summary and Groundwater Elevations (2011)

Former NOW Corporation Facility

Clinton, New York

Site # 3-14-008

MW-1 Monitoring Well On-site 2" PVC Standpipe DNA DNA 289.5 9.35 280.15

MW-2 Monitoring Well On-site 2" PVC Standpipe DNA DNA 332.51 25.88 306.63

MW-3D Monitoring Well On-site 2" PVC Standpipe DNA DNA 312.83 23.57 289.26

MW-3S Monitoring Well On-site 2" PVC Standpipe DNA DNA 312.51 21.77 290.74

MW-4S Monitoring Well On-site 2" PVC Standpipe DNA DNA 298.29 19.89 278.4

MW-4D Monitoring Well On-site 2" PVC Standpipe DNA DNA 298.16 19.61 278.55

MW-5 Monitoring Well Off-site 2" PVC Standpipe DNA DNA 285.48 17.38 268.1

MW-6S Monitoring Well On-site 2" PVC Standpipe DNA DNA 287.9 3.38 284.52

MW-6D Monitoring Well On-site 2" PVC Standpipe DNA DNA 287.25 5.42 281.83

MW-7S Monitoring Well On-site 2" PVC Standpipe DNA DNA 292.12 15.48 276.64

MW-7D Monitoring Well On-site 2" PVC Standpipe DNA DNA 292.54 42.6 249.94

MW-8 Monitoring Well On-site 2" PVC Standpipe DNA DNA 283.65 11.96 271.69

MW-9 Monitoring Well Off-site 2" PVC Standpipe DNA DNA 275.37 3.97 271.4

MW-10 Monitoring Well Off-site 2" PVC Standpipe DNA DNA 280.92 9.42 271.5

MW-11 Monitoring Well On-site 2" PVC Standpipe DNA DNA 283.72 19.45 264.27

MW-12S Monitoring Well Off-site 2" PVC Standpipe DNA DNA DNA DNA DNA

MW-12D Monitoring Well Off-site 2" PVC Standpipe DNA DNA DNA DNA DNA

OW-1 Observation Well On-site 2" PVC Standpipe DNA DNA 307.75 46.01 261.74

OW-2 Observation Well On-site 2" PVC Standpipe DNA DNA 305.96 70.09 235.87

OW-3 Observation Well On-site 2" PVC Standpipe DNA DNA 307.35 72.01 235.34

OW-4 Observation Well On-site 2" PVC Standpipe DNA DNA 308.3 39.39 268.91

OW-5 Observation Well On-site 2" PVC Standpipe DNA DNA 307.41 45.94 261.47

OW-6 Observation Well On-site 2" PVC Standpipe 11.5-91.5 293.27 294.81 3.16 291.65

IW-1 Injection Well On-site 8" Open Hole Standpipe DNA 309.68 312.46 26.81 285.65

IW-2 Injection Well On-site 8" Open Hole Standpipe DNA 302.18 304.56 36.42 268.14

TW-1 Treatment Well On-site 8" Open Hole Standpipe 11-111 (Open Hole) DNA 306
1

97.18 208.82

TW-2 Treatment Well On-site 8" Open Hole Standpipe DNA 300.33 301.62 NM DNA

TW-2A Treatment Well On-site 8" Open Hole Standpipe DNA DNA 291.5
1

74.31 217.19

TW-3 Treatment Well On-site 8" Open Hole Standpipe DNA 288.51 290.52 60.91 229.61

Notes:
1
 TOC Elevation is estimated.

ft. bgs - Feet below ground surface

TOC - Top of Casing

PVC - Polyvinyl Chloride

DNA - Data Not Available

NM - Not Measured

Sept. 2011 

Groundwater 

Elevation (ft.)

Sept. 2011 Depth 

to Water (ft. bgs)

TOC 

Elevation 

(ft.)

Surface 

Completion
Well Identification

Well Diameter & 

Construction

Surface 

Elevation (ft.)

Screened Interval 

(ft. bgs)
LocationPurpose

1 of 1
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Figure 6
Post-Remedial Influent Sampling Results (1998-1999)
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DECLARATIOII-STATEMENT . RECORD OF DECISION

Now coRPoRATIoN Inactive Hazardous rvaste site
Clinton, Dutchess County, New york

Site No. 3-14-008
Operable Unitl

Statement of Purprxe and Basis

The Record of Decision (ROD) presenß üre selecæd remedial action for the Now Corporation inactive
hazardous waste disposal site which was chosen in accordance with the New york Saæ Environmental
Conservation I¿w (ECL). The remedial program selected is not inconsisænt witl¡ the National Oil and
Hazardous substances Pollution contingency plan of March g, 1990 (40cFR300).

This decision is based upon the Administrative Record of the New york Saæ Deparnnent of
Environmenal Conservation (NYSDEC) fol ttre Now Corporation Inactive Hazardous Waste Síæ and upon
public input to fte Proposed Remedial Action Plan (PRAÞ) presenæd by the NYSDEC. A bibliography of
the documents included as a part of tt¡e Administrative necoi¿ is included in Appendix B of the ROD.

Assessment of the S¡te

Act¡al or threaæned release of haz¿rdous waste constiû¡ents from this site, if not add¡essed by
tmplementiag the response action selected in ûris ROD, presenß a cr¡rent ard a poæntial future tt¡reat to public
health and the envi¡onment.

Description of Selected Remedy

Based on the resulß of üre Remedial lnvestigationÆeasibility Study (RI/FS) for the Now Corporarion
siÞ, lhe l'IYsÐEc issed a PRAP on February 15, {99s. The preferred rernedy deailed in the pRAp for this
site consisted of a groundwater pump and te¿t system, and üre excavation âna or-r¡æ d¡rp"*ì "f hight;
contaminated soil. A public meeting was zubseçently held on February 22, lÇ fts to present this proposed
remedial program to the public for comment.

Upon review of üe commenß received at the meeting and in correspondence during the associated
comment'period, it r¡¡as discovered that ttre cost of the off-siæ disposal fãr ú¡e contaminaæd soils was
significantly u¡der sstimated and the previously proposed remedy may no longer be cost effective. Ilence,
úe I{YSDEC will reer¡aluate lhe rerne-dial alternativeJfor the *narni*æd soilãt the siæ. Upon completion
of ûre reevaluation of the remedial alternatives, a cost effective remedy will be proposed to address the
conhmination in the soil.



However, in order to add¡ess the rúeNysDEch",'d,.id;;-ö;.ä#,t;ffi ttr11#äTJffJ.ir"$:,ffi 
ï*îl8¿,;:åîäHîa portion of ttp site that can ue ràmøiaæ¿ìnoepenoenu;;;" trr"inder of the site. operabre unit I wi'add¡ess the groundwater contamination and operaure üniîñIl; the remainder of ttre siþ.

for the rI"i,l,TX::j"?ïlt#"Ïr 
oul will allow the NYSDEC to proceed immediatery wirh the remedy

The serected remedy for the groundwater contiamination incrudes:

' Implemenation of a groundwater pump and treatnent system tl¡at wirr reduce, to the extentpractical based on technological li.¡tutiï"r, oJip..o of contaminaæd groundwarer to theenvironment' This 
"ytæt-*itt "r* ..pturä;ü;r vapors present in-the uedrock. Theseactions w'r serve to contror trre migatioiãiä*n,i*nts off_sire.

t Reinfiltation of a portion of the treated groundwater to herp flush contamination from trreffiäffii|trÏ and to reduce a" i'npaãs orìir-grorno*ãær withdrawar on neighboring

' Instih¡tional controls and restrictions to reshain tl¡e future use of groundwaûer at ttre site.
:;:LffiTls 

would be required untit ttre grou;î"*. r,.. ueen reirore¿to drinking water

' continue the maintenance or fr¡t,re addition of carbon firters on impacæd homeowner wers,untir tt¡e groundwarer meeb New vort sãt" oîr,Èng water sandards.

' r¡ng-term monitoring wor¡ld be canied out û3 assess ü¡e effectiveness of the serected remedv.

nro,""oråTiläI;ä,ræ 
Deparfrnent of Health concurs with the remedy setected for rhis site as being

fh¡laration

The selected 
lemedy is protective of human health and ttre environment, is designed to compry witlrshte and Federal renuirgny.nc d;;rJJ,rgn1 r b" ,pprüd;r.rerevanr and appropriare ro trre remediallg"å3ff 

tffifficticable, t"¿ i"*,-"-rå*"r. ftrr';Jrrd; u",r", per¡nanent sorutions and arternative
preferencefo,;;;di;'ff åigiliffi:,f"ff #i;ïffi :r,"';:j:iri#:ff åil'ääIi

L¡- 

-

ll



The groundwater directly bernath ü¡e site rnay not achieve New York State drinking water standards.
This is due to technical difEculties associated with the removal of volatile organic conamination from a
fracn¡red bedrock aquifer. The selected grcundwater remedy will reduce the impacts of contaminated
grourdwater to ttre environment.

/-- /.t 

-9'3t/1t
Dale J. O'Toole, ?r., Director.

Division of Hazardor¡s Wasæ Remediation

iit
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RECORD OF DECISIOI.{

"Now Corporation Site"
Clinton, Dutchess County, New York

Site No. 3-1+008
Operable Unit I

March, 1995

SECTION 1: SITE LOCATION AND
T)ESCRIPTION

The Now Corporation site consiss of the
developed portion ofa 94.5 acre parcel of
property owned by Mr. Robert Fried in ttre
Town of Clinûon, Dutchess County (see Figure
1). This developed portion of ttre property
consists of approximately 15 acres along Route
9G. It contains one indusrial building and an
adjacent concrete pad where a warehouse
destroyed by fue in 1989, once stood. This
portion of üe property, nthe site", is bordered by
route 9G ad residential homes on the north-
northwest and an inactive sand and gravel pit on
the south. The east and west sides are bound bv
overgrown fields and woods.

The siæ is geographically locaæd within ¡¡s
upland section of the Appalachian Highlands.
Valley ard ridge topography is the dominant
feaa¡re in this region, with the valleys being
deeply incised bedrock which have been filled
with thick alluvial and glacial deposits. T¡,pical
among üese deposis are clays, silts, gravels and
till. These deposits,ænd to form gently sloping
floors with steep, to moderately steep ridges
along the valley walls. Along these valley walls
bedrock outcrops are common, whereas the
depth to bedrock along the centers of the valleys
may be Sreater than 100 feet.

The bedrock in this region is typically shale,
which has undergone extensive folding and
fracturing. These fractures typically dip sæeply
and srike to the northeast. Regionally
groundunær flows toward the Hudson River.
However, local flow is conrolled by the
fracturing.

The Now Corporation siæ is located on the
eastern edge of a valley. The bedrock is found
at the surface to approximaæly thirty-five feet
below grade. The bedrock is a shale which is
partially covered by till, sand and gravel.
Groundwater flow occr¡rs at the siæ along
preferential fracturing on a northeast-southwest
trend. These conditions are corsistent with the
known regional conditions.

The groundwater flow in the bedrock aquifer is
the primary source of drinking water in the area.

SECTION 2: SITE FIISTORY

2.1: Operational/T¡iqpoqalHistory

The propeay was purcbased by Mr. Robert
Fried in August 1957. Since the early ll)60s,
various businesses have operated on the siæ
including: Modern Machine and Tools (1%l-
l97l), Virginia Chemicals, lnc. (L969-1977,
bought out by Hoechst Celanese in 1981), Now



Corporation (1970s and 1980s), Now Plastics
(1982-1988 according to Mr. Fried), K&K
Carpet, Tiffany Marble of New York, South
American Development Corporation, and B&R
Specialties, Inc. (current tenant).

The fust investigation of the site, in 1975,
consisæd of sampling an on-site well by the
Dutchess County Health Deparfinent (DCHD).
The samples collecæd were analyzed for metals
and general water chemisüry parameters only.
Sample results showed only manganese at levels
exceeding the Staæ Saniary Code. This
manganese is naturally present in ttre
groundwater due ûo the surrounding soils.

The siæ was added to the registry in December,
1983, as a class 2a siæ due to allegations ofon-
site disposal of tank rinsing solutions.

A Phase I investigation was conducæd in 1983
by NYSDEC. This Phase I investigation
atæmpæd to establish aHazard Ranking Score
(HRS) to better evaluate the siæ. A Phase II
investigation was reco¡nmended ûo complete the
HRS accurately, since the Phase I investigation
did not include any groundwater, soil or air
sampling.

In February, 1989, following a fue in the
warehouse, samples of runoffwater and water
from th¡ee nearby homeowner wells were
collected. The runoff water contrined low levels
of benzene, ûoluene, ethylberzene,
nichlo¡oethene and 1, 1, l-Eichloroethane.

In this initial sampling no volatile organic
compounds were detected in the nearby
homeowner wells. However, follow up sampling
in April, 1989, deæcæd the presence of several
VOCs in ¡po residential wells. From 1989, to
the present, one of these wells has consistently
shown confamination wittr VOCs. For the
locations of these¡esidences and their historical
contaminant levels, please refer to Figure 2 and
Table 1.

In October 1989, the departnent began sending

bottled water to residences G and I. In February
1990, granular activated carbon systems were
installed on ttreir water systems.

In August 1990, the NYSDEC reclassified this
siæ to a class 2. A class 2 site presents a

significant threat to public health and/or the

environment. In July 1992, a work assignment
was issued to perform a Remedial Investigation
and Feasibility Study (RI/FS) under the Staæ

Superfund Program.

In April, 1994 another granulaæd activated
carbon system was also installed on ¡esidence K.

SECTION 3: CURRENT STATUS

The NYSDEC, under the Staæ Superfund
Program, has conducted a Remedial
Investigation/ Feasibility Study (RI/FS) to
address the contamination at the siæ. This
Record of Decision (ROD) presents a surunary
of this RI/FS and tl¡e selected remedy for the
groundwaær contamination. On-siæ soil
contamination will be addressed in a separate
ROD.

3.1: Summary of the Remedial
Investigation

The purpose of the RI was to define the nan¡re
and extent of any contamination resulting from
previous activities at the site.

The RI was conducted in two phases. The first
phase was conducted be¡peen July 1992and
April 1994, the second phase between April 1994
and January 1995. A report entitled Draft Final
RI/FS Report, January 1995, has been prepared
detailing the field activities and findings of the
RI.

The first phase of ttre RI activities consisted of
the following:

NOW COR.POR.ATION SITE
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Review of historical documents and
aerial photographs, to deærmi¡re
potential disposal areås on ar¡d near the
site.

A magnetic survey was conducted in the
area of alleged waste disposal. This
survey was inænded to determine the
potential for buried drums and/or anla
which ¡nåy contrin waste in this area.

A site wide soil gas survey w¿ls

conducæd at 145 locations. These
locations were selected ne¿r and
downgradient of suspected source areas
to identiff areas of soil and possibly
groundwaær contrmination. See

attached Figure 3.

Six test pis were compleæd to
investigate anomalies detected during the
soil gas and magnetometer surveys.
Composite soil samples were taken in
conjunction with these test pits to better
define any contamination present in these
areas. See anacbed Figure 4.

Soil borings were also i¡salled to collect
zubs¡¡rface soils for chemical analysis.
Ple¿se refer back b Figure 4.

Fifreen groundwaær monitoring wells
were installed to deærmire the chemical
analysis of groundwater, ås well as the
physical properties of on siæ
hydrogeologic conditions. Please see

attached Figure 5.

Tbc sampling of several rrcarþ
homeowner wells to detersrine the
presence and levels of groundrvater
contamination off-site. Please see

attached Figure 6 ard Table 1.

Surface water-¿nd surfaee soil sampling
was also performed to define úe

condition of on-site surface soils and

inærmittent water.

¡ Surface water and sediment samples

were taken from Crum Elbow Creek, to
fu¡tt¡er assess the possibility of any
impact on this waær body by the NOW
Corporation siæ. Please refer back to
attached Figure 5.

After a preliminary assessment of the first phase

RI resulß, a second phase was conducæd ¡o
gather information necessary o develop remedial
alærnatives.

During the second phase of the RI, the following
additional work was performed:

r A treatability study was performed.
This study was ûo deærmine how
successfü a pump and treat groundwater

system would be at remediating the
contaminâtion in the fract¡red bedrock
beneath the siæ. This study included the
implemenation of a treatment utilizing
granulaæd activaæd carbon on a small
sc¿le to determine its effectiveness so

ttrat ttre appropriate size and c¡st of the

equipment to remediaæ the entire siæ by
this method could bc established. A
pumping well ar¡d five observation wells
on the ridge to the north of the industrial
building were also installed.

r A separate reatability study uas
performed to determi¡re how effective a

soil vapor extraction system would be at
treating the subsurface soil
contamination in tbe parking lot area of
the siæ.

The anal¡ical daa obtair¡ed from the R[ were
compared to applicable Sandards, Criteria, ard
Guidance (SCGs) in determining remedial
alternatives. Groundwaær, drinking water and
surface waær SCGs identiñed for the Now

NOII' CIR,PORATION SITE
REC€RD OF DECISION

g3ßu95
PAGE 3



Corporation site were based on NYSDEC
Ambient lr¡/aær Quality Sandards and Guidance
Values and Part V of NyS SaniAry Code.

Bås€d upon the results of the remedial
investigation in comparison to tl¡e SGGs and

. potential public health and environmental
exposure routes, it was deærmined that the
groundwater requires remediation.

GBOUNDWATFR

The investigation found several of the on-site
monitoring wells to be contaminated wittt
berzene, chloroethane, l, I dichloroethene (1, I
DCE), l,2DCE, retrachloroethane @CE), l,l,l
trichloroethane (1,1,1 TCA), TCE and vinyl
chloride. Monitoring wells MW-l, MW{,
M!V{D, MW-7, and MW-7D have shown the
highest conüamination levels. The concenrations
for TCE aú,1,2 DCE in these wells range from
11 to 2800 ppb and 12 ¡a 82 ppb respectivety.
These all exceed the state drinking water
standards of 5 ppb for these compounds as stated
in Chapter I, Subpart 5-l of ttre SEte Sanitary
Code. See Figure 6 for an illusration of the
extent and concentration of groundwater
contamination.

Additionally, nearby hpmeowner wells have
shown contamination with the same VOCs. The
concenmüon levels in the most contami¡ated of
these wells flucn¡ate based on úe seasonal
groundwater cycles. However, the deæcæd
VOCs are conti¡ually wetl above drinking waær
standards as they range from 27 ta 730 ppb for
TCE,2l ro 700 ppb for TCA, and 35 ro l,g3g
for total VOCs.

Based on this information, a reåhbility study
was performed to evah¡aæ the effectiveness of a
pump and treat system to remediate groundwaær
contaminetion. The strdy consisæd of pumping
a consïant flow of 17.3 gallons per minute from
an ôä siæ extractióh well for 72 hours. The
water was then treated with a granular activated

c¿rbon filær. This water was sampled prior to
and after treaEnent for VOCs. During the study,
total VOC levels as high as 6,900 ppb were
present in the pumping well. Conaminant levels
did not drop significantly during the æst and
averaged 5,000 ppb over the entire test. These
levels were effectively reduced to non deæct by
tl¡e carbon filt¡ation unit used during the test.
Significant vapors were also observed escaping
from the test well during this phase of the study.
Sampling of these vapors found a total of
190,000 ppb of non methane hydrocarbons
present.

3.2 Interim Remedial Measures:

An Interim Remedial Measure (IRM) is
implemented when a source of contamination or
an exposure pathway can be effectively
add¡essed before completion of the RIIFS. A
direct pathway of exposure was established
between contaminated groundwater from the site
and the impacæd homeowner wells. Based on
this finding, an IRM was conducted at the site.

Carbon filtration units were installed on three
private wells at residences G, I and K to prevent
exposure to the conaminaæd groundwaær. (see
Figure 2) Bottled water has also been provided
to residence G and the Route 9G Garden Cenær.
The Garden Center only uses iæ well seasonally
for irrigation purposes. Residence G is on a
carbon filtration unit, but due to the high levels
of contaminans in thei¡ well, they have
experienced breakthrough on occasion. The
carbon filtration unit at residence K was
zubsequently removed at the request of the
owner. Responsibility for the carbon filtration
unit at residence I was trrned over to Mr. Fried
in August of 1991, as this well was no longer
showing contaminâtion.

NOW CORFOR.ATTON SITE
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3.3 SummnrJ¡ of [Iuman F'*Jxrsure
Pathways:

Bas€d on the results of the remedial
investigation, an evaluation of this site's impact
on human healttr was performed. This
evaluation, referred to as the baseline risk
assessment in the RI/FS report, reached tl¡e
following conclusion: that noncarcinogenic
(systematic) and carcinogenic health effects may
impact in both cunent and hypothetical fr¡ture
residents.

In üe human health evaluation (HHE), ttre
Iikelihood of noncarcinogenic effects is indicated
by the tazard index, while the risk of
carcinogenic effects is presenæd as a probability.
A hazard index greaûer than one indicates that
adverse noncarcinogenic effects may occur. A
risk greater than the New york State Deparþnent
of llealth's remediation risk goal of lxl0{
indicaæs that there is an unacceptable excess risk
of carcinogenic. effecs.

For current residenb, the noncarcinogenic
heza¡d irdex ranges from 0.4 to 2. For
h¡pothetical fun¡re residents, üe hazard index
ranges from 4 ûo 14. Tbe elevated ha"ard
indiccs are primarily due ûo the presence of
arsenic, chromiurn, and manganese in soil, and
manganese in groundrvater. It should be noted,
however, úat óe presence of tlrese metals is not
considered to be a result ofhazardous wasæ
diqposal. The increåsed levels of manganese in
groundwater can þ explained by the high natual
ranges of this metal in soils and variations in
bedrock mirnralogy in the area.

For carcinogenic effecß, the risks for the cruìrent
residens ranged from 5xl0{ to 2x1ûs. Current
exposr¡res to the conbminaæd groudwater were
not considered in this risk evah¡ation as they are
presently prevented ftrougb the use of carbon
filfatio¡ unib. For-h¡nûretical fu tt¡re residents.
the risks ranged fiom 4xltt ø Zxlú. Wiürour
furürer remedial activities on úis siæ, additional

exposures will occur as the contaminaæd
g¡oundwater migrates to unprotected zurrounding
homeowner wells and potential future residences,

Risks for all receptor groups exceeded the
NYSDOH remediation risk goal of lxl0{. The
increased risk to these receptors is primarily due
to the presence of l,l dichloroethene and
trichJoroethene in groundrvater.

The fact that carcinogenic risk exceeds the DOH
goal of lx10{ denoæs an increased cancer risk of
one in a million and indic¿tes that remediation is
warranted ûo protect future residenß.

3.4 Summary of F nvironmental Exposure
Pathways:

Adverse ecological effects as a rezult of exposure
of biota to contrminants at the site are minimal.

SECTION 4: ENFORCFMF.NT STATUS

The Poæntial Responsible Parties (PRP) for the
site include:

Robert P. Fried
Hollow Ræd
Straatsburg, N.Y. 125E0

Ho€sùt/Celânese Corp.
Route 2Ã2-206
P.O. Bo¡2f)0
Sommerville, N.J. 08876-125E

The PRPs failed to implement tbe RI/FS at the
site when reguesæd by rhe I-IYSDEC. After the
remedy is selected, the PRPs will again be
contacted to assume responsibility for the
remedial program. If an agreement canmt be
reached wiür the PRPs, the NYSDEC will refer
the siæ for further action under the Sate
Superftrd Program. The PRPs are subject to
legal actions by the Saæ for recovery of all
response cosß the saæ has incr¡rred.

NO\[' CtR POR.ÀT|ON SITE
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SECÎION 5: SIIMMARY OF THE
RF'MF'NIÂTION GOAI S

Goals for the remedial program have been
established through ttre remedy selection process
stated in 6NYCRR 375-1.10. These goals are
established under the guideliræ of meeting all
standards, criteria, and guidancæs (SCGs) for
protecting human health and the environment.

The remedy selected should eliminate or mitigaæ
all significant threåts ûo public health and the
environment presented by the hazardous waste
disposed ofat the siæ through the proper
application of scientific and engineering
principles.

The goals selecæd for this operable unit are:

t Reduee, to the extent
practical based on
technologicaT limitations, the
impacts of contaminated
groundvater to Xhe
environment.

u Reduce, to Xhe elctent
possi-ble, migration ot
eontami-nanXs ín the
groundwa¿eÍ.

t Provide tor aXtainn¡ent of
graundvater qualíty as eJose
to SCGS for gtoundwatet
ttithin the practical linits of
reaedial technoJ.ogy.

Grou¡dwaær remediation for the siæ will be
based on the effectiver¡ess of the selected
grounduater pump and reat system. This
system will be operaæd until it no longer
significantly reduces the conami¡ant levels in tl¡e
groundwaær.

SECTION 6: STMMARY OF THF
EVAI I]ATJON OF' AI.TFRNATTVFS

Upon review of the comments received at the

meeting and in correspondence during the

associated comment period for the PRAP, it was

discovered that the off-site disposal costs for the

contaminated soil was significantly under

estimated and the previously proposed remedy

rnay no longer be cost effective. Hence, the

NYSDEC will reevaluaæ tl¡e remedial
alternatives for the contaminated soil at the site.

Upon completion of tl¡e reevaluation of the

remedial alternatives a cost effective remedy will
Þ proposed to address the contamination in the

soil.

However, in order to address the public health

tfueat presented by the groundwater
contamination, ttre NYSDEC has decided to
separate the siæ into two operable units. An
operable unit is defined as a portion of the site

that can be remediaæd independently of the

remainder of the site. Operable unit I will
address the groundwater contamination and

Operable Unit 2 will be tbe remainder of the siæ.

A summary of the deailed analysis follows.

6.I : nescription ofÁlternativc

The following alternatives are inænded to
address the conaminated groundwaær on site
and to prevent &e fr¡rther migration of
contaminanß from the siæ via üre groundwaær.
Present worth values are calculated for a

discount rate of four percent.

NOIT CON,PORATTON SITE
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Present Worth:
Capial Cost:
Annrul O & M:
Time to Implement:

$ 378,000
0

$ 22,000
30 years

Alternntive l: lt{o Further Action This teated water would then be divided into
two flows. A small fraction of the treaæd water
would be reinfilraæd on siæ to help flush tl¡e
contaminants from the bedrock around the
concrete pad and to minimize groundwater
effects of the extraction wells off site. The
remainder of tl¡e treated water would be piped
and discharged into the Crum Elbow Creek.
Both flows would be monitored regularly to
assure that the treatnent unit is operating
effectively.

The system would be operaæd until it is no
longer significantly reducing the contaminant
levels in the groundwater or until groundwaær
standards are reached.

This concepnr.al design would be reevaluated and
modified as needed in the remedial design to
meet tl¡e stated objective of hydrologically
isolating and treating the groundwaær
contamination from the siæ.

6.2 Evaluation of Remedial Alternatives

The criteria used to compare the remedial
alternatives are defined in the regulation that
directs the remediation of inactive hazardous
wasæ sites in New York Sate (6NYCRR Part
375). For each of the criteria, a brief description
is provided followed by an evaluation of the
alærnatives against ftat criterion. A deailed
di5s'scisn of the evaluation criteria ar¡d
comparative analysis is contai¡¡ed in the
Feasibility Study.

The first two evaluation criteria are termed
threshold criterÍa and must be satisfied in
order for an alternative to be coruidered for
sdection.

1. Compliance with New York Sate Standards.
Criteria. anrl Guirl¡nce (SCC,s). Comptiaace
with SCGs add¡esses whether or riot a remedy
would meet applicable environmental laÌr¡s,
regulations, sandards, and guidance.

The no further action alærnative is evaluated as a
procedural requirement and as a basis for
comparison to other actions. This alternative
recognizes that carbon filtration units have been
installed on impacæd homeowner wells. It
requires continued monitoring only.

Present V/orth:
Capial Cost:
Annual O&M:
Time to Implement:

$ 1,800,000

$ 486,000
$ 163,000
7 to l0 years

This alternative would address the grourdwabr
çp¡þmine¡iorn by irsalling a system that would
wiftdraw and tre¿t the heavily contaminated
groundwater. The goal of this system would be
to reduce, to the extent possible based on
techmlogical l¡mi,.Oo^, the impacs of the
contami¡ated groundwate¡ s¡ þr¡m¡¡ he¿lttr ard
the envi¡onment.

The groundwater pumping system as
conc€ptu4lly desigped in 6e RI/FS would consist
of five pumping wells i¡ two rows to ôe
mrtheåst and souüuæst of úe building ard
concrete pad. These wells would wiúdraw a
combined flow of approximaæly 25 gallons per
minute. This contami"ation would then be
feated by passing the extracæd grounduaær
ôrough e trÊatnnent unit. The conaminants
would then be removed by carbon filtration, or
an eçivalent treåunent æchnolory. Some of
ftese extraction wells would also be equipped
with vapor extraction eçipment to teat vapors
from the bedrock.- 

- -

NOWCAnPOn^T!oN stTE
r,EconD oFDECISToN v3ßv95

PAGE 7



The r¡o furttrer action, alternative l, would not
comply with New York State SCGs, primarily
due to the continuing exceedances of NYS
Groundwater Sandards 6NYCRR Part 7 V2.

Alærnative 2 would treat the groundwater
contamination at this siæ by a purnp and reat
system. VOC conAmination in fracû¡red
bed¡ock contamination has proven to be
mitigaæd most readily by pu¡np and treat systerns
as proposed in Alærnative 2. However,
attainment of Class GA groundwater standards
måy not be possible. This is primarily due to the
presence of VOCs that are heavier than water in
a fract¡¡ed bedrock aquifer.

2. Protection of Human Health and the
Environment. This criærion is an overall
evaluation of the health and environmental
impacts to assess whether each alternative is
protective.

Alternative I would not be protective of human
he¿lü ard fte environment. This is due to the
continuing exceedances of VOCs in the
groundwater, which is used as the primary
drinking water soufce in the area.

Alærnative 2 wy rpt be protective of human
he¿lth due to the technical difficulties associated
wittr the removal of all of úe VOC
conamination in the grourdwater. However, the
levels ard associaæd risk from the VOC
contaminated groundwaær in nearby residential
wells would be greatly reduced through úre
containment and withd¡awal of ôe VOC plume
by a grourdwâter prrmp and treat system.

The next five nprimary balancing criteriañ are
used to compare the pæitive and negative
aspeds of ach of the ren¡edial strategies.

J. .Short-term Imfiacts and Fffectiveness. The
potential short-term -adverso.inpacts of the
remedial action upon tlre community, the
workers, ard the envi¡onment during the

construction and implementation are evaluated.
The length of time needed to achieve the

remedial objectives is also estimated and

compared with the other alternatives.

Alærn¿tive I would pose no additional adverse

impacts. However, as this alternative would not
include active remediation, nor would it reduce
the contamination or the risks tl¡at are associated

with that contâmination.

Corutruction activities for alærnative 2 include
soil excavation needed for the construction of the
pump and treaEnent system and well drilling.
This should not pose a risk to the community or
workers as long as action-specific SCGs for these

activities are adhered to. Air monitoring would
be performed to ensure that dust and/or VOCs
are not causing a risk to residents or workers in
the on-site building. Additionally, access

limitations, proæctive clothing, monitoring
equipment and decontamination procedures
would be used in accordance with ttre siæ Healtlr
and Safety Plan.

Impacts to the environment would consist of the
potential for contaminated soil or groundrvater to
reach Crum Elbow Creek. Plans for controlling
soil and sediment from site constn¡ction activities
would be prepared as part of the remedial design
activities.

Similarly, during üe operation of the remedy
monitoring r¡/ill be performed to insure that any
water discharged o Crum Elbow Creek does not
exceed sr¡rface waær sandards.

4. I¡rng-term Effectiveness and Permanence.

This criærion evalu¿tes the long-ærm
effectiveness of alærnatives after implemenation
of the raçonse actiors. If wasæs or treaæd
residtuls remain on site after the selecæd remedy
has been implemenæd, the following iterns are
evaluated: 1) the magpi[¡de of the remaining
risls, 2) the adeçacy of tl¡e controls inærded to

NOW COR,POR,ATION S¡TE
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Iimit the risk, and 3) ttre reliability of rhese controls.

Alternative 2 woutd permanently treat the
contaminated groundwaær by passing the
extracted groundwater contamination through
activated carbon filters or an eguivatent
treaünent method. However, due to the nature
of tlre groundwater contamination, it is
anticipaæd that some contamination would
remain. This contamination should only pose a
potential threat if groundwater on the site was
used as a potable water sou¡ce wittrout teåm¡ent.
This can be effectively managed by institutional
controls and long term monitoring of the site.

Alternative I does not contain any p€nnanent
remedies. Over the course of time, it is expecæd
that the levels of contamination in tbe
groundwaûer would reduce through natural
attenu¿tion. However, this attenuation would not
reduce the risla in a reasonable time.
Insti¡¡tional conFols and restrictions would be
rrceded indefiniæly.

Preference is given to alternatives that
permaræntly ad significantly reduce úe toxicity,
mobility or volume of the wastes at the site.

Alternative I would not reduce the toxicity,
mobility or volume of ûe wastes in the
groundrrater.

Alternative 2 would reduce the toxicity, mobility
ad volume of the contamination. This would be
accomplished by the treaÍnent systems
concenúåfing and pennanent teatuent of úre
contamination by activaæd carbon or an
eguivalent technology.

6. ImFlementahitiry. The technical and
administative feasibility of implementi ng each
alter¡¡tive is evahuted. Tgglnically, úi;
inch¡des üe difficüi'tie.s associared witt¡ rte
construction, ard &e ability to moniûor ttre

effectiveness of the remedy. Administratively,
the availability of the necessary personnel and
material is evaluaæd along wittr poæntial
difficulties in obøining specific operating
approvals.

Both of the alærnatives considered for this site
are implementable.

Alternatives I would only require annual
sampling to monitor the site's condition and
personnel t,o maintain the necessary site
restrictions. 'The 

materials and personnel for
these tasks would be readily available.

Alternative 2 would require the design,
corutruction, and operation of the groundwater
treaÍnent system. This system
would need to meet all quantitative requirements
for the discharge of treated groundwater and air
emissions from the treafnent unit. The vapor
extraction system to be included on the
groundwater extraction wells would also need to
meet all emission requirements.

The necessary materials and personnel to
construct, strrt up and maintain this system
should be readily available.

7. Cost. Capial, ard operation and maintenance
costs are estimaæd for each alternative and are
compared on a present worth basis. Although
cost is the last balancing eriærion evaluated,
where two or more alternatives have met the
requiremenß of the remaining criteria, cost
effectiveress can be used as the basis for the
final decision.

The present worth cost of üre no furttrer action,
alternative l, is $378,000.

The present worth cost of the groundwater pump
and treat system, alternative 2, is $1,800,000.
The cost can be broken down into $48ó,000 in
capial costs and $163,000 in annual

NOwCtnFonAnoN snË
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operations and maintenanc¿ costs. Both of tl¡ese

subcomponenß are in present worth dollars.

8. Community Assessment - Concerns of the
community regarding the RI/FS report and the
Febnrary 15, 1995 PR.AP have been evaluated.
A resporuive su¡runåry describing tl¡ese concerns
and detailing how the Departrnent will address
these concerns has been prepared. Ttris
responsive summary is attached as Appendix A.

Due to comments on the proposed remedy the
Departnent decided to issue a Record of
Decision for the groundwater and reevaluate tt¡e
remedial alærnatives for tt¡e on-siæ soil
contamination.

SECTION 7: SUMMARY OF THE
SFT F'CTF'.Tì RE]VÍF'NY

Based upon the results of the RI/FS, and the
evaluation presented in Section 7, the NYSDEC
is selecting Alærnative 2, as the remedy for the
groundwater, operable unit l.

Alærnative I is considered unaccepable as

human health and the environment would not þ
adequately protected. Additionally, human
health would not be protected in the fun¡¡e from
üe groundwater if the contamination migraæs to
wells without cårbon filtration units.

Alternative 2 was selecæd as the preferred
remedy. This alærnative will effectively remove
the VOC contåmination while limiting migration
of conhminants outside the site boundary. This
alærnative will also greât¡y mitigaæ the impacs
from the contamination to the environment.

The estimated present worttr cost to irnplement
the proposed remedy is $1,800,000. The cost to
constn¡ct lhe remedy, capiÞl cost, is estimaæd to
be $486,000 and the estimated annual operation
cost for 7 to 10 yearq wll¡.be a maximum of
$163,0æ.

The elemens of the selecæd remedy, are as

follows:

t Implementation of a groundwater pump

and treatment system that will reduce, to

the extent practical based on
technological limitations, the impacs of
contaminated groundwater to the

'environment. This qystem will also

cåpture and t¡eat vapors present in the

bed¡ock. These actions will serve to
conrol the migration of contaminants
off-siæ.

, Reinfiltration of a portion of the treated
g¡oundwater to help flush contamination
from the upper bedrock zone and to
reduce the impacts of the groundwater
withdrawal on neighboring homeowner
wells.

t Continue the maintenance and addition
of carbon filærs on impacæd homeowner
wells. Institutional conrols and
restrictions !o restrain the future use of
groundwater at the site.

The selected remedy, Alternative 2, will leave

hazardous waste remaining in the groundwater.
As such, a long term monitoring program will be

instiuted. This is due tLo the inherent difficulty in
removing all of tt¡e VOC conamination from a

fractured bedrock açifer. This program will
allow the effectiveness of the selecæd remedy to

be monitored. This long term monitoring
program will be a component of the operations
and mainænance plan for the siæ and will be

developed as pârt of the remedial design.

The selecæd remedy represents a sou¡rd
balancing of cost consideratioru with the need ¡o

'protect public healttr and environment by
reducing or controlling risk through treåtnnent,
engineering or institutional controls.
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APPENDD( A
Responsiveness Summary

Now Corporation Site
Site ID: 3-14-008
Operable Unit I

This document summarizes the comments and questions received by the New York State
Department ofEnvironmental Conservation (NYSDEC) regarding the Proposed Remedial Action
Plan {PRAP) for the Now Corporation site. A public comment period *aJ h.ld between February
13, 1995 and March 15, 1995 to receive comments on the PRAP. A public meeting was also held
on February 22, 1995 in the Clinton Town Hall to present the results of the Remedial
Investigation and Feasibility Study (RI¿FS) and to describe the pRAp. In addition to this
meeting, two other public meetings were held on October 14, lggT and August 24, 1993 to
discuss the RI workplan and the results of the phase I RI, respectively.

This Responsiveness Summary is comprised of verbal comments and questions voiced
during the February 22, 1995 public meeting and written comments received during the associated
comment period. Written comments were received from the followingduring the comment
period and are available in the document repository.

Janet C. Mills, February 20, 1995
Raymon Oberly, March lS, 1995
Robert S. McEwan, Jr., March lS, l99S

Frederick Loneker, March 15, 1995
Marian Zeilinski, March 15, 1995
Daniel J. Lowenstein, March 15, 1995

Upon review ofthe comments received at the meeting and in correspondence during the
associated comment period, it was discovered that the otr-sitã disposal costl for the contaminated
soils was significantly under estimated and the previously proposed remedy may no longer be cost
effective. Hence, the NYSDEC will reevaluate the remedial alternatives for the contaminated soil
at the site. Upon completion ofthe reevaluation of the remedial alternatives, a cost effFective
remedy will be proposed to address the contamination in the soil.

However, in order to address the public health threat presented by the groundwater
contamination" the NYSDEC has decided to separate the site into two oierablã units. An
operable unit (OU), is defined as a portion of the site that can be remediated independently of the
remainder of the site. Operable unit I will address the groundwater contamination and opérable
unit 2 will be the remainder of the site.

The following comments and questions are paraphrased from the written comments that
were received during the comment period or from the public meeting.

1. C: lVould my well continue to be tested two seasons a year to be assured that no
traces of VOC's have infiltrated my drinking water?



R: The New York State Department of Health will continue to monitor potentially
affected homeowner wells on an annual basis.

2. C: If left untreated, would the groundwater contamination keep expanding?

R: The groundwater contamination is presently being contained because the
groundwater is being e)r¡tracted by neighboring homeowner wells, and NYSDEC
does not anticipate the significant expansion of groundwater contamination.
However, the NYSDEC does not consider the containment of the plume by
homeowner drinking wells an acceptable remedy.

3. C: Upon review of the data, we believe that the number of wells required to remediate
the site could be reduced to 2, or 3 at most.

R: As stated in the PRAP, the described groundwater pumping system is only a
conceptual design. The Department agrees that the system as presented in the
RLIFS is not optimal. During the desigrl the number, location and withdrawal
rates for the wells will be reevaluated and modified as necessary to optimize the
operation ofthe treatment system.

4. C: I wonder how this (pump and treat system) might affect the water levels of private
wells in the vicinity, particularly in a dry season. Most of the local wells are
shallow. Can I assume there will be little or no effect?

R: The pump and treat system should have little or no effect on neighboring
homeowner wells. The low withdrawal rate (a total of approximately 25 gallons
per minute for all of the extraction wells) should only affect the groundwater level
slightly over a small area. This area should be reduced further by the on-site
reinfiltration of a portion of this withdrawn u/ater. Additionally, the pump test
held in October 1994, withdrew 17.5 gallons per minute for 3 days without any
significant impacts on any neighboring homeowner wells.

5. C: I am afraid this pumping (the pump and treatment system) will affect my well in
some way, either by drying it up or making it go sulfur again?

R: The pump and treatment system should not cause your well to go dry as explained
above. Similarly, the system should not cause the reappearance of sulfur in your
well either.

6. C: How deep are the northern most wells?.:'

R: Monitoring well pair 3/3S a¡e the northern most wells at the site. They are 88 and
50 feet deep respectively.

II
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7. C: How much were these wells impacted during the pump test (72 hour constant rate
test)?

R: Both of these were only minimally impacted by the test. The water level in these
wells actually rose due to rainfall that occurred during that test.

8. C: Why wasn't a pump test per:formed for the southern portion of the site?

R: A second pump test'was considered; however, it was determined that the one
performed was adequate to charactenze the bedrock beneath the entire site.

9. C: Does the casing in the monitoring wells go all the way down to the bedrock?

R: Yes, all of the on-site monitoring wells are cased all the way down to the bedrock.

10. C: What are the wells in the parking lot (flush mounted ones)?

R: These are soilvapor extraction wells. They are constructed similarly to
groundwater wells, but they contain no water as they do not go down into the
groundwater table. They were used to extract vapors out of the ground during the
soil vapor extraction treatability study, conducted in October 1994.

11. C: Which wells are of a large diameter?

R: Monitoring well TW-l is the only large diameter well presently at the site. It
is 6 inches in diameter.

12. C: Why not use the uncontaminated wells on the site as a substitute drinking water
source for the affected homeowners?

R: The use of any monitoring wells as a drinking water well would be difficult due to
their construction. Additionall¡ pumping these wells may draw the contamination
into them. It is more practical and safer to continue to use carbon filtration units
on the affected homeowner wells until the remedial action is complete.

13. C: Why not pump out of the Residence G Welt?

R: The pumping wells used in a pump and treat system are constructed differentty
than those used for a household. Additionally, the New York State Department of
ft¡Aln prefers that homeowner wells do not become part of a remedy.

14. C: How often anC how long will residence G continue to be sampled?
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R: The present practice of sampling residence G quarterly will continue untilwe have

evidence clearly indicating that it can be sampled at a longer interval.

How long would it take to remediate the site if you simply bought the impacted
properties since you will not be able to get all of the contamination out of the

bedrock aquifer?

New York State law does not allow us to buy out properties unless the property is

needed to physically construct a remedy. If the Residence G well was removed

from service, the contamination would most likely migrate and impact the next

well downgradient. Presently, the contamination is confined to a small area, and

can be gfeatty reduced by a groundwater pump and treat system. This remediation
should not only prevent the contamination from spreading, but greatly reduce the

levels in the Residence G well.

Will that well (Residence G) clear up?

The pump and treat system is expected to greatly reduce the levels in that well.

Over time, the contamination levels in this well should become non detectable.

Where were the highest concentrations of soil contamination located?

The highest concentrations of soil contamination were in soil borings 33, 40, 39

and 19. Soil boring 33,40 and 39 are located just north of the manufacturing
building and soil boring l9 is located near the south east corner of the concrete
pad. These borings all exhibited contamination by several volatile organics,
notably, trichloroethene and dichloroethene.

What is the areal (horizontal) extent of the soil contamination along the North side

ofthe building?

This contamination is between the north wall of the building and the access road
that circles the building

Why were borings advanced through the concrete pad that the warehouse use to
sit on?

These borings were advanced to confirm the geology beneath the concrete pad.

Theseborings atso allowed the sampling of these soils to assess any contamination
beneath the pad. These samples showed the contamination was predominantly
around the edges ofthe concrete pad.

15. c:

16. c:

R:

17. c:

R:

r8. c:

R:

19. c:

R:

R:
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20. C: Why are we reinfiltrating water in an area where we do not have any soil
contamination (along the SE side of the concrete pad)?

R: The reinfiltrated water is intended to mainly flush the contamination out of the
underlying bedrock. This area was chosen as the place where the small amount of
reinfiltrated water would create the greatest flushing affect, considering the
induced groundwater flow direction from the extraction wells and the natural
groundwater flow direction in the bedrock. This location and the amount of water
introduced will be reevaluated in the remedial design and modified as necessary to
optimÞe the overall remedy.

21. c: won't there be a certain amount of natural infiltration and flushing?

R: Yes, but the introduction of additional water should considerably speed up this
naturalflushing.

22. C: You are not going to cap it?

R: No, the proposed remedy did not include capping the parking area or the area of
the reinfiltration gallery. The capping of the parking lot was considered in the
Remedial Investigation and Feasibility Study report, but was not included in the
selected remedy.

23. C: fVhat did the magnetometer survey find?

R: The data produced by the magnetometer survey indicated 5 areas with anomalous
readings. These anomalies represented locations that were likely to contain
surface or subsurface metallic objects, which could have included buried drums
and/or tanks. Based on this data" and visual observations, test pits were dug which
revealed various subsurface metallic debris and one partially filled, intact drum.
The sampling of this drum indicated that it contained no hazardous material.

24. C: What can the Department ofEnvironmental Conservation do to prevent the
subdivision or the development of the remaining acreage of the property the site is
on? '

R: The Department will not allow any activities on the site (15 acres of the property)
that will impede the remediation of the site. However, the development of the
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remaining acreage of the property or the adjoining properties would fall under the
juridiction of the Dutchess County Department of Health and the Town of Clinton
ZonngBoard.

25.C: How would the NYSDEC prevent such activities (that would impede the remedy),
could the Department place a lien or deed restrictions on the property?

R: Unless the owner consents to a deed restriction, any legal restriction by the
Department would be pursuant to court action.

26. C: What can the Department do to prevent the site owner from contaminating
the site again?

R: The Department can initiate an enforcement action to stop any activities that are
recontaminating the site.

27. C:What is the time frame for the completion of this remedy?

R: The Potentially Responsible Parties (PRPs) were contacted again, and asked to
undertake the selected remedy. Assuming no significant delays in their acceptance,
the design should begin by early summer 1995. If the PRPs are unwilling or unable
to implement the remedy, the NYSDEC will start the design in the summer of
1995 using a state superfirnd consultant. This design would then be completed by
the winter of 1995 in anticipation of starting construction in the spring of 1996.

28. c:since the proposed remedy is so expensive, who will pay for it, and if the
state pays for it, will it be funded throughout or could monies be withdrawn before
completion?

R: If the PRPs are unwilling or unable to undertake the selected remedy, the funds for
the selected rønedy will come from the State Superfund. At this time, there is
sufficient money in the Superfund to cover the anticipated cost of this project.

29. C: Will there be any cost to the local government with regards to the remedy?

R: No, there willbe no costs to the local government,

30. c: The Town of clinton" would like to be provided a copy of the DEC rules,
regulations and laws pertaining to the current and future use of the property, a
plate showing the identified fifteen acres ofthe site and the placement of markers

-_:-_on the,boundaries of the site.

R: The I'IYSDEC will provide a copy of the regulations pertaining to the current and
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31. C:

R:

32. C:

future usage of the site to the Town, as well as the local repository. Similarly, a

map outlining the site boundaries will be provided. This boundary will be surveyed
in and marked during the construction phase of the remediation.

Who will be the contact person for the project during the remedial design and
construction?

Erin ODell-Keller, the Region 3 citizen participation specialist, will be the contact
person, and will be able to direct you to the project manager. She can be reached
at (914) 256-3154, or by mail at the New York State Department of
Envi¡onmental Conservation, Region 3 office, 2l South Putts Corner Road, New
Paltz, l.IY I 256 I - I 696.

What was the original volume of the contaminants that are now causing this
groundwater contamination?

R: This is difficult to estimate due to uncertainties in the volume of groundwater in
the bedrock and the possibility of highly concentrated contaminants in some of the
bedrock fractures. By using engineering assumptions and mass balance equations,
it is estimated that a few hundred gallons of product or waste could have caused
this contamination.

33. C: What are present worttE capital costs and operation and maintenance costs?

R: Present worth is the total cost of the remedy if all future costs were discounted and
paid in the present. Capital costs are costs associated with the purchase of
equipment or construction of the remedy. Operatìon and Maintenance coss are
future costs that will be paid to operate and maintain the remedy.

A number of questions and comments were raised regarding remedial alternatives (ofÊsite
Iand disposal and low temperature thermal desorption) for soil contamination as presented in the
PRAP and the RI/FS report. Upon completion of the reevaluation of the remediat alternatives,
responses to these comments will be presented in the ROD for Operable Untt 2.
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DECLARATION STATEMENT - RECORD OF DECISION

Now Corp. Inactive Hazardous Waste Site
Clinton (T), Dutchess County, Itlew York

Site No. 3-14-008
Operable Unit 2

Statement of Purpose and Basis.

The Record of Decision (ROD) presents the selected remedial action for the Norv Corp.
inactive hazardous waste disposal site rvhich was chosen in accordance with the New York State
Environmental Conservation Law (ECL). The remedial program selected is not inconsistenr with :

the National Oil and Hazardous Substance Pollution Contingency Plan of lvfarch 8, i990
(40cFR300).

This decision is based upon the Administ¡ative Record of the New York State Departrnent
of Environmental Conservation (NYSDEC) for the Now Corp. inactive hazardous waste site and
upon public input to the November, i995, Proposed Remedial Action Plan (PRAP) presented to

. thepublic bytheNYSDEConJanuraryll; 1996. Abibliographyofthedocumentsincludedas
4 ño* ^F rho Administrative Record is included in Appendix B of the ROD.Cl PdrL Ur. tli(

- 
Assessment of the Site

Acrual or tfueatened release of hazardous waste constiruents from this site, if not addressed
hrr imnlamavr u'vrer¡rwnting the response action selected in this ROD, presents a current or potential th¡eat
to public health and the environment.

Description of Selected Remedy

Based upon the results of the Remedial investigation and Feasibliry Srudy (Ri/FS) for the
No"v Corp. site and the criteria identified for evaluation of alternatives, the NYSDEC has selected
to complete the remediation of this site with a limited soil removal and the on site treatment of
these soils. The components of this remedy are as follows:

e The excavation and on site treatmen, of roit, with over 700 ppb ol trichloroethene, locared near
the northeast corner of the building (area A), along the drainage ditch near the northern corner of
the building (area B), and the south corner of the concrete pad (area C).

o The excavation and on site treatment of the weathered bedrock wirh over 700 ppb of
trichloroethene, located near the northeast corner of the building (area A), and along the drainage
ditch near the northern corner of the buiiding (area B).



The on site trearment of these soils and rveathered bedrock by a lorv temperarure thermal
desorption unit or a comparable technology.

ìYerv York State Department of Health Acceptance

The Nerv York State Departrnent of Health (NYSDOH) concurs with the remedy selected
for this site as being protective of human health.

Declaration

The selected remedy is protective of human health and the environment, is designed to
comply with State and Federal requirements that are legally applicable or relevant and appropriate
to the remedial action to the extent practicable, and is cost effective. This remedy utilizes
perrnanent solutions and alternative treatrnenl or resource recovery technologies to the maximum
extent practicable, and satishes the preference for remedies that reduce the toxicity, mobiliry, or
volume of the wastes.

Date Jr.,
Division of Hazardous
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RECORD OF DECISION

"NolY Corporation Site"
Clinton, Dutchess County, Nery York

Site No. 3-14-008
Operable Unit 2

lVlarch. 1996

whereas the depth to bedrock along the centers
SECTION 1: SITE LOCATION AND of the valleys may be greater rhan i00 feet.
DESCRIPTION

The bedrock in this region is typically shale,
The f,íow Corporation site consists of the which has undergone extensive folding and
developed portion of a 94.5 acre parcel of fracruring. These fracrures rypically dip
properry owned by lvf r. Robert Fried in the steeply and strike to rhe norrheast. Regionally
Torvn of Cliirton, Dutchess Counry (see Figure groundwater florvs rorvard the Hudson River.
l). This developed portion of the property However, iocal flow is controlled by the
consists of approximatety l5 acres along Route fracruring.
9G. It contains one industrial building and an
adjacent concrete pad-where a warehouse The Norv Corporation site is located on the
destroyed by fire in i989, once stood. This easiern edge of a valley. The bedrock is found
portion of the property, "the site", is bordered at the surface to approximately thirty-five feer
by route 9G and residential homes on the north- below grade. The bedrock is a shale which is
nonhrvest and an inactive sand and gravel pit partially covered by rill, sand and gravel.
on the south. The east and west sides are Groundrvater flow occurs at the site along
bound by overgrorvn fields and woods. preferential fracruring on a norrheast-sourhwest

trend. These conditions are consistent wi;h the
The site is geographically located within the known regional conditions.
upland section of the Appalachian Highlands.
Valley and ridge topography is the dominant The groundrvater flow in the bedrock aquifer is

fearure in this region, rvith the valleys being the primary source of drinking water in rhe
deeply incised bedrock which have been filled area.
with thick alluvial and glacial deposits. Typicai
among these deposits are clays, silts, gravels
and till. These deposits tend to form gently
sloping floors rvith sreep, to moderately steep
ridges along the valley rvalls. Along these
valley rvalls bedrock outcrops are common,



SECTION 2: SITE HISTORY

2.L: Operational/Disposal History

The properfy was purchased by Mr. Robert
Fried in August i957. Since the early 1960s,
various businesses have operated on the site
including: lvfodern r\[achine and Tools (1961-
I97I), Virginia Chemicals, Inc. (1969-1977,
bought out by Hoechst Celanese in 1981), Now
Corporation (1970s and 1980s), Now Plastics
(1982-1988 according to Mr. Fried), K&K
Carpet, Tiffany lvfarble of Nerv York, South
American Development Corporation, and B&R
Specialties, Inc. (current tenant),

The first investigation of the site, in 1975,
consisted of the sampling of an on-site well by
the Dutchess County Heakh Department
(DCHD). The samples collected lvere analyzed
for metals and general water chemistry
parameters only. Sample results showed only
manganese at levels exceeding rhe state
Sanitary Code. This manganese is narurally
present in the groundr,vater due to the
s,urrounding soils.

The site was added to the registry in
December, 1983. as a class 2a site due to
allegations of on-site disposal of tank rinsing
solutions.

A Phase I investigation was conducted in 1983

by NYSDEC. This Phase I investigation
attempted to establish a Hazard Ranking Score
(HRS) to better evaluate the site. A Phase II
investigation was reconimended to complete the

HRS accurately, since the Phase I investigation
did not include any groundrvater, soil or air
sampiing.

In February, 1989, following a fire in the
warehouse, samples of runoff water and water
from three nearby homeorvner rvells were
collected. The runoff water contained low

levels of benzene, toluene, ethylbenzene,
trichloroethene and i, l,l-trichloroethane.

In this initial sampling no volatile organic
compounds ',vere detected in the nearby
homeorvner rvells. However, follow up

sampling in April, 1989, detected the presence

of several VOCs in two residential wells.
From 1989, to the present, one of these wells
has consistently shorvn contamination with
VOCs.

In October 1989, the department began sending

bottled water to residences G and I (see Figure
2). In February 1990, granular activated
carbon systems were installed on their water
systems.

In August 1990, the NYSDEC reclassified this
site to a class 2. A class 2 site presents a
significant threat to public health and/or the

environment. In July 1992, a work assignment

was issued to perform a Remedial Investigation
and Feasibility Srudy (zu/FS) unìer the State

Superfund Program.

In April, 1994 a granulated activated carbon

system was also installed on residence K.

SECTION 3: CIIRRENT STATUS

The NYSDEC, under the State Superfund
Program, has conducted a Remedial
Investigation/ Feasibiliry Srudy (RI/FS) to
address the contamination at the site. The
NYSDEC presented a Proposed Remedial
Action Plan (PRAP) to the public at a January
11, 1996 meeting. The PRAP outlined the

remedy the NYSDEC proposed for on site soil
contamination at the Now Corporation Site.

This contamination has been designated
Operable Unit 2 of the site.

This operable uni¡ was created in response to
public comments on the PRAP that was

},iOW CORPORATION SITE
RECORD OF DECISTON
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originally presented to the public. That PRAP, potential for buried drums and/or tanks
dated February 15, 1995, dealt with both the which may contain waste in this area.
groundwater and on site soil contamination
related to the site. During the public comment r A site wide soil gas survey lvas
period on that plan, significant concern rvas conducted at 145 locations. These
raised regarding the appropriateness of the locations were selected near and
recommended soil remedy. To properly downgradient of suspected source areas
reevaluate the soil remedy without delaying the to identify areas of soil and possibly
remediation of the contaminated groundwater, a groundwater contamination. See
Record of Decision (ROD) for the attached Figure 3.
groundrvater contamination (Operable Unit l)
was issued in ìvlarch 1995. The Remedial r Six test pits were completed to
Design for the groundrvater remedy is on-going investigate anomalies detected during
and expected to be completed in the spring of the soil gas and magnerometer surveys.
1996. Comoosite soil samoles were taken in

conjunction with these test pits to better
define any contamination present in
these areas. See attached Figure 4.

3.1: Summary of the Remedial
Investigation r Soil borings were also installed to

collect subsurface soils for chemical
The purpose of the RI was to define the narure analysis. Please refer back to Figure 4.
and extent of any conramination resulting from
previous activities at the site. r Fifteen groundwater moñitoring wells

were installed to determine the
The RI rvas conducted in trvo phases. The first chemical analysis of groundwater, as

phase *as conducted between July 1992 and, well as the ph,vsical pioperties of on
Aprit 1994, the second phase betrveen April site hydrogeologic conditions.
1994 and January 1995. A report entitled Drafr
Final RI/FS Report, January 1995, has been r The sampling of several nearby
prepared detailing the field activities and homeorvner rvells to determine the
findinoc nF th¿ ÞI presence and levels of groundwater

conramination off-site.
The [irst phase of the RI activiries consisred of
the following: r Surface rvater and surface soil sampling

ivere also performed to define the
I Review of historical documents and condition of on-site surface soils and

aerial photographs, to determine intermitrent water.
potential disposal areas on and near the
site. r Surface water and sediment samples

r A magnetic survey was conducred in ;îJl5:i,T:i.1ifii'ffli?i'il;
the area ol alleged rvaste disposal. This impact on this water body by the NOW
survey rvas intended to determine the Corporation sire.

NOW CORPORÄTION SITE
RECORD OF DECISION
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After a preliminary assessment of the first
phase RI results, a second phase was conducted
to gather informarion necessary to develop
remedial alternarives.

During the second phase of the RI, the

follorving additional rvork was performed:

r A treatability srudy was performed.
This srudy was to determine how
successfui a pump and treat
groundwater system would be at

remediaring the contamination in the
fracrured bedrock beneath the site.
This srudy included the implementation
of a treatment utilizing granulated
activated carbon on a small scale to
determine its effectiveness so that the
annronria¡e size and cost of the

equipment to remediate the entire site
by this method could be established. A
pumping rveil and five observation
wells on the ridge to the north of the

industrial buildine were also installed.

r_ A séparare trearability srudy was
performed to determine horv effective a

soil vapor extraction system would be
- at treating the subsurface soil

contamination in the parking lot area of
the site.

Additionally, si.rteen soil samples were taken in
June 1995, to bener delineate the areas of soil
contamination detected in rhe RI investisation.

The analytical data obtained from the RI and
subsequent sampling were compared to
applicable Standards, Criteria, and Guidance
(SCGs) in determining remedial alternatives.
Groundwater, drinJcing water and surface water
SCGs identified for the Now Corporation site
rvere based on NYSDEC Ambient Water

Quality Standards and Guidance Values and
Part V ol NYS Sanitarv Code.

Based upon the results of the remedial
investigation in comparison to the SGGs and
potential public health and environmental
exposure routes, it rvas determined that in
addition to the groundwater, certain on sire

soils also require remediation.

ON SITE SOILS

The remedial investigation revealed that in
certain areas of the site there are soils
contaminated by chlorinated compounds.
Notable of these chlorinated compounds are

trichloroethene (TCE) and 1,2 dichloroerhene
(DCE). Cenerally, this soil contamination is

present in four areas. These areas are shown
on Figure 5.

Two of these areas are located along the
northern side of the present industrial buildino
between the building's wall and the access

road. During the RI investigation there were
two "hot spots" detected in this area, one
located near the building's northèrn corner and
another near the building's northeastern corner.
Samples from soil boring SB-33 contained
78,000 (ppb) of TCE and 400 ppb of 1,2
dichloroethene, soil boring SB-39 contained
32,000 ppb of TCE, and SB-40 contained
40,000 ppb of TCE. Ail of these values
exceed DHV/R guidance cleanup objectives of
700 ppb for TCE and 300 ppb for 1,2 DCE.
However, based on field observations, the
contamination was believed to exist not only in
these locations but throughout this general area

and to extend into the underlying rveathered

bedrock. The bedrock throughout this area is
very shallow and weathered, very loose and

easily broken up. During the Ri investigation
this zone rvas reported to have a strong solvent
odor, but could not be analyzed because of its
narure.

To better determine the extent of the
contamination through this area, additional
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samples lvere taken in June, 1995. The
locations and results of these samples are

shorvn on Figure 5, along with those from the
RI, and indicate that rhe contamination is

confìned to two distinct locations in this area.
The first is near the northeast corner of the
building and includes samples SB-33, SB-39,
SB-53, SB-54 and SB-52. This area is outlined
on Figure 5 and labeled area A. Sample SB-53
contained 25,000 ppb of TCE and 1,200 ppb of
Cis-1,2-dichloroethene (Cis-1,2-DCE), SB-54
contained 22,000 ppb of TCE and SB-52
contained 2,200 ppb of TCE.

The second area is along the drainage ditch
near the northern corner of the buiiding. This
area is labeled area B on Figure 5 and includes
samples SB-40 and 58-60. Sample 58-60
contained 6,200 ppb of TCE.

All of these values exceeded DHWR guidance
cleanup objectives of 700 ppb for TCE and 250
ppb for Cis-1,2-DCE.

This additional fieldrvork also included rhe

s_ampling ot' the underlying weathered bedrock.
This sampling lound rhac the conramination rvas
greater in the overlying surface soils than in the
rveathered bedrock. Horvever, it is believed
that in some places the wearhered bedrock
underlying areas A and B, has contamination
above standards, i.e. SB-52 with 2,200 ppb of
I \-E..

The third area is Iocared near the sourh corner
of the concrete pad around soil boring SB-19.
This area is labeled area C and is also shorvn
on Figure 5. The TCE concentrarion in soil
boring SB-19 was 32,000 ppb, which greatly
exceeds the soi[ cleanup objective of700 ppb.
The contamination in this area tvas and still is

believed to be localized around SB-19, as none
of the adjacent borings taken during the RI
investigation or in June, 1995, shorved
significant contamination. Furthermore, these

additional samples showed thar the levels in the
underlying bedrock rvere significantly lower
than those present in the overlying surface
soils. The weathered shale bedrock is very
clayey and would be expected to retain a

significant portion of the contamination as it
migrates downward. However, the weathered
bedrock interface here was dessicated and has

been disrurbed.

The fourth area is located between the loading
docks of the current industrial building and the
concrete pad, and extends rvest into the
parking lot. During the RI investigation the
concentration of 1.2 DCE in Test Pit 5 was 750
ppb and xylene in soil boring SB-16 was 1,300
ppb. These levels slightly exceed the DHWR
guidance levels of 300 ppb and 1200 ppb,
respectively. The soils in the parking lot
ranged from 0.5 to 1,200 ppb for total VOCs,
with an average concentration of 310 ppb,
excluding SB-16. No additional sampling was

done in this area in June, 1995. 
_

The contamination in the parking lot appears to
be limited to a depth of 5 feet or less belorv
grade, except in the area of SB-16. Soil
sampling also detected the presence of
benzene, ethylbenzene and toluene in this area

suggesting that reponed underground fuel oil
tanks in this area may be leaking or were
involved in overfills, leaks and spills in the
past. Five tanks, in this area, are believed to
have been excavated by the site orvner Mr.
Fried. However, the complete details of this
action have not been verified.

The soil contamination appears to be limited to

these four areas. The source(s) of the VOC
contamination are believed to be related to the

disposal of chlorinated organic compounds in
limited areas and possibly disposal into sinks
and drains rvhich subsequently drained to the

leachfield located under the main parking lot
(area D). Another likely source of the
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contamination may have been the warehouse
where the chemicals were stored. During the
fire, chemicals were released and washed into
the soil. The contamination in the soils has

migrated into the groundwater found in the

fractured bedrock beneath the site. It is
believed that precipitation infiltrating through
the overlying unsarurated and unconsolidated
soils has carried the contaminants with it. This
migration could also be occurring by means of
the on-site septic system that is near or in direct
contact with the bedrock.

Treatabilitl' Stucly

Based on this information, a treatability srudy
was performed to determine the effectiveness of
a soil vapor extraction system (SVE) to remove
the contamination in the parking lot area (area

D). This technology was not considered for
remediating the soils in areas A, B and C due
to their shallorv depth to bedrock and fine
.grained narLlre. During the test, the levels of -

oxygen (O,), carbon dioxide (CO,) and total
volatile hydrocarbons (TVH) were monitored in
the vapor extraction rvell and several
surrounding monitoring points. The O"
concentration levels shorved significant
increases during the test. Subsequently, the

CO,levels shorved significant increases too.
These results, combined with a steady decline
in the TVH levels in the extraction well (from
94 ppm to 37 ppm ) throughout the test indicate
that volatization and aerobic biodegradation of
the VOCs lvere occurring. The effective radius
of the SVE system during this srudy was
estimated to be 65 feet.

One week after the test, the system was rurned
on again. Additional soil gas samples were
immediately taken and retaken after the system
rvas allowed to run an additional 3.5 hours.
The first sample, rvhen the system rvas turned
on, contained 6 ppm, and the second sample
contained 42 ppm of total volatile organics.

The increase is due to the influx of soil gas

from less remediated soils around the wells.
The results of these samples, showed that the

soil gas concentrations had returned to a high
level. but had not reached the concentrations
that were present before the initial SVE test.

This srudy indicates that the use of a soil vapor
extraction system in area D would be affective
in removing the contaminants from these soils.
Horvever, it was determined that the marginal
increase in the overall remediation of the site
would not warrant the expendirure of additional
efforts on this area.

3.2 Interim Remedial iV[easures:

An Interim Remedial lvfeasure (IRM) is

implemented when a source of contamination
or an exposure pathway can be effectively
addressed before completion of the RI/FS. A
direct pathway of exposure was established
between contaminated groundwater from the

site and the impacted homeownei wells. Based

on this finding, an IRìvl was implemented at the

site.

,.,..
Carbon filtration units were installed on three
private wells at residences G, I and K to
prevent exposure to the contaminated
groundwater (See Figure 2). Bottled water has

also been provided to residence G, F, B and

the Route 9G Garden Center. The Garden
Center only uses its well seasonally for
irrigation purposes. Residence G is on a

carbon filtration unit, but due to the high levels

of contaminants in their rvel[, they have

experienced breakthrough on occasion. The
carbon filtration unit at residence K was

subsequently removed at úe request of the

orvner. Responsibility for the carbon filtration
unit at residence I was rurned over to Mr. Fried
in August of 1991, as this rvell was no longer
showing contamination. Bottled water is being
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provided to residences B and F due to recent groundrvater were nor considered in this risk
increases of contaminant levels in their rvells. evaluation as they are presently prevenred

through the use of carbon filtration units. For
3.3 Summary of Human Exposure hypothetical furure residents, the risks ranged
Pathrvays: from 4x10{ to 2xl0{.

Based on the results of the remedial Risks for all receptor groups exceeded the
investigation, an evaluation of this site's impact NYSDOH remediation risk goal of lx10-6. The
on human health was performed. This increased risk to these receptors is primarily
evaluation, referred to as the baseline risk due to the presence of 1,2 dichloroethene and
assessment in the RI/FS report, reached the trichloroethene in the groundwater and on site
follorving conclusion: that noncarcinogenic soils.
(systematic) and carcinogenic health effects
may impact both current and hypothetical The fact that carcinogenic risk exceeds the
furure residents. DOH goal of lx10'6 denotes an increased

cancer risk of one in a million and indicates -

In the human health evaluation (HHE), the that remediation is warranted to protect current
likelihood of noncarcinogenic effects is and furure residents.
indicated by the hazard index, while the risk of
carcinogenic effects is presented as a 3.4 Summary of Environmental
probability. A hazard index greater than one Exposure Pathrva.vs:
indicates that adverse noncarcinogenic effects
may occur. A risk greater than the Nerv York Adverse ecological effects as a result of
State Department of Health's remediation risk exposure of biota to contaminanis at the site are
goal of lxlO'ó indicates that there is an minimal.
u,nacceptable excess risk of carcinogenic
effects.

SECTION 4: ENFORCEiVIENT STATI,'S
Forcurrent residents, the noncarcinogenic
hazard index ranges from 0.4 to 2. For The Potential Responsible Parties (PRP) for the

hypothetical future residents, the hazard index site include:
ranges from 4 to 14. The elevated hazard
indices are primarily due to the presence of Robert P. Fried
arsenic, chromium, and manganese in soil, and Hollorv Road
manganese in groundrvater. It should be noted, Straatsburg, N.Y. 12580
horvever, that the presence of these metals is

not considered to be a result of hazardous waste Hoescht/Celanese Corp.
disposal. The increased levels of manganese in Route 202-206
groundwater can be explained by the high P.O. Box 2500
narural ranges of this metal in soils and Sommeryille, N.J. 08876-1258
variations in bedrock mineralogy in the area.

The PRPs failed to implement the RI/FS at the

For carcinogenic effects, the risks for the site when requested by the NYSDEC. This
current residents ranged from 5x10'ó to 2xl0's. rvork was then performed under the State

Current exposures to the contaminated Superfund Program. The PRPs were requested
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to implement the remedial design for the site State groundlvater standards Although this
prior to the designation of these operable units. groundwater remediation rvill address the
They declined to undertake this responsibility, primary threat ro the public health and the
but they are still subject to legal actions by the envirönment, the levels of conramination in the
State for the recovery of all of the costs the soils warrants remediarion as lvell. Not only
State has incurred. are the levels high enough to be a risk to public

health and the environment, but they will also
SBCTION 5: SUùIùIARY OF TIIE act as a continuing source of contamination that
REùÍEDIATION GOALS would impede groundwater remediation.

Goals for the remedial program have been
established through the remedy selection SECTION 6: SLilVtrVfARY OF TIIE
process stated in 6NYCRR 375-1.10. These EVALUATION OF ALTERNATTYES
goals are established under the guideline of
meeting all standards, criteria, and guidances Upon review of the comments received at rhe
(SCGs) for protecting human health and the meeting and in correspondence during the
environment. associated comtnent period for the original

PRAP (dated February 15, 1995), it was
The remedy selected should eliminate or discovered that the off-site disposal costs for
mitigate all significant threats to public health the contaminated soil was significantly under-
and the environment presented by the estimated and would no longer be cost
hazardous waste disposed of at the site through effective. Hence, the NYSDEC decided to
the proper application of scientific and reevaluate the remedial alternatives for the
engineering principles. contaminated soil at rhe site.

The goals selected for this operable unic are: A summary of the detailed analysis of the

alternatives for Operable Unit 2 is presented
r Reduce or e-ljmjnaCe the voTume belOw.

- of con¿awinaced soiL aÈ Èåe
si te, in order Eo reduce or
el,imiaa ¿e any addi¿ional-
?Yôô<tt rÞ rÕ rha nttþ.l i ¡ hoa 1 rh ' 6.1: Description of Alternatives

. E¡iminaËe the Jong term The following alternatives are intended to

migracion of conE,aminancs jnËo address the contaminated soil on the site and to

E.he g:ound.wat,er. prevent the further migration of contami¡ants
from the soil into the sroundwater.

Present worth values for these alternatives are
Groundwater remediation for the site will be the same as capital costs since no annual
based on the elfectiveness of the selected operation and maintenance cost will be
groundwater pump and treat system. This necessary. O&M cost is already included in
system will be operated until it no longer the selected remedy for OUl, groundwarer
significantly reduces the contaminant leveis in remediation.
the groundwater or it meets the Nerv York
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Alternative 1: No Further Action

Present Worth: S 0
Capital Cost: 0
A¡¡ual O&lvl: S 0
Time to Implement:

The no further action alternative for soil
contamination is evaluated as a procedural
requirement and as a basis for comparison to
other actions. This alternative recognizes that
carbon filtration units have been installed on
impacted homeorvner wells and groundrvater
will be remediated as outlined in the ROD for
Operable Unit Ol. It only requires continued
monitoring of the groundwater. The result of
no cost for this alternative assumes that the
annual cost of 522,000 dollars for the
groundrvater monitoring would be funded by
Operable Unit 01.

A,lternative 2- Limited Removal ancl Disnosal
of Contaminatecl Areas A. B and C

contaminated soil near the south corner of the

concrete pad, area C, would be excavated as

well. The soil rvould be excavated for a ten

foot radius around sampling point SB-19, and
to a depth of 2 feet.

The contaminated soil from these three areas

would then be sampled and disposed of a¡ an

appropriate facility. Based on samples raken
previously, it is anticipated that the excavated

soil (263 cubic yards) would be disposed of off
site at a permitted hazardous waste landfill.

It would be the goal of this removal to remove
all of the soils that contain 700 ppb or more of
trichloroethylene from the top 2 feet in areas

A, B and C. Confirmatory samples would be

taken to insure the effectiveness of this
removai. These excavations would then be

backfilled rvith clean soil.

Alternative 3 - Removal and Disposal of Hot
Snot Areas A. B and C

Present Worth:
Capital Cost: -
Annual O&M:
Time to Implement:

s 450,000
s 450,000
s 0,000

4 lvfonùs

This plan would consider the contamination to

the north and east of the building as two
distinct areas of contamination . The frrst area,

area A, is located near the north eastern corner

of the building. This area includes sampling
locations SB-33, SB-39, SB-53, SB-54 and SB-

52. This area is outlined on Figure 5. The

second area, area B, is along the drainage ditch
near the northern corner of the building. This
area is also included on Figure 5 and includes

sampling points SB-40 and 58-60. This
alternative would require the contaminated soil
throughout these designated areas to be

excavated and disposed of off site. The areas

to be excavated are those areas that contair.

Piesent Worrh:
Capital Cost:
Annual O&ñf:
Time to Implement:

s 258,000
s 258,000
s 0,000

4 ìvfonths

This plan would consider the contamination to

the north and east of the building as trvo
distinct areas. The first area, area A, is located
near the northeastern corner of the building.
This area includes sampling locations SB-33,
SB-39, SB-53, SB-54 and SB-52. This area is
outlined on Figure 5. The second area, area B,
is along the drainage ditch near the northern
corner of the building. This area is also
included on Figure 5 and includes sampling
points SB-40 and 58-60. This alternative
would require the top 2 feet of contaminated
soil throughout these designated areas to be

excavated and disposed of off site. The highly
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over 700 ppb of trichloroethene. These areas
are expected to be excavated to the tveathered
bedrock. It is estimated that the lveathered
bedrock is at three feet belorv the surface for
area A and four and a half feet below the
surface for area B.

The highly contaminated soil near the south
corner of the concrete pad, area C, would be
excavated as well. The soil would be
e,rcavated for a ten foot radius around sampling
point SB-19, and is expected to proceed down
to the bedrock rvhich is located at
approximately four feet belorv the surface.

The contaminated soil from these three areas

would then be sampled and disposed of at an
appropriate facility. Based on samples taken
previously, it is anticipated that the excavated
soil (492 cubic yards) would be disposed of off
site at a permitted hazardous waste landfill.

Post excavation samples would also be taken to

assess the remediation's achievemenr of the
goal of removing all of the soils with 700 ppb
o-r more of frichloroethene.

Alternative 4 - Removal and Disposal of
Contaminated Soil and Underl-ving
Weathered Bedrock in Areas A. B and C

Presenc Worth:
Capital Cosr:
Annual O&fvf :

Time to Implemenr:

s 687,000
s 687,000
s 0,000

4 lvfonths

This alternative is the same as alternative 3

except that the top 2 feet of the underlying
rveathered bedrock would also be removed.
This would assure the removal and treatment of
all of the heavily contaminated soils and
rveathered bedrock. It is anticipated that about
752 cubic yards ol contaminated soil and
rveathered bedrock would be disposed of at a

hazardous,,vaste disposal facility.

Post excavation samples would also be taken to
assess the remediation's achievement of the
goal of removing all of the soils and weathered
bedrock with 700 ppb or more of
trichloroethene.

Alternative 5 - Excavation and Removal of
All of the soil along the northeast side of the
Building and Area C

Present Worth:
Capital Cost:
AnnualO&M:
Time to Implement:

s 1,250,000
s 1,250,000
s 0,000

4 Months

This alternative would excavate and dispose of
the soils between the access road to the north of
the building and the building's north wall.
These areas would be excavated to the
weathered bedrock. It is estimated that the

depth to bedrock ranges from 2 to 4 feet
throughout this area.

The remaining soil contamination near the

south corner of the concrete pad would be

excavated as well. However, this
contamination would be treated as an isolated

area. The soil would be excavated for a ten

fooc radius around sampling point SB-19, and
would proceed dorvn to the bedrock. The
bedrock is anticipated to be approximately four
feet below the surface.

The contaminated soil from these three areas

would then be sampled and disposed of at an

appropriate facility. Based on samples taken
previously, it is anticipated that the excava¡ed

soil (1,380 cubic yards cy) would be disposed

of off site at a permitted hazardous waste

landfill.
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Post excavation samples rvould also be taken to
assess the remediation's achievement of the
goal of removing all of the soils ívith 700 ppb
or more of trichloroethene.

Alternative 6 - Excavation and On Site
Treatment of Contaminated
Soil and UnderlyinglVeathered Bedrock
in Areas A.B and C

Present Worth:
Capital Cost:
Annual O&lvf :

Time to Implement:

s 339,000
s 339,000
s 0,000

7 Months

This alternative would rreat the soils to the
north and east of the building as rivo distinct
areas of contamination. These areas are the
same as those shown on Figure 5, for
alternative 4. However. these soils would be
treated on site by lorv temperarure thermal
desorption or a comparable rechnology. These
treated soils and weathered bedrock would rhen
be returned to the excavated areas.

The remaining contaminated soil near the south
corner of the concrete pad rvould be excavated
and treated on site as rvel[. Horvever, this
contamination rvould be treated as an isolated
area. The soil rvouldbe excavated fo¡ a ren

floot radius around sampling point SB-19, and is

expected to proceed dorvn to the bedrock. The
bedrock is anticipated ro be approximately four
leet below the surface.

It is estimated that approximately 492 cubic
yards of contaminated soil and 260 cubic yards
of weathered bedrock rvould be excavated and
treated by this alrernarive.

Confirmatory samples would be taken from
both the bottom of rhe excavations and the soils
passing through the trearment process to assure
the elfectiveness of rhe remedy. This
effectiveness rvould be evaluated in comparison

to the remediation's goal of eliminating all of
the soils contaminated with 700 ppb or more of
TCE.

6.2 Evaluation of Remedial Alternatives

The criteria used to compare the remedial
alternatives are defined in the regulation that
directs the remediation of inactive hazardous
waste sites in New York State (6NYCRR Part
375). For each of the criteria, a brief
description is provided followed by an
evaluation of the alternatives againsr that
criterion. A detailed discussion of rhe

evaluation criteria and comparative analysis is

contained in the Feasibilitv Srudv.

The first tryo eyaluation criteria are termed
threshold criteria and must be satisfied in
order for an alternative to be considered for
selection.

l. Compliance 
"vith 

Nerv York State
Standards. Criteria. and Guidancé (SCGs)

Compliance rvith SCGs addresses whether or
not a remedy would meet applicable
environmental laws, regulations, standards, and

guidance.

The no further action alternative l, would not
comply with Nerv York State SCGs, primarily
due to the continuing e,rceedances for
trichloroethene in on site soils. Current
guidelines recommend 700 ppb as an
acceptable level. Presently, there are levels up
to 78,000 ppb on the site.

Alternative 2 would remove some of the TCE
contamination, but lvould leave some of the

contaminated soiis untreated along the nonhern
wall of the industrial building. These soils
would not meet NYSDEC chemical specific
SCGs for soils. Alternatives 3, 4, 5 and 6
would eliminate all of the soils contaminated
with TCE in excess of NYSDEC SCGs.
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However, only alternatives 4 and 6 would
significantly affect the contamination within the
rveathered bedrock zone underlying these soils.

All of the alternatives rvould leave some soils
that slightly exceed NYSDEC soil cleanup
criteria for xylene and 1,2 DCE in the parking
lot area.

2. Protection of Human Health and the
Environment. This criterion is an overall
evaluation of the health and environmental
impacts to assess whether each alternative is
protective of these charges.

Alternative I rvould not be protective of human
heaith and the environ¡nent. This is due to rhe
continuing exceedances of soil guidelines for
VOCs in the soils on site. These contaminanrs.
especially TCE, are present at levels high
enough to not only pose a risk to the public
health and the environrnent, but would also act
as a continuing source of groundwater
contamination and impede the remediation of
the groundrvater to levels protective of public
health and the environment. Alternatives 2, 3,
4, 5 and 6 would all reduce rhese risks to
different extenß. Alrernatives 3, 4, 5 and 6
rvould be protecrive of human healrh and the
environment.

The next Frve "primary balancing criteria"
are used to compare the positive and
negative aspects of each of the remedial
alternatives.

3. Short-term Imoacts and Effectiveness. The
potential short-term adverse impacts of the
remedial action upon the community, the
rvorkers, and the environment during the
construction and implementation are evaluated.
The length of time needed to achieve the
remedial objectives is also'estimated and
compared with the other alternatives.

Alternative I would pose no additional adverse
impacts. Construction activities for alternarive
2,3, 4,5, and 6 all include soil excavation ro
different eKtents. This should not pose a
significant risk to the community or workers as

long as action-specihc SCGs for these acriviries
are adhered to. Air monitoring would be
performed to ensure that dust and/or VOCs
would not cause a risk to residents or workers
in the on-site building. Additionally, access

limitations, protective clothing, monitoring
equipment and decontamination procedures
would be used in accordance with the sire
Health and Safety Plan.

Impacts to the environment would consist of the
potential for contaminated soil or runoff to
reach Crum Elbow Creek. Plans for
controlling soil erosion and runoff from site
construction activities would be prepared as

part of the remedial design activities.

4. Long-term Effectiveness and Permanence.
This criterion evaluates the long-¡srm
effectiveness of alternatives after
implementation of the response actions. If
tvastes or treated residuals remain on site after
the remedy has been implemented, the
following items are evaluated: l) the magnirude
of the remaining risk, 2) the adequacy of the

controls intended to limit the risk, and 3) the
reliabiliry of these controls.

Alternative 2, 3, 4,5, and 6 would all
perrnanently remove the TCE contamination
from the site soils. However, each alternative
would remove a different amount of this
contamination. Alternative 2 would leave some
of the TCE contaminated soils in place.
Alternative 3 and 5 would remove all the TCE
soil contamination above TAGM clean-up
levels and alternatives 4, and 6 would remove
all of the TCE contaminated soil above TAGlvf
clean-up levels and mitigate contamination in
the bedrock. A remedial program that
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eliminates the risk posed to the environment Alternatives 2,3,4,5 and 6 would require
and the public health from the surface soils, excavations which can be performed by
and balances the amount of sub surface conventional earth moving equipment rvhich
contamination left in place against the should be readily available in this area. Some
groundrvater remedial program is appropriate. difficulty would be encountered in the
Alternatives 4 and 6 best fit this criteria, as excavation of soils along the northeastern
they would remediate all of the highly corner of the indusrrial building due to the
contaminated soils and weathered bedrock and presence of power lines. However, the
would allow the groundwater remedy to focus rerouting of these lines is not anticipated to be
on the contamination already present in the difficult.
acquifer.

Alternative 6 would also implement a proven
5. Reduction of Toxicity. Mobility or Volume technology, lorv temperarure thermal

desorption. However, the availability of this
Preference is given to alternatives that technology for this relatively small volume of
pennanently and signifrcantly reduce the soil is limited and hence, the use of a
toxiciry, mobiliry or volume of the wastes at the comparable technology may be necessary.
site' 

7 . cost. capital, and operarion and
Alternative I would not reduce the to,xicity, maintenance cosrs are estimated for each
mobility or volume of the wastes in the soil. alternative and are compared on a present

worth basis. Although cost is the last balancing
Alternatives 2,3, 4,5 and 6 would criterion evaluated, where two or more
permanently reduce the volume and toxicity of alternatives have met the requirements of rhe
the contamination at the site. remaining criteria, cost effectiveness can be

used as the basis for the final decision.
6. Imptementability. The technical and
administrative feasibility of implementing each The present worth cosr of the no further acrion,
alternative is evaluated. Technically, this Aternative 1, is S0. The annual cost of
includes the difficulties associated with the S22,000 for groundwarer moniroring is already
construction, and the ability to monitor the included in rhe costs for Operable Unit l.
effectiveness of the remedy. Administratively,
the availability of the necessary personnel, Alternative 2 is the least costly alternative ar

equipment, and material is evaluated along with S258,000. This alternative is followed by
potential difficulties in obtaining specific Alternate 3 ar 5450,000, Alternative 4 ar

operating approvals. $687,000, and alrernarive 5 at 51,250,000.
These alternatives increase in cost as the

Alt of the alternatives considered for this site volume of soil removed from the site increases.
are implementable. Alternative 6 rvould be $339,000, which rvould

only surpass alternatives I and 2 in cost.
Alternative I rvould only require annual
sampling to monitor the site's condition and 8. Community Assessment - Concerns of the
personnel to maintain the necessary site community regarding the PRAP were
restrictions. The materials and personnel tbr evaluated. A responsive surrmary describing
these tasks would be readiiy available. these concerns and detailing how the
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Department addressed or rvill address these

concerns is attached as Appendix A.

The remedy contained in this Record of
Decision (ROD) is identical to the remedy in
the Proposed Remedial Action Plan (PRAP)
presented to the public on January I l, 1996.

SBCTION 7: SUùIùÍARY OF TI{E
SELECTED REÙIEDY

Based upon the results of the RI/FS and the
evaluation presented in Section 6, the
NYSDEC is selecting Alternative 6, as the
remedy for the on site soil contamination,
operable unit 2.

Alternatives I and 2 rvere undesirable as

human health and the environment would not
be adequately protected. Additionally, they
would leave contamination in place that would
hinder the remediation of the site's
groundwater.

Alternatives 3, 4, 5, and 6 were all protective
of human héalth and the environment.
Horvever, Alternative 6 is the only one that
rvill permanently reduce the volume and
toxicity of the contamination by treatment.
Alternative 6 r,vas also the most cost effective of
these four remedies. These benefits outweigh
the slightly longer time that will be required to
implement this remedy instead of the others.
Hence, Alternative 6 presents the best remedy
for the site.

The estimated present worth cost to implement
the selected remedy is 5339,000. The cost to

construct the remedy, capital cost, accounts for
the entire amount as no annual operation and
maintenance will be necessary. The time to

implement this remedy is estimated to be 7
months.

The major elements of the selected remedy are:

r The excavation and on site treatment of
soils with over 700 ppb of
trichloroethene. located near the
northeast corner of the building
(area A), aiong the drainage ditch near
the northern corner of the building
(area B), and the south corner of the

concrete pad (area C).

r The excavation and on site treatment of
the weathered bedrock with over 700
ppb of trichloroethene, located near the

northeast corner of the building (area

A), and along the drainage ditch near

the northern corner of the buildine
(area B).

I The on site trearment of these soils and

the weathered bedrock by low
temperarure thermal desorption or a

comparable technology.

During the remediat design, the ãvailabiliry of
a low temperarure thermal desorption unit rvill
be reassessed. Shoutd this technology or a

comparable technology prove to be
unavailable, or there is a lack of competitive
bids for the construction of the remedy,
Alternative 4 rvill become the remedy.
Alternative 4 is the removal and off site
disposal of the soil and weathered bedrock in
areas A, B and soil only in area C.
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Table 1

Summary of Contaminants in Areas A, B, C, and D

Sampling
Point

Sample
Depth

Bedrock
I tên th

lfootì

Contaminants of Concern (ug/kg)

rLÈ tt F 1 1 1 f 
^ ^t,t,t t\-A I / I lt F Acetone

R

E

ùö-JJ z Át 78000 D 1'l u 130 11U
S8.39 / - ll 80J 32000 1F il 47 85

ù ¡r-32 t.ö 2200 Õ

S8.53 1.2 > 1.4 25000 h tt 1200 Ã tr

SB-54 t.Õ >2 22000 tril 60

A
R

E

B

SB.4O u-z q 370 J 40000 1500 u ZIU J 1500 u

SB-60 1 >1 6200 5U

R

E

c

S8.19 2.5 ^I 32000 17J 53U ìl tl

A
R

E

A

D

s8-1 >6 11U 11U 160

ùö-z 6.5 >10 11U 1t ttu J¿ tö

s8-4 >10 11U 10 J 11U l't u 11U

s8-9 0-4.5 >6 12U 1^ r 12U 1J 12U
s8-10 0-4.5 >6 11U 4J 11U 11U l't u

ùõ-tb 8.5 >10 11U atIJ 11U 21 97

SB-24 4.5 1J 12 12U 120

TP-5 À1 >17 U 130 1J 750 D 55

r\u I È¡:

Numbers in bold indicate an exceedance of the recommended soil cleanup objective for this compound.

indicates that ihis is an estimated value.
indicates lhat this value was obtained on a diluted analysis.
indicates that this chemical was not detected above the indicated level.
Tetrachloroethene, recommeded soil cleaup level is 1,400 ppb.
Trichloroethene, recommeded soil cleaup level is 7OO ppb.
1,'1,1 Trichloroethane, recommeded soil cleaup levèl is gOO ppb.
Total 1'2 Dichloroethene, recommeded soil cleaup level is 250 ppb for cis and 300 ppb for

trans 1,2 Dichloroethene. Table exceednances are based on the isomer levels.

I

D
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r.'Ow ÇaP¡9p¡TION StTE
RECORD OF DECISfON

03t?3t96
pafìtr ri



i, o.u

?ptu t á.1-ì

lrT ora¡ C or¡> ora.tion
Site (#31-4ooa)

FIGIIR.E 1

S¡TE LOCATION MAP
NOW CORPORAT]ON STTE

1{
a=

,i

ìÑ\

ry'4
) i)' ((L

!'-¿-í( I /,t'
i,tii\,(jü

s./ /l't

a

Residence I

L¡iliUCi: .1i'51'00'
LONGiTUOÍ: 73'52'j5'

9/ r//t í';O\i
-/A-ì=-Å;

,llil
z---.:--¡;:\ ol\<
\ )(.: u.

-- I ç'l- "^vl /.jg.u

cuAoÊÅ¡tct€ LCC¡¡o¡

ENGrN==qtNG-SCf E}iCã

NS// YCÂK SiÅIã 0:.3Áfiru¿\iT OF
:NVI ñONM EIfiAL C3NS ¿qVÅNCN

ÂI/FS INV=5TG,\T]ON

NOW CORPORATION SITE
RECORD OF DECISION

ún496
P.A,GE I6



PZxob{
FO

ô'l
2oozZ.-

,-]
m

m€
{o\

.f

.L
\J

Q,

I EGENf)

-?- Hw- r MO¡ltToRt¡.lc wt_LL

2go' rgo. o 2oo.
tç:;-:-;:¡':-__.

^ppro¡¡r¡totc 
Scotc iil f.cët

---'-..-._a' o

{ì

ENCtNf Efil¡tc - ScttNcr

- 
-rcw yor.K sr^rr orp^nrut,rf

- 
Of filVt8oltMt'lt^L COr¡Stfiv^fto'l

_ ht/fs

NOW COnPoß^TtoN StIt
MONITORII{C WELL LOCATION M^P¡ (f,! ñ '!tt-¡e-út

t,



-,:-
-

':
FJ

9J
o<
çt6

:?
J
õ
v1

I

I
.'!
SS

t

¡)

ì

:Ii
'ilËRII

I

U

U

/------/ \\---\
/"

t'

-

1

?Á
vc

Ãxã:

o'

NOW CORPORATION SITE
R.ECORD OF DECfSION

03t28t96
P.{OE r8



FZrñô
lt ¿o<

^F

ñJ-QIØõ

-l

-=L \
t --= \ l.¿ö'l--'ì --\
\-\

I iç;;
(6r) ,/,2' a

1 zl ,/ \
Jt,t,t a ,/ osB-rry,,/,/ l9-z/ (et)

sB-4ô / / .1
'-^, I I \ OSB-IJ\.L)t. ..\\ (lzt)r\ I ¿<. þy\:l\ 3 \t åî

a
sB 27
(7)

-tP-5
(l rBe)

o(24s)

' 
^ 

(o) ltÚ'4^15'4) '(¿'¿lubt) 
/

11¡, ----¿ffi-Æ'Tl' ./7'^-i=2-\-_. .1<f'

LLecNA_

a so-r 50tL Ltotat¡tc l.0c^tl(Jl,l

'/ 'l-rr'-: IL':;f fìf Loc^rror¡t
ISOCONCt:lt I ll^t ()r¡
COrrtOuta LÎtC (pt,b)

.^ S0 -¡l turl òollt^t6
JUttf.,ttí

-22
. Sß-5t"'t ,o-n (r)

85.
o sB_ro (t2)

(4.8)

a sB-2 0
(60) Sn-J

(e0)
sB-.51
151) ,1

,..,1 I \ asB-lJ (ru¡)
\.L) I ' 

^ 
\ /r4r\ 

^^À,^ôcY- 
ô.^"' : .G\ (lzt) CONCREÌE P^DI \ / ¿ < asn-zeoLso\-¡\/ Nu-*? (rr.r)

¡:\ti:rl

o sB-40
o- 63

2) O SB-JI
(6¡)) ,2='S',.,fl,'./ -s0 l8\r'\.,,-,,,

,/,/ ('l) "\'-" '"
/ ". \ (8.r.

/

a sB-28
(B.s)

Nole: VA¡il^0L[ COt{for,t( iltil.t(v^L.;

Nì
50' 25' O

l_i_f _L_r _ J_---* tLLr-r._¡_-
Appro¡iDotc Scotc ¡¡r |ccta

SB-44
( r s.s)

o
SB-24

{I78)

LI IJmæ-.€€ô

'.Í-

,l- ';fi. b\: ENCil.¡Cfllll.lc - sctt ilcf_

.l, r¡(w YotK sr^fr: or.r,^.rur:r¡r

- 
J Of tl¿Vlla()llul_ltf^t. Colliil(V^IOl

- 

Rt)/t5

NOW COtìt,oR^rlo¡t silt-
su0suRrÀcc sotL 

^r.r^t.yilc^r- 
0^I^

TOTAL VOC COt.tCIltIR,r\tlol{5 (,,p1¡)

t,l(;urui 4

\
,'\t \



F'./.mat3ipooo
^P

r¡>
c) --l
Øñ
o'./,
'./. ø

".1I
rñ

-r-l \('\ \

{ -.--- \ l¿r¡'
\ --\'

l\
'?;úf\ I iç¡' ,/ --) ^^'n

)_ (61) ,/ /. o Stl_zz _

so-¿o-/ / o1 (44.s) cso-zNl
t.>.¡tl I \ as8-lJ (N^) \

ARr^ cIi':, ,t\\ (r2l) coNcRETE P^D-j,ffi,þll . 
?r;,,,' 

ii;îí,*,
r /: =\ff]i$oq 

(6r) 
o sB-zB,) ,r,/ ''.-'.\?;'i -\X)\ 

ß.5) ./

\

D

\ i-l..-o
a sB-6

( r.s.
. SB-5

(r)
. 

!ECE¡10-

.., 
'a so-r sorL, ûonrNc, Loc^troN

I -l.n-t rfsr prr Loc^¡roNt
t50coNc(Nrft^ItoN
CONTOUn L|NE (ppb)

.À sg-¡r sotl SoBt^/c
. 7l'/MÍ' t?'l

\\t AnfA eF r^t/¿.!?(tr

l\À Àn(A P,aoPol¿o 'e/7
R{âtt-ptÀr-Ío^.1

App(,1t.t N\ /.r.,, t.r¡,¿f
olr (ô^¿7 

^^. : ^t 
Âi t.ô^/

NOIE: V^fìl^01€ COIIIOUn ¡NrCf.v LS.

50' ?-5' o 5o,
l"_r-¡_þ_r_J_,

^pp.o¡inro(c 
Scolc i¡r l'ccr

');>/:
.tä.ïl'íü(r'¡n) ,/22i-?rr)-J ._/r'rx,í, \tfl

o sB-il
(sr)

SB_ 2

o sB-Jo (N^) J8-
ts3) A tiit',

r- 40
(4 o.sss)

,z'[\t"lt'f
f:,-,% ¿t7¡lli( sf-tstl'

#?':,r'.iflþ
Íåítif,iil/,'

W{r"i

oo)
-J6
70.8) ^ 

sß-57
l21)

,/
8(

\SB- r 7

S(o)

\
/a

s0-44
( r e.e)

AREA A

:,1:: jK.

^ 

rrcw YorK sr^rc o(¡,^rrrrrr
t¡¡._- Of tilvt,toilufilf^t. COIS[ilv^ilr

tNctNEEntNc- sclt¡¡ct

Rt/ts

NOW COnPOn^ilot{ st.tt:
suDSUnF^ct sotl 

^N^LYTtc^r- 
0^r/

TOT^L voc CONCtNTn^TtOHS (pl,L)mæ
tJ9

l'l<;u¡ui5



Appendix A

Responsiveness Summary
Norv Corp. Site
Operable Unit 2

3- I 4-008

This document surnmarizes the comments and questions received by the New York State
Department of Environmental Conservation O{YSDEC) regarding the Proposed Remedial
Action Plan (PRAP) for operable unit 2 of the subject site. A public comment period was held
betrveen December 10, 1995 and January 19, 1996 to receive comments on the proposal. A
public meeting .,vas also held on January 11, 1996 in the Clinton Torvn Hall to present the results
of the investigation and to present the PRAP.

:
This Responsiveness Summary is comprised of verbal comments and questions obtained during
the comment period. Written corrrments rvere received from v-fr. Raymond Oberly, Supervisor, -

Torvn of Ciinton and lvfr. Robert S. lvfcErvan, Jr., of Nixon, Hargrave, Devans and Doyle,
Albany, NY.

The following comments and questions a¡e taken directly or paraphrased from the meeting and
from rvritten cornments received during the'comment period. Comments on the soil remed,"- that
rvere received during the comment period for operable unit one that are still applicable or
relevant have also been included in this responsiveness surnmary.

I C. What is a Class 2 site?

R. Inactive hazardous r,vaste disposal sites are classified according to the th¡eat to
public health or the environment that each site represents. This classification
system establishes a process that helps determine the order in lvhich sites rvill be

remediated. The classes are listed below with a brief description of the criteria for
each.

Class l. Are sites that are causing or presenting an imminent danger of
causing ineversible or ineparable damage to the public heaith or
the environment --- immediate action required.

Class 2. Are sites that pose a significant threat to the public health and/or
the environment. Timely action is rectuired.

Class 2a. This is a temporary classifìcation for sites that have inadequate
and./or insuffrcient data for inclusion in anv of the other
classifìcations.

^ta\t



2C.

R.

3C.

R.

llî

R.

5C.

D
l\.

Class 3.

Class 4.

Class 5.

Does not present a signifìcant tfueat to the environment or public
health --- action may be defened.

Site properly closed -- requires continued management.

Site properly closed, no evidence of present or potential adverse
impact -- no ftrther action required.

The th¡ee underground storage tanks at the site, ',vhat lvas in them?

We believe the tanlis rvere used for gasoiine and fuel oil, but we are not certain.
Our sampling results were consistent rvith gasoline and fuel oil spillage.

Should the Torvn be able to issue a special permit for the site since it is a
hazardous waste site?

That is a decision up to the local government authorities. The Department of
Environmental Conservation lvould not become involved unless it rvould interfere
rvith the implementation of the remedy for the site or it rvould greatly exacerbate
the contamination at the site.

The Zoning Enforcement Olfìcer (ZEO), building inspector, planning board and
zoning boa¡d advisor (ZBA) have been instructed to solicit the NYSDEC's
comment on any proposed nerv activity or activity change at the site.

The Department must approve any change in use of the site that can affect the
remediation of the site. It is the responsibiliry of the local torvn and zoning board
to decide appropriate activities near or at a haza¡dous waste site. However, the
Department appreciates the Tolvn's concern for the proper management of the site
and lvill be happy to provide technical support and information rvith respect to
any activities that rvould affect the contamination at the site or the remediation of
the site.

All operations (by the property owner) at the site should be stopped. He is using
the Department of Environmental Conservation and is taking advantage of the
Torvn through the Department's presence.

The Department of Environmental Conservation does not have the legal authorit-v
to stop normal business operations at the site. We can only do that if the
operations lvould interfere rvith the implementation of the remedy or the
operations r,vould greatly exacerbate the contamination at the site. However, the
Tor,vn has the authority to regulate normal business activity at the site. The

^,)r\z



6C,

t(.

8C.

p

9C.

7C

R.

Department of Environmental Conservation can veriff any information or any
claims made by the land orvner to the Torvn that r,vould influence their
determination of appropriate activities for the site.

It appears that the regulatory notice for a significant change in use at the site rvas

not given by the Department.

The Department has not authorized any change in use at the site. During the
public meeting, several activities by the tenants and/or orvrers of the site were
discussed. None of these activities were in the areas of soil contamination but are
associated lvith other portions of the property. These activities also do not appear
to present a hindrance to the remediation of the site.

Who is using the recently delivered tank at the site?

The tanli on the top of the hill to the north of the building rvas used in conjunction
with the recent ptunp test on the recovery wells.

The machines that lvere on the hilltoday (January I l, 1996), what rvere they
doing? Where they pumping the recovery wells?

Yes, the machines ruere there in support of a pump test that r.vas beiñg performed
on the recovery rvells.

The Department should explore whether the potåntially responsible parties (PRPs)

for the site rvould be eligible for participation in the voluntary cleanup program

At thìs time, eligibility of PRPs to participate in the voluntary cleanup program
for class 2 sites is un¡esolved.

Can Hoescht-Celanese be considered aPRP, even though releases of haza¡dous
rvaste occurred at the site after their predecessor (Virginia Chemicals) departed
from the site.

Even though additional releases of chemicals occuned after Virginia Chemicals'
tenure at the site, as the successor to Virginia Chemicals, Hoechst-Celanese is

responsible for any contamination at the site that resulted from the actions of
Virginia Chemicals. This rvould include Virginia Chemicals'agents and
subcontractors rvho participated in the operation of the facility. During Virginia
Chemicals' tenure at the site sporadic dumping of chemical cleaning tank
solutions occurred. This is why the site was listed as a haza¡dous rvaste site.

1 I C. A comparable tech¡ology is not defined in the second PRAP.

10c.
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R. It is diffìcult to define a comparable technology to lorv temperature thermal
desorption due to various technical differences between the various treatment
processes available, some of lvhich are very fìne in nature. Comparable
technology in this PRAP was meant to mean a technology thatl,vould employ the
same operating principles to remove the volatile organic contamination from the
soil.

Some of the comments on the previous PRAP lvere not responded to in the
Record of Decision for operable unit l, nor were they included in this PRAP.

Comments conceming the soil remedy proposed in the previous PRAP were not
all directly addressed by the ROD for Operable Unit I since the soil portion of the
remedy was removed from that ROD. During the revierv of the comments for the
previous PRAP, it was discovered that the cost of offsite disposal rvas

signifìcantly underestimated. Hence, the NYSDEC decided to reevaluate the
proposed remedy for the contaminated soils at the site. The soil portion of the site
rvas designated as Operable Unit 2 in order to allow for a full reevaluation of all
soil remedy altematives. The March 1995 ROD was for Operable Unit l,
contaminated groundwater, and hence, comments concerning the contaminated
soil were deferred until OU2. All of the comments received on the previous
PRAP regarding soil contamination and remediation rvere considered in this
reevaluation and the selection of the revised soil remedy. Comments that are still
valid have been included in this Responsiveness Summary.

I rvould like to have the adjacent landorvners affortled an opportunity to see the
locations targeted for remediation after they are ma¡ked by the DEC.

The NYSDEC rvould consider an open tour of the site provided access is granted

by the properry olvner. The Department also will photograph and flag the targeted
areas. The adjacent landolvners and local government officials can contact the
DEC project manager directly to discuss this further.

Horv many cubic yards of soil and how many cubic yards of bedrock will be

removed from each area?

Approximately 294 ydr of soil and 2l 8 yd3 of bedrock rvill be removed from area

A, 93 ydr of soil and 42 ydr of bedrock will be removed from area B, and 105 yd;
of soil and no bedrock lvill be removed from area C.

What is the depth to bedrock in the areas of soil contamination?

The depth to bedrock in area A is approximately 3 feet, in area B it is
approximately 4.5 feet, and in area C it is approximately 4 feet.

R.

t2c.

r3c.

R.

I Aî

R.

r5c.
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i6C. Why rvas a horizontally configured, pneumatically fractured soil vapor extraction
system not considered for areas A, B and C.

R. A soii vapor extraction system utilizing pneumatic fracturing of the soils was
considered but rvas screened out in the detailed analysis of remedial alternatives
due to several potential problems rvith this technology that could not be
confidentially answered rvithout additional fìeld testing. It rvas assumed that the
nnat,maric tacturing included the introduction of some material, such as sand, to
maintain the fracture openings as the native soils would not have enough strength
to maintain the openings. Holvever, short circuiting of these fractures was a
significant concern due to the shallorv nature of the soils (as little as 2 feet) and

the presence of numerous preferential pathways from abandoned borings, soil gas

points, underground utilities and foundation walls. The introduction of vertical
fracfures rvas also a concern as this ',vouid enhance vertical migration of the
contaminants. The installation of the vapor extaction rvells was also a problem.
Installation by trenching was undesirable as this would volatilize a signifìcant
amount of the contamination into the atmosphere. Additionally, it rvas unclear
horv this technology rvould rvork on the rveathered bedrock layer. Several other
problems rvere also anticipated, but are not discussed here for the sake of brevity.

17C. In the PRAP there is no discussion of whether there is a need, based on health
risks, to remediate the site soils considerine the implementation of i.qroundwater

. remedy at the site.

R. The PRAP is only intended to highlight the Remedial Investigation and
Feasibility Study (zu/FS) report and summarize the Proposed Remedial Action
Plan.- The zu/FS report considered public health risk based on soil and
groundwater separately and found that the soil by itself presented a risk in excess

of health risk guidelines. The risk assessment to current resident receptors rvas

based on ingestion and dermal contact with surface soils and rvould not be

signifìcantly reduced by the groundrvater remedy.

18C. There also is no discussion in the PRAP on whether the groundrvater remediation
rvill have an impact upon the rype of soil remediation that is selected.

R. The groundrvater remediation is not expected to signifìcantly affect the
contamination in the site soils above the groundrvater table. Additionally, if the

source of contamination in the site soils is not remediated. the contaminated soils
r,vill continue to impact the groundr,vater and actually prolong the groundrvater
remedy.

19C. The RIÆS renort does not recommend the excavation of bedrock.
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R. The RIiIS report recommended alternative called for the excavation of an

estimated 2,400 yd r of soil and possibly the underlying rveathered bedrock as it
lvould be cost effective to remove this layer if it was contaminated with the
trichloroethene (TCE) exceeding soil criteria. It is also noted that the extent of
VOCs closer to and in the top layers of rveathered bedrock lvas unknolyn at that
time. The recommended alternative also planned to reinject the treated
groundwater along the building to further aid the groundrvater remedy by flushing
out the VOC contamination in the shallow bedrock underlyine these soils.

The second PRAP calls for excavation of weathered bedrock iro- u, least two
locations at the site rvhere contamination above standards is only suspected.

Sample SB-52 (refer to Table l) is from the rveathered bedrock in A¡ea A. This
sample contains 2,200 ppb of Trichloroethene, rvhich is above the soil cleanup
criteria of 700 ppb. Other data in the RIÆS report and collected during June

1995, indicate that contamination in the weathered bedrock is also found in A¡ea
B. The full extent of the contamination in the weathered bedrock will be

determined during the remediation of these areas.

Have there been any other Records of Decision that included excavation of
lveathered bedrock as a remedial selection?

There have been no other Record of Decisions that call for the excavation of
weathered bedrock, horvever, the remedial program at each site is designed to
address the unique conditions of each site.

There can be no certainty that removal of weaihered bedrock rvill improve the
health risk for potential human receptors. A cost benefit analysis should be

undertaken to determine if excavation and treatment or disposal of bedrock
provides suffìcient retum for the proposed expenditures.

The removal of any source areas, even small areas, will have significant benefit
for the remediation of the site and in improving the health risk to the public. The
additional cost of the treatment or disposal for this material rvas considered in the

selection of the alternatives. Furthermore, remediation of this source area rvill
increase the efficiency of the groundwater treatment.

Will there be any blasting associated with the removal of the bedrock?

No, the bedrock that rvill be removed is weathered and can be removed with the

typical excavation equipment we will have on site to remove the contaminated
soil.

Þ

20c.

2tc.

22C.

23C.

Þ
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24C. We question whether the site clean up goals should be for an industrial\
commercial use.

R. Aithough the site is presently being used as an industrial site, the potential for the
site to be used in a residential scenario in the future is likelv. As such. residential
cleanup goals are appropriate for this site.

25C. Since thermal desorption would permanently reduce the volume and toxicity of
the contamination, its use should be evaluated for treatment of the excavated soils
in alternatives 2 and 3.

R. Alternative 2 called for the excavation and off site disposal of the top 2 feet of soil
in A¡ea A, B and C. Alternative 3 called for the excavation and offsite disposal
of the soils to the top of the lveathered bedrock in A¡eas A, B and C. Please refer
back to pages 9 and 10 of this ROD for a detailed description of these alternatives.

The inclusion of thermal desorption in altemative 2 rvould not have changed the
alternative's failure to adequately protect human health and the environment due

to the contamination that would remain in the underlying soils and bedrock. The
treatment of the soils under alternative 3 by low temperature thermal desorption
rvas considered in the prelim-inary analysis of the alternatives. Ho"vever, this
alternative was not carried into the detailed analysis, Only those thai undergo the

. detailed analysis a¡e included in the PRAP, as this alternative was very similar to
alternative 6. The inclusion of treating the rveathered bedrock in altemative 6 is
cvnected to provide a signifìcant benefit at a very Small increase in cost. Thev.\l/!v rçu r

excavation equipment and treatment system rvould already be on site, as such, the

additional cost for excavation and treatment rvould be small.

26C. Why rvas Alternative 4 selected as the remedy in the event that thermal desorption
or a comparable technology rvas unavailable.

R. Altemative 4 is selected as a contingency remedy, in the event that an adequate

number of bids are not be received for the remediation of soil using thermal
desorption. Alternative 4 was determined to be the next best cost-effective
remedial program for the site in this event.

27C. Consideration should have been siven to other oroven treatment methods before

resorting to off site disposal.

R. Consideration rvas given to other treatment methods, both in the RIÆS and the

development of the PRAP. The rationale for the selection of Alternative 6,

excavation of contaminated soils and onsite treatment is also detailed in both
documents.

^1



28C. Will the excavations of contaminated soil be left open?

R. No, the excavations will be backfìlled with the treated soils and clean soil.

29C. I also presurne, since the soils are contaminated, that pains would be taken to
assure a minimum of dust and that the soils would be carefully contained.

R. Throughout the remedial process, care will be taken to properly containerize any
contaminated soils. Additionally, measures such as proper decontamination
procedures, fugitive dust control and monitoring, and standard health and safety

, monitoring will be performed at the site. Corrective actions, such as the wetting
dolvn or covering of soils to reduce dust, will be implemented as necessary.

:
30C. Holv does the cost for treatment by low temperature thermal desorption compare

to the cost for the excavation and off site disposal of the soils?

R. It is approximately trvice as expensive to remove and dispose of the soils as to
treat them onsite by lorv temperature thermal desorption. The high cost of offsite
disposal is largely due to the regulatory restrictions that these soils would have to
meet for off site disposal. Due to the high levels of contaminants present in these

soils, these regulations rvould require [eatrnent before disposal.

- 3lC. What is the size and distance of the soil a¡ea to be excavated along the north side
of the building? Horv fa¡ up the hill does this excãvation go?

R. All of the a¡eas to be excavated are between the building and the dirt access road
that goes a¡ound the building and the concrete pad. The excavations along the

north side of the buildine',vill stop at the access road r.vhich is at the base of the
hill.

32C. At the next meeting, will we know who will do the soil excavating?

R. The excavating work will be done by a contractor or his subcontractor who will be

competitively procured. If this information is available by our next public
meeting, it r,vill be provided during the meeting.

33C. \Mhat kind of trucks will take ar,vay the soil?

R. The proposed remedy will not take any of the soil off of the site. To move the
soils a¡ound on the site, a backhoe with a front end loader is expected to be

sufficient.
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34C. How will the necessary equipment access the site, rvill they use any residential
roads?

R. it is expected that all of the equipment will enter and leave the site from Route 9G
by the main entrance to the Route 9G industrial Center.

35C. What good rvill it do to treat just a little of the soil at the site?

R. By removing the contamination source in the soil, we can prevent any more
contamination from migrating into the bedrock aquifer. Even a minor amount of
contamination in the soil can contaminate the groundwater and once this
contamination is in the bedrock aquifer it becomes much more difficult to remove.

36C. When will the remedy be implemented?

R. This remediuf progru* ,"il ;. included as a task for the State sta¡rdby consultant
who is already at lvork on the remedial prograrn for the groundwater at the site. It
is expected that the design aspect of this remedy r.vould be finished during the
early spring so that the acrual construction of the remedy can begin in the late
snrins of I 996.

37C. Holv does the contamination get dolvn into the rvells?

R. As precipitation, i.e. rainrvater, runs through the soils it dissolves and carries
enough of the contamination in the soils to contaminate the groundrvater beneath
the site. The rvells receive their water from the groundlvater beneath the site.

38C. Horv can such small areas of soil cause so much groundrvater contamination?

R. The contamination in the soil primarily moves in a dorvnrvard direction rvith the
water infiltrating though the soil.. This down,,vard migration then impacts the
grounClvater beneath the contaminated soil. Once the groundwater is

contaminated, it migrates to and contaminates a larger area.

39C. Would on site treatment of soils affect the residents? What method rvas

considered. would it be smelly or noisv?

R. The on-site treatment method considered was thermal desorption. This method
involves the heating of the soil to high temperatures. At these temperatures, the

contamination readily volatizes off of the soil particles. These vapors are then
collected and treated. lvfeasures would be taken to assure the complete collection
of these vaÞors. As such. there should be no odors. Additional measures rvould
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also be taken to minimize any other impacts, such as noise to the sun'ounding
community.

40C. Treating the volatile organic contamination so close to people's homes could
expose them to the fumes from the compounds. What kind of testing would be
done to protect the residents from these fumes?

4lC. All of the alternatives, including the selected remedy, considered the closeness of
the adjoining homes. Each of the altematives included various measures to
prevent any exposu¡es to these residents from occurring. The exact details of
these measures and any associated testing will be rvorked out during the remedial
design, but they rvould likely include air monitoring in and around the rvork zone
area.

42C. Will the residents be notifìed if the levels get too high?

R. Yes, the Deparlment of Environmental Conservation would notify the residents if
a problem occurs.

43C. What about the time lapse if we need to get equipment to remediate the problem?

R. During the remediation rve will have contingency plans in place and-the necessary

. equipment available for immediate use to address these problems. It is ou¡
intention to resolve any problems that occur before they pose an exposure risk to
the locai residents. After the remedial design is complete, rve will hold another
public meeting to discuss the health and safety measures rve r,vill undertalie and
our contingency plans.

44C. When NOW plastics operates, I smell a very strong odor.

R. Any odor complaints should be reported to the Department of Environmental
Conservation Region 3 offìce in Nerv Paltz. Their telephone number is (914)256-
3000 or the Dutchess County Health Department of Health should be contacted at
(914) 486-3400.

45C. Which will be done fìrst, the soil remedy or the groundwater remedy?

R. Work on the groundrvater remedy design and construction is already under rvay.

Once the ROD for the soil remedy is issued, rvork on the soil design rvill begin. It
is expected that the groundrvater remedy lvill be operating before the soil remedy
construction begins and the soil remedial program rvill be completed fìrst.

Ar0



R.

+oL.

47C.

R.

48C.

49C.

Þ

50c.

R.

5 ic.

R.

At the first public meeting the Department shorved a map of the plume and
impacted wells that basically ended at the Route 9G Garden Center. Horv is it
that Residence B's lvell , which is not in this plume area, is nolv seeing increasing
levels of contamination?

Although we have a good understanding of the extent of groundwater
contamination, it is extremely difficult to precisely map a contaminant plume in a
fractured bedrock aquifer as we have no real lvay of predicting the groundlvater
fiorv through each fractu¡e. Additionally, volatile organic contamination is a
fairly common problem and the contamination in this rvell may or may not be

related to the site. The most practical approach we can take at this time is to
continue this residence supply her with bottled lvater and to continue to monitor
the residential lvells in the a¡ea.

If the groundwater remedy begins first, rvouldn't the pumping draw more
contamination into the groundwater?

No, the primary',vay the contamination moves down into the groundrvater is rvith
precipitation. The pumping rvill not affect this.

We received lots of snorv this winter, will this affect the amount of contamination
that migrates into the groundrvater?

This additional rvater rvill cause some of the contamination to migrate into the

groundrvater. Holvever, this should not affect the õverall remedial program.

What rvells are going to be pumped as part of the groundrvater remedial program.

Th¡ee recovery lvells have been installed as part of the groundrvater remedy. One

is to the south of the concrete pad, one is right next to the northeast corner of the

building and the third one is on top of the hili just to the north of the building.

Will these rvells be like those big ncisy pumps used on oil rvells?

No, these pumps rvill be similar to the pumps that many homeorvners have in the

basements of their homes.

During the remediation, rvhat will happen if the residential weils go dry?

This ,,vas a consideration during the remedial design, and that is largely rvhy rve

r,vill be reinfiltrating a portion of the treated lvater. We r,vill be monitoring the

rvater elevations in the monitoring wells at the site, so that lve can detect any

larger than expected drandolvn. We are confident that we lvill not cause any

R.
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\,vells to dry up. Horvever, if this does happen please notify immediately as rve
have prepared several options, such as reducing the pumping rate, to address this
potential problem.

52C. What is the average depth of the rvells at the site?

R. The rvell depths range from 20 to 100 feet belorv the ground surface.

53C. Horv will the pumped r,vater be treated?

R. The details of the groundwater treatment system are still being lvorked out. The
system will likely be an air stripper tower with carbon polishing for the vapors.
This system volatizes the compounds out of the water and then traps them onto a

ca¡bon filter.

54C. Has this system been used at other sites?

R. Yes, it has been used at other sites and has been found to be more effective than
simply passing the water through a carbon filter.

55C. Once the carbon filter is saturated with contaminants, rvhat is the proper disposal
method?

- R. The filterrvill likely have to be disposed of as hazardous rvaste. Although the
fìlter and contaminants are very similar to the onelon several of the local
homeowner rvells, this filter will not fall under the household exemotion for
hazardous waste.

56C. Can a field representative for the standby consultant rvho is designing this system
be present at the next public meeting?

R. Yes, a design engineer will be present at the next public meeting.

57C. Horv lone will the site be monitored?

R. There will be no need to monitor the soil since remediai program rvill remove all
of the soil contamination to the extent practical. The groundlvater remedy is
expected to operate for a period of seven to ten years, after which monitoring
rvould ocour. The length of this monitoring period,,vould be directly related to the
groundlvater contaminant levels that rvill remain after the remedy stops.

58C. Wiil you also be monitoring Cmm Elborv Creek?
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R. We rviil be monitoring the water discharged into Crum Elbow Creek. The treated
'"vater will meet all necessary discharge permit requirements and appropriate
standards, criteria and guidelines.

59C. Why is some lvater being piped to Cmm Elborv Creek and not reinfiitrated to the
groundlvater.

R. Some of the groundrvater that will be extracted and treated will be reinfiltrated
back into the groundwater table to limit the amount the groundtvater rvill be
drawn down by the remedy. However, it rvould be extremely difficult to
reinfiltrate all of this lvater back into the groundrvater table. Therefore, most of it
,,vill be discharged into Crum Elbow Creek after it is treated.

60C. Holv will the rvater that is to be discha¡ged to Crum Elborv Creek get from the site
to the creek?

R. The details of that will be determined in the remedial design for Operable Unit l.
It is very likely that an underground pipe will be used.

6lC. Will this pipe go through the culvert on Ingell's property?

R. That is still under consideration.

. 62C. What about the ditch along the northeast side of the building, is the soil or the
runoff in this ditch a concem?

R. The soil in this ditch rvas sampled and found to decrease to levels belorv soil
cleanup guidelines outside of the area to be excavated. The soil contaminant
levels in this ditch lvere considered r,vhen the a¡eas for excavation rvere developed.
The runoff r,vater from this ditch is not a concern since this runoff is minimal and

does not leave the site.

63C. Will rve attempt to recoup expenses from the properry orvner, Vfr Fried.

R. Yes, I believe the state will seek cost recovery from lvfr. Fried, and other
potentially responsible parties.

64C. Why do l,ve have to rvait, rvhy not initiate the litigation norv?

R. The NYSDEC will begin to initiate cost recovery activities immediately after the

completion of this ROD. Since the PRP has already refused to implement the

ROD, the NYSDEC rvill implement the remedy and include these costs in our
cost recoverv action.
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65C. Is rVIr. Fried still liable if he sells the properry?

R. Yes, he would still be liable.

66C. What if he dies, would he still be liable?

R. The Department of Environmental Conservation could pursue his estate.
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PLEASE NOTE!

Service Department Phone & Special Precautions 

Thank you for relying on QED Environmental Systems to handle your water treatment needs. After 
reading the Operation and Maintenance Manual, if you have any questions regarding the startup or 
operation of your system, please contact the QED Service and Repair Department at 1-800-624-2026.

Read the QED Operation and Maintenance Manual First!
The manual will assist you in equipment hookups, installation, startup, maintenance, and troubleshooting.

It is Important That a Qualified, Licensed Electrician Perform All Electrical/Wiring Installation Work.
Please see “Equipment Set-Up” in the Operating Instructions section of this manual.

Follow the Manufacturers Instructions 
All the mechanical equipment that was supplied with your air stripper system should include the respective 
manufacturer’s instruction manual for each piece of equipment.The documentation will either be found 
with the actual piece of equipment (if shipped loose) or found within a QED Operation and Maintenance 
manual that includes all relevant manufacturers’ instruction sheets.  

Follow Safe Work Practices
Be sure to follow all associated safety practices. 
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Basic System Description

EZ-TrayTM systems are fabricated from rugged stainless steel. Each system is pre-assembled and factory 
tested before shipment to your site. EZ-TrayTM low profile air strippers are built to meet site and project 
specifications, which can include a number of standard or optional pieces of equipment.  Depending upon
the specifics of your order, the equipment described in this manual may or may not be included with your 
system configuration. Please refer to your sales order for the equipment that should be included with your 
system.  Equipment information will be found either within this O&M manual or in separate documentation 
provided in addition to this manual. 

Air Pressure Gauge (Standard)
The standard pressure gauge reads the differential pressure between the sump pressure and atmospheric 
pressure, in inches of water column (” wc).  The gauge is connected to the system via tubing that is 
attached to a pressure port on the air stripper sump.  The air tubing from the sump leads to the "high" 
pressure port on the gauge.  The "low" pressure port is left open to the atmosphere.

Demister (Standard)
A demister pad is installed beneath the air discharge stack located on the top cover of the unit.  The 
purpose of the demister pad is to remove entrained water droplets that would have blown through the 
discharge stack.  It is possible, though unlikely, that the demister pad may become plugged or fouled.  
If this occurs the demister pad is easily removed.  Disconnect the vent line, take off the demister cap, 
and remove the demister.  The demister pad can be cleaned with a pressure washer or replaced with
a new one.

Gaskets (Standard)
Various gaskets are used in the EZ-TrayTM air stripper units.  One gasket is installed in the air discharge 
stack flange, one gasket is used to form an air tight seal between the front hatch and aeration trays, and 
a felt gasket is located on the underside of each aeration tray and a gasket is used under each downcomer 
flange.  Through the course of regular maintenance, these gaskets will eventually wear and will not seal 
effectively.  When the gaskets are ripped, worn, or do not seal properly, these gaskets should be replaced.  
Contact QED for replacement gaskets and adhesive. Please contact QED prior to making any gasket 
repairs or adjustments.

Sight Tube (Standard)
The sight tube provides a means of easily viewing the water level in the sump tank.  

Blower
The blowers on the EZ-TrayTM low profile air stripper units are typically cast aluminum type B spark 
resistant, direct drive @ 3450 rpm, with motor options of TEFC or EXP. Each blower is selected to meet 
the proper air flow requirements (cfm) at the anticipated working pressures (inches of water column) of 
each system.

It is critical that the blower damper be opened wide enough to provide the unit with the designated 
minimum flow.  If the damper is opened too wide, however, high air flow can cause water entrainment, with 
water droplets caught up in the airstream and sent out of the air stripper discharge stack.
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Basic System Description

It is also critical that water does not enter the blower housing while the blower is in operation; this will 
damage your blower and void the warranty.  The high water level alarm switch prevents this from 
happening.  Make sure it is installed correctly. If not installed by QED, it is recommended that the blower 
piping be of an inverted-U design,capable of collecting water within the blower piping and minimizing the 
potential for blower flooding.  Please refer to Figure 3 for a typical blower piping configuration.

If water does accumulate in the blower, it must be removed from the blower housing before continuing 
operation.  A small drain hole may be drilled and plugged on the bottom side of the blower housing to 
provide a means of discharging any water that may accumulate.  Remove the plug temporarily to drain 
any water or take off the front panel of the fan housing and remove the water.

When starting the unit for the first time, check that the blower wheel is rotating in the direction of the arrow 
on the blower housing.  If you hear the blower wheel rubbing or any odd sounds, shut down the system 
immediately and call QED.  

Damper
The standard QED blowers normally have a damper on the discharge side of the blower.  The damper is 
used to make adjustments to the air flow rate (cubic feet per minute) of your system.  The air flow rate is 
increased by opening the damper, and decreased by closing the damper.

Use the damper to adjust the sump pressure to its proper operating value.  By adjusting the sump 
pressure, the proper operating air flow through the air stripper will be achieved.  Follow the instructions  
given in the earlier “Air Pressure Gauge” section to obtain the correct sump operating pressure.  Using 
an air flow meter and an air pressure gauge together is desirable for confirming air flow and sump  
pressure, especially when attempting to troubleshoot any problems encountered with the air stripper 
operation.  It is also recommended that you keep a log book of pressure readings so you can determine 
the frequency of cleaning required to minimize system fouling.  

Air Blower Silencer
The air blower silencer reduces the dynamic noise level of the blower.  The size of the silencer and the 
type of connection used to mount it is dictated by the size of the blower and the choice of options.  If a 
silencer is purchased through QED, they are typically shipped loose, for customer installation.  The 
silencer can be mounted either horizontally or vertically (through the use of an elbow) must be 
properly supported to avoid over-stressing the blower housing.  Silencers exposed to high wind 
velocities must be properly secured.  

Air Flow Meter
The air flow meter measures the amount of air flowing through the system.  If it is a pitot tube-type, two 
air tubes lead from the air piping to a meter/gauge. To operate effectively, the pitot tube must be located 
a minimum required distance upstream and downstream from elbows, valves, etc.  Refer to 
manufacturer’s installation instructions for proper installation procedures.

The air flow meter typically gives readings in feet per minute (FPM), which is then multiplied by the cross 
sectional area, (square feet), of the vent line to give cubic feet per minute (CFM).  As stated in the damper  
section, the air flow meter is needed to make damper adjustments, especially after initial start-up.
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Basic System Description

Control Panel
The control panel serves two basic functions required for the safe operation of the system.  The first 
is to provide the required electrical safety components for each motor (blowers and pumps) per NEC 
standards.  These components consist of fuses,motor starters, and overload relays.

The second function is to provide the required process safety alarm components.  The alarm circuit 
monitors the low air pressure switch and the high water level alarm switch.  If either of these alarms 
occur, the alarm contacts will shut off the incoming water source (feed or well pumps) if the 
appropriate connections have been made.  A qualified, licensed electrician should perform any and 
all electrical connections.

Control Panel Intrinsically Safe Components
EZ-TrayTM low profile air stripper systems that process potentially explosive concentrations of vapors 
require intrinsically safe (IS) signals to all electrical components housed in non-explosion proof 
enclosures.  The IS signal does not have enough energy to ignite the concentration of any NEC 
classified explosive vapor. Typical components that need IS signals are the float switches and well 
probes. Determination of when IS signals are required is generally the responsibility of the ground
water remediation engineer who has placed the order for a system. A qualified,licensed electrician 
should perform any and all electrical connections.

Water Flow Indicators and Totalizers
The digital water flow indicator, typically installed in the incoming process water line or shipped loose, 
reads the rate of flow (GPM) and the totalized flow (gallons).  The flow meters are selected to exceed 
the maximum flow of your system while providing a wide working range.  The digital face plate is 
battery operated and intrinsically safe.  The mechanical components of the meter consists of a “turbine 
style” rotor which spins around a shaft that is axial to the flow of water.

The standard “nutating disc” meters have a totalizing function only.  They operate on the positive-
displacement principle, where the flow of water through the meter moves a disc which in turn rotates a 
magnet.  Every magnet rotation corresponds to a fixed volume of fluid which is then added to the 
summed total of flow.    

Feed and Discharge Pumps
Any transfer pumps included in the air stripper order have been selected by our engineering staff to meet 
all known flow and pressure requirements.  The standard pumps are typically stainless steel centrifugal-
type with motor options of EXP or TEFC.  The standard pumps are not self-priming; they must be primed 
before starting by filling either the discharge port or the priming port with clean water until the entire pump 
chamber is full.  The pipe/hose leading into the pump should also be full of water.  Install throttle 
valves on the discharge lines for adjusting water flow rate.  The valve should be throttled back until the  
motor draws “full-load amps” (refer to the current rating on the nameplate).  

Warning: If the pump is running wide open and it is not pumping against the required head, the pump 
will cavitate and adversely affect pump performance and pump life.

Centrifugal transfer pumps used by QED typically must be throttled back if they are not pumping against 
the required head.  Before initial system startup, double check the pump rotation.  A pump shaft rotating 
in the wrong direction could spin off the pump impeller and cause serious damage to the pump.  Pumps 
operating in the wrong rotation will show poor performance.  Systems using pumps should have the flow 
rates tuned so that the discharge is keeping up with the feed pump.
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Basic System Description

High Water Level Alarm Switch
The high water level alarm switch is one of the two alarm interlocks that must be properly connected by 
a licensed electrician prior to the system's initial start-up. Please see the “Special Precautions” at the 
beginning of the “Equipment Setup” section for more information.  The purpose of the high water 
level alarm switch is to prevent water from flooding the blower by shutting off the incoming 
contaminated water once it has reached a designated level.  The high water level switch will send an 
alarm signal when it is approximately 3½ inches above the coupling from which its cord emerges.

Line Sampling Ports
The line sampling ports provide a quick and easy means to take a water sample of both incoming 
contaminated water and outgoing clean water.  The sampling ports are the ball valves located on both 
the inlet and outlet piping. When starting the unit for the first time, double check that the valves on the 
sample ports are closed.

When taking a water sample, open the valve and let the water flow for at least 1 minute prior to taking 
the sample.  This purges the sample port of any stagnant water. When purging the sample port on the 
contaminated water line, make sure the contaminated water is collected in some sort of storage 
container and then properly dispose of the water after sampling.  

Low Air Pressure Alarm Switch
The low air pressure alarm switch is one of the two alarm interlocks that must be properly connected 
by a licensed electrician prior to the system's initial start up. Please see the “Special Precautions” at 
the beginning of “The Equipment Setup” section for more information.  The low air pressure alarm switch 
monitors the blower for continuous water treatment.

Should the blower fail, the low air pressure switch should be wired to shut off all incoming water.  It, 
like the air pressure gauge, is connected to the system via an air hose which is attached to a pressure 
port on the sump tank.  The air hose is connected to the "high" pressure port on the switch.  The "low" 
pressure port is open to the atmosphere.  Periodically inspect and remove any water which may have
accumulated in the tubing.  The presence of water can affect proper switch operation.

Test the switch, at initial start up, by removing the air hose from the pressure port on the sump tank 
once the system is in full operation.  This should set the system into an alarm condition and shut off 
the incoming contaminated water.

Main Disconnect Switch
The main disconnect switch removes power from the EZ-TrayTM low profile air stripper. A disconnect is 
required by the National Electric Code (NEC) and must be installed. Some control panels, not supplied 
by QED, contain an internal disconnect or circuit breaker to remove power.  Disconnects supplied by 
QED are external to the control panel, providing flexibility in situations where a site already contains a 
disconnect for the air stripper system.  A qualified, licensed electrician should perform any and all
electrical connections.
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Basic System Description

Intermittent Operation
Some systems are ordered with the intermittent operation option. EZ-TrayTM low profile air stripper 
systems can be designed to run intermittently  when continuous blower operation is a concern.  
When the feed water is flowing into the system, the blower will be in operation and the outlet pump 
(if provided) will maintain proper sump tank levels.  When the feed water is shut down, the blower 
will run for an additional period of time to treat the water that had previously entered the air stripper 
before shutting down.  When the feed water is restored, the blower will start up to treat the new
incoming water.  The benefits of intermittent operation are lower operating costs, better control of 
noise, and longer motor life.

Water Temperature Gauge
The temperature gauges can be installed on both the inlet and outlet piping.  The water temperature 
represents an important factor when estimating the system's performance since it directly effects 
removal efficiency.  Temperature gauges provided by QED typically have a range of 0-140º F.

Water Pressure Gauge
Water pressure gauges can be installed on both the inlet and outlet water lines.  The gauges can be 
used to determine the water pressures entering and exiting the system. Excessively high readings could 
signal that something in your system is plugged. Large fluctuations in the pressure readings could be a 
sign that the water flow rate is varying.
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Equipment Setup

Use a Licensed, Qualified Electrician for Any and All Electrical/Wiring Work, and Always Use 
Proper Work Safety Practices!

Follow All Applicable Codes
The plumbing and electrical installations must be performed by qualified personnel.  All installations 
must be done in accordance with local, state and national codes.

Install Adequate Supports on Piping and Ductwork
The external process piping that will connect into and from the QED equipment should be properly 
supported to minimize stresses and vibration from non-QED equipment.  The QED equipment is not 
designed to support the process water and air lines without proper structural support.

Do Not Run Free Product, Oil or Grease Through the Air Stripper
Free product will contaminate the unit by coating the side walls with a film of free-product.  Air 
strippers are not designed to treat free product, oil, grease, or any other type of immiscible phase.  

 Depending upon how the system was ordered, some of the following instructions may not apply.

Setup Step 1.  Secure/Mount the Equipment
For shipping purposes, the EZ-TrayTM unit may come either already skid-mounted or the equipment 
shipped loose.  If shipped loose, locate the equipment as required and firmly secure to the floor, 
base, etc.  

Setup Step 2.  Install the Blower Piping 
If the blower is not already pre-piped on a QED skid, install the blower piping to connect the blower 
outlet to the air inlet nozzle on the air stripper sump.  Refer to Figure 3 for an example of a blower 
piping configuration.

Setup Step 3.  Level the EZ-TrayTM Unit
Level the EZ-TrayTM unit.  This is a critical step in the proper assembly and installation of the equipment.  
The aeration trays must be level for proper operation.

Setup Step 4.  Install Discharge Piping, either gravity-discharge or pump-discharge.

Install the Gravity Discharge Pipe (For Gravity Discharge Units Only)
Refer to the outlet piping drawing in Figure 4 to assemble the piping kit and vacuum breaker.  
Customers providing their own gravity discharge piping must ensure that proper water sump levels 
are maintained during operation. It is essential that the piping be mounted vertically and that it be 
properly supported.  Install outlet piping from the pump's discharge port.  Use proper pipe sealant, 
PVC cement, and proper plumbing practices and techniques as necessary.
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Equipment Setup

Caution:  The vertical height of the piping should not be changed from that provided in the kit unless 
air stripper conditions have changed dramatically from the originally-specified flows.  The piping kit 
includes flexible couplings to allow easy vertical height adjustment, should it be necessary.

Install the Pump Discharge Pipe (For Pump Discharge Units Only)
For a unit with a discharge pump that has not come mounted to a QED skid, install the water line from 
the air stripper sump to the pump inlet.  If customer has purchased a QED pump kit, the components 
will be found in a separate box.  Install outlet piping from the pump's discharge port.  Use proper pipe
sealant, PVC cement, and proper plumbing practices and techniques as necessary.

Prime the pump.  Allow the inlet line and pump chamber to fill completely.

Setup Step 5.  Install the Sump Drain Valve and the Sight Tube 
(if not already installed at the factory). Make sure all fittings and hose clamps are tight and secure.

Setup Step 6.  Connect the Water Lines
Connect the process water lines to the inlet and discharge piping.  Firmly support the process water 
lines to prevent excessive stress on the piping. The piping is not designed to support the weight of the 
customer’s process water lines.

Use proper pipe sealant, PVC cement, and proper plumbing practices and techniques as necessary.

Setup Step 7.  Connect the Tubing Between Pressure Gauges, Pressure Switch(es), and Air 
Stripper Sump 
Connect the air line tubing from the hose barb located on the top of the sight tube to the high pressure 
ports on both the air pressure gauge and the air pressure switch(es).  Keep the low pressure ports open 
to the atmosphere (remove plugs or caps).

Setup Step 8.  Install Air Discharge Stack
Install any necessary extension to the air stripper air discharge stack as necessary.  

Caution:  Any added extension should have an inner diameter at least as large as the air stripper stack.  

Connect the stack extension to the exhaust stack using a flexible rubber coupling or other suitable 
means. Support the extension independently of the air stripper so that it can be easily disconnected if 
the demister element must be removed for maintenance purposes, and to prevent damage to top of air 
stripper housing.  

Setup Step 9.  Wire the Electrical Components
Have a qualified, licensed electrician wire up the electrical components in compliance with local, state, 
and national codes.
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Equipment Setup

IMPORTANT!  Make sure the safety interlocks are connected properly! 

To avoid damage to the blower and flooding of the equipment with contaminated feed water, install 
the high water level and low air pressure interlock switches. If the water level in the sump tank rises 
beyond the maximum level water could flood the blower.  This will destroy the blower and void the 
warranty.  The high water level interlock switch will shut off the feed water pump in an emergency
situation. The low air pressure interlock switch will shut off the feed water pump in the event of a 
blower failure.  This reduces the risk of having untreated water passing through the air stripper.

If QED is supplying the control panel, refer to the appropriate wiring diagrams.

Setup Step 10.  Install Optional Items
Refer to manufacturers’ installation instructions for all equipment and properly support all equipment in 
an appropriate manner.  This also applies to the optional air stripper blower silencer which requires 
support to avoid overstressing the air stripper blower housing.  



10

Start Up

Please refer to Figures 1 and 2 at the end of this manual for a general drawing of an E-Z Tray air 
stripper and its aeration tray.  Upon completion of the equipment set-up procedure, mechanical 
and electrical installation (including float switches, air pressure switches, etc.), proceed as follows:

Startup Step 1.  Turn Off Electrical Components Using the Site’s Appropriate “Lock-Out” 
Procedure. Close Drain and Sample Valves.
Check that all electrical components associated with the unit are turned off,and all drain and sample 
valves are closed.

Startup Step 2.  IMPORTANT!  Fill the Inlet Chambers with Clean Water.
Each downcomer (see Figures 1 and 2) must be sealed by having its end immersed in the seal 
pot water of the tray below it. Failure to do so may create a situation where not enough back pressure 
is provided upon blower startup, causing the blower motor overload to trip.

Startup Step 3.  IMPORTANT!  Fill the Sump Tank with One Foot of CleanWater.
On initial start-up, the sump tank must be filled with clean water to a height of about one foot. The 
sump tank can be filled by taking off the front hatch and filling the sump directly or by disconnecting 
the water inlet piping and using a hose applied through the water inlet connection.  The water level 
should be seen in the sight tube.

Startup Step 4.  Power May Now Be Supplied to the System.

Startup Step 5.  IMPORTANT! Check the Blower Rotation (IMPORTANT for proper air stripper 
operation)
Check the blower rotation by momentarily turning the Hand-Off-Auto (HOA) Switch to the “Hand” 
position (“bumping” the motor).  Verify that the fan turns in the direction of the arrow on the blower 
casing.  If rotation is incorrect: 

1. Have a licensed electrician correct the wiring per manufacturer’s instructions. 

2. Check and correct the rotation of the other motor(s) in the system. (This is a common oversight and 
very often is the reason for inadequate blower operation.  If the blower is not providing the expected air
flow or backpressure, please double-check this step).

Startup Step 6.  Connect A Clean Water Line To The Air Stripper Inlet. Trial-run Air Stripper 
System Using Clean Feed Water At The Expected Flow Rate.
Start the QED Air Stripper System by closing the Blower Damper and Placing the Appropriate HOA 
Switches in the “Auto” Position.  Carefully open the damper to achieve the desired tray pressure or air 
flow rate at the anticipated water flow rate for the system.

Blower throttling is not always possible at unattended and/or intermittent operation sites when the 
system restarts.  Our testing shows that the new seal pots maintain seal water for up to 10 minutes 
once they are filled.  If your system frequently shuts down for longer than 10 minutes, or you've 
experienced water blow off on start-up, we've created plastic insert pans that sit in the seal pots and 
ensure that the pot will maintain its water seal.

QED's recommendation is to use the pans on systems that operate intermittently and/or systems 
where an operator is not present on start up to throttle the blower at the beginning until the seal pots 
have filled. Reference Figure 2.   
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Start Up

Startup Step 7.  Monitor the Trial Run and Adjust the System Accordingly.
The following items should be monitored as water builds up on each tray:

1.  Proper sump pressure.  This may require 15-30 minutes for the water to reach the proper depth 
on each tray. Once the blower has reached its operational speed and water flow is steady, the blower 
can be throttled to adjust air flow to optimal conditions. QED wet-tests every EZ-Tray unit for proper 
sump pressures at the customer’s expected water flow rates for “clean tray” and “fouled tray” conditions.  
These values are normally printed on a label and affixed to the side of the air stripper.  Adjustments 
should be made first by referring to these wet-test pressure values.  If no values are given, refer to the 
table below. The values are estimates, and vary depending upon the influent water flow rates.  The 
table assumes there is no additional pressure from equipment downstream of the air stack.  If down 
stream equipment adds back pressure, these values may not be accurate.  

Typical Sump Operating Pressures (Approximate*) 

1 Tray System
2 Tray System
3 Tray System
4 Tray System
5 Tray System
6 Tray System                              

4-6” wc
8-12” wc
12-18” wc
16-24” wc
20-30” wc
24-36” wc

IT IS RECOMMENDED THAT A BOOSTER BLOWER BE USED IF IT IS EXPECTED THAT THE 
COMBINED PRESSURE LOSS OF THE QED AIR STRIPPER AND ANY DOWN STREAM 
EQUIPMENT EXCEEDS 40” WC.  

Be careful when making damper adjustments—fouling of the system over time will affect the air flow 
rate.  A “fouled” system will have lower air flow at the same sump pressure reading than a clean 
system.  A severely fouled air stripper will not produce the minimum air flow the system requires for 
proper performance.  The blower damper should therefore be adjusted to the proper sump pressure 
after the trays have been properly cleaned.  Refer to the “Equipment Maintenance Instructions” for 
proper cleaning procedures.

2.  Check for any leaks and correct.

Note:  If the blower overload trips, the system will shut down.  This overload may indicate that the 
damper needs to be parially closed.  Reset the overload and try to start the system again.

Once Step 7 is successfully completed, turn HOA switches to “Off” and proceed to Step 8.  

Startup Step 8.  Replace the Clean Water Feed Line with the Contaminated or Process Feed 
Line. 
Install the inlet piping according to proper plumbing practices.  Use proper pipe sealant and PVC 
cement where necessary.
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Start Up

Startup Step 9.  Initiate Full Operation.  
Switch all air stripper system HOA switches to “Auto”.

Please Note:  The blower damper should now already be in its proper position to provide the desired 
air flow for the system’s anticipated influent water flow rate; however, the air flow through the air 
stripper upon initiating “full operation” will be greater until water builds up on the trays.  If this increased
air flow is a concern, it is advised to close the damper slightly to throttle the air flow until the water has 
built up to its final height on each tray.    

Startup Step 10.  Inspect and Record Unit's Operation Data
Inspect the unit's operation at regular intervals and take pertinent instrument readings.  Record 
readings and performance data in an operations log book.

Startup Step 11.  Set the Throttle Valve on Discharge Pump
Units with a discharge pump are supplied with a throttle valve.  The valve should be set so that the 
pump matches the influent flow rate without cavitation and draws no more than the rated full load 
amps stamped on the pump motor.
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System Shutdown Procedure

Shutdown Step 1.  Shut Water Off 
Shut off the water feed to the system.

Shutdown Step 2.  Wait 5 Minutes Before Blower Shut Off
Wait 5 minutes to allow the water in the aeration trays to be completely treated, then shut off the 
blower.

Shutdown Step 3.  Shut Power Off
Shut off power at the main disconnected switch if more than a temporary shutdown is anticipated.

Caution: If proper shutdown procedures are not followed contaminated water will drain into the sump 
and contaminate the water that has collected in the sump.  Allow the blower to run the additional 5 
minutes after the feed water is shut off.
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Tray Removal (for strippers with hinged doors)

1. Loosen the door knobs by turning them 
counterclockwise. 

2. Remove the knobs and latches from the 
bolts above and below the door.

3. Loosen the side knobs until the latches can 
be rotated to the vertical position. The knobs 
and latches can be left in place on the two 
outside door sides.  The knobs and latches 
must be completely removed from all of the door 
sides in the middle of the stripper.
Swing the hinged doors open to gain access to 
the trays. 

4. Remove the trays starting with the top 
tray and working down. Each downcomer 
will need to be raised to allow enough 
clearance to slide the tray out. The 
downcomer will need to be completely 
removed on the bottom-most  tray.  If “seal 
pots” (shallow black plastic pots) are being 
used at the base of the downcomers, gently 
raise the front end of the “seal pot” to pour 
the water out of it prior to sliding the tray 
out.  Emptying the “seal pots” prevents 
water from splashing onto personnel.    

5.  Pull the tray straight out and remove it for 
cleaning. QED can provide specialty tools that 
make tray removal easier. After cleaning the 
trays and the other internal surfaces of the 
stripper, replace everything in reverse order.

Latch Knob

Latch

Knob
Downcomer
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Tray Removal (for strippers without hinged doors)

1. Loosen the door knobs by turning them 
counterclockwise. 

2. Remove the knobs and latches from the 
bolts above and below the door.

3. Loosen the knobs on the sides of the door 
until the latches can be rotated to the vertical 
position. 

4. Slide the door slightly to the left, turn it on
an angle and remove the door by pulling it 
outward. The knobs may need to be turned 
to the “X” position to provide enough 
clearance for door removal.  

5. Remove the trays starting with the top tray 
and working down. Each downcomer will need 
to be raised to allow enough clearance to slide 
the tray out. The downcomer will need to be 
completely removed on the bottom-most  tray.  
If “seal pots” (shallow black plastic pots) are 
being used at the base of the downcomers, 
gently raise the front end of the “seal pot” to 
pour the water out of it prior to sliding the tray 
out.  Emptying the “seal pots” prevents water 
from splashing onto personnel.    

6.  Pull the tray straight out and remove it 
for cleaning. 
QED can provide specialty tools 
that make tray removal easier. 
After cleaning the trays and the other 
internal surfaces of the stripper, replace 
everything in reverse order.

Latch Knob

Latch

Knob Door

Downcomer
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Tray and Downcomer Weights

4 Series

6 Series

8 Series

12 Series

48 Series

72 Series

96 Series

36 Series

16 Series

24 Series

Standard Trays
Tray Only

(Lbs.)

Tray with
Short 

Downcomer
(Lbs.)

Tray with
Bottom 

Downcomer
(Lbs.)

19

24

24

32

12 Series Front

12 Series Back

Split Trays

4427

25

35

30

30.5

38.5

37.5

46.5 54.5

45.5

32 38.5 45.5

63.5

46.5 54.5 63.5

46.5 54.5 63.5

46.5 54.5 63.5

46.5 54.5 63.5

46.5 54.5 63.5

4 Down

4 Down Bottom

6 Down

6 Down Bottom

12 Down

12 Down Bottom

Downcomers

11

17

5

8

13.5

6.5



Cleaning the Air Stripper

Recommended cleaning equipment:
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Cleaning Instructions

This information describes how to clean the QED EZ-TrayTM Air Stripper unit.  Please refer to the 
manufacturer’s instructions for maintenance on the non-air stripper equipment.

Tray Fouling
With normal operation of the air stripper, the sump pressure will typically increase over time.  This 
typically indicates that the air stripper trays are becoming fouled.  If this occurs, shut down the system.  
Remove the door and visually inspect for signs of fouling and clean the air stripper as outlined in the 
“Maintenance” section of this manual.  Occasionally inspect the pressure gauge tubing for water build 
up.  Water trapped in the air tubing could produce an erroneous reading.  A pinch clamp is provided 
on the tubing and should be closed when no one is at the site in order to prevent potential condensate 
accumulation.  Condensation buildup will ruin the pressure gauge.

Dealing with High Mineral Concentrations
Minerals, dissolved in high concentrations, tend to precipitate out of ground water during aeration 
processes.   These minerals form insoluble deposits commonly referred to as "fouling". Deposits from 
iron-rich or mineral-rich feed water can be reduced by pre-treating it with sequestering agents or 
possibly other types of technologies.  There are a number of sequestering suppliers that should be 
able to offer recommendations or suggestions.  The recommended cleaning procedure is pressure- 
washing.  Follow the instructions detailed below.

Pressure Washer with Washer Wand
2 GPM minimum flow at 900 PSI maximum.  Equipment rental companies can usually supply 
such a unit on a daily rental basis.

Clean Water Supply
Clean water supply with a capacity of at least 2 GPM at 20 PSI, connected to the pressure washer by 
means of an ordinary garden hose.

Cleaning the Unit. 
The QED air stripper is designed for easy cleaning.  Trays can either be removed for cleaning or left in 
the unit and cleaned.  Another option would be for the customer to purchase a spare set of trays which 
would allow maintenance personnel to replace the fouled trays with clean trays and reduce air stripper 
down time and allow the maintenance personnel to clean the trays at their convenience.  

Cleaning Step 1.  Turn Off Equipment, Perform Electrical “Lockout”Procedure
Turn off the feed water supply and all associated electrical equipment.

Cleaning Step 2.  Provide for Waste Disposal
Make provisions for disposing of the sludge and waste generated during cleaning.  

Cleaning Step 3.  Remove Front Cover(s).  Either remove the traysfrom the air stripper unit or 
leave them in for cleaning.  
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Cleaning Instructions

Cleaning Step 4.  Turn On Water and Pressure Washer
Turn on the water supply to the pressure washer.  Then, turn on the pressure washer itself.  Wear 
protective goggles while spraying.

Cleaning Step 5.  Insert Wand into Air Stripper  
(This step is for cleaning trays while they remain in the air stripper unit.  If trays have been removed for 
cleaning, skip step 5 and proceed to step 6.)

Insert the wand all the way into the door opening.  Point the spray nozzle up towards the bottom of the 
lowest tray.  

Cleaning Step 6.  Clean Bottom Side of Tray
Holding the wand tightly, pull the trigger to start the pressurized water flow.  Expect the wand to kick 
back as flow starts.  Move the wand side to side at a rate of about 1" per second.  Be sure to cover the 
entire tray bottom area.  The tray holes must be cleaned of all deposits. Periodically stop the cleaning 
operation and inspect the cleaned area.  The area is clean when there are no deposits around the 
aeration holes.

Cleaning Step 7.  Clean Top Side of Tray
Move the wand to the top side of the tray.  Continue spraying with the nozzle pointed down onto the top 
surface of the tray.  Also clean the downcomer and sealpot areas.  Remove all visible deposits from the  
tray baffles and the walls of the unit.  Inspect the cleaned area for deposits.  

Cleaning Step 8.  Repeat for all Trays
Repeat the procedure for all trays, working up to the top-most tray.

Cleaning Step 9.  Spray the Ceiling and Walls of the Air Stripper.  
Cleaning the walls and ceiling are not necessarily required for proper air stripper operation.

Cleaning Step 10.  Rinse
After the cleaning operation is finished, rinse the ceiling, trays, baffles,and walls with the pressure 
washer.  Work down from the top down to the sump tank.  Make sure the surfaces are clean and the 
holes are not blocked by loosened debris.

Cleaning Step 11.  Check the Demister Pad and Replace as Necessary
Inspect the demister pad and clean as needed. Use the pressure sprayer to remove debris, deposits 
and gummy residues sometimes found on the demister pad. Demister pads that are excessively 
plugged should be replaced.

Cleaning Step 12.  Inspect the Air Stripper
Visually inspect the air stripper box for the following:

1.  Gasket integrity
2.  Inspect the air stripper for any damage and repair as necessary. 
3.  Aeration tray integrity.  Inspect trays for structural damage.
4.  Inspect the internal piping (typically PVC piping) and replace as necessary.



Problem 1.  Blower Won't Start or Run

Problem 2.  Discharge Pump Won't Shut Off

19

Troubleshooting

No Power to Blower 
Check that all switches are in "ON" or "AUTO" position.

Position main disconnect switch to "ON" position.  Turn control switches to"ON" or "AUTO".

Blown Fuse 
Check to see if fuses are okay.  Check fuses in main disconnect switch and in control panel.

If blown, replace with fuse of same size and rating.

Overload Relay Trips 
Locate reset button on blower overload relay. Push reset button in.  Reasons for tripping:  incorrect 
line voltage, motor wired incorrectly, loose wire connections, inadequate ventilation, bearings are bad.

Tubing to Pressure Switch Plugged with Water or Debris
Remove tubing from pressure switch and blow into it towards tank.

Clean or replace tubing if plugged or kinked.

Blower Wheel Jammed Against Side of Housing
TURN OFF ALL power to the system.  Try to spin wheel by hand.  Wheel should rotate freely. See 
blower manual for more details. Call QED.

Suction or Discharge Piping for Pump is Clogged
Check water flow from discharge pipe.  Piping should be clean inside.  Look for narrowing caused by 
scale or iron accumulation. 

Remove piping, inspect and clean or replace as necessary.

Float Switch in Tank is Stuck in Down Position
Look into sump and check that all floats are free moving and floating on the water.

Clean all deposits from float.  Replace float as necessary.

Normal Operation - Water Level in Sump is Okay
Pump will stop when water level reaches pre-determined height in tank (low level).

Allow water level to decrease until pump turns off.
Let water level reach pre-determined lower level, which will cause discharge pump to turn off.

jbrightwell
Text Box

jbrightwell
Note
Accepted set by jbrightwell



Problem 3.  Discharge Pump Won't Start or Run

Problem 4.  Low Air Pressure in Stripper Tank
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Troubleshooting

No Power to Pump
Check that all switches are in "ON" or "AUTO" position.

Position main disconnect switch to "ON" position.  Turn control switches to "ON" or "AUTO".

Blown Fuse
Check to see if fuses are okay.  Check fuses in main disconnect switch and in control panel.

If blown, replace with fuse of same size and rating.

Overload Relay Trips
Locate reset button on pump contactor overload relay.

Push reset button in.  Reasons for tripping:  incorrect line voltage, motor wired incorrectly, inadequate 
ventilation, obstruction in piping, bearings are bad.

Normal Operation - Water Level in Sump is Okay
Pump will start when water level reaches pre-determined height in tank.

Allow water level to increase until pump turns on.  Be sure pump switch is in "Auto" position.

Let water level reach pre-determined upper level, which will cause discharge pump to turn on.

Level Switch in Tank is Wired Incorrectly in Control Panel
Check wiring circuit against diagram.  See that all connections are tight and no short circuits exist 
because of worn insulation, crossed wires, etc.

Rewire any incorrect circuits.  Tighten connections, replace defective wires.

Impeller, Seal or Bearing Damaged
TURN OFF POWER.  Try to turn impeller by hand.

If impeller won't turn, remove housing and locate source of binding, or obstruction.

Blower Damper Closed
Visually check position of damper near discharge of blower.

Open damper to get proper reading on pressure gauge.  Firmly tighten screws.

Motor Rotation Backwards
Watch rotation of blower wheel at slow speed.



Reconnect for proper rotation as per motor diagram.

Problem 5.  High Pressure in Stripper
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Troubleshooting

Gravity Discharge Trap Installed Incorrectly
Tray should be positioned vertically.

Install discharge trap per outlet plumbing drawings provided in Figure 4.

Inlet Chamber (Sealpot) in each Tray is Not Full of Water
Follow inlet chambers fill up procedures above in Initial Start Up.

Front Cover not in Place
Front cover must be secured during operation.

Tubing to Pressure Gauge Plugged with Water or Debris
Remove tubing from pressure gauge and blow into it towards tank.

Clean or replace tubing if plugged or kinked.

Debris Blocking Blower Intake
Look at blower intake.  Remove any accumulated debris.

Normal Operation in Automatic Mode
When inlet pump starts, blowers will start, air pressure will rise to operational level.

No action necessary.

Air Exhaust Piping is Restricted
Check vent piping for obstructions.  Check that vent pipe diameter does not decrease.

Vent piping diameter must be the same as the outlet vent diameter on the cover.

Air Holes in Bottom of Trays are Plugged
Remove front cover and visually inspect holes.

For iron fouling, clean out unit with a 1000 PSI pressure washer.  For scaling, scrape or tap scale from 
all surfaces, then use a pressure washer to open holes.  Consider using sequestering agent or other 
technology to reduce scaling.

Demister Pad is Plugged
Inspect the bottom of the demister pad in the cover.  Clean and/or replace as necessary.



Problem 7.  Iron Fouling is a Problem

Problem 6.  Water Won’t Flow Into Unit
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Troubleshooting

Inlet/Well Pump Functioning Properly
Allow water level to rise in well pump, which will turn on inlet pump to system.

No action necessary.

Tank Air Pressure is Low.  System is in Alarm Condition
Read tank air pressure from pressure gauge.  System should be in alarm condition if pressure is below 
about 2 inches w.c.

Check that blower is operating properly. 

Inlet Piping is Plugged
Remove inlet piping and inspect for debris and buildup.

Clean or replace clogged parts.

Iron Precipitates Out of Water When Treated with an Air Stripper Causing Iron Build Up in Unit
Remove the front door(s) and inspect inside of tray for buildup/fouling.

Clean out unit with 1000 PSI pressure washer on routine basis.

Pretreat incoming water using sequestering agents or other appropriate technology.
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Treatment Equipment Warranty

  
QED Environmental Systems Inc. (QED) warrants to the original purchaser of its products that, subject to the limitations 
and conditions provided below, the products, materials and/or workmanship shall reasonably conform to descriptions 
of the products and shall be free of defects in materials and workmanship.  Any failure of the products to conform to 
this warranty will be remedied by QED in the manner provided herein.  

QED warrants the equipment components of its manufacture for a period of one (1) year from date of delivery.  Our sole 
obligation during this warranty will be to repair or replace (at our option) the defective components.  We are not 
responsible for consequential damages.  Labor costs are not included.  

Purchaser's exclusive remedy for breach of said warranty shall be as follows:  if, and only if, QED is notified in writing 
within the applicable warranty period of the existence of any such defects in the said products, and QED upon examination 
of any such defects, shall find the same to be within the term of and covered by the warranty running from QED to 
Purchaser, QED will, at its option, as soon as reasonably possible, replace or repair any such product, without charge to 
Purchaser.  If QED for any reason, cannot repair a product covered hereby within four (4) weeks after receipt of the original 
Purchaser's notification of a warranty claim, then QED's sole responsibility shall be, at its option, either to replace the 
defective product with a comparable new unit at no charge to the Purchaser, or to refund the full purchase price.  In no 
event shall such allegedly defective products be returned to QED without its consent, and QED's obligations of repair, 
replacement or refund are conditioned upon the Purchaser's return of the defective product to QED.  

IN NO EVENT SHALL QED ENVIRONMENTAL SYSTEMS INC. BE LIABLE FOR CONSEQUENTIAL OR INCIDENTAL 
DAMAGES FOR BREACH OF SAID WARRANTY.  

The foregoing warranty does not apply to major subassemblies and other equipment, accessories, and other parts 
manufactured by others, and such other parts, accessories, and equipment are subject only to the warranties supplied by 
their respective manufacturers.  In the event of failure of any such product or accessory, QED will give assistance to 
Purchaser in obtaining from the respective manufacturer whatever adjustment is reasonable in light of the manufacturer's 
own warranty.  

THE FOREGOING WARRANTY IS IN LIEU OF ALL OTHER WARRANTIES, EXPRESSED, IMPLIED OR STATUTORY 
(INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANT ABILITY AND FITNESS FOR A PARTICULAR 
PURPOSE), WHICH OTHER WARRANTIES ARE EXPRESSLY EXCLUDED HEREBY, and of any other obligations or 
liabilities on the part of QED, and QED neither assumes nor authorizes any person to assume for it any other obligation or 
liability in connection with said products, materials and/or workmanship.  

It is understood and agreed that QED shall in no event be liable for incidental or consequential damages resulting from its 
breach of any of the terms of this agreement, nor for special damages, nor for improper selection of any product described 
or referred to for a particular application.  

This warranty will be void in the event of unauthorized disassembly of component assemblies. Defects in any equipment 
that result from abuse, operation in any manner outside the recommended procedures, use and applications other than for 
intended use, or exposure to chemical or physical environment beyond the designated limits of materials and construction 
will also void this warranty. 
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Treatment Equipment Warranty

The equipment is warranted to perform as specified under the conditions specified here and within the air stripper model 
or QED will make the necessary changes at no cost to the owner.  Some restrictions apply.  Requirements for warranty 
consideration include, (but are not limited to):  

1.  Current operating conditions do not differ from the previously-modeled conditions.   
2.  The system should be cleaned regularly to maintain system performance. 
3.  The equipment is installed, operated and maintained according to QED's instruction or non-QED manufactured 
      subassembly manufacturer’s instructions. 
4.  Air stripper influent air is not “dirty” (does not contain VOC’s, etc.). 
5.  No surfactants, oils, greases, immiscible phases or other Henry's constant altering water additions present in the water. 
6.  Each influent contaminant does not exceed 25% of its maximum solubility under modeled conditions.  

QED shall be released from all obligations under all warranties if any product covered hereby is repaired or modified by 
persons other than QED's service personnel unless such repair by others is made with the consent of QED.  If any product 
covered hereby is actually defective within the terms of this warranty, Purchaser must contact QED for determination of 
warranty coverage.  If the return of a component is determined to be necessary, QED will authorize the return of the 
component, at owner's expense.  If the product proves not to be defective within the terms of this warranty, then all costs 
and expenses in connection with the processing of the Purchaser's claim and all costs for repair, parts and labor as authorized
by owner hereunder shall be borne by the Purchaser. 

In the event of air stripper performance issues, QED may require customer to conduct a variety of troubleshooting steps.  
These include, but are not limited to, modifying operational parameters, cleaning air stripper system, modifying (temporarily 
or permanently) process piping, and obtaining reasonable and necessary influent/effluent samples.  These steps are the 
responsibility of the customer and will be conducted by customer prior to consideration by QED for a site visit.  These steps 
and the associated costs incurred are the responsibility of the customer, regardless of future action.  Should customer request 
a site visit by QED or accept a site visit offer by a QED-trained technician, the visit and associated costs: a) will be the 
responsibility of the customer at $750/day, plus travel, lodging, and meals, if the visit finds improper sampling, process 
piping installation, or equipment operation inconsistent with QED’s Operation and Maintenance Manual; or b) will be the 
responsibility of QED if the visit finds QED responsible for the performance issue(s) raised.  

The original Purchaser's sole responsibility in the instance of a warranty claim shall be to notify QED of the defect, malfunction, 
or other manner in which the terms of this warranty are believed to be violated.  You may secure performance of obligations 
hereunder by contacting the Customer Service Department of QED and:  

1. Identify the product or system involved by job number or QED order number. 
2. Specifying where, when, and from whom the product was purchased. 
3. Describing the nature of the defect or malfunction covered by this warranty. 
4. If applicable, send the malfunctioning component, after receiving a Return Authorization Code (RAC) Number from the 
    QED Service Department, to:    

QED Environmental Systems Inc.   
6241 Jackson Road   
Ann Arbor, MI  48103  
Attn:   RAC Number  
(RAC provided by QED Service Dept.) 
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Figure 1 General Drawing of E-Z Tray Air Stripper

Hatch Removed

ITEM NO. Description QTY.

1 EZ TRAY AIR STRIPPER 1

2 DEMISTER HOUSING 1

3 SIGHT TUBE 1

4 TRAY L.H. 2
5 TRAY R.H. 1

6 TRAY R.H. BOTTOM 1

7 GAUGE MAGNEHELIC 1

Stripper Sump

Downcomer

4
5

64

Air Discharge

Site Tube

Air Inlet

Water Discharge

Water Inlet

Differential Pressure
Magnehelic Gauge 2

1
7

3
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Figure 2 Typical Tray Assembly

ITEM # Description QTY.

1 TRAY WELDMENT  R.H. 1

2 FELT 3/4" W X 1/4" THK 2

3 FELT 3/4"W X 1/4" THK 1

4 DOWNCOMMER 1
5 GASKET DOWNCOMER 1

3

2

1

2

4

5
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Figure 3 Typical Blower Piping
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Figure 4 Typical Gravity Discharge Piping
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Thank you for purchasing CERUS Variable Frequency Drives! 
 
 

SAFETY INSTRUCTIONS 
 

To prevent injury and property damage, follow these instructions 
during the installation and operation of the inverter. 
 
Incorrect operation due to ignoring these instructions may cause 
harm or damage. The following symbols are used throughout the 
manual to highlight important information.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 
 
 
 
 
 
 

 
  

 
 
 
 
 
 
 
 
 
 

DANGER 

WARNING 

CAUTION 

This symbol indicates the possibility of 
death or serious injury.

This symbol indicates the possibility of 
damage to the inverter or other 
components.

This symbol indicates death or serious 
injury can occur if you do not follow 
instructions.

■ The meaning of each symbol in this manual and on your 
equipment is as follows. 

This is the safety alert symbol. 
Read and follow instructions carefully to avoid a dangerous situation.

This symbol alerts the user to the presence of “dangerous voltage” 
inside the product that might cause bodily harm or electric shock.  

■ This manual should be placed in a location where it can be 
accessed by users.  

■ This manual should be given to the person who actually 
uses the inverter and is responsible for its maintenance. 
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 WARNING 
 
 

z Do not remove the cover while power is applied or the unit is in 
operation.  
Otherwise, electric shock could occur. 

 
z Do not operate the inverter with the front cover removed.  

Otherwise, electric shock can occur due to the exposed terminals and bus bars.  
 

z Do not remove the cover except for periodic inspections or wiring, 
even if the input power is not applied.  
Otherwise, electric shock can occur due to accessing capacitor banks. 

 

z Wiring and periodic inspections should be performed at least 10 
minutes after disconnecting the input power and after checking the DC 
link voltage is discharged with a meter (below 30VDC).  
Otherwise, electric shock could occur. 

 

z Operate the switches with dry hands. 
Otherwise, electric shock could occur. 

 

z Do not use the cable when its insulating tube is damaged.  
Otherwise, electric shock could occur. 

 

z Do not subject the cables to scratches, excessive stress, heavy loads 
or pinching.  
Otherwise, electric shock could occur. 
 

 

 CAUTION 
 
 

z Install the inverter on a non-flammable surface. Do not place flammable 
materials nearby.  

 Otherwise, fire could occur.  
 

z Disconnect the input power if the inverter has been damaged.  
 Otherwise, it could result in a secondary accident and fire. 

 

z Do not touch the inverter after shutting down or disconnecting it. It will 
remain hot for a couple of minutes.  
Otherwise, bodily injuries such as skin-burn or damage could occur.  
 

z Do not apply power to a damaged inverter or to an inverter with parts 
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missing even if the installation is complete. 
 Otherwise, electric shock could occur. 
 
z Do not allow lint, paper, wood chips, dust, metallic chips or other 

foreign material into the drive.  
Otherwise, fire or accident could occur. 

 
 

OPERATING PRECAUTIONS 
 

(1) Handling and installation 
z The P series inverter can be heavy. Lift according to the weight of the product. Use a hoist 

or crane to move and install the P series inverter if necessary. Failure to do so may result 
in personal injury or damage to the inverter.  

z Do not stack the inverter boxes higher than the number recommended. 
z Install the inverter according to instructions specified in this manual. 
z Do not open the cover during delivery. 
z Do not place heavy items on the inverter. 
z Check that the inverter mounting orientation is correct. 
z Do not drop the inverter, or subject it to hard impact. 
z Verify the ground impedance 100ohm or less for 230 V Class inverters and 10ohm or less 

for 460V class inverters. 
z Take protective measures against ESD (Electrostatic Discharge) before touching the pcb 

boards during inspection, installation or repair.  
z The inverter is designed for use under the following environmental conditions: 

 
Ambient 
temp. - 10 ~ 40  ℃ (14℉ ~ 104℉)  

Relative 
humidity 90% Relative Humidity or less (non-condensing) 

Storage 
temp. - 20 ~ 65 ℃ (-4℉ ~ 149℉) 

Location Protected from corrosive gas, combustible gas, oil mist 
or dust (Pollution Degree 2 Environment) 

Altitude, 
Vibration 

Max. 1,000m (3,300ft) above sea level, Max. 5.9m/sec2 
(0.6G) or less 

E
nv

iro
nm

en
t 

Atmospheric 
pressure 70 ~ 106 kPa (20.67 in Hg ~ 31.3 in Hg) 

      
(2) Wiring 

z Do not connect power factor correction capacitors, surge suppressors, or RFI filter to the 
output of the inverter. 

z The connection orientation of the motor output cables U, V, W will affect the direction of 
rotation of the motor. Verify correct wiring before starting inverter. 

z Incorrect terminal wiring could result in inverter and/or equipment damage. 
z Reversing the polarity (+/-) of the terminals could damage the inverter. 
z Only authorized personnel familiar with CERUS inverter should perform wiring and 

inspections. 
z Always install the inverter before wiring. Otherwise, electric shock or bodily injury can occur. 
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(3) Trial run 
z Check all parameters during operation. Parameter values might require adjustment 

depending on the application. 
z Always apply voltage within the permissible range of each terminal as indicated in this 

manual. Otherwise, inverter damage may result. 
 
(4) Operation precautions 

z When the Auto restart function is selected, the inverter will restart after a fault has occurred.   
z The Stop key on the keypad can only be used to stop the inverter when keypad control is 

enabled. Install a separate emergency stop switch if necessary. 
z If a fault reset is made with the run command and /or reference signal present, a sudden 

start will occur. Check that the run command and /or reference signal is turned off in 
advance of resetting any faults. Otherwise an accident could occur. 

z Do not modify the inverter. 
z Depending on the motor specifications and user ETH overload settings, the motor may not 

be protected by electronic thermal function of inverter. 
z The operation of the inverter is intended to be controlled by either keypad command or 

control input signals. Do not use a magnetic contactor or any other device that routinely 
disconnects the inverter and reconnects the inverter to the input supply power for the 
purpose of starting and stopping the motor.  

z A noise filter may be installed to reduce the effect of electromagnetic interference. 
Otherwise nearby electronic equipment may be affected.  

z In cases with input voltage unbalances, install an AC input reactor.  
z Power Factor capacitors and generators may become overheated and damaged due to 

harmonics created by the inverter.  
z Use an insulation-rectified motor or take measures to suppress the micro surge voltage 

when driving 460V class motor with inverter. A micro surge voltage attributable to wiring 
constant is generated at motor terminals, and may deteriorate insulation and damage 
motor. 

z Before operating unit and prior to user programming, reset user parameters to default 
settings. 

z The Inverter can be set to operate a motor at high-speeds. Verify the speed capability of 
motor and machinery prior to operating inverter. 

z Holding torque is not produced when using the DC-Brake function. Install separate 
equipment when holding torque is required.   

 
(5) Fault prevention precautions  

z If required, provide a safety backup such as an emergency mechanical brake to prevent 
any hazardous conditions if the inverter fails during operation. 

 
(6) Maintenance, inspection and parts replacement  

z Do not megger (hi-pot or insulation resistance) test the power or control circuit of the 
inverter.  

z Refer to Chapter 8 for periodic inspection and parts replacement details. 
 

(7) Disposal 
z Handle the inverter as an industrial waste when disposing of it.  
 

(8) General instructions 
Many of the diagrams and drawings in this instruction manual show the inverter without a cover. Prior 
to operating the unit, be sure to restore covers and circuit protection according to specifications. 
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CHAPTER 1 - BASIC INFORMATION 

 
1.1 Inspection  
 
-   Remove the inverter from its packing and inspect its exterior for shipping damage. If damage is apparent 

notify the shipping agent and your CERUS sales representative. 
-   Remove the cover and inspect the inverter for any apparent damage or foreign objects. Ensure that all 

mounting hardware and terminal connection hardware is properly seated, securely fastened, and 
undamaged. 

-   Check the nameplate on the P inverter. Verify that the inverter unit is the correct horsepower and input 
voltage for the application.  

 
 
1.1.1 Inverter model number 
 
The numbering system of the inverter is as shown below. 
 

CI  007 P –  2 NE 
 

Motor rating 

007 5.5kW 
010 7.5kW 

 

 

N: No Keypad 
O: UL Open Type 
E: UL Enclosed Type 1
L: Built-in DC Choke  

 
Series Name   Input Voltage 

P  2 200 - 230V 
  4 380 - 480V 

 
 

 
1.1.2 Installation 
 
To operate the inverter reliably, install the inverter in a proper place with the correct direction and with the 
proper clearances.   
 
1.1.3 Wiring 
 
Connect the power supply, motor and operation signals (control signals) to the terminal block. Note that 
incorrect connection may damage the inverter and peripheral devices. 
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1.2 Basic configuration 
 
The following devices are required to operate the inverter. Proper peripheral devices must be selected and 
correct connections made to ensure proper operation. An incorrectly applied or installed inverter can result in 
system malfunction or reduction in product life as well as component damage. You must read and understand 
this manual thoroughly before proceeding. 
 
  

AC Source Supply  
Use a power source with a voltage within the 
permissible range of inverter input power 
rating. 

MCCB or Earth 
leakage circuit 
breaker (ELB) 

Select circuit breakers or fuses in accordance 
with applicable national and local codes.  

Inline Magnetic 
Contactor 

Install if necessary. When installed, do not 
use it for the purpose of starting or stopping 
the drive.  

AC Reactor 

An AC reactor can be used when the 
harmonics are to be reduced and power 
factor is to be improved.  One must be used 
when the inverter is installed on a power 
source with greater than 10 times the KVA 
rating of the drive. 

Installation and 
wiring 

To reliably operate the drive, install the 
inverter in the proper orientation and with 
proper clearances. Incorrect terminal wiring 
could result in the equipment damage. 

DC Reactor 
A DC reactor may be used together with or 
in place of an AC reactor if necessary to 
reduce harmonics or improve power factor. 

To motor 
Do not connect power factor capacitors, 
surge arrestors or radio noise filters to the 
output side of the inverter. 
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CHAPTER 2 - SPECIFICATION 

2.1 200~230V Class (5.5~30kW / 7.5~40HP) 

  Model Number 
(CI-xxx-P2) 007 010 015 020 025 030 040 

HP 7.5 10 15 20 25 30 40 

kW 5.5 7.5 11 15 18.5 22 30 

Std Duty 
Variable 
Torque 
Motro 
Rating(1) FLA[A] 24 32 46 60 74 88 115 

HP 5 7.5 10 15 20 25 30 

kW 3.7 5.5 7.5 11 15 18.5 22 

Hvy Duty 
Variable 
Torque 
Motro 
Rating FLA[A] 

17 23 33 44 54 68 84 

Capacity[kVA](2) 9.1 12.2 17.5 22.9 28.2 33.5 43.8 

Frequency 0.01 ~ 120 Hz 
Output 
ratings 

Voltage 200 ~ 230 V(3) 

Voltage 3φ 200 ~ 230 V (-15% ~ +10 %) 
Input ratings 

Frequency 50/60 Hz (± 5 %) 

Weight [kg (lbs.)] 4.9(10.8) 6(13.2) 6(13.2) 13(28.7) 13.5(29.8) 20(44.1) 20(44.1)

 
 
2.2 380~480V Class (5.5~30kW / 7.5~40HP) 

 
 
 
 
 
 
 
 

 Model Number 
(CI-xxx-P4) 007 010 015 020 025 030 040 

HP 7.5 10 15 20 25 30 40 

kW 5.5 7.5 11 15 18.5 22 30 

Std Duty 
Variable 
Torque 
Motro 
Rating(1) FLA[A] 12 16 24 30 39 45 61 

HP 5 7.5 10 15 20 25 30 

kW 3.7 5.5 7.5 11 15 18.5 22 

Hvy Duty 
Variable 
Torque 
Motro 
Rating FLA[A] 

8 11 17 22 28 34 44 

Capacity[kVA](2) 9.6 12.7 19.1 23.9 31.1 35.9 48.6 

Frequency 0.01 ~ 120 Hz 
Output 
ratings 

Voltage 380 ~ 480 V(3) 

Voltage 3φ 380 ~ 480 V (-15% ~ +10 %) 
Input ratings 

Frequency 50/60 Hz (± 5 %) 

Weight [kg (lbs.)] 4.9(10.8) 6(13.2) 6(13.2) 12.5(27.6) 13(28.7) 20(44.1) 20(44.1)
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2.3 380 ~ 480V Class (37~90kW / 50~125HP) 

Model Number 
(CI-xxx-P4) 050 060 075 100 125 

HP 50 60 75 100 125 

kW 37 45 55 75 90 

Std Duty 
Variable 
Torque 
Motro 
Rating(1) FLA[A] 75 91 110 152 183 

HP 40 50 60 75 100 

kW 30 37 45 55 75 

Hvy Duty 
Variable 
Torque 
Motro 
Rating FLA[A] 

55 66 80 111 134 

Capacity [kVA] (2) 59.8 72.5 87.6 121.1 145.8 

Frequency 0.01 ~ 120 Hz 
Output 
ratings 

Voltage 380 ~ 480 V(3) 

Voltage 3φ 380 ~ 480 V (-15% ~ +10 %) 
Input ratings 

Frequency 50/60 Hz (± 5 %) 

Weight [kg (lbs.)]  27(59.5) 27(59.5) 29(64) 42(92.6) 43(94.8) 

 

 
2.4 380 ~ 480V Class (110~280kW / 150~400HP) 

 
 
 
 
 
 
 
 
 
 
 

Model Number 
(CI-xxx-P4) 150 200 250 350 400 

HP 150 200 250 350 400 

kW 110 132 160 220 280 

Std Duty 
Variable 
Torque 
Motro 
Rating(1) FLA[A] 223 264 325 432 547 

HP 125 150 200 250 300 

kW 90 110 132 160 220 

Hvy Duty 
Variable 
Torque 
Motro 
Rating FLA[A] 

183 223 264 325 432 

Capacity [kVA] (2) 178 210 259 344 436 

Frequency 0.01 ~ 120 Hz 
Output 
ratings 

Voltage 380 ~ 480 V(3) 

Voltage 3φ 380 ~ 480 V (-15% ~ +10 %) 
Input ratings 

Frequency 50/60 Hz (± 5 %) 

Weight [kg (lbs.)]  101(222.7) 101(222.7) 114(251.3) 200(441.9) 200(441.9)
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Common Specifications 

Cooling method Forced air cooling 

Short Circuit Rating 
65kA, suitable for use on a circuit capable of delivering not more than 65,000 
RMS Symmetrical amperes, 240 (or 480V) volts maximum 

Agency Approvals UL and cUL listed, CE marked 

Control Method V/F, Sensorless Vector, Slip Compensation, Easy Start Selectable 

Frequency Setting 
Resolution 

Digital Reference: 0.01 Hz (Below 100 Hz), 0.1 Hz (Over 100 Hz) 
Analog Reference: 0.01 Hz / 60 Hz 

Frequency Accuracy 
Digital: 0.01 % of Max. Output Frequency 
Analog: 0.1 % of Max. Output Frequency 

V/F Ratio Linear, Squared Pattern, User V/F 

Overload Capacity 
110 % per 1 min, 120% per 1 min CT standard duty, 
150% per 1 min constant torque 

C
O

N
T

R
O

L
 

Torque Boost Manual Torque Boost (0 ~ 15 % settable), Auto Torque Boost 

Operation Method Keypad / Terminal / Communication Operation 

Frequency Setting 
Analog: 0 ~ 12V / -12V ~ 12V / 4 ~ 20mA or 0~20mA/ Pulse / Ext-PID 
Digital: Keypad 

Start Signal Forward, Reverse 

Multi-Step 
Up to 18 Speeds can be set including Jog (Use Programmable Digital Input 
Terminal) 

Multi Step 
Accel/Decel 
Time 

0.1~ 6,000 sec, Max 4 types can be set via Multi- Function Terminal. 
Accel/Decel Pattern: Linear, U-Curve, S-Curve Selectable 

Emergency 
Stop 

Interrupts the Output of Inverter 

Jog  Jog Operation 

O
P

E
R

A
T

IO
N

 

In
pu

t S
ig

na
l 

Fault Reset Trip Status is Reset when Protection Function is Active 

Operating 
Status 

Frequency Detection Level, Overload Alarm, Stalling, Over Voltage, Low 
Voltage, Inverter Overheating/ Running/ Stopping/ Constant running, Inverter 
By-Pass, Speed Searching 

Fault Output Contact Output (3A, 3C, 3B) – AC 250V 1A, DC 30V 1A 

O
ut

pu
t s

ig
na

l 

Indicator 
Choose 2 from Output Frequency, Output Current, Output Voltage, DC Link 
Voltage (Output Voltage: 0 ~ 10V)  

 

Operation Function 

DC Braking, Frequency Limit, Frequency Jump, 2nd Function, Slip 
Compensation, Reverse Rotation Prevention, Auto Restart, Inverter By-Pass, 
Auto-Tuning, PID Control, Flying Start, Safety Stop, Flux Braking, Low 
leakage, Pre-PID, Dual-PID, MMC(6), Easy Start, Pre-heater 

Inverter Trip 

Over Voltage, Low Voltage, Over Current, Ground Fault, Inverter Overheat, 
Motor Overheat, Output Phase Open, Overload Protection, External Fault 1, 2, 
Communication Error, Loss of Speed Command, Hardware Fault, Option Fault 
etc  

P
R

O
T

E
C

T
IO

N
 

Inverter Alarm Stall Prevention, Overload Alarm, Thermal Sensor Fault 
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Operation 
Information 

Output Frequency, Output Current, Output Voltage, Frequency Set Value, 
Operating Speed, DC Voltage, Integrating Wattmeter, Fan ON time, Run-time, 
Last Trip Time 

D
IS

P
L

A
Y

 

K
ey

pa
d 

Trip 
Information 

Trips Indication when the Protection Function activates. Max. 5 Faults are 
saved. Last Trip Time.  

Ambient Temperature -10℃ ~ 40℃ (14℉ ~ 104℉)  (Use loads less than 80% at 50℃) 

Storage Temperature -20℃ ~ 65℃ (14℉ ~ 149℉) 

Ambient Humidity Less Than 90 % RH Max. (Non-Condensing) 

Altitude – Vibration Below 1,000m (3,300ft), Below 5.9m/sec2 (0.6g)  

E
N

V
IR

O
N

M
E

N
T

 

Application Site  Pollution degree 2, No Corrosive Gas, Combustible Gas, Oil Mist, or Dust 

 

(1) Standard duty VT motor rating based on a 120% overload for 1 minute. Heavy duty motor ratings based on 150% 

overload for 1 minute. Horsepower ratings based on 4-pole motor specifications at 460(or 230V) input voltage. 

Operation at lower input voltages ot within motors with 6 or motor poles may require the use of a larger drive 

depending on actual motor rating. 

(2) Maximum output voltage will not exceed the input voltage. An output voltage less than the input voltage may be 

programmed if necessary.  

(3) The standard conduit box attachment adds 1.8kg(4lbs.) to the weight of the drive. 

(4) MMC(Multi Moter Control) function is applied to the drives only for 7.5 ~125HP. 
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2.5 Dimensions 

 
1) CI-007-P2/4 (200/400V Class) 

 

5P�R �M ,�Q��̀ �� (zLJ��PJ 6O�JR

5P�R �M (zLJ��PJ 6O�JR

5P�R �M (zLJ��PJ 6O�JR

> $51,1*

 
                mm (inches) 

Model W1 W2 H1 H2 D1 C1 C2 C3 
Enclosure 

Type 

CI-007-P2/4 
150 

(5.91) 

130 

(5.12) 

284 

(11.18)

269 

(10.69)

156.5 

(6.16) 

24 

(0.98) 

24 

(0.98) 

24 

(0.98) 

IP20 

UL Type 1
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2) CI-010~040-P2/4 (200/400V Class) 

 

5P�R �M ,�Q��̀ �� (zLJ��PJ 6O�JR

5P�R �M (zLJ��PJ 6O�JR

> $51,1*

5P�R �M (zLJ��PJ 6O�JR

 
          <CI-020~040-P2/4>                   <CI-010~015-P2/4> 
 

                               mm (inches) 

Model W1 W2 W3 H1 H2 D1 C1 C2 C3 
Enclosure 

Type 

CI-010-P2/4 
200 

(7.87) 
180 

(7.09) 
6 

(0.23) 
284 

(11.18)
269 

(10.69)
182 

(7.16)
35 

(1.37)
24 

(0.98) 
35 

(1.37)
IP20 

UL Type 1

CI-015-P2/4 
200 

(7.87) 
180 

(7.09) 
6 

(0.23) 
284 

(11.18)
269 

(10.69)
182 

(7.16)
35 

(1.37)
24 

(0.98) 
35 

(1.37)
IP20 

UL Type 1

CI-020P2/4 
250 

(9.84) 
230 

(9.06) 
9 

(0.35) 
385 

(15.16)
370 

(14.57)
201 

(7.91) - - - IP00 
UL Open 

CI-025-P2/4 
250 

(9.84) 
230 

(9.06) 
9 

(0.35) 
385 

(15.16)
370 

(14.57)
201 

(7.91) - - - IP00 
UL Open 

CI-030-P2/4 
304 

(11.97) 
284 

(11.18) 
9 

(0.35) 
460 

(18.11)
445 

(17.52)
234 

(9.21) - - - IP00 
UL Open 

CI-040-P2/4 
304 

(11.97) 
284 

(11.18) 
9 

(0.35) 
460 

(18.11)
445 

(17.52)
234 

(9.21) - - - IP00 
UL Open 
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3) CI-020~040-P2/4 (UL Type 1 or UL Open Type with Conduit Option used, 200V/400V Class)  

 

5P�R �M (zLJ��PJ 6O�JR

5P�R �M (zLJ��PJ 6O�JR

5P�R �M ,�Q��̀ �� (zLJ��PJ 6O�JR

> $51,1*

 
                                                                            mm (inches) 

Model W1 W2 W3 H1 H2 H3 D1 D2 Enclosure 
Type 

CI-020-P2/4 250 
(9.84) 

230 
(9.06) 

200.8
(7.9) 

385 
(15.16)

370 
(14.57)

454.2
(17.88)

201 
(7.91) 

146 
(5.74) 

IP20 
UL Type 1

CI-025-P2/4 250 
(9.84) 

230 
(9.06) 

200.8
(7.9) 

385 
(15.16)

370 
(14.57)

454.2
(17.88)

201 
(7.91) 

146 
(5.74) 

IP20 
UL Type 1

CI-030-P2/4 304 
(11.97) 

284 
(11.18) 

236 
(9.29)

460 
(18.11)

445 
(17.52)

599.2
(23.59)

234 
(9.21) 

177.5 
(6.98) 

IP20 
UL Type 1

CI-040-P2/4 304 
(11.97) 

284 
(11.18) 

236 
(9.29)

460 
(18.11)

445 
(17.52)

599.2
(23.59)

234 
(9.21) 

177.5 
(6.98) 

IP20 
UL Type 1

Note) Mounting NEMA 1 conduit option to the 15~90Kw(20~125HP) Open Type meets NEMA 1 but does not 
comply with UL Enclosed Type 1. To that end, please purchase UL Type 1 product.  
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4) CI-050~075-P (UL Type 1 or UL Open Type with Conduit Option Used, 400V Class) 

 

5P�R �M ,�Q��̀ �� (zLJ��PJ 6O�JR

5P�R �M (zLJ��PJ 6O�JR

5P�R �M (zLJ��PJ 6O�JR

> $51,1*

 
 

                     mm (inches) 

Model W1 W2 W3 H1 H2 D1 D2 
Enclosure 

Type 

CI-050, 060-P/4 300 
(11.81) 

190 
(7.48) 

9 
(0.35) 

642 
(25.28)

515 
(20.28)

265.6 
(10.46) 

163.4 
(6.43) 

IP20 
UL Type 1

CI-075-P/4 300 
(11.81) 

190 
(7.48) 

9 
(0.35) 

642 
(25.28)

515 
(20.28)

292.6 
(11.52) 

190.4 
(7.5) 

IP20 
UL Type 1

CI-050, 060-P/4L 
(Built-in DCL Type) 

300 
(11.81) 

190 
(7.48) 

9 
(0.35) 

792 
(31.18)

665 
(26.18)

265.6 
(10.46) 

163.4 
(6.43) 

IP20 
UL Type 1

CI-075-P/4L 
(Built-in DCL Type) 

300 
(11.81) 

190 
(7.48) 

9 
(0.35) 

792 
(31.18)

665 
(26.18)

292.6 
(11.52) 

190.4 
(7.5) 

IP20 
UL Type 1

Note) Mounting NEMA 1 conduit option to the 15~90Kw(20~125HP) Open Type meets NEMA 1 but does not 
comply with UL Enclosed Type 1. To that end, please purchase UL Type 1 product.  
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5) CI-100, 125-P/4 (UL Type 1 or UL Open Type with Conduit Option used, 400V Class) 

 

5P�R �M ,�Q��̀ �� (zLJ��PJ 6O�JR

5P�R �M (zLJ��PJ 6O�JR

5P�R �M (zLJ��PJ 6O�JR

> $51,1*

     
 

   mm (inches) 

Model W1 W2 W3 H1 H2 D1 D2 Enclosure 
Type 

CI-100, 125-P/4 370 
(14.57) 

220 
(8.66) 

9 
(0.35) 

767.5 
(30.22)

586.5 
(23.09)

337.6 
(13.29) 

223.4 
(8.8) 

IP20 
UL Type 1

CI-100, 125-P/4L 
(Built-in DCL Type) 

370 
(14.57) 

220 
(8.66) 

9 
(0.35) 

917.5 
(36.12)

736.5 
(28.99)

337.6 
(13.29) 

223.4 
(8.8) 

IP20 
UL Type 1

Note) Mounting NEMA 1 conduit option to the 15~90Kw(20~125HP) Open Type meets NEMA 1 but does not 
comply with UL Enclosed Type 1. To that end, please purchase UL Type 1 product.  
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6) CI-150, 200-P4 (400V Class) 

 

5P�R �M ,�Q��̀ �� (zLJ��PJ 6O�JR

5P�R �M (zLJ��PJ 6O�JR

5P�R �M (zLJ��PJ 6O�JR

>$51,1*

 
 
 

mm(inches) 

Model W1 W2 W3 W4 H1 H2 D1 
Enclosure 

Type 

CI-150, 200-P/4L 
510 

(20.08) 
381 

(15.00)
11 

(0.43) 
350 

(13.78)
784 

(30.87)
760 

(29.92) 
422.6 

(16.64) 
IP00 

UL Open 

CI-250-P/4L 
510 

(20.08) 
381 

(15.00)
11 

(0.43) 
350 

(13.78)
861 

(33.90)
838 

(33.00) 
422.6 

(16.64) 
IP00 

UL Open 
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7) CI-350, 400-P/4 (400V Class) 

 

 
 
 

mm(inches) 

Model W1 W2 W3 W4 H1 H2 D1 
Enclosure 

Type 

CI-350, 400-P/4L 
690 

(27.17) 
580 

(22.87)
14 

(0.55) 
528 

(20.79)
1078 

(42.44)
1045 

(41.14) 
449.6 

(17.70)
IP00 

UL Open 
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 Notes : 
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Cooling fan

Cooling air 
Leave space enough to allow 
cooled air flowing easily 
between wiring duct and the 
unit. 

CHAPTER 3 - INSTALLATION   

 
3.1 Installation precautions 
 
1) Handle the inverter with care to prevent damage to the plastic components. Do not hold the inverter by the 
front cover.  
 
2) Do not mount the inverter in a location where excessive vibration (5.9 m/sec2 or less) is present such as 
installing the inverter on a press or other moving equipment. 
 
3) Install in a location where temperature is within the permissible range (-10~40°C). 
 
  
 
 
 
 
 
 
 
 
 
4) The inverter will be very hot during operation. Install it on a non-combustible surface. 
 
5) Mount the inverter on a flat, vertical and level surface. Inverter orientation must be vertical (top up) for 
proper heat dissipation. Also leave sufficient clearances around the inverter. However, A= Over 500mm and B= 
200mm should be obtained for inverters rated 30kW and above. 
 
 

 
 

Temp 
checking point 

Temp checking 
point 

5 cm 

5 cm 

5 cm 

Inverter

B:5cm 
Min 

B:5cm 
Min 

Inverter 

A: 10cm Min 

A: 10cm Min 
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6) Do not mount the inverter in direct sunlight or near other heat sources. 
 
7) The inverter shall be mounted in a Pollution Degree 2 environment. If the inverter is going to be installed in 
an environment with a high probability of dust, metallic particles, mists, corrosive gases, or other contaminates, 
the inerter must be located inside the appropriate electrical enclosure of the proper NEMA or IP rating. 
 
8) When two or more inverters are installed or a ventilation fan is mounted in inverter panel, the inverters and 
ventilation fan must be installed in proper positions with extreme care taken to keep the ambient temperature of 
the inverters below the permissible value. If they are installed in improper positions, the ambient temperature of 
the inverters will rise. 
. 
 
 
 
 
 
 
 
 
 

 
 
 
 
9) Install the inverter using screws or bolts to insure the inverter is firmly fastened. 
 

 CAUTION 

 

■ Risk of Electric Shock 
More than one disconnect switch may be required 
to de-energize the equipment before servicing. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Inverter 

GOOD (O) BAD (X) 

Inverter 

Cooling fan 

Panel Panel 

Inverter

Inverter

[When installing several inverters in a panel] 

Ventilating fan

GOOD (O) BAD (X) 

[When installing a ventilating fan in a panel] 
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3.2 Wiring 
3.2.1 Basic wiring 
    
   1) For 5.5~30kW (7.5~40HP)   
 

 

AC Input 

50/60 Hz 

U 

V 
W 

G 

R(L1)
S(L2)
T(L3)

N(-)

DB Unit(Optional) 

DB Resistor 

φ 3 

MCCB(Option) 

M1

M2

M3

M4

M6

M8

M7

MOTOR 

Programmable Digital Input 1(Speed L) 

Programmable Digital Input 2(Speed M) 

Programmable Digital Input 3(Speed H) 

Fault Reset (RST) 

Jog Frequency Reference (JOG) 

Forward Run command (FX) 

Reverse Run command (RX) 

Common Terminal 

Fault Contact Ouput 
less than AC250V (DC30V), 1A 

P2(+)P1(+)

DC Bus Choke (Optional )

Dynamic 
Braking Unit
(Optional)

P N B1 B2 

DC Bus Choke DB Resistor 

M5
Inverter Disable (BX) 

V+

V1

5G

V- 

I 

Analog Power Source (+12V) 

+
-

+
-

Analog Power Source (-12V) 

Frequency reference (0~20mA or 4~20mA) 

Frequency reference (0~12V,V1S : -12~12V) 

Frequency reference common terminal 

S1

S0

5G

Output Frequency Meter 

Output Voltage Meter 
Common for output meter signal 

3A

3C

3B

5G

B0

A0

Frequency Reference (Pulse : 0 ~ 100kHz) 

Common for Frequency Reference (Pulse) 

5G

NT External motor thermal detection 

A1

C1

A2

C2

A3

C3

A4

C4

C- 

C+

CM

RS485 Signal 

RS485 Common 

CM

Note : 1) 5G is Common Ground for Analog Input/Output. 
     2) Use terminal V1 for V1, V1S (0~12V, -12 ~ 12V) input. 

Programmable Digital Output 

 

Control Circuit 

Main Power Circuit 
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2) For 37~90kW (50~125HP) 

    

 

AC Input 

50/60 Hz 

U 

V 
W 

G 

R(L1)
S(L2)
T(L3)

N(-)

DB Unit(Optional) 

DB Resistor 

φ 3 

MCCB(Option) 

M1 

M2 

M3 

M4 

M6 

M8 

M7 

MOTOR 

Programmable Digital Input 1(Speed L) 

Programmable Digital Input 2(Speed M) 

Programmable Digital Input 3(Speed H) 

Fault Reset (RST) 

Jog Frequency Reference (JOG) 

Forward Run command (FX) 

Reverse Run command (RX) 

Common Terminal 

Fault Contact Output 
less than AC250V (DC30V), 1A 

P2(+)P1(+)

DC Bus Choke (Optional )

Dynamic 
Braking Unit
(Optional)

P N B1 B2 

DC Bus Choke DB Resistor 

M5 
Inverter Disable (BX) 

V+

V1

CM

V- 

I 

Analog Power Source (+12V) 

+
-

+
-

Analog Power Source (-12V) 

Frequency reference (0~20mA or 4~20mA) 

Frequency reference (0~12V,V1S : -12~12V)  

Frequency reference common terminal 

S1

S0

5G

Output Frequency Meter 

Output Voltage Meter 
Common for output meter signal 

3A

3C

3B

CM

B0

A0

Common for Frequency Reference 
Frequency Reference (Pulse : 0 ~ 100kHz) 

5G

ET External motor thermal detection 

A1 

C1 

A2 

C2 

A3 

C3 

A4 

C4 

C- 

C+ 

CM 

RS485 Signal 

RS485 Common 

CM 

Note : 1) 5G is Common Ground for Analog Meter Output(SO,S1) and External motor thermal detection(ET). 
     2) Use terminal V1 for V1, V1S (0~12V, -12 ~ 12V) input. 

Programmable Digital Output 

 
 

 

Main Power Circuit 

Control Circuit 
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3) For 110~280kW (150~350HP) 
 

 

AC Input 

50/60 Hz 

U 

V 
W 

G 

R(L1)
S(L2)
T(L3)

DB Unit(Optional) 

DB Resistor 

φ 3 

M1

M2

M3

M4

M6

M8

M7

MOTOR 

Programmable Digital Input 1(Speed L) 

Programmable Digital Input 2(Speed M) 

Programmable Digital Input 3(Speed H) 

Fault Reset (RST) 

Jog Frequency Reference (JOG) 

Forward Run command (FX) 

Reverse Run command (RX) 

Common Terminal 

Fault Contact Output 
less than AC250V (DC30V), 1A 

P2(+)

Dynamic 
Braking Unit
(Optional)

P N B1 B2 

DB Resistor 

M5
Inverter Disable (BX) 

V+

V1

CM

V- 

I 

Analog Power Source (+12V) 

+
-

+
-

Analog Power Source (-12V) 

Frequency reference (0~20mA or 4~20mA) 

Frequency reference (0~12V,V1S : -12~12V)  

Frequency reference common terminal 

S1

S0

5G

Output Frequency Meter 

Output Voltage Meter 
Common for output meter signal 

3A

3C

3B

CM

B0

A0

Common for Frequency Reference 
Frequency Reference (Pulse : 0 ~ 100kHz) 

5G

ET External motor thermal detection 

A1

C1

A2

C2

A3

C3

A4

C4

C- 

C+

CM

RS485 Signal 

RS485 Common 

CM

Note : 1) 5G is Common Ground for Analog Meter Output(SO,S1) and External motor thermal detection(ET). 
     2) Use terminal V1 for V1, V1S (0~12V, -12 ~ 12V) input. 
     3) DC Reactor is built basically in the inverters for 110~280kW(150~350HP). 

Programmable Digital Output 

DC Reactor(Built-in)

 
 

 

Main Power Circuit 

Control Circuit 
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4) For 15~30kW (20~40HP) Built-in DCL Type 
 

  

AC Input 

50/60 Hz 

U 

V 
W 

G 

R(L1)
S(L2)
T(L3)

N(-)

φ 3 
Motor 

P(+)

P N B1 B2 

DB Resistor

DC Reactor

 
 

5) For 37~90kW (50~125HP) Built-in DCL Type 
 

 

AC Input 

50/60 Hz 

U 

V 
W 

G 

R(L1)
S(L2)
T(L3)

φ 3 
Motor 

P2(+)P1(+)

P N B1 B2 

DB Resistor

DC Reactor 

N(-)

 
☞ Note : P1(+) is not provided for wiring. 

 



Chapter 3 - Installation 
 

3-7 

 

6) Power Terminals:  
 
(1) 5.5 ~ 30 kW (200V/400V Class)   

R(L1) S(L2) T(L3) G P1(+) P2(+) N(-) U V W 

 

 
(2) 37~90kW (50~125HP) <400V Class>  

R(L1) S(L2) T(L3) P1(+) P2(+) N(-) U V W 

 

 

(3) 15~18.5kW (20~25HP) <Built-in DC Reactor Type, 400V Class>  
 

 R(L1) S(L2) T(L3) P(+) N(-) U V W  

 
(4) 22~30kW (30~40HP) <Built-in DC Reactor Type, 400V Class>  
 

R(L1) S(L2) T(L3) P(+) N(-) U V W 

 
(5) 37~90kW (50~125HP) / 110 ~280kW (150~350HP) <Built-in DC Reactor Type, 400V Class>  
 

R(L1) S(L2) T(L3)  P2(+) N(-) U V W 

☞ Note : P1(+) is not provided for wiring. 
 

Symbol Description 
R(L1), S(L2), T(L3) AC Line Voltage Input 
G Earth Ground 
P1(+), P2(+) External DC Reactor (P1(+)-P2(+)) Connection Terminals 

(Jumper must be removed).  
P2(+) ,N(-) or  
P(+), N(-) 

DB Unit (P2(+)-N(-)) Connection Terminals  

U, V, W 3 Phase Power Output Terminals to Motor  
 
 
 
 
 
 
 
 
 
 
 

Jumper

Jumper 

G G
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7) Control circuit terminal   

 
5.5 ~ 30kW/7.5~40HP (200V/400V Class) 

 

 
 
 
 
 
 

 
 

 
 
 

37 ~ 280 kW/ 50~400HP (400V Class) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Type Symbol Name Description 

A0 B0 5G 5G S0 S1 

V+ V1 5G V- I NT 

C+ CM C- M6 24 M7 M8

M1 CM M2 M3 24 M4 M5
3A 3C 3B A1 C1 A2 C2 A3 C3 A4 C4

C+ CM C- M6 24 M7 M8

M1 CM M2 M3 24 M4 M5
3A 3C 3B A1 C1 A2 C2 A3 C3 A4 C4

CM NC 5G 5G ET S0 S1 

V+ V1 CM V- I A0 B0 
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M1, M2, M3 
Programmable 
Digital Input 1, 2, 3 

Defines Programmable Digital Inputs.  
(Factory setting: Multi-Step Frequency 1, 2, 3) 

FX [M7] 
Forward Run 
Command 

Forward Run When Closed and Stopped When Open.  

RX [M8] 
Reverse Run 
Command 

Reverse Run When Closed and Stopped When Open.  

JOG [M6] 
Jog Frequency 
Reference 

Runs at Jog Frequency when the Jog Signal is ON. The 
Direction is set by the FX (or RX) Signal.  

BX [M5] Inverter Disable 

When the BX Signal is ON the Output of the Inverter is 
Turned Off. When Motor uses an Electrical Brake to Stop, 
BX is used to Turn Off the Output Signal. Take caution 
when BX Signal is OFF (Not Turned Off by Latching) 
and FX Signal (or RX Signal) is ON. If so, motor 
continues to Run. 

RST [M4] Fault Reset Used for Fault Reset. 

CM 
Sequence Common 
(NPN) / 24V Com. 

Common terminal for NPN contact input and also 
common for the extermal 24V supply. 

S
ta

rt
in

g 
C

on
ta

ct
 F

un
ct

io
n 

S
el

ec
t 

24 
Sequence Common 
(PNP) / Ext. 
+24Vdc supply 

Common 24V terminal for PNP contact input. 
Can also be used as a 24Vdc external power supply 
(maximum output : +24V, 50mA) 

V+, V- 
Analog Power 
Source (+12V,-12V)

Power supply for Analog Frequency Setting.  
Maximum Output: +12V, 100mA, -12V, 100mA. 

V1 
Frequency Reference 
(Voltage) 

Used by a DC 0-12V or –12~ 12 V input to set the 
frequency reference. (Input impedance is 20 kΩ) 

I 
Frequency Reference 
(Current) 

Used by a 0-20mA input to set the frequency reference.  
(Input impedance is 249Ω) 

A0, B0 
Frequency Reference 
(Pulse)   

Used by a pulse input to set the frequency reference.   

A
na

lo
g 

fr
eq

ue
nc

y 
se

tt
in

g 

5G (~30kW) 
CM(37kW~) 

Frequency Reference 
Common Terminal 

Common Terminal for Analog Frequency Reference 
Signal. 

NT (~30kW) 
ET (37kw ~) 

External motor 
thermal detection 

Motor thermal sensor input. Used to prevent motor from 
overheating by using a NTC or PTC thermal sensor.  

In
pu

t s
ig

na
l 

E
xt

er
na

l 
m

ot
or

 
th

er
m

al
 

de
te

ct
io

n 

5G 
Common for NT(or 
ET) 

Common Terminal for External motor thermal detection. 

C+, C- 
RS485 signal High, 
Low 

RS485 signal (See RS485 communication in the manual 
for more details.) 

RS485 
terminal 

CM RS485 common Common Ground. Terminal for RS485 interface. 

Voltage S0, S1,5G 
Programmable 
Voltage Output 

Voltage output for one of the following: Output 
Frequency, Output Current, Output Voltage, DC Link 
Voltage. Default is set to Output Frequency. (Maximum 
Output Voltage and Output Current are 0-12V and 1mA). 

3A, 3C, 3B Fault Contact Output

Energizes when a fault is present. (AC250V, 1A; DC30V, 
1A) 
Fault: 3A-3C Closed (3B-3C Open)  
Normal: 3B-3C Closed (3A-3C Open) 

O
ut

pu
t s

ig
na

l 

Contact 

A1~4, 
C1~4 

Programmable 
Digital Output 

Defined by Programmable Digital Output terminal 
settings (AC250V, 1A; DC30V, 1A) 

Note) M1~M8 terminals are User Programmable.  
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3.2.2 Wiring power terminals  
 
◈ Wiring Precautions 
 

1) The internal circuits of the inverter will be damaged if the incoming power is connected and applied to 
output terminals (U, V, W). 
2) Use ring terminals with insulated caps when wiring the input power and motor wiring. 
3) Do not leave wire fragments inside the inverter. Wire fragments can cause faults, breakdowns, and 
malfunctions. 
4) For input and output, use wires with sufficient size to ensure voltage drop of less than 2%.  
5) Motor torque may drop of operating at low frequencies and a long wire run between inverter and motor. 
6) The cable length between inverter and motor should be less than 150m (492ft). Due to increased leakage 
capacitance between cables, overcurrent protective feature may operate or equipment connected to the 
output side may malfunction. (But for products of less than 30kW, the cable length should be less than 50m 
(164ft).) 
7) The main circuit of the inverter contains high frequency noise, and can hinder communication 
equipment near the inverter. To reduce noise, install line noise filters on the input side of the inverter.  
8) Do not use power factor capacitor, surge killers, or RFI filters on the output side of the inverter. Doing 
so may damage these components. 
9) Always check whether the LCD and the charge lamp for the power terminal are OFF before wiring 
terminals. The charge capacitor may hold high-voltage even after the power is disconnected. Use caution to 
prevent the possibility of personal injury. 

 
◈ Grounding 
 

1) The inverter is a high switching device, and leakage current may flow. Ground the inverter to avoid 
electrical shock. Use caution to prevent the possibility of personal injury. The ground impedance for 200V 
class is 100 ohm with 400V class 10ohm. 
2) Connect only to the dedicated ground terminal of the inverter. Do not use the case or the chassis screw 
for grounding. 
3) The protective earth conductor must be the first one in being connected and the last one in being 
disconnected. 
4) As a minimum, grounding wire should meet the specifications listed below. Grounding wire should be 
as short as possible and should be connected to the ground point as near as possible to the inverter. 

 
 

Inverter Capacity Grounding wire Sizes, AWG or kcmil (mm²) 
kW HP 200V Class 400V Class 

5.5 ~ 7.5 7.5 ~ 10 10 (5.5) 12 (3.5) 
11 ~ 15  15 ~ 20 6 (14) 8 (8) 

18.5 ~ 30  25 ~ 40 4 (22) 6 (14) 
37 ~ 55  50 ~ 75 - 4 (22) 
75 ~ 90  100 ~ 125 - 2 (38) 

110 ~132 150 ~ 200 - 1/0 (60) 
160 ~ 280 250 ~ 350 - 4/0 (100) 

 
  
 
3.2.3 Wires and terminal lugs 
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Refer to below for wires, terminal lugs, and screws used to connect the inverter power input and output.  

Wire size 

Screw torque 

R(L1), S(L2), T(L3) U, V, W Inverter capacity 
Terminal 

screw 
size 

kgf · cm  lb · in mm2 AWG or 
kcmil mm2 AWG or 

kcmil 
5.5kW(7.5HP) M4 7.1 ~ 12.2 6.2~10.6 5.5 10 5.5 10 

7.5kW(10HP) M5 8 8 8 8 

11kW(15HP) M5 
24.5 ~ 31.8 21.2~27.6 

14 6 14 6 
15kW(20HP) M6 22 4 22 4 

18.5kW(25HP) M6 
30.6 ~ 38.2 26.6~33.2 

38 2 38 2 
22kW(30HP) M8 38 2 38 2 

2 
0 
0 
V 

30kW(40HP) M8 
61.2 ~ 91.8 53.1~79.7 

60 1/0 60 1/0 
5.5kW(7.5HP) M4 3.5 12 3.5 12 

7.5Kw(10HP) M4 3.5 12 3.5 12 
11 kW(15HP) M4 

7.1 ~ 12.2 6.2~10.6 

5.5 10 5.5 10 
15 kW(20HP) M6 8 8 8 8 

18.5kW(25HP) M6 
30.6~38.2 26.6~33.2 

14 6 14 6 
22~30kW 
(30~40HP) 

M8 61.2~91.8 53.1~79.7 22 4 22 4 

37~55kW 
(50~75HP) 

M8 67.3~87.5 58.4~75.9 38 2 38 2 

75~90kW 
(100~125HP) 

M10 89.7~122.0 77.9~105.9 60 1/0 60 1/0 

110~132Kw 
(150~200HP) 

M12 100 4/0 100 4/0 

160kW(250HP) M12 150 300 150 300 

220kW(350HP) M12 

182.4~215.0 158.3~186.6

200 400 200 400 

4 
0 
0 
V 

280kW(400HP) M12 182.4~215.0 158.3~186.6 250 500 250 500 

 

* Apply the rated torque to terminal screws.  

* Loose screws can cause of short circuit or malfunction. Tightening the screw too much can damage the terminals and 

cause a short circuit or malfunction.  

* Use copper wires only with 600V, 75℃ ratings. For 7.5~11kW 240V type inverters, R(L1), S(L2), T(L3) and U, V, W 

terminals are only for use with insulated ring type connector. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Power and Motor Connection Example (5.5~30kW inverters) 
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R(L1) S(L2) T(L3) G P1(+) P2(+) N(-) U V W 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.2.4 Control circuit wiring 
 

1) Wiring Precautions  
CM and 5G terminals are insulated each other. Do not connect these terminals together or to the power 
ground.  
Use shielded wires or twisted wires for control circuit wiring, and separate these wires from the main power 
circuits and other high voltage circuits (200V relay sequence circuit).  
 
It is recommended to use the cables of 0.0804mm2 (28 AWG) ~ 1.25mm2 (16 AWG) for TER1, TER2 
control terminals and the cables of 0.33mm2 (22 AWG) ~ 2.0mm2 (14 AWG) for TER3, TER4 control 
terminals. 

 
2) Control terminal layout 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3) Sink mode(NPN mode) / Source mode(PNP mode)  

Power supply must be 
connected to the R(L1), S(L2), 
and T(L3) terminals. 
Connecting it to the U, V, and 
W terminals causes internal 
damages to the inverter. 
Arranging the phase sequence is 
not necessary

Motor should be connected to the U, V, 
and W terminals.  
If the forward command (FX) is on, the 
motor should rotate counter clockwise when 
viewed from the load side of the motor. If 
the motor rotates in the reverse, switch the U 
and V terminals.

Ground 

Ground

Forward 

A0 B0 5G 5G S0 S1 

V+ V1 5G V- I NT 

C+ CM C- M6 24 M7 M8

M1 CM M2 M3 24 M4 M5
3A 3C 3B A1 C1 A2 C2 A3 C3 A4 C4

TER4 TER3 TER2 TER1

0.33mm2 (22 AWG) ~ 2.0mm2 (14 AWG) 0.08 
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P Series provides Sink/Source(NPN/PNP) modes for sequence input terminal on the control circuit. 
The logic of the input terminal is setable to Sink mode(NPN mode) / Source mode(NPN mode) by using the J1 
switch. Connection method is shown below.  
 

(1) Sink mode(NPN mode) 
- Put J1 swich down to set to Sink mode(NPN mode). CM terminal (24V GND) is common terminal for 
contact signal input. 
- The factory default is Sink mode(NPN mode). 

 
(2) Source mode(PNP mode) - Internal Power Supply used  

- Put J1 swich up to set to Source mode(PNP mode). Terminal 24 (24V Power Supply) is common 
terminal for contact input signal.   

 
(3) Source mode(PNP mode) - External Power Supply used 

- Put J1 swich up to set to Source mode(PNP mode).  
- To use external 24V Power Supply, make a sequence between external Power Supply (-) terminal and 
CM(24V GND) terminal.  

 
 
 
 
 
 
 
 
 
 
 
 
 

Internal Power 

Supply(24V) 

CM(24G) 

M7(FX) 

M8(RX) 

J1 

NPN 

PNP 

Sink mode(NPN mode) 

External Power 

Supply (24V) 

CM(24G)

M7(FX)

M8(RX

J1

NPN 

PNP

-
+

Source mode(PNP mode) 

- External Powe Supply used 

Internal Power 

Supply(24V) 
24(24V) 

M7(FX)

M8(RX)

J1

NPN 

PNP
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3.2.5 RS485 circuit wiring 
 

   

 

 

 

 
 
 
Use C+ (RS485 signal High), C- (RS485 signal LOW) in TER 2. Turn the J3 switch ON (Upward) to connect the 
termination resistor (120 ohm). J3 switch is on the left side of the TER2.  
  
 

Item Specification 
Transmission type Bus method, Multi drop Link System 
Applicable inverter P Series  
Number of inverters Max.31  
Transmission distance Within 1200m Max. (700m desired) 
Recommendable cable 0.75mm2(18AWG), Shield Type Twisted-pair Wire    

 
 

Item Specification 

Installation  C+, C-, CM terminals on the control terminal block 
Power supply Insulated from the inverter power supply  

 
 
3.2.6 Check points on wiring 
 
1) Electrical or mechanical interlock of MC1 and MC2 is required for Inverter Bypass Operation. Otherwise, 
chattering may occur or input power may flow to inverter output, damaging the inverter. 
2) Make the sequence to disable the Auto restart after power failure if required. Otherwise, inverter will be 
automatically restarted. 
3) Do not apply the voltage directly to control circuit input terminals such as FX, RX. 

C+ CM C- M6 24 M7 M8 

M1 CM M2 M3 24 M4 M5 

TER 2 

J3  

ON 
OFF 
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CHAPTER 4 - OPERATION  

4.1 Programming Keypads 
 
4.1.1 LCD Keypad 
 
LCD keypad can display up to 32 alphanumeric characters, and various settings can be checked directly from 
the display. The following is an illustration of the keypad. 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

32 character, background 
light, LCD display. The 
background tone is 
adjustable. 

The Mode Button moves 
you through the seven 
program groups:  
DRV Æ[Mode] Æ 
FUN1Æ [ENT]ÆDRV   

The Program Button is 
used to go into 
programming mode to 
change data. 

The Enter Button is used 
to enter changed data 
within a parameter. 
DRVÆ [ENT]Æ APPÆ 
[MODE] Æ DRV 

[SHIFT] This button is 
used to move cursor 
across display in 
programming mode. 
[ESC] This button is used 
to move the program 
code to DRV 00 form any 
program code. 

Reverse Run Button 
The Reverse Run LED 
blinks when the drive 
Accels or Decels. 

Forward Run Button 
The Forward Run LED 
blinks when the drive 
Accels or Decels. 

Stop Button is used to 
stop the drive from 
running. 
Reset Button is used to 
reset Faults. 
LED blinks when there is 
a fault. 
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Detail description 
1) LCD Keypad Display 
 
 
  
 

DRV▶T/K    0.0 A
00  STP   0.00 Hz

 
 
 
 
 

Displays Description 
1) Parameter Group Displays the parameter group. There are DRV, FU1, FU2, I/O, EXT, COM, APP 

groups. 
2) Run/Stop Source Displays the source of motor Run and Stop  

K: Run/Stop using FWD, REV buttons on keypad 
T: Run/Stop using control terminal input FX, RX 
R: Run/Stop using RS485  
O: Run/Stop via option board  

3) Frequency Setting  
  Source 

Displays the source of command frequency setting 
K: Frequency setting using keypad 
V: Frequency setting using V1 (0 ~12V or -12~ 12V) or V1 + I terminal 
I: Frequency setting using I (4 ~ 20mA) terminal 
P: Frequency setting using Pulse input 
R: Frequency setting using RS485  
U: Up terminal input when Up/Down operation is selected 
D: Down terminal input when Up/Down operation is selected 
S: Stop status when Up/Down operation is selected  
O: Frequency setting via Option board 
X: Frequency setting via Sub board 
J: Jog terminal input 
1 ~ 15: Step frequency operation (except Jog)  

4) Output Current  Displays the Output Current during operation. 
5) Parameter Code Displays the code of a group. Use the ▲(Up), ▼(Down) key to move through 

0~99 codes. 
6) Operating Status Displays the operation information. 

STP: Stop Status 
FWD: During Forward operation 
REV: During Reverse operation 
DCB: During DC Braking 
LOP: Loss of Reference from Option Board (DPRAM fault)  
LOR: Loss of Reference from Option Board (Communication network fault) 
LOV: Loss of Analog Frequency Reference (V1: 0~12V, -10~12V) 
LOI: Loss of Analog Frequency Reference (I: 4~20mA) 
LOS: Loss of Reference from Sub-Board 

7) Inverter Output 
Frequency/ Command 
Frequency 

Displays the Output Frequency during run. 
Displays the Command Frequency during stop. 

2) Run/Stop Source 3) Frequency Setting Source  

4) Output Current  

7) Drive Output Frequency During Run, 
  Command Frequency During Stop 6) Operating Status

5) Parameter Code 

1) Parameter group 
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DRV▶ Acc. time
01       10.0 sec

DRV▶ Acc. time
01       10.0 sec

DRV▶ Acc. time
01       10.0 sec

DRV▶ Acc. time
01       15.0 sec

DRV▶ Acc. time
01       15.0 sec

4.1.2 Parameter setting and changing 
 

1) Press [MODE] key until the desired parameter group is displayed.  
 

2) Press [▲] or [▼] keys to move to the desired parameter code. If you know the desired parameter code, 
you can set the code number of each parameter group in “Jump code”, except DRV group.  

 
3) Press [PROG] key to go into the programming mode, the cursor starts blinking. 

 
4) Press [SHIFT/ESC] key to move the cursor to the desired digit. 

 
5) Press [▲] or [▼] keys to change the data. 

 
6) Press [ENT] key to enter the data. The cursor stops blinking. 

 
 
Note: Data cannot be changed when 1) the parameter is not adjustable during the inverter is running (see the 

function list), or 2) Parameter Lock function FU2-94 [Parameter Lock] is activated.  
 

EX) Changing Accel time from 10 sec to 15 sec 
 
   1) LCD keypad 
 
                               Move to the desired code to change.  
 
 

 
Press the [PROG] key.  

                              A Cursor (■) will appear.  
 
 
                             Use the [SHIFT] key to move the cursor.  
 
      
                                                       
      Change the data using [▲], [▼] keys.  

 
          
 

                      Press the [ENT] key to save the value into memory.  
 The Cursor will disappear. 
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4.1.3 Parameter groups 
 
The P Series inverter has 5 parameter groups separated according to their applications as indicated in the 
following table. 
The P Series inverter provides two kinds of keypad. One is 32-character alphanumeric LCD keypad and the 
other is 7-Segment LED keypad.  
 
 

Parameter  
Group LCD Keypad Description 

Drive Group DRV 
Command Frequency, Accel/Decel Time etc. 
Basic function Parameters 

Function 1 Group FU1 
Max. Frequency, Amount of Torque Boost etc. 
Parameters related to basic functions  

Function 2 Group FU2 
Frequency Jumps, Max/Min Frequency Limit etc. 
Basic Application Parameters  

Input / Output  
Group 

I/O 
Programmable Digital Input/Output Terminal Setting, Auto Operation 
etc. Parameters needed for Sequence Operation 

Application 
Group 

APP 
PID, MMC (Multi-Motor Control), 2nd motor operation etc. Parameters 
related to Application function  

Refer to the function descriptions for detailed description of each group. 
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1) Parameter Navigation (LCD Keypad)  
 
 The parameter group moves directly to DRV group by pressing [SHIFT] key in any parameter code. 

 
Drive Group   FU1 Group       FU2 Group     I/O Group 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
            ▪    ▪   ▪      ▪ 

      ▪   ▪   ▪      ▪ 
       ▪   ▪   ▪      ▪ 
       ▪   ▪   ▪      ▪ 
 
 
 
 
 
 
☞ Note: This figure shows the group and code navigation through LCD display keypad. It can be different 
from the actual display due to the group addition or code change. 
 

DRV▶T/K   0.0 A  
00   STP  60.00Hz 

FU1▶  Jump code 
00             1 

FU2▶  Jump code 
00            30 

MODE 

◀
 

FU1▶Run prohibit 
03       None 

FU2▶ Last trip-1 
01     ------- 

I/O▶ V1 filter 
01       10 ms 

DRV▶  Dec. time 
02        20.0 sec 

FU1▶Acc. pattern 
05      Linear 
 

FU2▶ Last trip-2 
02     ------- 
 

I/O▶ V1 volt x1 
02       0.00 V 

FU1▶Dec. pattern 
06      Linear 

FU2▶ Last trip-3 
03     ------- 
 

I/O▶ V1 freq y1 
03      0.00 Hz 

DRV▶  Freq mode 
04      KeyPad-1  

FU1▶ Stop mode 
07      Decel 

FU2▶ Last trip-4 
04     ------- 
 

I/O▶ V1 volt x2 
04      10.00 V 

DRV▶  Step freq-1 
05        10.00 Hz 

FU1▶  DcSt value 
08         50 % 

FU2▶ Last trip-5 
05     ------- 
 

I/O▶ V1 freq y2 
05      60.00 Hz 

FU1▶ Stall Level 
60       150 % 

FU2▶ Para. lock 
94           0 

I/O▶ Way1 / 2D 
60      Forward 

MODE MODE MODE 

I/O▶  Jump code 
00            1 
 

▶
 

MODE 

◀
 

▶
 

MODE 

◀
 

▶
 

MODE 

◀
 

▶
 

MODE 

◀ ▶ ◀ ▶ ◀ ▶ ◀ ▶

◀ ▶ ◀ ▶ ◀ ▶ ◀ ▶

◀
 

▶
 

◀
 

▶
 

◀
 

▶
 

◀
 

▶
 

◀ ▶ ◀ ▶ ◀ ▶ ◀ ▶

◀ ▶ ◀ ▶ ◀ ▶

DRV▶  Drive mode 
03      Fx/Rx-1 

DRV▶    Fault 
12      ------- 

DRV▶ Acc. time  
01       10.0 sec 

MODE MODE MODE 

MODE MODE MODE MODE 

MODE MODE MODE MODE 

MODE MODE MODE MODE 

MODE MODE MODE MODE 

◀ ▶

MODE 
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4.2 Operating Example 
 
4.2.1 Easy Start Operation 
 
Easy Start Operation is activated by pressing STOP key on the Keypad for 2~3 seconds and inverter begins 
operation via Keypad (FWD/REV RUN/STOP). Drive mode is preset to V/F and reference frequency to 
JOG.  
 
 
4.2.2 Operation via Control terminal + Keypad 
  
 Setting: DRV-03 [Drive Mode (Run/Stop method)] = Fx/Rx-1 
 DRV-04 [Frequency Mode (Freq. setting method)] = Keypad 
 With above setting, Freq setting via terminal & Run/Stop via Keypad disabled 
 
 
1) Check the LCD display when Power ON. Otherwise, change the setting correctly as shown above.  

 

2) Turn the FX (or RX) terminal ON. Then FWD (or REV) LED will be lit.  
 

 
3) When setting the Ref. Freq to 60 Hz using PROG/ENT/SHIFT, ▲ keys, the motor will rotate at 60Hz. 
FWD (or REV) LED will be flickering during Acceleration/ Deceleration. 
 
 
 
 
 
4) Turn the FX (or RX) terminal Off. Then Stop LED will be lit.    
 

 
 

DRV▶T/K    0.0 A
00   STP   0.00Hz

DRV▶T/K    0.0 A
00   FWD   0.00Hz

DRV▶T/K    0.0 A
00   STP  60.00Hz

DRV▶ Cmd. freq
00         0.00Hz

DRV▶ Cmd. freq
00        60.00Hz

DRV▶T/K    5.0 A
00   FWD  60.00Hz

Note) To enable Run/Stop via keypad & Freq setting via control terminal… 
  Setting: DRV-03 [Drive Mode (Run/Stop method)] = Keypad 
  DRV-04 [Frequency Mode (Freq. setting method)] = V1, V1S or I 
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Operation 
Example (1) 

Freq Setting via Keypad + Run/Stop via Terminal (FX/RX) 

[Operation condition] 
-. Control mode: V/F control 
-. Ref. Frequency: 50[Hz] setting via keypad 
-. Accel/Decel time: Accel – 10 [sec], Decel – 20 [sec] 
-. Drive mode: Run/Stop via FX/RX terminal, Control terminal: NPN mode 

[Wiring] 
 
 

R(L1)

S(L2)

T(L3)

G

U

V

W

M8(RX)
M7(FX)
M6
M5
M4
M3
M2
M1
CM

S1

5G

3A
3C
3B

IM
3P
AC

INPUT

S/W S0

 
 
 

Step Parameter setting Code Description 

1 Drive Mode DRV-3 Set it to 1 FX/RX-1. 

2 Frequency Mode  DRV-4 Set it to 0 Keypad-1. 

3 
50[Hz] freq 

command setting 
DRV-0 Set freq command 50[Hz] via Keypad. 

4 Accel/Decel time  
DRV-1 
DRV-2 

Set Accel time to 10 [sec] in DRV-1. 
Set Decel time to 20 [sec] in DRV-2. 

5 Terminal FX (M7)  I/O-26 

Motor starts to rotate in Forward direction at 50Hz 
with Accel time 10 [sec] when FX terminal is turned 
ON. 
Motor decelerates to stop with Decel time 20[sec] 
when FX terminal is turned OFF.   

6 Terminal RX (M8) I/O-27 

When RX terminal is turned ON motor starts to rotate 
in Reverse direction at 50[Hz] with Accel time 10 
[sec]. When it is OFF, motor decelerates to stop with 
Decel time 20 [sec]. 
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4.2.3 Operation via Control Terminal 
 
Setting:  DRV-03 [Drive Mode (Run/Stop method)] = 1 (Fx/Rx-1) 
  DRV-04 [Frequency Mode (Freq. setting method)] = 2 (V1) 
 
 
1) Check the LCD display when Power ON. Otherwise, change the setting correctly as shown above.  
 
 
 
 
2) Turn the FX (or RX) terminal ON. Then FWD (or REV) LED will be lit.  
 
 
 
 
3) Set the frequency using V1 (Potentiometer), Output freq (60Hz). Rotating direction (FWD or REV) and 
output current (5A) will be displayed on the LCD.  
 
 
 
 
4) Output freq value is decreasing when turning the potentiometer counterclockwise. Inverter output stops at 
0.00Hz and motor is stopped.  
 
 
 
 
5) Turn FX (or RX) terminal OFF.  

 
 
 
 
 
 

DRV▶T/V    0.0 A
00   STP   0.00Hz

DRV▶T/V    5.0 A
00   FWD  60.00Hz

DRV▶T/V    0.0 A
00   STP   0.00Hz

DRV▶T/V    0.0 A
00   FWD   0.00Hz

DRV▶T/V    0.0 A
00   FWD   0.00Hz
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Operation 
Example (2) 

Analog Voltage Input (V1) + Operation via Terminal (FX/RX) 

[Operation condition] 
-. Control mode: V/F control 
-. Reference Frequency: 50[Hz] analog input via V1 (Potentiometer) 
-. Accel/Decel time: Accel – 10 [sec], Decel – 20 [sec] 
-. Drive mode: Run/Stop via FX/RX terminal, Control terminal: NPN mode 

[Wiring] 
 

R(L1)
S(L2)

T(L3)

G

U

V

W

M8(RX)
M7(FX)
M6
M5
M4
M3
M2
M1
CM

V+
V1
5G

S1

5G

3A
3C
3B

IM
3P
AC

INPUT

Potentiometer
2[kohm],1/2W

S/W S0

 
 

 

Step Parameter setting Code Description 

1 Drive Mode DRV-3 Set it to 1 Fx/Rx-1. 

2 Frequency Mode  DRV-4 Set it to 2 V1 Analog input.  

3 
50[Hz] freq 

command setting 
DRV-0 Set freq command 50[Hz] via V1 (potentiometer). 

4 Accel/Decel time  
DRV-1 
DRV-2 

Set Accel time to 10 [sec] in DRV-1. 
Set Decel time to 20 [sec] in DRV-2. 

5 Terminal FX (M7)  I/O-26 

Motor starts to rotate in Forward direction at 50Hz 
with Accel time 10 [sec] when FX terminal is turned 
ON. 
Motor decelerates to stop with Decel time 20[sec] 
when FX terminal is turned OFF.   

6 Terminal RX (M8)  I/O-27 

When RX terminal is turned ON motor starts to rotate 
in Reverse direction at 50[Hz] with Accel time 10 
[sec]. When it is OFF, motor decelerates to stop with 
Decel time 20 [sec]. 
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4.2.4 Operation via Keypad 
 
Setting:  DRV-03 [Drive Mode (Run/Stop method)] = 0 (Keypad) 
      DRV-04 [Frequency Mode (Freq. setting method)] = 0 (Keypad-1) 
 
1) Check the LCD display when Power ON. Otherwise, change the setting as shown above.  
 
 
 
 
2) Set the Ref. Freq to 60 Hz using PROG/ENT/SHIFT, ▲ keys. Set freq is displayed during stop.  
 

 
 
 
3) When pressing FWD/REV key, motor starts running and output freq and output current are displayed. 
  
 
 
 
 
4) Press STOP/RESET key. Then motor decelerates to stop. Set freq 60Hz is displayed.  
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DRV▶K/K    0.0 A
00   STP   0.00Hz

DRV▶K/K    0.0 A
00   STP  60.00Hz

DRV▶K/K    5.0 A
00   FWD  60.00Hz

DRV▶K/K    0.0 A
00   STP  60.00Hz
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4.3 Various function setting & Description 
 
4.3.1 Basic function parameter setting 
It is the basic function setting. All settings are factory defaults unless users make change. It is recommended to 
use factory setting value unless the parameter change is necessary.  
 
1) Common parameter setting 
The following table shows common parameter setting that should be checked before use regardless of control 
mode. 

Parameter Name Code Description 

Line Freq. FU1-29 Sets a freq of the inverter input power source.  

Base Frequency FU1-31 Sets the Motor Base Frequency1).  

Motor Rated Voltage FU1-50 Sets the Motor Rated Voltage1). 

Motor Selection FU2-40 
Selects motor and voltage rating suitable to the desired 
inverter. 

Motor parameters  FU2-41 ~ 46

Basic parameter value setting when selecting the motor 
rating.  
Note: If there is any discrepancy between parameter preset 
value and the actual motor parameter value, change the 
parameter value according to the actual motor. 

Drive Mode DRV-3 
Operation via Keypad, Fx/Rx-1, Fx/Rx-2 and Int 485 
setting. 

Frequency Mode DRV-4 Frequency reference source setting parameter 

Accel/Decel time 
setting 

DRV-1, 
DRV-2 

Accel/Decel time setting  

1) If FU1-31 and FU1-50 are set higher than motor nameplate value, it may cause motor overheat and if it is 
set smaller than that, it may cause Over voltage trip during deceleration. Make sure to enter the actual motor 
value. 
 

2) V/F control 
FU2-60 [Control mode] is set to 0 “V/F” as factory setting. Operation via V/F control is activated after the 
above common parameter setting is done and the followings are set. 

Parameter Name Code Description 

Starting freq.  FU1-32 Set frequency to start the motor. 

Torque boost FU2-67 Manual or Auto torque boost settable in this parameter 

Torque boost value FU2-68, FU2-69
If FU1-67 [torque boost] is set to “manual”, user sets the 
desired value and the direction in code FU1-68 and 69.  

 
3) Slip compensation 
Operation is done via Slip compensation if FU2-60 is set to 1 {Slip compen}. This control keeps motor speed 
constant regardless of load change.  
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4) Sensorless vector control 
Set FU2-60 to “Sensorless” to enable Sensorless vector control. It is strongly recommended to perform Auto-
tuning before starting Sensorless control in order to maximize performance.   

Parameter Name Code Description 

Control method selection FU2-60 Select Sensorless. 

P, I gain for sensorless control 
FU2-65,  
FU2-66 

Set gain for Sensorless. 

Starting freq FU1-32 Starting freq of the motor 

Note) No-load current for Sensorless control is not entered by auto-tuning. Therefore enter the no-load 
current value in V/F operation. When other than CERUS standard motor is used, set this value according to the 
motor in use for better performance.  

 
5) Auto-tuning of motor constant 
This parameter enables auto-tuning of the motor constants. If FU2-61 is set to Yes and press the enter key, Rs, 
Lsigma values begin tuning with the motor stopped. Refer to motor nameplate for the rest of other parameters.  

Parameter Name Code Description 

Auto-tuning FU2-61 No, Yes 

Note) Motor no-load current and slip freq should be set correctly for safe and better performance. Be sure to 
check these values and set them properly. Refer to Chapter 5, FU2-40~66 for more. 
 

4.3.2 Advanced function setting 
P Series inverter features advanced function parameters to maximize efficiency and performance of the motor. It 
is recommended to use the factory setting unless parameter value change is inevitable.  
 
1) V/F control 

Parameter Name Code Description 

V/F Pattern FU1-40 
Use it according to load characteristics. If User V/F is selected, 
user can select the optimum output V/F characteristic for the 
application and load characteristics in [FU1-41]~[FU1-48].  

Dwell operation 
FU2-07 
FU2-08 

Used to output torque in an intended direction. Inverter stops 
acceleration for the preset [FU2-08] Dwell time while running 
at Dwell frequency [FU2-07] and starts acceleration at 
commanded frequency. Setting [FU2-08] Dwell time to 0 
disable the Dwell operation. 

Jump Frequency  
FU2-10 

FU2-11~16 

When it is desired to avoid resonance attributable to the natural 
frequency of a mechanical system, these parameters allow 
resonant frequencies to be jumped. Up to three areas can be set, 
with the jump frequencies set to either the top or bottom point 
of each area. To enable the function, set [FU2-10] to ‘Yes’ and 
set the value in [FU2-11]~[FU2-16]. 

Accel/Decel pattern 
S-curve 

FU1-2, 3  
FU1-4, 5 

This pattern has an effect on the prevention of cargo collapse 
on conveyor etc and reduction in an acceleration/ deceleration 
shock.  
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2) Sensorless vector control 
Related parameters for starting in Sensorless vector control when FU2-60 [Control Mode Selection] is set to 
Sensorless.  

Parameter Name Code Description 

FU2-64 Pre-excitation time setting 
When starting 

I/O-20~27 Programmable Digital Input terminals define 

 
3) Parameters to monitor motor and inverter status 

Parameter Name Code Description 

Output current/ 
 motor speed 

DRV-8~9 Displays output current and motor rpm. 

DC link voltage DRV-10 Displays DC link voltage.  

User display selection 
(Voltage and watt) 

DRV-11 
 FU2-81 

Either output voltage or power selected in FU2-81 is 
displayed in DRV-11.  

Fault display DRV-12 Displays the current inverter fault.  

TAR / OUT 
Freq. display  

DRV-14 
Displays Target freq. for Accel/Decel & Output freq 
during Accel/Decel. 

REF/FBK display  DRV-15 Displays PID Reference/ Feedback frequency display.  

Speed (Hz / Rpm) 
selection 

DRV-16 Selects inverter output speed unit [Hz or Rpm] 

PID parameter DRV-18 Displays related parameters of PID controller.  

AD parameter  DRV-19 Displays inverter analog input value to AD value. 

EXT - PID parameter DRV-20 Displays related parameters of EXT–PID controller. 

Note) DRV-15, DRV-18 only displayed when APP-02 [proc PI mode] is set to “Yes.” DRV-20 only 
displayed when APP-80 [Ext PI mode] is set to “Yes.”  
 
5) Parameter initialize 

Parameter Name Code Description 

Software version FU2-82 Displays the inverter software version. 

Parameter 
Read/Write/Initialize/

Lock 

FU2-91 
FU2-92 
FU2-93 
FU2-94 
FU2-95 

[FU2-91], [FU2-92]: Copying parameters from other 
inverter 
[FU2-93]: Initializing parameters to factory setting values 
[FU2-94]: Parameter write disabled  
[FU2-95]: Parameter save 

Note: Motor parameters (FU2-40~46, FU2-62~63) returned to factory setting once Parameter Read/Write is 
executed.  
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6) Protection & Trip level setting 

Parameter Name Code Description 

Electronic thermal 

FU1-60 
FU1-61 
FU1-62 
FU1-63 

Protection of the motor from overheating without the use 
of external thermal relay. Refer to parameter descriptions 
for more detail.  

Overload alarm & trip 

FU1-64  
FU1-65  
FU1-66  
FU1-67 
FU1-68 

Warning alarm outputs and displays the trip message 
when overcurrent above the threshold value keeps on. 

Stall prevention 
FU1-70  
FU1-71 

Set the output current level at which the output freq will 
be adjusted to prevent the motor from stopping due to 
over-current etc. It activates during accel/ constant 
speed/decel to prevent the motor stall. 

 
7) Starting / Accel/ Decel / Stopping pattern setting 

Parameter Name Code Description 

Accel/Decel pattern 
FU1-02 
FU1-03 

2 types of Accel/Decel pattern: ‘S-curve’, ’U-curve’ 
settable according to application and load characteristic. If 
‘S-curve’ is selected, the desired value of [FU1-4], [FU1-
5] is settable. 

Starting/Stopping 
method  

FU1-20 
FU1-23 

4 types of stopping method ‘Decel’, ‘DC-brake’,  ‘Free-
run’, ‘Flux Brake’ selectable. If ‘DC-brake’ is selected, 
the desired value of [FU1-21, 22], [FU1-24]~ [FU1-27] is 
settable. See function description of chapter 5 for more 
details.  

Frequency Limit 
selection 

FU1-33 
FU1-34 
FU1-35 

Limits the active frequency. Inverter operates at the freq 
range between upper freq limit [FU1-35] and bottom freq 
limit [FU1-34] and higher/ lower freq value is entered, it 
is automatically replaced by limit value. Setting range: 
[FU1-30] Maximum freq to [FU1-32] starting freq. 

 
8) Operation-starting method 

Parameter Name Code Description 

Starting method 

FU2-20 
FU2-21 
FU2-25 
FU2-26 

Motor starting method: 
[FU2-20]: Power-on run,  
[FU2-21] Restart after Fault Reset, 
[FU2-25] Number of Auto Restart Attempt  
[FU2-26] Delay Time Before Auto Restart  
See parameter description for more details. 

Speed Search 
Selection 

FU2-22 
FU2-23 
FU2-24 

Speed search function is available during Accel, trip, 
instant power failure, restart after fault reset and Speed 
search at auto restart. See parameter description for more 
details. 
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4.3.3 Application function setting 
 
1) PID operation 

Inverter can be used to exercise process control, e.g. flow rate, air volume or pressure via PID feedback 
control. 

Parameter Name Code Description 

PID control setting APP-02 ~ APP-17 Parameters for PID control setting 

☞ See Chapter 6. PID feedback operation. 
 
2) Ext PID operation  

It is used for External PID feedback control. 

Parameter Name Code Description 

ExtPID setting APP-80 ~ APP-97 Parameters for Ext PID 

☞ See Chapter 6. External PID operation. 
 
3) Pre PID operation  

It helps to begin smooth start of the PID control. 

Parameter Name Code Description 

PrePID setting APP-74 ~ APP-76 Parameters for Pre PID operation 

☞ See Chapter 6. Pre PID operation. 
 
4) MMC operation 

Inverter controls a whole system by controlling Main motor connected directly to the inverter and Aux motors 
connected to the inverter relays and operated via relay On/Off.  

Parameter Name Code Description 

MMC setting 
APP-40 ~ APP-71 

I/O-20 ~ I/O-27 
Parameters for MMC operation 

☞ See Chapter 6. MMC operation.  
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5) Jog and Multi-speed operation 

Parameter Name Code Description 

Multi function input 
terminal setting 

I/O-20 ~27 
If I/O-20 ~27 are set to Speed-H, Speed-M, 
Speed-L, multi- speed operation up to speed 17 is 
available.  

Filter time constant 
for input terminal 

I/O-29 
Effective for eliminating noise in the freq. Setting 
circuit  

Speed reference 
value 

DRV-05 ~07 
I/O-31 ~ I/O-42 

Speed reference value for each step setting 

Accel/Decel time 
setting for each step 

I/O-50 ~ 63 Accel/Decel time for each step setting 

Jog freq. I/O-30 Jog freq for jog operation setting 

 

Speed-X Speed-H Speed-M Speed-L JOG Speed Command Parameter value

0 0 0 0 0 Speed 0 DRV-00 
0 X X X 1 Jog freq. I/O-20 
0 0 0 1 0 Speed –1 DRV-05 
0 0 1 0 0 Speed –2 DRV-06 
.. .. .. .. .. .. .. 
.. .. .. .. .. .. .. 
1 1 0 1 0 Speed –13 I/O-40 
1 1 1 0 0 Speed –14 I/O-41 
1 1 1 1 0 Speed –15 I/O-42 

 
6) 2nd motor operation 
2nd function setting is required to run the two motors by one inverter by exchange. If the terminal defined for 2nd 
function signal input is turned ON, 2nd motor operation is valid.  
 

Parameter Name Code Description 

Programmable 
Digital Input 

terminals setting 
I/O-20 ~27 

2nd motor operation is available with Programmable 
Digital Input terminals M1 ~ M8 set to 7 {2nd Func}. 

Parameter setting 
for 2nd motor 

operation 
APP-20 ~ APP-29

Setting parameters necessary to operate 2nd motor such 
as base freq., Accel/Decl time, Stall.  

 
7) Energy-saving operation 
FU1-51 [Energy Save Level] tunes the inverter output voltage to minimize the inverter output voltage during 
constant speed operation. Appropriate for energy-saving applications such as fan, pump and HVAC. 
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4.4 Operation Example 
 
Operation 
Example (1) 

V/F Control + Analog Voltage Input (V1) + Operation via Terminal 
(FX/RX) 

[Operation condition] 
-. Control mode: V/F control 
-. Frequency command: 50[Hz] analog input via V1 terminal 
-. Accel/Decel time: Accel – 15 [sec], Decel – 25 [sec] 
-. Drive mode: Run/Stop via FX/RX terminal, Control terminal: NPN mode 

[Wiring] 
 

R(L1)

S(L2)

T(L3)
G

U

V

W

M8(RX)
M7(FX)
M6
M5
M4
M3
M2
M1
CM

V+
V1
5G

S1

5G

3A
3C
3B

IM
3P
AC

INPUT

Potentiometer
2[kohm],1/2W

S/W S0

 
 
 

Step Parameter setting Code Description 

1 
Control Mode 
Selection 

FU2-60 Set it to 0 {V/F}. 

2 Drive Mode DRV-3 Set it to Fx/Rx-1. 

3 Frequency Mode  DRV-4 Set V1 Analog input value in frequency mode. 

4 
50[Hz] freq command 
setting 

DRV-0 Set freq command 50[Hz] via V1 (potentiometer). 

5 Accel/Decel time  
DRV-1 
DRV-2 

Set Accel time to 15 [sec] in DRV-2. 
Set Decel time to 25 [sec] in DRV-3. 

6 Terminal FX  I/O-26 

Motor starts to rotate in Forward direction at 50Hz with 
Accel time 15 [sec] when FX terminal is turned ON. 
Motor decelerates to stop with Decel time 25[sec] when 
FX terminal is turned OFF.   

7 Terminal RX  I/O-27 

When RX terminal is turned ON motor starts to rotate in 
Reverse direction at 50[Hz] with Accel time 15 [sec]. 
When it is OFF, motor decelerates to stop with Decel time 
25 [sec]. 
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Operation 
Example (2) 

2nd motor operation 

[Operation condition] 
-. Control mode: V/F control 
-. 1st motor + 2nd motor Operation by exchange using [2nd Func] (Set Value different) 
-. Frequency command: Using Multi-step operation 1st motor --- 50[Hz] as main speed  

2nd motor --- 20[Hz] with M1 terminal set as multi- step operation) 
-. Accel/Decel time: 1st motor --- Accel time: 15[sec], Decel time: 25 [sec] 

2nd motor --- Accel time: 30[sec], Decel time: 40 [sec] 
-. Drive mode: Run/Stop via FX/RX, Control terminal: NPN mode 

[Wiring] 

R

S

T

G

U

V

W

M8
M7
M6
M5
M4
M3
M2
M1
CM

S1

5G

3A
3C
3B

IM
1st

motor
3P AC
INPUT

IM
2nd

motor

1st/2nd motor
exchange

RX
FX
Jog

CM

1st/2nd
motor
select

S0

 
Step Parameter setting Code Description 

1 Control Mode Selection FU2-60 Set it to 0 {V/F}. 

2 Drive mode DRV-3 Set it to Fx/Rx-1. 

3 Frequency Mode setting DRV-4 Set it to 0 {keypad-1}. 1st motor freq setting 

4 
Programmable digital 
input terminal M1 I/O-20 Set M1 to 2nd Func.   

5 
Programmable digital 
input terminal M2 I/O-21 Set M2 to Speed-L. 2nd motor freq setting  

6 Freq setting for 1st motor DRV-0 Set it to 50[Hz]. 

7 
Accel/Decel time setting 
for 1st motor 

DRV-1, 
DRV-2

Set Accel/Decel time to 15[sec]/25[sec]. 

8 Freq setting for 2nd motor DRV-5 Set it to 10[Hz]. 

9 
Accel/Decel time setting 
for 2nd motor 

APP-20,
APP-21

Set Accel/Decel time to 30[sec]/50[sec]. 

10 1st motor operation  
Set it as main motor by turning M1, M2, Output relay OFF.
Run the motor in FWD/REV direction using FX/RX 
terminal. 

11 2nd motor operation  

Set 2nd motor parameters by turning terminal M1 ON. 
Change the freq setting to 20[Hz] by turning terminal M2 
ON. Change to 2nd motor terminal by turning output relay 
ON. Run the motor in FWD/REV direction by terminal 
FX/RX. 

(L1) 
(L2) 
(L3) 
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Operation 
Example (3) V/F control + Analog input (V1S) + Operation via terminal FX/RX 

 
[Operation condition] 

-. Control mode: V/F control 
-. Frequency command: Setting 50[Hz] via Analog input (V1S) 
-. Accel/Decel time: Accel time 15 [sec], Decel time 25 [sec] 
-. Drive mode: Run/Stop via FX/RX, Control terminal: NPN mode 
 

[Wring] 

R(L1)

S(L2)

T(L3)

G

U

V

W

M8(RX)
M7(FX)
M6
M5
M4
M3
M2
M1
CM

V+
V1
V-

S1

5G

3A
3C
3B

IM
3P
AC

Input

Potentiometer
2[kohm],1/2W

S/W S0

 
 

Step Parameter setting Code Description 

1 Control mode selection FU2-60 Set it to 0 {V/F}.   

2 Drive mode DRV-3 Set it to 1 {Fx/Rx-1}.  

3 Frequency mode DRV-4 Set it to 3 {V1S}.  

4 
Operating frequency 

command 50[Hz] setting 
DRV-0 Set 50[Hz] via potentiometer (V1S). 

5 Accel/Decel time setting  
DRV-1 
DRV-2 

Set Accel time to 15[sec] in DRV-1 with decal time to 
25[sec] in DRV-2. 

6 FX terminal (M7) IO-26 

When FX terminal is turned ON, motor rotating in 
forward direction starts running at 50[Hz] for 15 [sec].  
When FX terminal is turned OFF, motor decelerates to 
stop for 25[sec].   

7 RX terminal (M8) IO-27 

When RX terminal is turned ON, motor rotating in 
reverse direction starts running at 50[Hz] for 15[sec].  
When RX terminal is turned OFF, motor decelerates to 
stop for 25 [sec].  

 
☞ Note: V1S mode enables Forward/Reverse rotation using ±12V power via Analog input command. 
Refer to Chapter 6, Parameter description of DRV-00 for details. 
 
☞ Note: Use V1 instead of V1S mode when FWD/REV Run Prevention is active. V1S mode enables the 
motor to run both FWD/REV directions.  
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☞ Note: If the inverter is operated without wiring a motor, trip occurs as below because the protection 
function is active automatically. In this case, refer to the related parameters(FU1 57 ~ 59). Trip is reset if  
the invertr is powered down and up once again. 
  
 
 
 
 
In case that a simple trial run is needed such as a check on basic operation state without a wiring a motor, 
FU1-57(No Mortor Sel) should be set to [No] because that FU1-57(No Mortor Sel)’s factory default is 
[Yes]  
 
 
 
 

DRV ▶     Fault  

12      HW-Diag 

DRV ▶     Fault  

12    No Motor Trip  

FU1 ▶ No Motor Sel  

57            Yes  

FU1 ▶ No Motor Sel  

57             No  
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CHAPTER 5 - PARAMETER LIST 

5.1 Parameter groups 
The parameters of P Series are divided into 5 funtion groups in accordance with the application. 
Their names, principal contents and LCD keypad displays are shown below. 
 

Name of Group LCD Keypad Display Discription 

Drive Group 

[DRV] 

 

 Target Prequency and Accel/ Decel Time, etc. 

 Basic parameters 

Function1 Group 

[FU1] 

 

 Maxium Frequency and Protection, etc 

 Parameters regarding basic functions 

Function2 Group 

[FU2] 

 

 Frequency Jump and Frequency Limit, etc 

 Parameters regarding application functions 

Input/Output Group 

[I/O] 

 
 Programmable Digital terminal Define and  

Analog Command, etc 

Parameters necessary for sequence configuration

Application Group 

[APP] 

 

 PID, MMC, and 2nd motor, etc  

Parameters regarding application functions 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DRV ▶T/K       0.0 A

00     STP     0 .00Hz 

FU1 ▶   Jump code 

00                    1 

FU2 ▶   Jump code 

00                  40 

I/O ▶   Jump code 

00                   1 

APP ▶   Jump code 

00                   1 
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5.2 Parameter list      

[DRV Group] 

CODE Comm. 
Addr Description LCD Keypad 

Display Setting Range Factory 
Default 

Adj.
During

Run
Page 

DRV-00 
(1) 

9100 

Command Frequency 
(Output Frequency during 

motor run, Reference 
Frequency during motor 

stop), Output Current (LCD)

Cmd. freq 0 to FU1-30[Hz] 0 [Hz] O 6-1 

5.5~90kW
(7.5~125HP)

20 [sec] 
DRV-01 9101 

Acceleration 
Time 110~280kW

(150~400HP)

Acc. Time 0 to 6000 [sec] 

60 [sec] 
O 6-3 

5.5~90kW
(7.5~125HP)

30 [sec] 
DRV-02 9102 

Deceleration 
Time 110~280kW

(150~400HP)

Dec. time 0 to 6000 [sec] 

90 [sec] 
O 6-3 

DRV-03 9103 
Drive Mode 

(Run/Stop Method) 
Drive mode 

0 (Keypad) 
1 (Fx/Rx-1) 
2 (Fx/Rx-2) 
3 (Int. 485) 

1 
(Fx/Rx-1) 

X 6-4 

DRV-04 9104 
Frequency Mode (Frequency 

setting method) 
Freq mode 

0 (Keypad-1) 
1 (Keypad-2) 
2 (V1) 
3 (V1S) 
4 (I) 
5 (V1+I) 
6 (Pulse) 
7 (Int. 485) 
8 (Ext. PID) 

0 
(Keypad-1) 

X 6-4 

DRV-05 9105 Step Frequency 1 Step freq-1 10 [Hz] O 
DRV-06 9106 Step Frequency 2 Step freq-2 20 [Hz] O 
DRV-07 9107 Step Frequency 3 Step freq-3 

0 to FU1-30[Hz] 

30 [Hz] O 

6-5 

DRV-08 9108 Output Current Current * [A] * [A] * 6-5 
DRV-09 9109 Motor Speed Speed * [rpm] * [rpm] * 6-5 
DRV-10 910A DC link Voltage DC link Vtg * [V] * [V] * 6-6 

DRV-11 - User Display Selection User disp  
Output 

voltage [V] 
* 6-6 

DRV-12 - Current Trip Display Fault * * * 6-6 

DRV-13 - Motor Direction 
Use Only 

7-Segment Keypad
0 (Forward)  
/ 1 (reverse) 

0 O 6-7 

DRV-14 
(2) 

- 
Target/Output  

Frequency Display 
Tar. Out. Freq. * [Hz] * [Hz] * 6-7 

DRV-15 
(2) 

910F 
Reference/Feedback 
Frequency Display 

Ref. Fbk. Freq. * [Hz] * [Hz] * 6-7 

DRV-16 - Speed Unit Selection Hz/Rpm Disp Hz or Rpm Hz O 6-8 
DRV-18 

(2) 
- PID Parameter PidParameter * [Hz] * [Hz] X 6-8 

DRV-19 - AD Parameter AD Parameter AD AD X 6-8 
DRV-20 

(3) 
- EXT-PID Parameter Ext Pid Para % % X 6-9 

DRV-91 
(4) 

915B Drive mode 2 Drive mode2 
0 (Keypad) 
1 (Fx/Rx-1) 
2 (Fx//Rx-2) 

1 
(Fx/Rx-1) 

X 6-42 

DRV-92 915C Frequency mode 2 Freq mode2 

0 (Keypad-1) 
1 (Keypad-2) 
2 (V1) 
3 (V1S) 
4 (I) 
5 (V1+I) 
6 (Pulse) 

0 
(Keypad-1) 

X 6-42 
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CODE Comm. 
Addr Description LCD Keypad 

Display Setting Range Factory 
Default 

Adj.
During

Run
Page 

*     The gray-highlighted codes are hidden parameters and will appear when the related functions are to be set. 

(1) The speed unit is changed from [Hz] to [%] when DRV-16 is set to [Rpm]. Only User Unit will be displayed when 

APP-02 is set to [Yes] and when APP-06 is set to either I, V1 or Pulse and when one of I/O-86~ I/O-88 is set to 

either [Speed], [Percent], [Bar], [mBar], [kPa] or [Pa]. 

Output Frequency is displayed in DRV-00 during the Inverter is running. 
User Unit reference is displayed in DRV-00 during the Inverter is not running. 

(2) DRV-15, DRV-18 will appear when APP-02 [Process PI Mode] is set to “Yes”. Also User Unit is displayed when 

one of I/O-86~ I/O-88 is set to either [Speed], [Percent], [Bar], [mBar], [kPa] or [Pa]. 

(3)DRV-20 will appear when APP-80 [ExtProcess PI Mode] is set to “Yes”. 
(4) DRV-91/92 will appear only when one of I/O-20~27 is set to [Main drv] and DRV-03/04 is set to [int485]. 
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[FU1 GROUP] 

CODE Comm. 
Addr Description LCD Keypad 

Display Setting Range Factory 
Default 

Adj.
During

Run
Page 

FU1-00 9200 Jump to Desired Code # Jump code 
1 to 74 

(Use Only LCD 
Keypad) 

1 O 6-10 

0 (None) 

1 (Fwd prev) FU1-01 9201 Run Prevention Run prevention 

2 (Rev prev) 

0 (None) X 6-10 

0 (Linear) 

1 (S-curve) FU1-02 9202 Acceleration Pattern Acc. Pattern 

2 (U-curve) 

0 (Linear) X 6-10 

0 (Linear) 

1 (S-curve) FU1-03 9203 Deceleration Pattern Dec. Pattern 

2 (U-curve) 

0 (Linear) X 6-10 

FU1-04 
(5) 

9204 
Start Curve for S-Curve 

Accel/Decel Pattern 
Start Curve 0 to 100 [%] 50 [%] X 

FU1-05 9205 
End Curve for S-Curve 

Accel/Decel Pattern 
End Curve 0 to 100 [%] 50 [%] X 

6-10 

0 (No) 
FU1-10 920A Pre-Heat Pre-Heat mode 

1 (Yes) 
0 (No) X 

FU1-11 920B Pre-Heat Value Pre Heat level 1 to 50 [%] 30 (%) X 
FU1-12 920C Pre-Heat Duty Pre Heat Perc 1 to 100 [%] 100 (%) X 

6-11 

0 (Accel) 

1 (Dc-start) FU1-20 9214 Start Mode Start mode 

2 (Flying-start)

0 (Accel) X 6-12 

FU1-21 
(6) 

9115 
Starting DC Injection 

Braking Time 
DcSt time 0 to 60 [sec] 0 [sec] X 

FU1-22 9116 
Starting DC Injection 

Braking Value 
DcSt value 0 to 150 [%] 50 [%] X 

6-12 

0 (Decel) 

1 (Dc-brake) 

2 (Free-run) 
FU1-23 9217 Stop Mode Stop mode 

3 (Flux-brake)

0 (Decel) X 6-13 

FU1-24 
(7) 

9218 DC Injection Braking 
On-delay Time 

DcBlk time 0.1 to 60 [sec] 0.1 [sec] X 

FU1-25 9219 
DC Injection Braking 

Frequency 
DcBr freq 0.1 to 60 [Hz] 5 [Hz] X 

FU1-26 921A DC Injection Braking 
Time 

DcBr time 0 to 60 [sec] 1 [sec] X 

FU1-27 921B DC Injection Braking Value DcBr value 0 to 200 [%] 50 [%] X 

6-14 

0 (No) 
FU1-28 921C Safety Stop Safety Stop 

1 (Yes) 
0  (No) X 6-14 

FU1-29 921D Power Source Freq Line Freq 40 to 120 [Hz] 60 [Hz] X 6-15 
FU1-30 921E Maximum Frequency Max freq 40 to 120 [Hz] 60 [Hz] X 6-15 
FU1-31 921F Base Frequency Base freq 30 to 120 [Hz] 60 [Hz] X 6-15 
FU1-32 9220 Starting Frequency Start freq 0.1 to 10 [Hz] 0.5 [Hz] X 6-15 

0 (No) 
FU1-33 9221 Frequency Limit selection Freq limit 

1 (Yes) 
0  (No) X 6-16 
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CODE Comm. 
Addr Description LCD Keypad 

Display Setting Range Factory 
Default 

Adj.
During

Run
Page 

FU1-34 
(8) 

9222 Low Limit Frequency F-limit Lo FU1-32 to FU1-35 0.5 [Hz] O 

FU1-35 9223 High Limit Frequency F-limit Hi FU1-34 to FU1-30 60 [Hz] X 
6-16 

0 (Linear) 

1 (Square) FU1-40 9228 Volts/Hz Pattern V/F pattern 

2 (User V/F) 

0 (Linear) X 6-16 

FU1-41 
(9) 

9229 User V/F – Frequency 1 User freq 1 0 to FU1-30 15 [Hz] X 

FU1-42 922A User V/F – Voltage 1 User volt 1 0 to 100 [%] 25 [%] X 
FU1-43 922B User V/F – Frequency 2 User freq 2 0 to FU1-30 30 [Hz] X 
FU1-44 922C User V/F – Voltage 2 User volt 2 0 to 100 [%] 50 [%] X 
FU1-45 922D User V/F – Frequency 3 User freq 3 0 to FU1-30 45 [Hz] X 
FU1-46 922E User V/F – Voltage 3 User volt 3 0 to 100 [%] 75 [%] X 
FU1-47 922F User V/F – Frequency 4 User freq 4 0 to FU1-30 60 [Hz] X 
FU1-48 9230 User V/F – Voltage 4 User volt 4 0 to 100 [%] 100[%] X 

6-17 

FU1-49 9231 Input voltage adjustment VAC 440.0V 73 to 115.0 [%] 100.0 [%] X 6-17 
FU1-50 9232 Motor Rated Voltage Motor Volt 0 to 600 [V] 0 [V] X 6-17 

0 (None) 
1 (Manual) FU1-51 9233 Energy Save Energy save 
2 (Auto) 

0 (None) X 

FU1-52 
(10) 

9234 Energy Save % Manual save% 0 to 30 [%] 0 [%] O 

6-18 

FU1-54 9236 Integrating Wattmeter KiloWattHour M     kWh * X 6-18 
FU1-55 9237 Inverter Temperature Inv. Temp. 0 to 160 [degree] * X 6-18 
FU1-56 9238 Motor Temperature Motor Temp. 0 to 160 [degree] * X 6-18 

0 (No) 
FU1-57 9239 No Motor Selection No Motor Sel 

1 (Yes) 
1 [Yes] X 6-18 

FU1-58 923A Trip Current Level No Motor Level 5 to 100 [%] 5 [%] X 6-18 
FU1-59 923B Trip Time Setting No Motor Time 0.5 to 10.0 [sec] 3.0 [sec] X 6-18 

0 (No) 
FU1-60 923C Electronic Thermal Selection ETH select 

1 (Yes) 
1 (Yes) O 6-19 

FU1-61  923D 
Electronic Thermal Level for 

1 Minute 
ETH 1min FU1-62 to 200 [%] 150 [%] O 6-19 

FU1-62 923E 
Electronic Thermal Level for 

Continuous 
ETH cont 

50 to FU1-61 
(Maximum 150%))

120 [%] O 6-19 

FU1-63 923F Characteristic Selection 
(Motor Type) 

Motor type 
0 (Self-cool) 
1 (Forced-cool) 

0 (Self-cool) O 6-19 

FU1-64 9240 Overload Warning Level OL level 30 to 110 [%] 110 [%] O 6-20 
FU1-65 9241 Overload Warning Time OL time 0 to 30 [sec] 10 [sec] O 6-20 

0 (No) 
FU1-66 9242 Overload Trip Selection OLT select 

1 (Yes) 
0 (No) O 6-21 

FU1-67 
(11) 

9243 Overload Trip Level OLT level 30 to 150 [%] 120[%] O 6-21 

FU1-68 9244 Overload Trip Delay Time OLT time 0 to 60 [sec] 60 [sec] O 6-21 

FU1-69 9245 
Input/Output Phase Loss 

Protection 
Trip select 000 to 111 (Bit Set) 100 O 6-21 

FU1-70 9246 
Stall Prevention Mode 

Selection 
Stall prev. 000 to 111(Bit) 000(Bit) X 6-21 

FU1-71 9247 Stall Prevention Level Stall level 30 to 150 [%] 100[%] X 6-21 

FU1-72 9248 
Accel/Decel Change 

Frequency 
Acc/Dec ch F 0 to FU1-30 0 [Hz] X 6-22 

0 (Max freq)
FU1-73 9249 

Reference Frequency for 
Accel and Decel 

Acc/Dec freq 
1 (Delta freq)

0 (Max freq) X 6-23 

0 (0.01 sec) 
1 (0.1 sec) FU1-74 924A Accel/Decel Time Scale Time scale 
2 (1 sec) 

1 (0.1 sec) O 6-23 
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CODE Comm. 
Addr Description LCD Keypad 

Display Setting Range Factory 
Default 

Adj.
During

Run
Page 

FU1-90 
(31) 

925A Safety STOP Inertia Rate STOP Inertia 1 to 9999 10 X 6-23 

*     The gray-highlighted codes are hidden parameters and will appear when the related functions are to be set. 

(5) Only displayed when FU1-02, FU1-03 is set to [S-Curve]. 

(6) Only displayed when FU1-20 is set to [DC-start]. 
(7) Only displayed when FU1-23 is set to [DC-break]. 

(8) Only displayed when FU1-33 is set to [Yes]. 

(9) FU1-41~48 Only displayed when FU1-40 is set to [User V/F]. 

(10) Only displayed when FU1-51 is set to [Manual]. 

(11) Only displayed when FU1-66 is set to [Yes]. 

(31) Only displayed when FUN-28 is set to [Yes]. 
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[FU2 GROUP] 

CODE Comm. 
Addr Description LCD Keypad 

Display Setting Range Factory 
Default 

Adj. 
During

Run 
Page 

FU2-00 9300 Jump to desired code # Jump code 
1 to 95 

 (Use Only LCD 
Keypad) 

40 O 6-24 

FU2-01 - Last trip 1 Last trip-1 0  (None) * 6-24 

FU2-02 - Last trip 2 Last trip-2 0  (None) * 6-24 
FU2-03 - Last trip 3 Last trip-3 0  (None) * 6-24 
FU2-04 - Last trip 4 Last trip-4 0  (None) * 6-24 
FU2-05 - Last trip 5 Last trip-5 

By pressing [PROG] 
and [▲] key, the 

frequency, current, 
and operational status 
at the time of fault can 

be seen. 0  (None) * 6-24 

0 (No) 
FU2-06 9306 Erase trips Erase trips 

1 (Yes) 
0 (No) O 6-24 

FU2-07 9307 Dwell Frequency Dwell time 0 to 10 [sec] 0 [sec] X 6-24 
FU2-08 

(12) 
9308 Dwell Frequency Dwell freq FU1-32 to FU1-30 5 [Hz] X 6-24 

0 (No) 
FU2-10 930A Frequency Jump Selection Jump freq 

1 (Yes) 
0 (No) X 6-25 

FU2-11 
(13) 

930B Jump Frequency 1 Low jump lo 1 0 to FU2-12 10 [Hz] O 

FU2-12 930C Jump Frequency 1 High jump Hi 1 FU2-11 to FU1-30 15 [Hz] O 

FU2-13 930D Jump Frequency 2 Low jump lo 2 0 to FU2-14 20 [Hz] O 

FU2-14 930E Jump Frequency 2 High jump Hi 2 FU2-13 to FU1-30 25 [Hz] O 

FU2-15 930F Jump Frequency 3 Low jump lo 3 0 to FU2-16 30 [Hz] O 

FU2-16 9310 Jump Frequency 3 High jump Hi 3 FU2-15 to FU1-30 35 [Hz] O 

6-25 

0 (No) 
FU2-20 9314 Power ON Start Selection Power-on run 

1 (Yes) 
0 (No) O 

0 (No) 
FU2-21 9315 Restart after Fault Reset RST restart 

1 (Yes) 
0 (No) O 

FU2-22 9316 Speed Search Selection Speed Search 
0000 to 1111  

(Bit Set) 
0000 X 

6-25 

FU2-23 
(14) 

9317 P Gain During Speed Search SS P-gain 0 to 9999 200 O 6-27 

FU2-24 9318 I Gain During speed search SS I-gain 0 to 9999 500 O 6-27 

FU2-25 9319 Number of Auto Retry Retry number 0 to 10 0 O 6-28 

FU2-26 
(15) 

931A 
Delay Time  

Before Auto Retry 
Retry delay 0 to 60 [sec] 1 [sec] O 6-28 



Chapter 5 – Parameter list 
 

5-8 

CODE Comm. 
Addr Description LCD Keypad 

Display Setting Range Factory 
Default 

Adj. 
During

Run 
Page 

Rated Motor Selection
for 5.5 ~ 280kW 
Inverter 

Motor select 

0 (0.75kW)  
1 (1.5kW) 
2 (2.2kW) 
3 (3.7kW) 
4 (5.5kW/) 
5 (7.5kW/) 
6 (11.0kW) 
7 (15.0kW) 
8 (18.5kW) 
9 (22.0kW) 
10 (30.0kW) 
11 (37.0kW) 
12 (45.0kW) 
13 (55.0kW) 
14 (75.0kW) 
15 (90.0kW) 
16 (110.0kW) 
17 (132.0 kW) 
18 (160.0 kW) 
18 (220.0 kW) 
20 (280.0 kW) 
 

* Depending 
on the 

inverter 
capacity 

X 6-28 FU2-40 
 

9328 

* A motor rating same as inverter capacity is automatically set. If different, set the correct value. 
FU2-41 9329 Number of Motor Poles Pole number 2 to 12  4 X 6-28 
FU2-42 932A Rated Motor Slip Rated-Slip 0 to 10 [Hz] X 

FU2-43 932B Rated Motor Current 
(RMS) 

Rated-Curr 1 to 999.9 [A] X 

FU2-44 932C 
No Load Motor Current  

(RMS) 
Noload-Curr 0.5 to 999.9 [A] X 

FU2-45 932D Motor Efficiency Efficiency 70 to 100 [%] 

* Depending 
on FU2-40 

X 
FU2-46 932E Load Inertia Inertia rate 0 to 8 0 X 

FU2-47 932F 
Gain for Motor Speed 

Display 
RPM factor 1 to 1000 [%] 100 [%] O 

6-28 

5.5~22kW
0.7~15 

[kHz]

30kW 
0.7~ 10 

[kHz]

5.0 [kHz] 

37~75kW
0.7 ~ 4 

[kHz]
4.0 [kHz] 

FU2-48 9330 Carrier Frequency Carrier freq 

90~280kW
0.7 ~ 3 

[kHz]
3.0 [kHz] 

O 6-29 

0 (Normal 1) 

1 (Normal 2) FU2-49 9331 PWM Type Selection PWM Mode 

2 (Low leakage)

0 (Normal 1) X 6-30 

0 (V/F) 

1 (Slip compen)FU2-60 933C Control Mode Selection Control mode 

2 (Sensorless) 

0 (V/F) X 6-30 

0 (No) 
FU2-61 933D Auto Tuning Selection Auto tuning 

1 (Yes) 
0 (No) X 

FU2-62 933E Stator Resistance of Motor Rs 
0 to (depending on 

FU2-40) [ohm] 

* Depending 

on FU2-40 
X 

6-32 

933F Leakage Inductance of Motor Lsigma 
0 to (depending on 

FU2-40) [mH] 

* Depending 

on FU2-40 
X 6-32 

FU2-63 

* Automatically set corresponding to motor rating. If different, check the motor rating setting. 
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Adj. 
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FU2-64 

(16) 
9340 Pre-excitation Time PreEx time 0 to 60 [sec] 1 [sec] X 6-32 

FU2-65 9341 
P Gain for  

Sensorless Control 
SL P-gain 0 to 9999 1000 O 6-33 

FU2-66 9342 I Gain for Sensorless Control SL I-gain 0 to 9999 100 O 6-33 

0 (Manual) 
FU2-67 9343 

Manual/Auto Torque Boost 

Selection 
Torque boost 

1 (Auto) 
0 (Manual) X 

5.5~90kW 2.0 [%] 
FU2-68 9344 

Torque Boost 

in Forward 

Direction 110~280kW
Fwd boost 0 to 15 [%] 

1.0 [%] 
X 

5.5~90kW 2.0 [%] 
FU2-69 9345 

Torque Boost 

in Reverse 

Direction 110~280kW
Rev boost 0 to 15 [%] 

1.0 [%] 
X 

6-33 

FU2-80 9350 Power On display PowerOn disp 0 to 12 0 O 6-34 

0 (Voltage) 
FU2-81 9351 User Display Selection User disp 

1 (Watt) 
0 (Voltage) O 6-34 

FU2-82 - Software Version S/W Version Ver X.XX Ver X.XX * 6-35 

FU2-83 - Last Trip Time LastTripTime X:XX:XX:XX:XX:X  X 

FU2-84 - Power On Time On-time X:XX:XX:XX:XX:X  X 

FU2-85 - Run-time Run-time X:XX:XX:XX:XX:X  X 

6-35 

FU2-87 9357 Power Set PowerSet 0.1~400 % 100 O 6-35 

0 (Default) 

1 (All Para) FU2-90 - Parameter Display Para. disp 

2 (Diff Para) 

0 (Default) X 6-35 

0 (No) 
FU2-91 - Read Parameter Para. Read 

1 (Yes) 
0 (No) X 6-35 

0 (No) 
FU2-92 - Write Parameter Para. Write 

1 (Yes) 
0 (No) X 6-35 

FU2-93 935D Initialize Parameters Para. init 

0 (No) 1 (All Groups) 

2 (DRV) 3 (FU1) 

4 (FU2) 5 (I/O) 

6 (EXT) 7 (COM) 

8 (APP) 

0 (No) X 6-36 

FU2-94 - Parameter Write Protection Para. Lock 0 to 9999 0 O 6-36 

0 (No) 
FU2-95 - Parameter Save Para. save 

1 (Yes) 
0 (No) X 6-36 

*      The gray-highlighted codes are hidden parameters and will appear when the related functions are to be set. 

(12) Only displayed when FU2-07 is set to [1~10 sec]. 
(13) Only displayed when FU2-10 is set to [Yes]. 

(14) Only FU2-23~24 displayed when FU2-22 [Speed search] is set to [0001~1111]. Also displayed when FU1-20 is 

‘Flying Start’. 

(15) Only displayed when FU2-25 [Retry number] is set to [1~10].  

(16) Only FU2-64~66 displayed when FU2-60 is set to [Sensorless]. 
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[I/O GROUP] 

CODE Comm. 
Addr Description LCD Keypad 

Display Setting Range Factory 
Default 

Adj.
During

Run
Page 

I/O-00 9400 Jump to desired code # Jump code 
1 to 98 

 (LCD Keypad Only)
1 O 6-37 

I/O-01 

(17) 
9401 

Filtering Time Constant for 

V1 Signal Input 
V1 filter 0 to 9999 [msec] 10 [msec] O 

I/O-02 9402 V1 Input Minimum Voltage V1 volt x1 0 to 12[V] 0 [V] O 

0 to FU1-30 [Hz] 
I/O-03 9403 

Frequency Corresponding to 

V1 Input Minimum Voltage
V1 freq y1 

0 to 100.00 [**](18)
0 [Hz] O 

I/O-04 9404 V1 Input Minimum Voltage V1 volt x2 0 to 12[V] 10 [V] O 

0 to FU1-30 [Hz] 
I/O-05 9405 V1 Input Maximum Voltage V1 freq y2 

0 to 100.00 [**] (18)
60 [Hz] O 

6-37 

I/O-06 9406 
Filtering Time Constant for I 

Signal Input 
I filter 0 to 9999 [msec] 10 [msec] O 

I/O-07 9407 I Input Minimum Current I curr x1 0 to 20 [mA] 4 [mA] O 

0 to FU1-30 [Hz] 
I/O-08 9408 

Frequency Corresponding to 

I Input Minimum Current 
I freq y1  

0 to 100.00 [**](18)
0 [Hz] O 

I/O-09 9409 
Filtering Time Constant for I 

Signal Input 
I curr x2 0 to 20 [mA] 20 [mA] O 

0 to FU1-30 [Hz] 
I/O-10 940A 

Frequency Corresponding to 

I Input Maximum Current 
I freq y2 

0 to 100.00 [**](18)

60 [Hz] O 

6-38 

0 (A+B) 
I/O-11 940B Pulse input method P pulse set 

1 (A) 
1 (A) O 

I/O-12 940C Pulse input filter P filter 0 to 9999 [msec] 10 [msec] O 

I/O-13 940D 
Pulse input Minimum 

frequency 
P pulse x1 0 to 10 [kHz] 0 [kHz] O 

0 to FU1-30 [Hz] 
I/O-14 940E 

Frequency corresponding to 

I/O-13 Pulse input Maximum 

frequency 

P freq y1 
0 to 100.00 [**](18)

0 [Hz] O 

I/O-15 940F 
Frequency corresponding to 

I/O-15 
P pulse x2 0 to 100 [kHz] 10 [kHz] O 

0 to FU1-30 [Hz] 
I/O-16 9410 

Pulse input Minimum 

frequency 
P freq y2 

0 to 100.00 [**](18)
60 [Hz] O 

6-39 

0  (None) 

1  (half of x1) I/O-17 9411 
Criteria for Analog Input 

Signal Loss 
Wire broken 

2  (below x1) 

0 (None) O 

0  (None) 

1  (FreeRun) I/O-18 9412 
Operating selection at Loss 

of Freq. Reference 
Lost command 

2  (Stop) 

0 (None) O 

I/O-19 9413 
Waiting Time after Loss of 

Freq. Reference 
Time out 0.1 to 120 [sec] 1.0 [sec] O 

6-40 
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I/O-20 9414 
Programmable Digital Input 

Terminal ‘M1’ Define 
M1 define 

0 (Speed-L) 

1 (Speed-M) 

2 (Speed-H) 

3 (XCEL-L) 

4 (XCEL-M) 

5 (XCEL-H) 

6 (Dc-brake) 

7 (2nd Func) 

8 (Exchange) 

9 (- Reserved -) 

10 ( Up) 

11 (Down) 

12 (3-Wire) 

13 (Ext Trip) 

14 (Pre-Heat) 

15 (iTerm Clear) 

16 (Open-loop) 

17 (LOC/REM) 

18 (Analog hold) 

19 (XCEL stop) 

20 (P Gain2) 

21 (- Reserved -) 

22 (Interlock1) 

23 (Interlock2) 

24 (Interlock3) 

25 (Interlock4) 

26 (Speed_X) 

27 (RST) 

28 (BX) 

29 (JOG) 

30 (FX) 

31 (RX) 

32 (ANA_CHG) 

33 (Pre-Excite) 

34 (Ext PID Run) 

0 (Speed-L) O 

I/O-21 9415 
Programmable Digital Input 

Terminal ‘M2’ Define 
M2 define Same as I/O-20 1 (Speed-M) O 

I/O-22 9416 
Programmable Digital Input 

Terminal ‘M3’ Define 
M3 define Same as I/O-20 2 (Speed-H) O 

I/O-23 9417 
Programmable Digital Input 

Terminal ‘M4’ Define 
M4 define Same as I/O-20 27 (RST) O 

I/O-24 9418 
Programmable Digital Input 

Terminal ‘M5’ Define 
M5 define Same as I/O-20 28 ( BX ) O 

I/O-25 9419 
Programmable Digital Input 

Terminal ‘M6’ Define 
M6 define Same as I/O-20 29 (JOG) O 

6-41 
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I/O-26 941A 
Programmable Digital Input 

Terminal ‘M7’ Define 
M7 define Same as I/O-20 30 (FX) O 

I/O-27 941B 
Programmable Digital Input 

Terminal ‘M8’ Define 
M8 define Same as I/O-20 31 (RX) O 

I/O-28 - Terminal Input Status In status 
00000000000 

/11111111111 
00000000000 * 

I/O-29 941D 

Filtering Time Constant for 

Programmable Digital Input 

Terminals 

Ti Filt Num 2 to 1000 [msec] 15 O 

6-41 

I/O-30 

(19) 
941E Jog Frequency Setting Jog freq 10 [Hz] O 

I/O-31 941F Step Frequency 4 Step freq-4 40 [Hz] O 

I/O-32 9420 Step Frequency 5 Step freq-5 50 [Hz] O 

I/O-33 9421 Step Frequency 6 Step freq-6 40 [Hz] O 

I/O-34 9422 Step Frequency 7 Step freq-7 30 [Hz] O 

I/O-35 9423 Step Frequency 8 Step freq-8 20 [Hz] O 

I/O-36 9424 Step Frequency 9 Step freq-9 10 [Hz] O 

I/O-37 9425 Step Frequency 10 Step freq-10 20 [Hz] O 

I/O-38 9426 Step Frequency 11 Step freq-11 30 [Hz] O 

I/O-39 9427 Step Frequency 12 Step freq-12 40 [Hz] O 

I/O-40 9428 Step Frequency 13 Step freq-13 50 [Hz] O 

I/O-41 9429 Step Frequency 14 Step freq-14 40 [Hz] O 

I/O-42 942A Step Frequency 15 Step freq-15 

0 to FU1-30 

30 [Hz] O 

6-42 

I/O-50 9432 
Acceleration Time 1  

(for Step speed) 
Acc time-1 0 to 6000 [sec] 20 [sec] O 

I/O-51 9433 
Deceleration Time 1  

(for Step speed) 
Dec time-1 0 to 6000 [sec] 20 [sec] O 

I/O-52 

(20) 
9434 

Acceleration Time 1  

(for Step speed) 
Acc time-2 0 to 6000 [sec] 30 [sec] O 

I/O-53 9435 Deceleration Time 2  Dec time-2 0 to 6000 [sec] 30 [sec] O 

I/O-54 9436 Acceleration Time 3  Acc time-3 0 to 6000 [sec] 40 [sec] O 

I/O-55 9437 Deceleration Time 3 Dec time-3 0 to 6000 [sec] 40 [sec] O 

I/O-56 9438 Acceleration Time 4  Acc time-4 0 to 6000 [sec] 50 [sec] O 

I/O-57 9439 Deceleration Time 4  Dec time-4 0 to 6000 [sec] 50 [sec] O 

I/O-58 943A Acceleration Time 5  Acc time-5 0 to 6000 [sec] 40 [sec] O 

I/O-59 943B Deceleration Time 5  Dec time-5 0 to 6000 [sec] 40 [sec] O 

I/O-60 943C Acceleration Time 6  Acc time-6 0 to 6000 [sec] 30 [sec] O 

I/O-61 943D Deceleration Time 6  Dec time-6 0 to 6000 [sec] 30 [sec] O 

I/O-62 943E Acceleration Time 7  Acc time-7 0 to 6000 [sec] 20 [sec] O 

I/O-63 943F Deceleration Time 7  Dec time-7 0 to 6000 [sec] 20 [sec] O 

6-44 

0 (Frequency) 

1 (Current) 

2 (Voltage) 

3 (DC link Vtg) 

I/O-70 9446 S0 output selection  S0 mode 

4 (Ext PID Out) 

0  

(Frequency) 
O 6-47 
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I/O-71 9447 S0 output adjustment S0 adjust 10 to 200 [%] 100 [%] O 

I/O-72 9448 S1 output selection S1 mode Same as I/O-70 2 (Voltage) O 

I/O-73 9449 S1 output adjustment S1 adjust 10 to 200 [%] 100 [%] O 

6-47 

I/O-74 

(21) 
944A Frequency Detection Level FDT freq 0 to FU1-30 [Hz] 30 [Hz] O 6-47 

I/O-75 944B 
Frequency Detection 

Bandwidth 
FDT band 0 to FU1-30 [Hz] 10 [Hz] O 6-47 

I/O-76 944C 

Programmable Digital 

Output Terminal Define 

(Aux terminal) 

Aux mode1 

0 (NONE) 

1 (FDT-1) 

2 (FDT-2) 

3 (FDT-3) 

4 (FDT-4) 

5 (FDT-5) 

6 (OL) 

7 (IOL) 

8 (Stall) 

9 (OV) 

10 (LV) 

11 (OH) 

12 (Lost Command) 

13 (Run) 

14 (Stop) 

15 (Steady) 

16 (INV line) 

17 (COMM line) 

18 (SSearch) 

19 (Ready) 

20 (MMC) 

0 (NONE) O 

I/O-77 944D 
Programmable Digital 

Output Terminal Define 
Aux mode2 Same as I/O-76 0 (NONE) O 

I/O-78 944E 
Programmable Digital 

Output Terminal Define 
Aux mode3 Same as I/O-76 0 (NONE) O 

I/O-79 944F 
Programmable Digital 

Output Terminal Define 
Aux mode4 Same as I/O-76 0 (NONE) O 

6-48 

I/O-80 9450 
Fault Output Relay Setting 

(3A, 3B, 3C) 
Relay mode 000 to 111 [bit] 010 [bit] O 6-51 

I/O-81 - Terminal Output Status Out status 00000000/11111111 00000000 * 6-52 

I/O-82 9452 
Waiting time after Fault 

Output Relay On 
Relay On 0 to 9999 0 X 

I/O-83 9453 
Waiting time after Fault 

Output Relay Off 
Relay Off 0 to 9999 0 X 

6-52 

I/O-84 9454 Fan Con Sel (37 ~ 90kW) Fan Mode 0 (Power On Fan) 0 X 6-52 
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1 (Run Fan) 
I/O-84 9454 Fan Con Sel (37 ~ 90kW) Fan Mode 

2 (Temper-Fan) 
0 X 6-52 

I/O-85 9455 Fan Temp (37 ~ 90kW) Fan Temper 0 to 70 [℃] 70 [℃] O 6-52 

I/O-86 9456 
Voltage Input 
User Unit Selection 

V1 Unit Sel 

0 (Speed) 1 (Percent)

2 (Bar) 3 (mBar) 

4 (kPa) 5 (Pa) 

0 (Speed) X 

I/O-87 9457 
Current Input 
User Unit Selection 

I Unit Sel Same as I/O-86 0 (Speed) X 

I/O-88 9458 
Pulse Input 
User Unit Selection 

PulseUnitSel Same as I/O-86 0 (Speed) X 

6-52 

I/O-90 945A Inverter Number Inv No. 1 to 250 1 O 

0 (1200 bps) 

1 (2400 bps) 

2 (4800 bps) 

3 (9600 bps) 

4 (19200 bps) 

5 (38400 bps) 

6 (57600 bps) 

7 (76800 bps) 

I/O-91 

(22) 
945B Baud Rate Selection Baud rate 

8 (115200 bps)

3 (9600 bps) O 
6-53 

0 (None) 

1 (FreeRun) 
I/O-92 

(23) 
945C 

Operating method 
at loss of freq. reference 

COM Lost Cmd 

2 (Stop) 

0 (None) O 

I/O-93 945D 
Waiting time after loss of 
freq. reference 

COM Time Out 0.1 to 120 [sec] 1.0 [sec] O 

6-53 

I/O-94 945E 
Communication Response 
Delay time 

Delay Time 2 to 1000 [msec] 5 [msec] O 6-53 

I/O-95 945F A or B contact In No/Nc Set 
00000000000 

/11111111111 
00000000000 X 6-53 

I/O-96 9460 Input time In CheckTime 1 to 1000 1 [msec] X 6-54 

I/0-97 9461 Overheat trip selection OH Trip sel 000 to 111 [bit] 010 [bit] X 

I/0-98 9462 
Motor overheat trip 
temperature 

MO Trip Temp 0 to 255 [8C] 110 [8C] X 
6-54 

*     The gray-highlighted codes are hidden parameters and will appear when the related functions are to be set. 

(17) When DRV-04 is set to either V1, V1S, I or V1+I or Pulse, only selected item codes are displayed in I/O-1~I/O-

19.  

(18) Only user unit displayed when APP-02 or APP-80 is set to [Yes], after APP-06 is set to one of I, V, Pulse, after 

then one of I/O-86 ~I/O-88 is set to either speed, percentage, Bar, mBar, kPa, Pa.. 

(19) I/O-30 ~ I/O-34 displayed only when one of I/O-20 ~ I/O-27 is set to either JOG, Speed_L, Speed_M, Speed_H.

I/O-35 ~ I/O-42 displayed only when one of I/O-20 ~ I/O-27 is set to Speed_X. 

(20) I/O-52 ~ I/O-63 displayed only when one of I/O-20 ~ I/O-27 is set to either XCEL_L, XCEL_M, XCEL_H. 

(21) I/O-74 ~ I/O-75 displayed only when one of I/O-76 ~ I/O-79 is set to either FDT-1~FDT5 

(22) 1200~19200 bps can be set when the internal communication option card is installed. 

    1200~38400 bps can be set when the external RS-485/Modbus communication option card is installed. 

    9600~115200 bps can be set when the external BACNet communication option card is installed. 

(23) Only I/O-92 ~ I/O-93 displayed when DRV-03/04 is set to [int485]. 
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APP-00 9700 Jump to Desired Code # Jump code 
1 to 99  

(LCD Keypad Only)
1 O 6-56 

APP-01 

(24) 
9701 Application Mode Selection App mode 

0  (None) 

1  (MMC) 
0 (None) X 6-56 

APP-02 9702 PID Operation Selection Proc PI mode 
0  (No) 

1  (Yes) 
0 (No) X 6-56 

APP-03 

(25) 
9703 PID F Gain Selection PID F-gain 0 to 999.9[%] 0.0 [%] O 6-61 

APP-04 

(256 
9704 

PID Auxiliary Reference 

Mode Selection 
Aux Ref Mode 

0  (No) 

1  (Yes) 
0 (No) X 6-61 

APP-05 

(27) 
9705 

PID Auxiliary Reference 

Signal Selection 
Aux Ref Sel 

0  (Keypad-1) 

1  (Keypad-2) 

2  (V1) 

3  (V1S) 

4  (I) 

5  (V1+I) 

6  (Pulse) 

7  (Int. 485) 

8  (Ext. PID) 

2 (V1) X 6-61 

APP-06 9706 
PID Feedback Signal 

Selection 
PID F/B 

0  (I) 

1  (V1) 

2  (Pulse) 

0 (I) X 6-61 

APP-07 9707 P Gain for PID Control PID P-gain 0 to 999.9 [%] 1.0 [%] O 6-61 

APP-08 9708 I Gain for PID Control PID I-time 0 to 32.0 [sec] 10.0 [sec] O 6-61 

APP-09 9709 D Gain for PID Control PID D-time 0 to100 [msec] 0.0 [msec] O 6-61 

APP-10 970A 
High Limit Frequency for 

PID Control 
PID limit-H 0.00 to FU1-30 60 .00[Hz] O 6-61 

APP-11 970B 
Low Limit Frequency for 

PID Control 
PID limit-L 

FU1-32  

to APP-10 
0.5 [Hz] O 6-61 

APP-12 970C PID Output Scale PID Out Scale 0.0 to 999.9 [%] 100.0 [%] X 6-62 

APP-13 970D PID P2 Gain PID P2-gain 0.0 to 999.9 [%] 100.0 [%] X 6-62 

APP-14 970E P Gain Scale P-gain Scale 0.0 to 100.0 [%] 100.0 [%] X 

APP-15 960F PID Output Inverse Out inverse 
0  (No) 

1  (Yes) 
0 (No) X 

APP-17 9711 PID U curve feedback select PID U Fbk 
0  (No) 

1  (Yes) 
0 (No) X 

6-62 

APP-20 

(28) 
9714 2nd Acceleration Time 2nd Acc time 0 to 6000 [sec] 5 [sec] O 

APP-21 9715 2nd Deceleration Time 2nd Dec time 0 to 6000 [sec] 10 [sec] O 

APP-22 9716 2nd Base Frequency 2nd BaseFreq 30 to FU1-30 [Hz] 60 [Hz] X 

APP-23 9717 2nd V/F Pattern 2nd V/F 

0  (Linear) 

1  (Square) 

2  (User V/F) 

0 (Linear) X 

APP-24 9718 2nd Forward Torque Boost 2nd F-boost 0 to 15 [%] 2 [%] X 

APP-25 9719 2nd Reverse Torque Boost 2nd R-boost 0 to 15 [%] 2 [%] X 

APP-26 971A 2nd Stall Prevention Level 2nd Stall 30 to 150 [%] 100 [%] X 

6-62 
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APP-27 971B 
2nd Electronic Thermal 

Level for 1 minute 
2nd ETH 1min FU2-28 to 200 [%] 130[%] O 

APP-28 971C 
2nd Electronic Thermal 

Level for continuous 
2nd ETH cont 

50 to FU2-27 

(Max 150%) 
120[%] O 

APP-29 971D 2nd Rated Motor Current 2nd R-Curr 1 to 200 [A] 3.6[A] X 

6-62 

APP-40 

(29) 
9728 

Number of Auxiliary Motor 

Run Display 
Aux Mot Run * * * 6-63 

APP-41 9729 Aux. Motor Start Selection Starting Aux 1 to 4 1 O 6-64 

APP-42 972A 
Operation Time Display on 

Auto Change 
Auto Op Time * * * 6-64 

APP-43 972B The Number of Aux Motor Nbr Aux`s 0 to 7 4 O 6-64 

APP-44 972C 
Start Frequency of Aux. 

Motor 1 
Start freq 1 49.99 [Hz] O 

APP-45 972D 
Start Frequency of Aux. 

Motor 2 
Start freq 2 49.99 [Hz] O 

APP-46 972E 
Start Frequency of Aux. 

Motor 3 
Start freq 3 49.99 [Hz] O 

APP-47 972F 
Start Frequency of Aux. 

Motor 4 
Start freq 4 49.99 [Hz] O 

APP-48 9730 
Start Frequency of Aux. 

Motor 5 
Start freq 5 49.99 [Hz] O 

APP-49 9731 
Start Frequency of Aux. 

Motor 6 
Start freq 6 49.99 [Hz] O 

APP-50 9732 
Start Frequency of Aux. 

Motor 7 
Start freq 7 

0 to FU1-30 

49.99 [Hz] O 

6-64 

APP-51 9733 
Stop Frequency of Aux. 

Motor 1 
Stop freq 1 20.00 [Hz] O 

APP-52 9734 
Stop Frequency of Aux. 

Motor 2 
Stop freq 2 20.00 [Hz] O 

APP-53 9735 
Stop Frequency of Aux. 

Motor 3 
Stop freq 3 20.00 [Hz] O 

APP-54 9736 
Stop Frequency of Aux. 

Motor 4 
Stop freq 4 20.00 [Hz] O 

APP-55 9737 
Stop Frequency of Aux. 

Motor 5 
Stop freq 5 15.00 [Hz] O 

APP-56 9738 
Stop Frequency of Aux. 

Motor 6 
Stop freq 6 15.00 [Hz] O 

APP-57 9739 
Stop Frequency of Aux. 

Motor 7 
Stop freq 7 

0 to FU1-30 

15.00 [Hz] O 

6-64 

APP-58 973A 
Delay Time before Operating 

Aux Motor 
Aux start DT 0.0 to 999.9 [sec] 5.0 [sec] O 6-65 

APP-59 973B 
Delay Time before Stopping 

Aux Motor 
Aux stop DT 0.0 to 999.9 [sec] 5.0 [sec] O 6-65 

APP-60 973C 
Accel time when the number 

of pump decreases 
Pid AccTime 0 to 600.0 [sec] 2.0 [sec] O 6-65 
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CODE Comm. 
Addr Description LCD Keypad 

Display Setting Range Factory 
Default 

Adj.
During

Run
Page 

APP-61 973D 
Decel time when the number 

of pump increases 
Pid DecTime 0 to 600.0 [sec] 2.0 [sec] O 6-65 

APP-62 973E PID Bypass Selection Regul Bypass 
0  (No) 

1  (Yes) 
0 (No) X 6-65 

APP-63 973F Sleep Delay Time Sleep Delay 0.0 to 9999 [sec] 60.0 [sec] O 6-66 

APP-64 9740 Sleep Frequency Sleep Freq 0 to FU1-30 [Hz] 0.00 [Hz] O 6-66 

APP-65 9741 Wake-Up Level WakeUp level 0.0 to 100.0 [%] 2.0[%] O 6-66 

APP-66 9742 Auto Change Mode Selection AutoCh_Mode 0, 1 (Aux), 2 (Main) 0 O 6-67 

APP-67 9743 Auto Change Time AutoEx-intv 00:00 to 99:00 72:00 O 6-67 

APP-68 9744 Auto Change Level AutoEx-level 
FU1-32 to  

FU1-30 [Hz] 
20.0 [Hz] O 6-67 

APP-69 9745 Inter-Lock Selection Inter-lock 0  (No) 

1  (Yes) 
0 (No) O 6-68 

APP-71 9747 
Pressure difference for Aux 

motor Stop 
Actual Pr Diff 0 to100% 2% O 6-70 

APP-74 974A PrePID Reference Frequency PrePID freq 0 to FU1-30 0.00 [Hz] O 

APP-75 974B PrePID Exit Level PrePID Exit 0 to 100.0% 0.0 [%] O 

APP-76 974C PrePID Stop delay PrePID dly 0 to 9999 600 [sec] O 

6-70 

APP-80 9750 Ext PID Operation Selection Ext PI mode 
0  (No) 

1  (Yes) 
0 (No) X 6-70 

APP-81 

(30) 
9751 

Ext PID Reference 

Signal Selection 
Ext Ref Sel 

0  (I) 

1  (V1) 

2  (Pulse) 

3  (Key-Pad) 

3 (Key-Pad) X 6-70 

APP-82 9752 
Ext PID  

Reference Level 
Ext Ref Perc 0 to 100.00 [%] 50.00 [%] X 6-70 

APP-83 9753 
Ext PID Feedback Signal 

Selection 
Ext Fbk Sel 

0  (I) 

1  (V1) 

2  (Pulse) 

0  (I) X 6-70 

APP-85 9755 P Gain for ExtPID ExtPID Pgain 0 to 999.9 [%] 1.0 [%] X 6-70 

APP-86 9756 I Time for ExtPID ExtPID Itime 0 to 32.0 [sec] 10.0 [sec] X 6-70 

APP-87 9757 D Time for ExtPID ExtPID Dtime 0 to 2000 [msec] 0 [msec] X 6-70 

APP-88 9758 
High Limit Frequency for 

ExtPID Control  
ExtPID lmt-H 0 to 100.00 [%] 100.00 [%] X 6-70 

APP-89 9759 
Low Limit Frequency for 

ExtPID Control 
ExtPID lmt-L 0 to 30.00 [%] 0.00 [%] X 6-70 

APP-90 975A ExtPID Output Scale ExtPID Scale 0 to 999.9 100.0 [%] X 6-70 

APP-91 975B ExtPID P2 Gain Ext P2-gain 0 to 999.9 100.0 [%] X 6-70 

APP-92 975C 
ExtPID  

P Gain Scale 
Ext P Scale 0 to 100.0 100.0 [%] X 6-70 

APP-93 975D ExtPID F Gain ExtPID F-gain 0 to 999.9 [%] 0.0 [%] O 6-70 
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CODE Comm. 
Addr Description LCD Keypad 

Display Setting Range Factory 
Default 

Adj.
During

Run
Page 

APP-95 975F ExtPID Output Inverse ExtOut inverse 
0  (No) 

1  (Yes) 
0  (No) X 6-70 

APP-97 9761 ExtPID Loop Time Ext Loop Time 50 to 200 [msec] 100 [msec] X 6-70 

*     The gray-highlighted codes are hidden parameters and will appear when the related functions are to be set. 

(24) MMC(Multi Motor Control) function is applied to the inverters only for 5.5~90kW(7.5~125HP). 

(25) Only APP-03 ~ APP-17 displayed when APP-02 is set to [Yes]. (5.5 ~ 90kW / 7.5 ~ 125HP)    

    Only APP-03 ~ APP-17 and APP-63 ~ APP-65 displayed when APP-2 is set to [Yes]. (110 ~ 280kW / 150 ~ 

400HP) 

(26) If APP-04 is no set, DRV-04 setting will be reference of processPID. And APP -05 setting will be ignored 
(27) If APP-04 is set, APP-04 will appear. And APP -05 setting value will be reference of processPID, DRV-04 

setting will be ignored. 

(28) Only APP-20 ~ APP-29 displayed only when one of I/O-20 ~ I/O-27 is set to either “2nd Func”. 

(29) Only APP-40 ~ APP-71 displayed when APP-01 is set to [MMC]. 

(30) Only APP-81 ~ APP-97 displayed when APP-80 is set to [Yes]. 
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[EXT GROUP] 

CODE Comm. 
Addr Description LCD Keypad 

Display Setting Range Factory 
Default 

Adj.
During

Run
Page 

EXT-00 9500 Jump Code Jump code 1 to 45 1 O 

EXT-01 9501 Type of SUB Board Sub B/D Sub-E * * 

EXT-40 9528 
Current Output  

Termianl 1(CO1) Selection
AM1 mode 

Frequency 
Current 
Voltage 

DC link Vtg 
Ext PID Out 

 
Frequency 

O 

EXT-41 9529 
Adjust Gain of Current 

Output Termianl 1(CO1) 
AM1 adjust 10 – 200 [%] 100 [%] O 

EXT-42 952A 
Adjust Offset of Current 

Output Termianl 1(CO1) 
AM1 Offset 0 – 100 [%] 0  [%] O 

EXT-43 952B 
Current Output 

 Termianl 2(CO2) Selection
AM2 mode 

Frequency 
Current 
Voltage 

DC link Vtg 
Ext PID Out 

DC link Vtg O 

EXT-44 952C 
Adjust Gain of Current 

Output Termianl 2(CO2) 
AM2 adjust 10 – 200 [%] 100 [%] O 

EXT-45 952D 
Adjust Offset of Current 

Output Termianl 2(CO2) 
AM2 Offest 0 – 100 [%] 0  [%] O 

Refer to 

the 

correspo-

nding 

option 

manual

* Only the above EXT group displayed when the corresponding option board is installed. 

* Refer to the SUB board option manual for details. 
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[COM GROUP] 

CODE Comm. 
Addr Description LCD Keypad 

Display Setting Range Factory 
Default 

Adj.
During

Run
Page 

COM-00 9600 Jump Code Jump code 1 to 60 1 O 

COM-01 9601 Type of SUB Board Opt B/D 

RS485 
DeviceNet 
ProfiBus 
BACnet 

LonWork 

* * 

COM-02 9602 Option Mode Opt mode 

None 
Command 

Freq 
Cmd + Freq 

None X 

COM-03 9603 Option Version Opt Version Ver X.X Ver X.X * 

COM-13 960D DeviceNet Input Instance In Instance 

(70) 
(71) 
(110) 
(111) 

70 ○ 

COM-17 9611 PLC Option Station ID Station ID 0 - 63 1 ○ 

COM-20 9614 Profibus ID Profi MAC ID 1 - 127 1 ○ 

COM-30 961E Output Number Output Num 0 - 8 3 ○ 

COM-31 961F Output1 Output 1 0000 – FFFF (HEX) 000A(HEX) ○ 
COM-32 9620 Output2 Output 2 0000 – FFFF (HEX) 000E(HEX) ○ 

COM-33 9621 Output 3 Output 3 0000 – FFFF (HEX) 000F(HEX) ○ 

COM-34 9622 Output 4 Output 4 0000 – FFFF (HEX) 0000(HEX) ○ 

COM-35 9623 Output 5 Output 5 0000 – FFFF (HEX) 0000(HEX) ○ 

COM-36 9624 Output 6 Output 6 0000 – FFFF (HEX) 0000(HEX) ○ 
COM-37 9625 Output 7 Output 7 0000 – FFFF (HEX) 0000(HEX) ○ 

COM-38 9626 Output 8 Output 8 0000 – FFFF (HEX) 0000(HEX) ○ 

COM-40 9628 Input Number Input Num 0 - 8 2 ○ 

COM-41 9629 Input 1 Input 1 0000 – FFFF (HEX) 0005(HEX) ○ 
COM-42 962A Input 2 Input 2 0000 – FFFF (HEX) 0006(HEX) ○ 

COM-43 962B Input 3 Input 3 0000 – FFFF (HEX) 0000(HEX) ○ 

COM-44 962C Input 4 Input 4 0000 – FFFF (HEX) 0000(HEX) ○ 

COM-45 962D Input 5 Input 5 0000 – FFFF (HEX) 0000(HEX) ○ 

COM-46 962E Input 6 Input 6 0000 – FFFF (HEX) 0000(HEX) ○ 
COM-47 962F Input 7 Input 7 0000 – FFFF (HEX) 0000(HEX) ○ 

COM-48 9630 Input 8 Input 8 0000 – FFFF (HEX) 0000(HEX) ○ 

COM-60 963C Parity Selection Parity/Stop 

8None/1Stop 
8None/2Stop 
8Even/1Stop 
8 Odd/1Stop 

8None/1Stop ○ 

COM-61 
(32) 

963D 
Communication Option 
Common Pararmeter 1 

Opt Para-1 0000 – FFFF (HEX) 0000(HEX) ○ 

COM-62 963E 
Communication Option 
Common Pararmeter 2 

Opt Para-2 0000 – FFFF (HEX) 0000(HEX) ○ 

COM-63 963F 
Communication Option 
Common Pararmeter 3 

Opt Para-3 0000 – FFFF (HEX) 0000(HEX) ○ 

COM-64 9640 
Communication Option 
Common Pararmeter 4 

Opt Para-4 0000 – FFFF (HEX) 0000(HEX) ○ 

COM-65 9641 
Communication Option 
Common Pararmeter 5 

Opt Para-5 0000 – FFFF (HEX) 0000(HEX) ○ 

COM-66 9642 
Communication Option 
Common Pararmeter 6 

Opt Para-6 0000 – FFFF (HEX) 0000(HEX) ○ 

COM-67 9643 
Communication Option 

Pararmeter Update 
Comm UpDate

1  (No) 
2  (Yes) 

1  (No) X 

Refer to 

the 

correspo-

nding 

option 

manual

* Only the above COM group displayed when the corresponding option board is installed. 
* Refer to the communcaion option manual for details. 
* LonWork and BACnet communication will be available later. 

(32) COM-61~66 is used for LonWork and BACnet communication.  
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CHAPTER 6 - PARAMETER DESCRIPTION

 
6.1 Drive group [DRV] 
 

DRV-00: Command Frequency/ Output Current 
(LCD) 
 

 

 

 
 
1) Digital frequency setting  
-  When DRV-04 [Frequency Mode] is set to 0 
(Keypad-1) or 1 (Keypad-2), command freq is 
settable less than FU1-30 [Maximum Frequency].  
2) Monitoring function setting  
- Command frequency displayed during stop. 
- Output current/frequency displayed during run.  
Analog/digital frequency command source setting: 
DRV-04 [Frequency Mode] 
 
When DRV-04 [Frequency Mode] is set to V1, V1S, 
I, V1+I or Pulse, frequency command is set via I/O-
01~16 [Analog Frequency command]. Refer to I/O-
01~16 for detail description. 
 
When setting APP-02 [PID operation selection] 
and/or APP-80 [Ext. PID operation select] to “Yes”, 
I/O-86~88 parameter settings become available. 
Changing I/O-86~88 value will affect all of the unit 
display for reference values such as DRV-00 and I/O-
01~16. See the related parameter description on the 
manual for more. 
 
When APP-02 [PID operation selection] is set to 
“Yes” with APP-04 [PID Aux speed selection] to 
“No,” the selection made among 
V1,V1S,I,V1+I,Pulse in DRV-04 [Freq mode] 
becomes PID reference input value and PID target 
output value becomes inverter reference frequency.  
See the PID description on the manual for more. 
Set APP-80 [Ext. PID operation selection] to “Yes” 
and control terminal “I” to “4~20mA”, Ext. PID 
feedback value. Set one of the I/O-20~27 to [Ext PID 
Run]. When the selected terminal for [Ext PID Run] 
is turned ON, Ext. PID operation begins and Ext. PID 
output value becomes inverter command frequency. 
See APP-80~97 for details. 
 
When DRV-16 [Speed Unit Selection] is set to 1 
(Rpm), Hz display is changed to Rpm. 
 
 

 
DRV-04 [Frequency Mode] setting guide 

Set
DRV
-04

Name Programming Description 

0
Key

Pad-1

1. In DRV-00, press the [PROG] 

key.  

2. Set the desired freq.  

3. Press the [ENT] key to write the 

new value into memory. 

1
Key

Pad-2 D
ig

ita
l f

re
q.

 c
om

m
an

d 

1. In DRV-00, press the [PROG] 

key.  

2. Press the [×(Up)] or [Ø(Down)] 

key to set the desired freq. Speed is 

reflected to the inverter real time 

upon pressing the UP/DOWN keys.  

3. Press the [ENT] key to write the 

new value into memory. 

2 V1

Voltage analog input (0 to 12V) to 

Control terminal “V1”. 

See the description of I/O-01~05. 

3 V1S

Voltage analog input (-12 to 12V, 

FWD/REV Run) to Control terminal 

“V1”. 

See the description of I/O-01~05. 

4 I 

Current analog input (4 to 20mA) to 

Control terminal “I”. 

See the description of I/O-06~10. 

5 V1+I

A
na

lo
g 

fr
eq

. c
om

m
an

d 

0-10V/4-20mA Analog input 

Control terminal “V1”,“I”. 

See the description of I/O-01~10. 

6 Pulse

P
ul

se
 

co
m

m
an

d Set the command frequency (0-

100kHz) from control input terminal 

“A0 or B0”. See the I/O-11~16.  

7
Int. 

485

C
om

m
un

i-

ca
tio

n 

Set the command frequency using 

RS485 (1200~19200bps) from “C+ 

or C-” control terminals. See the 

I/O-90~93. 

8
Ext. 
PID

E
xt

.P
ID

 
R

ef
er

en
ce

 f
re

qu
en

cy
 

Set APP-80 [Ext PI Mode] to [Yes].
Apply 4~20mA {Ext.PID feedback 
value} to control terminal “I”. 
Set one of the I/O-20~27 to [Ext 
PID Run]. 
When the defined terminal is ON, 
inverter starts Ext.PID operation and 
the Ext.PID output value becomes 
inverter command frequency. See 
APP-80~97 for more.  

 

DRV► Cmd. Freq 
00      0.00 Hz 0.00 F  

Factory Default: 0.00 Hz       0.00 
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I/O-01~05 [Frequency command setting via Analog 
Voltage Input “ V1”] 
 
Command Freq. setting via “V1” input terminal when 
set DRV-04 [Frequency mode] to V1, V1S, or V1+I.  
A User-selected unit will be displayed in [**] when 
one of the APP-02[PID operation selection] and 
APP-80 [Ext. PID operation selection] is set to 
“Yes,” and set the desired unit among Percent, Bar, 
mBar, kPa, Pa in I/O-86 [Voltage input user unit 
selection]. 
 

Code Default Setting range 
I/O-01 10 [msec] 0 ~ 9999 [msec] 

I/O-02 0 [V] 0 ~ 12 [V] 

0 [Hz] 0 ~ Max. freq I/O-03 
0 [**] 0~100.00[**] 

I/O-04 10 [V] 0 ~ 12 [V] 

60 [Hz] 0 ~ Max freq I/O-05 
0 [**] 0~100.00[**] 

 

Code 
LCD 

Display 
Parameter Name 

I/O-01 V1 filter Filter Time Constant for V1 Input

I/O-02 V1 volt x1 V1 Input Minimum Voltage 

V1 freq y1 
Frequency Corresponding to V1 
Input Minimum Voltage 

I/O-03 

V1[**]y1 
Target value Corresponding to V1 
input minimum voltage. 

I/O-04 V1 volt x2 V1 Input Maximum Voltage 

V1 freq y2 
Frequency Corresponding to V1 
Input Maximum Voltage 

I/O-05 
V1[**]y2 

Target value Corresponding to V1 
input maximum voltage. 

 
Important: Increase I/O-01 [Filter Time Constant 
for V1 Input] if the V1 signal is affected by noise 
causing unstable operation. Increasing this value 
makes response time slower.  
 
 
 
 
 
 
 
 

In the case of 0~12V V1 voltage input  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
In the case of –12~12V V1 voltage input  
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
Setting for Bi-polarity and the uni-polarity is the 
same as the graph above. Set the positive value for 
Voltage and frequency and negative value is 
symmetrical of positive setting. The following graph 
shows the relationship between voltage input and 
direction command (Positive/Negative).  
 

V1 analog input 
(0~12V) 

Set freq. 
(target value) 

I/O-02  
V1 Min  
Voltage 

I/O-03 

I/O-05 

I/O-04 
V1 Max 
Voltage 

V1 terminal (0~12 V) 

Set freq 
(target value) 

I/O-02  
V1 Min voltage 

I/O-03 

I/O-05 

I/O-04  
V1 Max voltage 

Reverse 
Max Freq 

V1 (-12 ~ 12V)

Set freq (target value) Rev 

Forward 
Max Freq 

Fwd 

- 12V  12V
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To drive the motor in Forward direction, press FWD 
key and apply 0-12V voltage as frequency command 
or press REV key and apply –12~0V voltage as 
frequency command. To drive the motor in Reverse 
direction, press FWD key and apply –12~0V or press 
REV key and apply 0~12V.  

 

I/O-06~10 [Analog Current Input “I” Signal 
adjustment] 
 
Command Freq setting via “I” input terminal when 
set DRV-04 [Frequency mode] to 3 (I) or 4 (V1+I) 
A User-selected unit will be displayed in [**] when 
one of the APP-02[PID operation selection] and 
APP-80 [Ext. PID operation selection] is set to 
“Yes,” and set the desired unit among Percent, Bar, 
mBar, kPa, Pa in I/O-87 [Current input user unit 
selection]. 
 

Code Default Setting range 
I/O-06 10 [msec] 0 ~ 9999 [msec] 

I/O-07 4 [mA] 0 ~ 20 [mA] 

0 [Hz] 0 ~ Max. freq 
I/O-08 

0 [**] 0 ~ 100.00[**] 

I/O-09 20 [mA] 0 ~ 20 [mA] 

60 [Hz] 0 ~ Max. freq 
I/O-10 

0 [**] 0 ~ 100.00[**] 
 
 

Code LCD display Parameter Name 

I/O06 I filter 
Filter time constant for I 
signal Input 

I/O-07 I curr x1 I Input Minimum Current 

I freq y1 
Frequency Corresponding 
to I Input Minimum 
Current I/O-08 

I [**] y1 Target value Corresponding to 
I Input Minimum Voltage  

I/O-09 I curr x2 I Input Maximum Current 

I freq y2 
Frequency Corresponding 
to I Input Maximum 
Current I/O-1-0 

I [**] y2 Target value Corresponding to 
I Input Maximum Voltage  

 
Important: Increase I/O-06 [Filter time constant for 
I signal Input] if I signal is affected by noise causing 
unstable operation. Increasing this value makes 
response time slower.  

 
 
 
 
 
 
 
 
 
 
 
 
 

DRV-01, 02: Accel/Decel Time 0 
 
 
 
 
 
 
 
 
 
 
 
 
The inverter targets FU2-73 when accelerating or 
decelerating. When FU2-73 is set to “Maximum 
Frequency”, the acceleration time is the time taken by 
the motor to reach FU1-30 from 0 Hz. The 
deceleration time is the time taken by the motor to 
reach 0 Hz from FU1-30 [Maximum Frequency]. 
When FU2-73 is set to “Delta Frequency”, the 
acceleration and deceleration time is the time taken to 
reach a target frequency (instead the maximum 
frequency) from a specific frequency. 
The acceleration and deceleration time can be 
changed to a preset time via Programmable digital 
inputs. By setting M1~M8 to ‘XCEL-L’, ‘XCEL-M’, 
‘XCEL-H’ respectively, the 1~7 Accel and Decel 
time set in I/O-50 to I/O-63 are applied by the binary 
inputs of the M1~M8. 
 
Note: Set the Accel time more than 0.5 sec for smooth 

acceleration. Setting it too short may deteriorate the 

starting performance.  
In case of the inverters for 110~280kW(150~400HP), the 

factory default of Accel/Decel Time is 60.0/90.0[sec] 

respectively. 
 

DRV► Acc. time 
01      20.0 sec 20.0 01 

Factory Default: 20.0 sec        20.0 

DRV► Dec. time 
02      30.0 sec 30.0 02 

Factory Default: 30.0 sec        30.0 

Terminal I (0 ~ 20 mA) 

Set freq (target value) 

I/O-07  
I Minimum 

current 

I/O-08

I/O-10 

I/O-09 
I Maximum 

current 



Chapter 6 - Parameter Description [DRV] 
 
 

6-4 

Code 
LCD 

display 
Name 

XCEL
-H 

XCEL
-M 

XCEL
-L 

Default

DRV-01 Acc time 
Acc time 

0 
0 0 0 20 sec

DRV-02 Dec time 
Dec time 

0 
0 0 0 30 sec

I/O-50 ACC-1 
Acc time 

1 
0 0 1 20 sec

I/O-51 DEC-1 
Dec time 

1 
0 0 1 20 sec

I/O-52 ACC-2 
Acc time 

2 
0 1 0 30 sec

I/O-53 DEC-2 
Dec time 

2 
0 1 0 30 sec

I/O-54 ACC-3 
Acc time 

3 
0 1 1 40 sec

I/O-55 DEC-3 
Dec time 

3 
0 1 1 40 sec

I/O-56 ACC-4 
Acc time 

4 
1 0 0 50 sec

I/O-57 DEC-4 
Dec time 

4 
1 0 0 50 sec

I/O-58 ACC-5 
Acc time 

5 
1 0 1 40 sec

I/O-59 DEC-5 
Dec time 

5 
1 0 1 40 sec

I/O-60 ACC-6 
Acc time 

6 
1 1 0 30 sec

I/O-61 DEC-6 
Dec time 

6 
1 1 0 30 sec

I/O-62 ACC-7 
Acc time 

7 
1 1 1 20 sec

I/O-63 DEC-7 
Dec time 

7 
1 1 1 20 sec

 

FU2-74 [Accel/Decel time scale] 
Set the Accel/Decel time unit.  
* Up to 6000 sec settable via LE-200 keypad. 

Setting Unit Description 

0 0.01 sec 
Minimum 0 sec settable 
Maximum 60 sec settable 

1 0.1 sec 
Minimum 0 sec settable  
Maximum 600 sec settable  
(Factory setting) 

2 1 sec 
Minimum 0 sec settable  
Maximum 6000 sec settable* 

 
 
 
 

DRV-03: Drive Mode (Run/Stop Method) 
 
 
 
 
 
Select the source of run/stop command. 
 

Setting Range Description 

Keypad Run/Stop control by Keypad. 

Fx/Rx-1 

Run/Stop control by Control 
Terminals FX, RX. (Method 1) 
FX: Forward Run/Stop  
RX: Reverse Run/Stop 

Fx/Rx-2 

Run/Stop control by Control 
Terminals FX, RX. (Method 2) 
FX: Run/Stop command 
RX: Forward/Reverse selection 

Int. 485 Run/Stop control by RS485. 

 
 
 

DRV-04: Frequency Mode  
 

 
 
 
 
   
If the DRV-04 [Frequency Mode] is set to V1, V1S, I, 
V1+I, see the description of I/O-01~16 [Analog 
Voltage/Current input signal adjustment]. 
 

Setting Range Description 

Keypad-1 

Frequency is set at DRV-00. The 
frequency is changed by pressing 
PROG key and entered by pressing 
ENT key. The inverter does not output 
the changed frequency until the ENT 
key is pressed. 

Keypad-2 

Frequency is set at DRV-00. Press 
PROG key and then by pressing the 
▲, ▼ key, the inverter immediately 
outputs the changed frequency. 
Pressing the ENT key saves the 
changed frequency. 

V1 

Apply the frequency reference (0-12V) 
to the “V1” control terminal. Refer to 
the I/O-01 to I/O-05 for scaling the 
signal. 

V1S 
Apply the frequency reference        
-12~12V to terminal V1. Refer to the 
I/O-01 to I/O-05 

DRV► Drive mode 
03     Fx/Rx-1 1 03 

Factory Default:  Fx/Rx-1          1 

DRV►  Freq mode 
04     Keypad-1 0 04 

Factory Default: Keypad-1               0 



Chapter 6 - Parameter Description [DRV] 
 
 

6-5 

I 

Apply the frequency reference 
(4~20mA) to the “I” control terminal. 
Refer to the I/O-06 to I/O-10 for 
scaling the signal. 

1+I 

Apply the frequency reference 
(0~12V, 4~20mA) to the “V1”,“I” 
control terminals.   
The ‘V1’ signal overrides the ‘I’ 
signal. See I/O-01~10. 

PULSE 
Set the freq command using “A0, B0” 
terminals. Range: 0~100kHz. See I/O-
11~16. 

Int. 485 
Set the freq command using RS485 
communication. See I/O-90~93. 

Ext. PID 

Set APP-80 [Ext PI Mode] to “Yes.” 
Apply Ext. PID feedback value 
“4~20mA” to control terminal “I”. Set 
one of the I/O-20~27 to [Ext PID 
Run]. Inverter starts Ext.PID operation 
when the defined terminal is ON and 
Ext.PID output value becomes inverter 
command frequency. See APP-80~97 
for details.  

 
 

DRV-05 ~ DRV-07: Step Frequency 1 ~ 3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The inverter outputs preset frequencies set in these 
codes according to the Programmable Digital Input 
terminals configured as ‘Speed-L’, ‘Speed-M’, 
‘Speed-H’ and ‘Speed-X’. The output frequencies are 
decided by the binary combination of M1~M8. The 
frequency setting method of ‘Speed 0’ is decided by 
DRV-04. 
See I/O-21~27 description for Step Freq 4~7. 
 
 
 

Binary Input Combination 
Speed-

L 
Speed-

M 
Speed-

H 

Output 
Frequency

Step 
Speed 

0 0 0 DRV-00 Speed 0 
1 0 0 DRV-05 Speed 1 
0 1 0 DRV-06 Speed 2 
1 1 0 DRV-07 Speed 3 

Note: Speed 0 is the set value in DRV-04. 
 

DRV-04 data DRV-00, 0 speed Freq command 
source 

KeyPad-1 Digital command 
freq 

Keypad 

KeyPad-2 Digital command 
freq 

Keypad 

V1 Analog command 
freq 

Terminal 

V1S Analog command 

freq 
Terminal 

I Analog command 

freq 
Terminal 

V1+I Analog command 

freq 
Terminal 

Pulse Pulse command freq Terminal 

Int. 485 Comm. command 
freq Terminal 

Ext. PID Ext.PID reference 
frequency  

Keypad or 
Terminal  

 
 

DRV-08: Output Current 
 
 
 
 
 
This code displays the output current of the inverter 
in RMS. 
 

DRV-09: Motor RPM  
 
 
 
 
 
This code displays the motor speed in RPM while the 
motor is running. 
Use the following equation to scale the mechanical 
speed using FU2-74 [Gain for Motor Speed display] 
if you want to change the motor speed display to 
rotation speed (r/min) or mechanical speed (m/min). 

DRV► Step freq-1 
05      10.00 Hz 10.00 05 

Factory Default: 10.00 Hz       10.00 

DRV► Step freq-2 
06      20.00 Hz 20.00 06 

Factory Default: 20.00 Hz       20.00 

DRV► Step freq-3 
07      30.00 Hz 30.00 07 

Factory Default: 30.00 Hz       30.00 

DRV►  Current 
08        0.0 A 0.0 08 

Factory Default: 0.0 A         0.0 

DRV►  Speed 
09         0rpm 0 09 

Factory Default: 0rmp   0 
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Motor speed = 120 * (F/P) * FU2-47 
Where, F= Output Frequency and P= the Number of Motor Poles 

 

DRV-10: DC Link Voltage 
 
 
 
 
 
This code displays the DC link voltage inside the 
inverter. 
 

DRV-11: User Display Selection 
 
 
 
 
 
 
This code displays the parameter selected in FU2-81 
[User Display]. One of Voltage (factory default, 
output voltage display) or Watt (output power 
display) is selectable. 
 

DRV-12: Current Trip Display 
 
 
 
 
 
This code displays the current fault (trip) status of the 
inverter. Use the PROG, ▲ and ▼ key before 
pressing the RESET key to check the fault content(s), 
output frequency, output current, and whether the 
inverter was accelerating, decelerating, or in constant 
speed at the time of the fault occurred. Press the 
ENT key to exit. The fault content will be stored in 
FU2-01 to FU2-05 when the RESET key is pressed. 
For more detail, please refer to Chapter 7. 
Troubleshooting and Maintenance. 
 
 
 
 
 
 
 
 
 

[Fault Contents] 

Fault (Trip) LCD Keypad display 

Over-Current 1 Over Current 1 
Over-Voltage Over Voltage 
External Trip Input Ext. Trip 
Emergency Stop  
(Not Latched) 

BX 

Low-Voltage Low Voltage 
Ground Fault Ground Fault 
Over-Heat on Heat sink Over Heat 
Electronic Thermal Trip E-Thermal 
Over-Load Trip Over Load 
Inverter H/W Fault 
- EEP Error - ADC Offset 
- WDOG Error - In-Phase 
Open 

HW-Diag 

Over-Current 2 Over Current 2 
Output Phase Loss Phase Open 
Inverter Over-Load Inv. OLT 

 
Note: There are WDOG error, EEP error, Input Phase 

Open and ADC Offset for the inverter Hardware Fault. 

Inverter will not reset when H/W fault occurs. Repair 

the fault before turning on the power. 

Note: Only the highest-level fault will be displayed when 

multiple faults occur. The rest of faults can be 

monitored in FU2-01~05 [Fault history]. Cycle the 

power when the fault is cleared. 

 
Up to 5 faults can be saved in FU2-01~05 [Fault 
history]. The lowest hierarchy fault such as “Last trip 
5” is the latest. After pressing [PROG] key, press 
[×(Up)], [Ø(Down)] key to check the operation 
information at the time of the fault (Output freq., 
current, Accel/Decel/Constant Run) and fault type. 
Press the [ENT] key to escape.  
FU2-06 [Erase fault history] clears the faults 
information. However, FU2-83 [Last Trip Time] is 
automatically reset when a trip occurs. 

Code Display Description 
FU2-01 Last trip-1 Fault history 1 
FU2-02 Last trip-2 Fault history 2 
FU2-03 Last trip-3 Fault history 3 
FU2-04 Last trip-4 Fault history 4 
FU2-05 Last trip-5 Fault history 5 

 
FU2-83 [Last Trip Time] shows the total time 
elapsed after the last trip occurs so it is possible to 
know the actual trip time by recounting. 
 
 

DRV►    Fault 
12       None nOn 12 

Factory Default: None         nOn 

DRV► DC link vtg 
10      ----- V ---- 10 

Factory Default: ---- V         ---- 

DRV► User disp 
11   0.0 V 0.0 11 

Factory Default: 0.0 V         0.0 
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DRV-13: Motor Direction Set (7-Segment Keypad) 
 
 
 
 
 
This code sets the motor direction when using the 7-
Segment keypad. 
 
 

DRV-14: Command/Output Frequency Display 
(LCD Keypad) 
 
 
 
 
 
 
This code shows the Command (Target) Frequency 
set in DRV00 and inverter Output Frequency. 
 

DRV-15: Reference/Feedback Frequency Display 
(LCD Keypad) 
 
 
 
 
 
 
This code shows the Reference Frequency and 
Feedback Frequency while PID operation. 
Appears only when ‘Yes’ is selected in APP-02 
 
Inverter PID controller’s reference and feedback 
value are displayed. When APP-02 [PID operation 
selection] is set to “YES,” reference and feedback 
values are displayed in Hz. When APP-02 [PID 
operation selection] is set to “YES,” and APP-06 
[PID feedback selection] is set (one of the I, V1, 
Pulse) and the desired unit is set in I/O-86 [V1 Unit 
Sel], I/O-87 [I Unit Sel], I/O-88 [PulseUnitSel] 
according to the selection in APP-06, PID reference 
and feedback value will be displayed in user-selected 
unit. 

Ex1) When [mBar] is set 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Ex2) When [kPa] is set 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0 13 

Factory Default:    0 

DRV►TAR   0.00Hz 
14  OUT   0.00Hz 

Factory Default:   0.00Hz  

DRV►REF   0.00Hz 
15  FBK   0.00Hz 

Factory Default:   0.00Hz  

DRV▶REF 500.0mBa 
15    FBK 82.1mBa

DRV▶REF 500.0kPa 
15    FBK  82.1kPa 
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DRV-16: Hz/Rpm Display 
 

 
 
 
 
 
Set this parameter to 0 [Hz] to display frequency, or 
to 1[Rpm] to display speed. 
 

DRV-18: PID Parameter (To monitor PID 
controller’s Reference/Feedback value and 
Inverter’s Command/output frequency) 
 
Displays PID controller’s reference/feedback value 
and inverter’s command/output frequency. When 
APP-02 [PID operation selection] is set to “YES,” 
reference and feedback values are displayed in Hz. 
When APP-02 [PID operation selection] is set to 
“YES,” and APP-06 [PID feedback selection] is set 
(one of the I, V1, Pulse) and the desired unit is set in 
I/O-86 [V1 Unit Sel], I/O-87 [I Unit Sel], I/O-88 
[PulseUnitSel] according to the selection in APP-06, 
PID reference and feedback value as well as Inverter 
command and output frequency will be displayed by  
percent [%] unit. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DRV-19: AD Parameter (To monitor the AD 
conversion value of Analog input) 
 
AD value of the Analog input used for Freq mode, 
PID or Ext. PID reference/feedback can be monitored 
in DRV-19. 
 
Ex) When using V1 and I 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DRV► Hz/Rpm Disp 
16       0 Hz 0 16 

Factory Default: 0 Hz                0 

R 50.00%T 45.3Hz 
F  8.24%  DRV 18 

R 50.00%T 45.3Hz 
F  8.24%O 43.7Hz 

V1    274 V2     0 
V1S     0 I    103 
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DRV-20: EXT-PID Parameter 
(To monitor ExtPID controller’s reference/ 
feedback/ output value) 
 
Displays ExtPID controller’s reference/ feedback/ 
output value. 
When APP-80 [Ext. PID operation selection] is set to 
“YES,” reference and feedback are displayed in 
Percent unit.  
 
When APP-02 [PID operation selection] is set to 
“YES,” and APP-06 [PID feedback selection] is set 
(one of the I, V1, Pulse) and the desired unit is set in 
I/O-86 [V1 Unit Sel], I/O-87 [I Unit Sel], I/O-88 
[PulseUnitSel] according to the selection in APP-06, 
PID reference and feedback value will be displayed 
by percent [%] unit. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DRV-93: FU1 Group Selection (7-Seg.keypad Only) 
DRV-94: FU2 Group Selection  
DRV-95: I/O Group Selection  
DRV-96: EXT Group Selection 
DRV-97: COM Group Selection 
DRV-98: APP Group Selection  
 
Select the desired group and press the PROG/ENT 
key to move into the desired group. The parameter in 
the group can be read and written after moving into 
the desired group. 
 
 

 

R 50.00%O 45.32% 
F  8.24%  DRV 20 



Chapter 6 - Parameter Description [FU1] 
 
 

6-10 

6.2 Function 1 Group [FU1] 
 

FU1-00: Jump to Desired Code # 
 
 
 
 
 
Jumping directly to any parameter code can be 
accomplished by entering the desired code number. 
This code is available only with LCD keypad. 
 

FU1-01: Run Prevention 
 
 
 
 
 
 
This function prevents reverse operation of the motor. 
This function may be used for loads that rotate only 
in one direction such as fans and pumps. 
 

Setting Range Description 

None 
Forward &Reverse run available. 
(Factory default) 

Forward Prev Forward run prohibited. 
Reverse Prev Reverse run prohibited. 

 

FU1-02: Acceleration Pattern  
FU1-03: Deceleration Pattern 
 
 
 
 
 
 
 
 
 
 
 

Different combinations of acceleration and 
deceleration patterns can be selected according to the 
application. 
 

Setting Range Description 

Linear 
A general pattern for constant torque 
applications. (Factory default) 

S-curve 

This pattern allows the motor to 
accelerate and decelerate smoothly. The 
actual acceleration and deceleration 
time takes longer- about 40% than the 
time set in DRV-01 and DRV-02. 
This setting prevents shock during 
acceleration and deceleration, and 
prevents objects from swinging on 
conveyors or other moving equipment. 

U-curve 
This pattern provides more efficient 
control of acceleration and deceleration 
in typical winding machine applications.

Note: Setting value in DRV-01 and DRV-02 is ignored.  
 
 
 
 
 
 
 
 

 

 

[Accel/Decel Pattern: ‘Linear’] 

 

 

 

 

 

 
  

 
 
 

 

 

 

 

[Accel/Decel Pattern: ‘S-curve’] 
 
Actual accel time = Preset accel time+ Preset accel 
time *Starting curve ratio/2 + Preset accel time * 
Ending curve ratio /2 
Actual decel time = Preset decel time + Preset decel 

FU1►  Jump code 
00       1 

Factory Default: 1   1 

FU1►  Run prev. 
01     None 0 01 

Factory Default: None   0 

FU1►Acc. pattern 
02     Linear 0 02 

Factory Default: Linear   0 

FU1►Dec. pattern 
03     Linear 0 03 

Factory Default: Linear   0 

Output Frequency

Time

Acc. Pattern Dec. Pattern

Output freq.

Max freq.

  

S starting
Time(sec) 

Max freq/2 

S ending S ending S starting Linear Linear

Delta freq.
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time * Starting Curve ratio/2 + Preset decel time * 
Ending curve ratio/2 
 
 
 
 
 
 
 

 

 

[Accel/Decel Pattern: ‘U-curve’] 
 

FU1-10~12: Pre-heat (to use Pre-heat function) 
 
 
 
 
 
 
This function enables a motor to prevent moisture 
from entering and not to develop condensation inside 
at stop in a humid area by supplying DC current to 
the motor continuously. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Pre-heat function is activated when FU1-10 [Pre-
heat] is set to “Yes”, one of the Programmable digital 
input terminals in I/O-20~27 set to “Pre-heat” and the 
defined terminal is turned ON. Only active at inverter 
stop. 
 
z FU1-11 [Pre-heat value] is set in percent of 

motor rated current.  

z FU1-12 [Pre-heat duty] sets the duty for 10 

seconds. At 100% setting, DC current is 

continuously supplied to the motor.  

 

☞ Caution: Parameter change is disabled during 

pre-heat function. Remove the reference command 

at the terminal before programming. 

☞ Caution: Reduce FU1-11 [Pre-heat value] or 
FU2-12 [Pre-heat duty] when inverter or motor is 
overheated. 

Output Frequency 

Time

Acc. Pattern Dec. Pattern

Pre-heat 
DC 

current 
value 

[FU1-11] 

10 sec 

RUN 

Pre-Heat 

On% 
[FU1-12] 

FU1►Pre-HeatMode 
10       No 0 10 

Factory Default: No   0 



Chapter 6 - Parameter Description [FU1] 
 

6-12 

 

FU1-20: Start Mode 
FU1-21: Starting DC Magnetizing Time  
FU1-22: Starting DC Magnetizing Value  
 
 
 
 
 
 
 
 
 
 
 
 
Inverter holds the starting frequency for Starting DC 
Magnetizing Time. It outputs DC voltage to the 
motor for FU1-21 [Starting DC Magnetizing Time] 
with the FU1-22 [Starting DC Magnetizing Value] 
before accelerating. 
Select the starting method of the inverter.  
 

 
FU1-20 
set data Function description 

0 Accel 
Acceleration to start  
(Factory default) 

1 Dc-start 
Inverter starts acceleration after 
magnetizing DC current.  

2 
Flying-

start 
Inverter starts RUN while a motor is 
rotating.  

 
1) The direction of Motor rotation and the command  
should be set equal to optimum use of Flying-start function. 
However, this function is effective with less than 50% 
to rated rpm when direction of motor rotation and 
reference command is opposite.  
2) DC-start is disabled when FU1-21 or 22 is set to “0”.   

3) DC-start is deactivated in Sensorless mode.  

4) It is possible to occur No Motor Trip in case that there 

is output phase loss when DC-start is operated  

Inverter starts acceleration after FU1-21 [Starting DC 
Magnetizing Time] while FU1-22 [Starting DC 
Magnetizing Voltage] is operated. 
 

Code LCD Display Default Setting 
FU1-21 DcSt time 0 [sec] 0 ~ 60 [sec] 
FU1-22 DcSt value 50 [%] 0 ~ 150 [%] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[ DC-start Operation] 

 

FU1-22 [Starting DC Magnetizing Value] is the DC 

Current amount applied to the motor and is set as percent 

of FU2-43[Motor Rated Current].  

 
Note: Do not set FU1-22 [Starting DC Magnetizing Value] 

higher than Inverter Rated Current. Otherwise, Motor 

Overheating or Overload Trip may occur. 
 
 
 
 
 
 
 

FU1►  DcSt value 
22         50 % 50 22 

Factory Default: 50 %          50 

FU1►  DcSt time 
21       0.0 sec 0.0 21 

Factory Default: 0.0 sec         0.0 Output Frequency

Time

FX-CM ON 

Output Voltage

Time

Time

Run Command 

FU1-22

FU1-21

T1

T1: FU1-21 [Starting DC Magnetizing Time]
D1: FU1-22 [Starting DC Magnetizing 
value] 

Output Current

Time
D1
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FU1-23: Stop Mode 
 
 
 
 
 
Sets the stopping method for the inverter. 
 

Setting Range Description 

Decel 
Inverter stops by the deceleration 
pattern. 

Dc-brake 

Inverter stops with DC injection 
braking. Inverter outputs DC voltage 
when the frequency reached the DC 
injection braking frequency during 
decelerating. 

Free-run 
(Coast to stop) 

Inverter cuts off its output 
immediately when the stop signal is 
commanded.  

Flux brake 
Fast stop is available by converting 
the regenerating energy into heat at 
the motor. 

☞ Caution: Motor may be overheated due to 
frequent use of Flux Brake function. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

[Stop Mode: ‘Decel’] 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[Stop mode: Free-run] 
 
 

FU1►  Stop mode  
23      Decel 0 23 

Factory Default: Decel   0 

Output Frequency 

Time

FX-CM ON 

Output Voltage 

Time

Time

Stop Command 

Output Frequency

Time

FX-CM ON 

Output Voltage

Time

Time

Stop Command
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FU1-24: DC Injection Braking Hold Time  
FU1-25: DC Injection Braking Frequency  
FU1-26: DC Injection Braking Time 
FU1-27: DC Injection Braking Value  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
By introducing a DC voltage to the motor windings 
this function stops the motor immediately. Selecting 
‘DC-Brake’ in FU1-23 activates FU1-24 through 
FU1-27. 
 
When FU1-23 [Stop mode] is set to “DC Brake”, 
inverter decelerates until FU1-25 [DC Injection 
Braking Frequency] and begins DC Braking at this 
frequency.  
 
FU1-24 [DC Injection Braking Hold Time] is the 
inverter output blocking time before DC injection 
braking. 
 
FU1-25 [DC Injection Braking Frequency] is the 
frequency at which the inverter starts to output DC 
voltage during deceleration.  
 
FU1-26 [DC Injection Braking Time] is the time the 
DC current is applied to the motor. 
 
FU1-27 [DC Injection Braking Value] is the DC 
voltage applied to the motor and is based on FU2-
43[Rated Current of Motor]. 

 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

[DC Injection Braking Operation] 
 
Note: Do not set the FU1-27 higher than Inverter 
rated current. Otherwise, it may lead to motor 
overheat or overload trip.  
Note: Do not set FU1-27 [DC Braking Frequency] 
too high than its range (between 0~5Hz). 
Otherwise, it may deteriorate its performance.  
 

FU1-28: Safety Stop 
 
 
 
 
 
This function is used to prevent potential danger from 
occurring when the whole system is stopped by 
power outage but the load keeps spinning due to high 
load inertia. 
 
When momentary power failure occurs while Safety 
Stop is active, inverter stops the motor by 
deceleration. Deceleration time depends on load 
inertia energy. 
 
If the load inertia rate is far different between the 
factory set value and an actual value, set the proper 
value in FU2-46 [Load Inertia] for optimum use of 
the Safety Stop function. When the load inertial is 
large, trip may occur during this function. In this case, 
increase the FU2-46 [Load Inertia] value little by 
little to find the proper value. For more stable Safety 

FU1► DcBr freq 
25       5.00 Hz 5.00 25 

Factory Default: 5.00 Hz  5.00 

FU1►  DcBr time 
26       1.0 sec 1.0 26 

Factory Default: 1.0 sec   1.0 

Output Frequency

Time

FX-CM ON 

Output Voltage

Time

Time

Stop Command 

[DCBr 
Freq]

[DCBr 
Value]

t1 t2 

t1: FU1-24  
t2: FU1-26 

FU1► DcBlk time 
24      0.10 sec 0.10 24 

Factory Default: 0.10 sec  0.10 

FU1► DcBr value 
27        50 % 50 27 

Factory Default: 50 %    50 

FU1► Safety Stop 
28       No 0 28 

Factory Default: No    0 
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Stop Function, see FU1-90[Safety Stop Inertia Rate]. 
 
☞ Caution: This function is effective for high 
load inertia. 
 
FU1-29: Line Frequency 
 
 
 
 
 
It sets input power frequency. Set 50 or 60Hz in FU1-
29 [Line Frequency]. 
☞ Caution: If line frequency is changed, related 
frequencies such as Max frequency, Base 
frequency are automatically changed. To set the 
related frequencies different to line, user should 
set the codes manually. 
 

FU1-30: Maximum Frequency  
FU1-31: Base Frequency  
FU1-32: Starting Frequency 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
FU1-30 [Maximum Frequency] is the maximum 
output frequency of the inverter. Make sure this 
maximum frequency does not exceed the rated speed 
of the motor. 
FU1-31 [Base Frequency] is the frequency where the 
inverter outputs its rated voltage. In case of using a 
50Hz motor, set this to 50Hz. 
FU1-32 [Starting Frequency] is the frequency where 
the inverter starts to output its voltage. If it is set to 
5Hz, motor starts running from 5 Hz. 

 
 
 
 
 
 
 
 
 
 
 
 
 
☞ Caution: Note that these codes setting is 

automatically changed when FU1-30 and 
FU1-31 are set before setting FU1-29 [Line 
Frequency].  

☞ Caution: Note that Overheat trip or torque 
shortage may occur if FU1-31 is set different 
to motor rated frequency. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note: Motor starts running at 5Hz when FU2-32 is set 
to 5Hz.  
 
 

FU1►   Max freq 
30      60.00 Hz 60.00 30 

Factory Default: 60.00 Hz        60.00 

FU1►  Base freq 
31      60.00 Hz 60.00 31 

Factory Default: 60.00 Hz        60.00 

FU1► Start freq 
32       0.50 Hz 0.50 32 

Factory Default: 0.50 Hz         0.50 

Output Voltage 

Rated  
Voltage 

Output 
Frequency

FU1-32. FU1-31. 

FU1-30 

FU1►   Line Freq 
29      60.00 Hz 60.00 29 

Factory Default: 60.00 Hz        60.00 

ON

0.01

10

Setting range 

FX/RX Signal

Output freq.(Hz)

Time 
(sec) 

FU2-
32 
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FU1-33: Frequency Limit Selection  
FU1-34: Low Limit Frequency  
FU1-35: High Limit Frequency 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
FU1-33 selects the limits the inverter operating 
frequency. If FU1-33 is set to ‘Yes’, inverter operates 
within the upper and lower limit setting. The inverter 
operates at the upper or the lower limit when the 
frequency reference is outside the frequency limit 
range. 
 
 
 
 
 
 
 
 
 
 

[Freq. limit: ‘Yes’] 
Note: if freq set value is below freq low limit, 
inverter operates at the low limit. 
 
Note: Normal Accel/Decel is performed for the 
range below low limit during Accel/Decel.  
 

FU1-40: Volts/Hz Pattern 
 
 
 
 
 
 

This is the pattern of voltage/frequency ratio. Select 
the proper V/F pattern according to the load. The 
motor torque is dependent on this V/F pattern. 
 
[Linear] pattern is used where constant torque is 
required. This pattern maintains a linear 
volts/frequency ratio from zero to base frequency. 
This pattern is appropriate for constant torque 
applications. The performance will be improved with 
the help of FU2-67~69 [Torque boost]. 
 
[Square] pattern is used where variable torque is 
required. This pattern maintains squared volts/hertz 
ratio. This pattern is appropriate for fans, pumps, etc. 
 
[User V/F] pattern is used for special applications. 
Users can adjust the volts/frequency ratio according 
to the application. This is accomplished by setting the 
voltage and frequency, respectively, at four points 
between starting frequency and base frequency. The 
four points of voltage and frequency are set in FU1-
41 through FU1-48. 
 
 
 
 
 
 
 
 
 
 
 
 

[V/F Pattern: ‘Linear’] 
 
 
 
 
 
 
 
 
 
 
 

[V/F Pattern: ‘Square’] 

 

 

 

 

FU1► Freq limit 
33       No 0 33 

Factory Default: No    0 

FU1► F-limit Lo 
34       0.50 Hz 0.50 34 

Factory Default: 0.50 Hz       0.50 

FU1► F-limit Hi 
35      60.00 Hz 60.00 35 

Factory Default: 60.00 Hz        60.00 

FU1► V/F pattern 
40     Linear 0 40 

Factory Default: Linear   0 

Output Voltage 

Output  
Frequency

Freq. 

100%

Output Voltage 

Output  
Frequency

Freq. 

100%

Output Frequency 

Freq. Max

Freq setting

FU1-35

FU1-34

Reference Frequency 

Output Frequency 

10V, 20mA 
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FU1-41 ~ FU1-48: User V/F Frequency and Voltage 
 
 
 
 
 
 
 
 
 
 
 

□ 
□ 
□ 

 
 
 
 
 
 
 
 
 
 
 
These functions are available only when ‘User V/F’ 
is selected in FU1-40 [V/F pattern]. Users can make 
the custom V/F pattern by setting four points between 
FU1-32 [Starting Frequency] and FU1-31 [Base 
Frequency]. 
 
 
 
 
 
 
 
 
 

 

 

 

[User V/F] 

 

Note: When the ‘User V/F’ is selected, the torque 
boost of FU1-67 through FU1-69 is ignored. 
 

 

FU1-49: AC Input Voltage Adjustment 
 
 
 
 
 
 
It should be set correctly when inverter input voltage 
and standard input power rating is far different. 
Otherwise, it will cause inverter damage. This set 
value affects inverter LV trip (low voltage trip) level. 
Used only when line fluctuation exceeds its 
permissible range or input power far different to its 
standard value is applied. 
 

Code LCD Display Default Setting 

FU1-49
AC Input 

Volt 
100 [%] 73 – 115 [%] 

 
Note: As soon as FU1-49 value is set through a 
button on the keypad, its set value is applied. 
 

FU1-50: Motor Voltage 
 
 
 
 
 
 
Constant voltage output is possible regardless of 
input voltage fluctuation by setting this parameter. 
☞ Caution: When input voltage is less than FU1-
50 [Motor rated voltage], Max output voltage 
cannot exceed input voltage.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FU1► User freq 1 
41      15.00 Hz 15.00 41 

Factory Default: 15.00 Hz   15.00 

FU1► User volt 1 
42         25 % 25 42 

Factory Default: 25 %    25 

FU1► User volt 4 
48        100 % 100 48 

Factory Default: 100 %          100 

FU1► User freq 4 
47      60.00 Hz 

60.00 47 

Factory Default: 60.00 Hz   60.00 

Output Voltage 

Output  
Frequency

Freq. Base

100%

FU1-42 

FU1-41

FU1-45 

FU1-44 
FU1-46 

FU1-48 

FU1-47 

FU1-43

FU1► VAC 440.0V 
49      100.0 % 100.0 49 

Factory Default: 100.0 %   100.0 

110 %

85 % 

100 % 

Output V 

In
pu

t v
ol

ta
ge

 

Motor rated V 

[FU1-50] 

100%

85% 

110%

85% 

FU1►   Motor Volt 
50         0 V 0 50 

Factory Default: 0 V          0 
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FU1-51~52: Energy Save, Energy Save Level 
 
 
 
 
 
 
 
 
 
 
 
 
This function is used to reduce the output voltage in 
applications that do not require high torque and 
current at its steady speed. The inverter reduces its 
output voltage after accelerating to the reference 
frequency (steady speed) if the energy save level is 
set at 20%. This function may cause over-current trip 
due to the lack of output torque in a fluctuating load.  
When Energy Save is ON, it may take longer during 
deceleration to stop.  
 
 FU1-51 setting Description 

0 None Disabled (Factory setting) 

1 Manual 
Energy save ON by decreasing 
the output with the value set in 
FU1-52. 

2 Auto Energy save ON automatically.
 

Code LCD Name Default Range 

FU1-52 
Manual 
Save % 

Energy 
save % 

0  
[%] 

0~30 
[%] 

 

 
FU1-54: Integrating Wattmeter 
 

z Displays both MWh and kWh in FU1-54. 
  Ex) 1500 kWh 
 
 
z Max Cumulative value is displayed in FU1-54 

as shown below. 
  Ex) 9,999,999.9kWh 
 
 
 
z Press [PROG] key for 5 sec to reset the value 

stored in FU1-54. 
 
☞ Caution: FU1-54 value may differ from the 

actual value due to the margin. 
☞ Caution: Only KWh appears on 7-Segment 

Keypad. 
 

FU1-55: Inverter temperature  
 
 
 
 
 
IGBT’s surface temperature is displayed in FU1-55.  

     
FU1-56: Motor temperature 
 
 
 
 
 
 
Motor temperature detected by external thermal 
sensor terminal (NT) is displayed in FU1-56.  
 
 
 
 
 
 
 

FU1►Manual save% 
52         0 % 0 52 

Factory Default: 0 %     0 

FU1► Energy save 
51         None 0 51 

Factory Default: 0     0 
FU1▶KiloWattHour
54    1M 00.0kWh 

FU1▶KiloWattHour
54  9999M999.9kWh

FU1►   Inv. Temp 
55            44 44 55 

Factory Default: 44          44 

FU1►   Motor Temp
56             0  0 56 

Factory Default:  0           0 
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FUN-57: No Motor Sel 
FUN-58: No Motor Level 
FUN-59: No Motor Time 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
These functions can be used to generate Trip in the 
situation such that there is no actual inverter output 
but the Main Controller of its hardware does not 
recognize it. (Damage of SPS for Gate and Damage 
of Gate, etc.)  
 
When FU1-57 [No Motor Sel] is set to ‘Yes’, the 
current below FU1-58 [No Motor Level] set value 
flows, and FU1-59 [No Motor Time] set time is 
passed, HW-Diag Trip is occurred and the message 
‘No Motor Trip’ is displayed on the LCD for this trip. 
(The current level is based on the set Motor rated 
current.)  
 
Trip occurs when the inverter is operated without 
wiring a motor. 
 

 
 
 
 

FU1-60: Electronic Thermal (Motor i2t) Selection  
FU1-61: Electronic Thermal Level for 1 Minute  
FU1-62: Electronic Thermal Level for Continuous 
FU1-63: Electronic Thermal Characteristic (Motor 
type) selection 
 
These functions protect the motor from overheating 
without using external thermal relay. Inverter 
calculates the temperature rise in a motor based on 
several parameters and determines whether or not the 
motor is overheated from load current. Inverter will 
turn off its output and display a trip message when 
the electronic thermal feature is activated. 
 
 
 
 
 
 
This function activates the ETH parameters by setting 
‘Yes’. ETH level is set as the percentage of FU2-43 
[Motor rated current]. 
  
 
 
 
 
 
 
This is the reference current when the inverter 
determines the motor has overheated. For example, it 
trips in one minute when 150% of rated motor current 
in FU2-43 flows for one minute. 
Note: The set value is the percentage of FU2-43 
[Rated Motor Current]. 
 
 
 
 
 
 
This is the current at which the motor can run 
continuously. Generally, this value is set to ‘100%’, 
which means the motor rated current set in FU2-43. 
This value must be set less than FU1-61 [ETH 1min]. 
Note: The set value is the percentage of FU2-43 
[Rated Motor Current]. 

Description LCD Display Setting Range

No Motor Selection No Motor Sel 
0 (No) 

1 (Yes) 

Trip Current Level No Motor Level 5 – 100 [%] 

Trip Time Setting No Motor Time 0.5 – 10.0 [sec]

FU1► ETH select 
60  ---  Yes --- 1 60 

Factory Default: Yes    1 

FU1► ETH 1min 
61        150 % 150 61 

Factory Default: 150 %          150 

FU1► ETH cont 
62        120 % 120 62 

Factory Default: 120 %          120 

FUN► No Motor Sel 
57          Yes 

Factory Default: Yes  

FUN► NoMotorLevel 
58           5 % 

Factory Default: 5  

FU1► NoMotorTime 
59      3.0 sec 

Factory Default: 3.0 sec  



Chapter 6 - Parameter Description [FU1] 
 

6-20 

 
 
 
 
 
 
To make the ETH function (Motor i2t) work correctly, 
the motor cooling method must be selected correctly 
according to the motor. 
 
[Self-cool] is a motor that has a cooling fan 
connected directly to the shaft of the motor. Cooling 
effects of a self-cooled motor decrease when a motor 
is running at low speeds. The Motor is easily heated 
at low speed, compared to the motor at high speed 
with the same current. The motor current is derated 
as the motor speed decreases as shown below. 
 
[Forced-cool] is a motor that uses a separate motor to 
power a cooling fan. As the motor speed changes, the 
cooling effect does not change. FU1-62 [Electronic 
thermal level for continuous] set value is applied 
regardless of operating frequency.  
 
 
 
 
 
 
 
 
 

 

 

[Load Current Derating Curve] 
 
 
 
 

 
 

 

 

 

 

 

[Motor i2t Characteristic Curve] 

 
Note: Despite the motor current changing 
frequently due to load fluctuation or acceleration 
and deceleration, the inverter calculates the i2t 

and accumulates the value to protect the motor. 
 
 

FU1-64: Overload Warning Level 
FU1-65: Overload Warning Time 
 
 
 
 
 
 
 
 
 
 
The inverter generates an alarm signal when the 
output current has reached the FU1-64 [Overload 
Warning Level] for the FU1-65 [Overload Warning 
Time]. The alarm signal persists for the FU1-65 even 
if the current has become the level below the FU1-64. 
Programmable Digital Output Terminal (AX-CX) is 
used as the alarm signal output. To output the alarm 
signal, set I/O-76 [Multifunction Auxiliary Contact 
Output] to ‘OL’. 
 
Note: FU1-64 is set as the percentage of FU2-43 [Rated 

Motor Current]. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

[Overload Warning] 
 
 
 
 
 
 

FU1► Motor type 
63    Self-cool 0 63 

Factory Default: Self-cool   0 

100%
95%

65%

Output Current 

20Hz 60Hz 

Self-Cool 

Forced-Cool 

FU1►  OL level 
64        110 % 110 64 

Factory Default: 110 %          110 

FU1►  OL time 
65      10.0 sec 10.0 65 

Factory Default: 10.0 sec         10.0 

t1: FU1-65 [Overload Warning Time]

Output Current

Time

Time

FU1-64
[OL Level]

FU1-64
[OL Level]

AX-CX (OL) ON 

t1 t1 

Load Current 

Trip Time

[ETH 1 min] 

1 minute 

[ETH cont] 



Chapter 6 - Parameter Description [FU1] 
 
 

6-21 

FU1-66: Overload Trip Selection 
FU1-67: Overload Trip Level 
FU1-68: Overload Trip Delay Time 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Inverter cuts off its output and displays fault message 
when the output current persists over the FU1-67 
[Overload Trip Level] for the time of FU1-68 
[Overload Trip Time]. This function protects the 
inverter and motor from abnormal load conditions. 
 
Note: The set value is the percentage of FU2-43 
[Rated Motor Current]. 
Note: Activated only when Heatsink temperature 
exceeds its preset level. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

[Overload Trip Operation] 
 

FU1-69: Input/Output Phase Loss Protection  
(Bit Set) 
 
 
 
 
 
This function is used to cut the inverter output off in 
case of phase loss in either input power or inverter 
output. 
1st bit: Output phase loss protection 
Enable/Disable 

0: Disabled at Output phase loss protection. 
1: Enabled at Output phase loss protection. 
Inverter output is shut down and stopped. 

2nd bit: Input phase loss protection Enable/Disable 
0: Input phase loss protection disabled. 
1: Input phase loss protection enabled. Inverter 
output is shut down and stopped. 

3rd bit: Protection Enable/Disable selection at 
Exchange function 

0: Disabled at Exchange function (Inverter-
Commercial line exchange). 
1: Enabled at Exchange function.   

 

FU1-70: Stall Prevention Mode (Bit set) 
FU1-71: Stall Prevention Level 
 
 
 
 
 
 
This bit set parameter follows the conventions used 
in I/O-15 and I/O-16 to show the ON (bit set) status.  
 
 
 
 
 
 
This function is used to prevent the motor from 
stalling by reducing the inverter output frequency 
until the motor current decreases below the stall 
prevention level. This function can be selected for 
each mode of acceleration, steady speed, and 
deceleration via bit combination. 
 
 

FU1► OLT select 
66  --- No --- 0 66 

Factory Default: No    0 

FU1► OLT level 
67        120 % 120 67 

Factory Default: 120 %          120 

FU1► OLT time 
68      60.0 sec 60.0 68 

Factory Default: 60.0 sec        60.0 

Output Current 

Time

Tim

FU1-67 
[OLT Level] 

FU1-67
[OLT Level]

Output Frequency 

FU1- 68 [OLT Time]

 Overload 

FU1► Stall prev. 
70         000 000 70 

Factory Default: 000    000 

FU1► Stall level 
71        100 % 100 71 

Factory Default: 100 %   100 

FU1► Trip select 
69          100 100 69 

Factory Default: 100         100 
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Note: FU1-71 is set as the percentage of FU2-43 
[Rated Motor Current]. 
Note: Do not set the FU1-71 higher than inverter 
rated current. 
Note : Stall level will be automatically reduced if 
inverter is operated at the frequency higher than 
base frequency. 
 
FU1-70 [Stall Prevention Mode Selection] 

Setting Range 
3rd bit 2nd bit 1st bit FU1-70 Description 

0 0 1 001 
Stall Prevention during 
Acceleration 

0 1 0 010 
Stall Prevention during 
Constant Run 

1 0 0 100 
Stall Prevention during 
Deceleration 

 
When FU1-70 is set to ‘111’, stall prevention works 
during accelerating, steady speed and decelerating. 
 
Note: Accel time may get longer due to stall 
prevention during Accel. 
Note: Inverter starts deceleration when Stop 
command is applied while motor stall state 
persists. 
Note: Output frequency may oscillates due to stall 
prevention during constant run. 
Note: Decel time may get longer due to stall 
prevention during Decel. 
 
 
 
 
 
 
 
 
 
 
 

 

 
 

 

[Stall Prevention during Acceleration] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[Stall Prevention during Constant Run] 

 
 
 
 
 
 
 
 
 
 
 

 

 

[Stall Prevention during Deceleration] 
 
 
 
FU1-72: Accel/Decel Change Frequency 
 
 
 
 
 
 
This function is used to change Accel/Decel ramp at 
a certain frequency. This is useful in textile machine 
application. For example, when stop command is ON 
while inverter runs at 100Hz, inverter swiftly 
decelerates and changes the ramp at this frequency, 
leading to soft stop.  
Note: If Accel/Decel change frequency is set and ‘XCEL-

L’, XCEL-M’, and XCEL-H’ defined in Programmable 

digital terminals are ON, Multi Accel/Decel operation has 

the priority. 

Output Current 

Time

Output Frequency 

Time

FU1-71
[Stall level]

FU1-71
[Stall Level]

Output Current

Time

Output Frequency

Time

FU1-71
[Stall Level]

FU1-71
[Stall Level]

Time

DC Link Voltage

Time

Output Frequency

390VDC or
680V DC

FU1►Acc/Dec ch F
72       0.00 Hz 0.00 72 

Factory Default: 0.00 Hz        0.00 
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[Accel/Decel Change Operation] 

 

 

FU1-73: Reference Frequency for Accel/Decel 
 
 
 
 
 
This is the reference frequency for acceleration and 
deceleration. If a decided Accel/Decel time from a 
frequency to a target frequency is required, set this 
value to ‘Delta freq’. 
 

Setting Range Description 

Max freq 
The Accel/Decel time is the time 
that takes to reach the maximum 
frequency from 0 Hz. 

Delta freq 
The Accel/Decel time is the time 
that takes to reach a target 
frequency from any frequency. 

 
 
 
 
 
 
 
 
 
 
 
 
 

[FU1-73: Max. Freq] 
 
 

 
 
 
 
 
 
 
 
 
 
 

        [FU1-73: Delta Freq] 
 
 

FU1-74: Accel/Decel Time Scale 
 
 
 
 
 
This is used to change the time scale. 
 

Setting Range Description 

0.01 sec 
The Accel/Decel time is changed by 
10 msec. The maximum setting range 
is 60 seconds. 

0.1 sec 
The Accel/Decel time is changed by 
100 msec. The maximum setting 
range is 600 seconds. 

1 sec 
The Accel/Decel time is changed by 1 
sec. The maximum setting range is 
6000 seconds. 

 
 

FU1-90: Safety STOP Inertia Rate 
 
 
 
 
 
This is used to find a proper inertia value for Safety 
STOP function. The suitable value can be found 
while lowering it when occurring OV Trip or raising 
it when occurring LV Trip during Safety STOP 
operation. 
 
 
 
 

10 90 

Factory Default: 10         10  

Output Frequency 

FX 

Max. Frequency Accel/Decel 
Change 

Frequency 

DRV-01 [AccTime0] DRV-02 [DecTime0]

I/O-50 [Acc Time1] I/O-51 [Dec Time1]

FU1►Acc/Dec freq 
73        Max 0 73 

Factory Default: Max          0 

FU1► Time scale 
74     0.1 sec 1 74 

Factory Default: 0.1 sec  1 

Output freq 

Accel time Decel time 

Max freq 

Certain freq 

Accel time
Decel time 

Next target freq 

FU1►STOP Inertia 
90        10 
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6.3 Function 2 Group [FU2] 
 

FU2-00: Jump to desired code # 
 
 
 
 
 
Jumping directly to any parameter code can be 
accomplished by entering the desired code number. 
This code is available only with LCD keypad. 
 
 

FU2-01: Last trip 1  
FU2-02: Last trip 2  
FU2-03: Last trip 3  
FU2-04: Last trip 4  
FU2-05: Last trip 5 
FU2-06: Erase Trips 
 
 
 
 
 

□ 
□ 
□ 

 
 
 
 
 
 
This code displays up to five previous fault (trip) 
status of the inverter. Use the PROG, ▲ and ▼ key 
before pressing the RESET key to check the fault 
content(s) such as output frequency, output current, 
and whether the inverter was accelerating, 
decelerating, or in constant speed at the time of the 
fault occurred. Press the ENT key to exit. 
FU2-83 [Last Trip Time] is the time elapsed after last 
trip occurs. User can count the last trip time from this 
value. 

Note: There are WDOG error, EEP error, and 
ADC Offset for the inverter Hardware Fault, and 
the inverter will not reset when H/W fault occurs. 
Repair the fault before turning on the power. 
 
 
 
 
 
 
This function erases all fault histories of FU2-01 to 
FU-05 from the memory.  
However, FU2-83 [Last Trip Time] cannot be reset. 
 

FU2-07: Dwell Time  
FU2-08: Dwell Frequency 
 
 
 
 
 
 
 
 
 
 
 
Note: If the dwell time is set at ‘0’, this function is 
not available. 
Note: Do not set the Dwell frequency above 
frequency command. Otherwise, it may lead to 
operation fault. 
Note: this function is disabled in Sensorless 
control. 

FU2►  Jump code 
00           1 

Factory Default: 1   1 

FU2► Last trip-1 
01      None nOn 01 

Factory Default: None         nOn 

FU2► Last trip-5 
05      None nOn 05 

Factory Default: None        nOn 

FU2► Erase trips 
06  ---  No --- 0 06 

Factory Default: No   0 

FU2► Dwell freq 
08       5.00 Hz 5.00 

07 

Factory Default: 5.00 Hz        5.00 

FU2► Dwell time 
07       0.0 sec 0.0 

08 

Factory Default: 0.0 sec        0.0 

FU2-07

FU2-08 

Time 

RUN 

Output freq.
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FU2-10 ~ FU2-16: Frequency Jump 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

□ 
□ 
□ 

 
 
 
 
 
 
 
 
 
 
 
 
 
To prevent undesirable resonance and vibration on 
the structure of the machine, this function locks out 
the potential resonance frequency from occurring. 
Three different jump frequency ranges may be set. 
This avoidance of frequencies does not occur during 
accelerating or decelerating. It only occurs during 
continuous operation.  

 
 
 
 
 
 
 
 
 
 
 

[Frequency Jump] 
 
Note: When the reference frequency is set between 
the jump frequency low/high limit, it follows the 
low limit frequency, marked by “n”. 
Note: If jump range 1 and range 2 are overlapped, 
lower freq. will become a low limit. 
Note: Jump freq. is ignored during Accel/Decel. 
 
 

FU2-20: Power ON Start Selection 
 
 
 
 
 
 
If FUN-20 is set to ‘No’, turn the terminal off and 
turn on to restart the inverter even though the FX/RX 
signal is ON. If FUN-20 is set to ‘Yes’, the inverter 
will restart after power is restored. If the motor is 
rotating by inertia at the time power is restored, the 
inverter may trip. To avoid this trip, use ‘Speed 
Search’ function by setting bit 4 to ‘1’. If Speed 
search is not selected, inverter shows normal V/F 
pattern at acceleration. 
  

CAUTION 
Particular attention must be directed to this 
function as motor starts to run suddenly upon 
applying AC input power. Otherwise, it may 
result in personal damage.  

FU2►  Jump freq 
10  --- No --- 0 10 

Factory Default: No   0 

Output Frequency

Freq. Max

Reference
Frequency10H 20H 30H

FU2-16
FU2-15

FU2-14
FU2-13

FU2-12
FU2-11

FU2►  jump lo 1 
11      10.00 Hz 10.00 11 

Factory Default: 10.00 Hz       10.00 

FU2►  jump Hi 1 
12      15.00 Hz 15.00 12 

Factory Default: 15.00 Hz       15.00 

FU2►  jump lo 3 
15      30.00 Hz 30.00 15 

Factory Default: 30.00 Hz       30.00 

FU2►  jump Hi 3 
16      35.00 Hz 35.00 16 

Factory Default: 35.00 Hz       35.00 

FU2►Power-on run 
20        No  0 20 

Factory Default: No   0 
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[Power ON Start: ‘No’] 

 
 
 
 
 
 

 
 
 
 
 
 
 

 

[Power ON Start: ‘Yes’] 

 
Note: In case of using ‘Power ON Start’ to ‘Yes’, 
make sure to utilize appropriate warning notices 
to minimize the potential for injury or equipment 
damage. 
 

 

FU2-21: Restart After Fault Reset 
 
 
 
 
 
 
If FU2-21 is set to ‘No’, restart the inverter by 
cycling the FX or RX terminal to CM terminal after 
the fault has been reset.  
If FU2-21 is set to ‘Yes’, inverter will restart after the 
RST (reset) terminal has been reset a fault. If the 
motor is rotating by inertia at the time power is 
restored, the inverter may trip. To avoid this trip, use 
‘Speed Search’ function by setting bit 2 to ‘xx1x’. 
 
 
 
 
 
 
 
 
 
 
 
 
 

[Reset restart: ‘No’] 
 
 
 
 
 
 
 
 
 
 
 
 

[Reset restart: ‘Yes’] 
 

CAUTION 
Particular attention must be directed to this 
function as motor starts to run suddenly after the 
fault is reset. Otherwise, it may result in personal 
damage.  

Input Power 

Time

FX-CM ON 
Time

Start 

 Power On 

Output Frequency 

Time

FU2► RST restart
21        No 0 21 

Factory Default: No   0 

Output Frequency

Time

FX-CM ON Time

RST-CM ON Time

ON 

No Effect Start

 Tripped

Output Frequency

Time

FX-CM ON Time

RST- ON Time

Start 

Tripped

Input Power 

Time

FX-CM ON TimeON 

No Start 

 Power On 

Output Frequency 

Time
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FU2-22: Speed Search Selection (Bit Set) 
FU2-23: P Gain During Speed Search  
FU2-24: I Gain During Speed Search 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This function is used to permit automatic restarting 
after Power ON, Fault Reset, and Instant Power 
Failure without waiting for the motor free run to stop.  
The speed search gain should be set after considering 
the inertia moment (GD2) and magnitude of torque of 
the load. FU2-46 [Load Inertia] must be set at the 
correct value to make this function operate correctly. 
 
FU2-22 [Speed Search Select] 
 

Setting Range (bit) 
4th  3rd 2nd  1st Description 

0 0 0 0 Speed search function does not 
work. 

0 0 0 1 Speed search during Accelerating 

0 0 1 0 
Speed search during Restart after 
Fault Reset (FU2-21)  

0 1 0 0 
Speed search during Restart after 
Instant Power Failure. 

1 0 0 0 
Speed search during Power ON 
start (FU2-20) is set to “Yes”. 

 

When FU2-22 is set to ‘1111’, Speed Search works for all 

conditions. 
 
FU2-23 [P Gain] is the proportional gain used for 
speed search. Set this value according to load inertia 
set in FU2-46. 
 
FU2-24 [I Gain] is the Integral gain used for speed 
search. Set this value according to load inertia set in 
FU2-46. 

☞ Caution: If I gain is set too high, Overshoot 
may occur, leading to OV Trip. In this case, 
reduce I Gain value.    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[Speed Search Operation] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Input Power 

Time

Motor Speed 

Time

Output Frequency

Output Voltage

Time

Time

 Input Power loss 
FU2►Speed Search 
22          0000 0000 22 

Factory Default: 0000        0000 

FU2► SS P-gain 
23          200 200 23 

Factory Default: 200         100 

FU2► SS I-gain 
24          500 500 24 

Factory Default: 500                 200 
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FU2-25: Number of Auto Retry  
FU2-26: Delay Time Before Auto Retry 
 
 
 
 
 
 
 
 
 
 
 
This function is used to allow the inverter to reset 
itself for a selected number of times after FU2-26 
elapses when inverter is tripped. If trip more than 
FU2-23 occur, inverter shuts down the output and 
displays a trip message. If the trip persists after FU2-
26, number of trip is increased and Auto restart 
function is disabled. For example, FU2-25 [Retry 
number] is 1 with FU2-26 [Retry delay] set to 10 sec, 
if trip persists over 10 seconds and then is reset 
(cleared), Auto restart is not performed. Inverter may 
be tripped out in Motor Free-run status when this 
function is issued. To avoid it, use the speed search 
function. Set FU2-22 to ‘xx1x’. See FU2-22 ~ FU2-
24. 
Disabled when a low voltage (LV) trip, inverter 
disable (BX) or Arm short occurs. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note: Inverter decreases the retry number by one 
as a fault occurs. If trip does not occur after 
restarting for 30 seconds, the inverter increases 
the retry number by one and maximum number is 
limited by the value set in FU2-25.  

 

CAUTION 
Particular attention must be directed to this 
function as motor restarts automatically after the 
fault is reset. Otherwise, it may result in personal 
damage. 
 

FU2-40: Motor Capacity Selection 
FU2-41: Number of Motor Pole 
FU2-42: Rated Motor Slip  
FU2-43: Rated Motor Current 
FU2-44: No Load Motor Current 
FU2-45: Motor Efficiency 
FU2-46: Load Inertia 
 
If users do not set these values, inverter will use 
factory default values.  
 
 
 
 
 
 
This parameter sets the motor capacity. FU2-42 
[Rated Motor Slip], FU2-43 [Rated Motor Current], 
FU2-44 [No Load Motor Current], FU2-62 [Stator 
Resistance], FU2-63 [Rotor Resistance], and FU2-64 
[Leakage Inductance] are automatically changed 
according to motor capacity.  
If FU2-44 [Motor No-load Current] is not correct, run 
the inverter without the load in V/F mode and check 
the current at the constant run state and enter this 
value to FU2-44 [No load current].  
 
 
 
 
 
This is used to display the motor speed. If you set this 
value to 2, inverter will display 3600 rpm instead of 
1800rpm at 60Hz output frequency. (See motor 
nameplate) When motor pole number is more than 4, 
select an inverter one rating higher than that of the 
motor because motor rated current is large.  
 
 
 
 
 
 

FU2►Retry number 
25            0 0 25 

Factory Default: 0   0 

FU2►Retry delay 
26      1.0 sec 1.0 26 

Factory Default: 1.0 sec  1.0 

Output Frequency 

Time

1st Fault 2nd Fault 

Restart with 
Speed Search 

Restart with 
Speed Search 

t t 

t: FU2-26

FU2►Motor select
40     5.5kW 4 40 

Factory Default:  5.5 kW           4 
(This value is set automatically according to the inverter model.)

FU2► Pole number
41           4 

Factory Default: 4   4 

FU2► Rated-Slip 
42       2.34 Hz 

Factory Default: 2.34 Hz         2.34 
(This value is set according to the motor capacity set in 
FU2-40) 

2.34 42 

4 41 
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This is used in ‘Slip Compensation’ control. If you 
set this value incorrectly, motor may stall during slip 
compensation control. (See motor nameplate) 
 
 
 
 
 
 
 
 
This is very importance parameter that must be set 
correctly. This value is referenced in many of other 
inverter parameters. (See motor nameplate) 
 
 
 
 
 
 
 
This parameter is only displayed when ‘Slip 
Compen’ is selected in FU2-60 [Control Method]. 
 
If this value is not right, check the current after 
operating in V/F mode without load connected and 
enter that current value.  
 
Note: make sure to use correct value for FU2-44 
[Motor No-load Current]. Otherwise, Sensorless 
performance may be degraded. 
 
Note: Preset motor parameters may differ with 
user motors. In this case, enter the nameplate 
value of your motor to the corresponding 
parameters. If motor rating exceeds inverter 
capacity, unsatisfactory control performance may 
result because all other control parameters follow 
inverter capacity. 
 
 
 
 
 
 
 
 
This value is used for calculating the output wattage 
when FU2-72 is set to ‘Watt’. 

 
 
  
 
 
This parameter is used for sensorless control, 
Minimum Accel/Decel, Optimum Accel/Decel and 
Speed search. For better control performance, this 
value must be set correctly. Install a DB unit or 
regenerative converter to improve the performance.  
 
Set ‘0’ for loads that has load inertia less than 10 
times that of motor inertia. 
 
Set ‘1’ for loads that have load inertia about 10 times 
that of motor inertia. 
 
Motor rated slip freq [Hz]=(Rated input freq. [Hz] –
(Motor rpm * P/120) 
P: Number of motor poles 
 
(Ex) In the case of 60Hz, 4 pole, 1730 rpm motor  
Motor rated slip freq [Hz]= (60[Hz]-(1750[rpm] * 4/120)) 

=60[Hz]-58.67[Hz]=1.33[Hz] 
 
 

FU2-47: Gain for Motor Speed Display 
 
 
 
 
 
This code is used to change the motor speed display 
to rotating speed (r/min) or mechanical speed 
(m/min). The display is calculated by following 
equation. 
 
Rotating speed (r/min) = 120 * F / P,  
Where, F=Output frequency, P= motor pole number 
 
Mechanical speed (m/min) = Rotating speed * Motor 
RPM Display Gain [FU2-47] 
 

FU2-48: Carrier Frequency 
 
 

 
 

 

FU2►  Rated-Curr 
43        19.7 A 19.7 43 

Factory Default: 19.7 A         19.7 
(This value is set according to the motor capacity set in 
FU2-40) 

FU2► Noload-Curr 
44        6.6 A 6.6 44 

Factory Default: 6.6 A         6.6 
(This value is set according to the motor capacity set in 
FU2-40) 

FU2►Carrier freq 
48        5.0 kHz 5.0 48 

Factory Default: 5.0 kHz          5.0 

Factory Default: 86 %         86 
(This value is set according to the motor capacity set in 
FU2-40) 

Factory Default: 0   0 

FU2► RPM factor 
47       100 % 100 47 

Factory Default: 100 %         100 

FU2►Inertia rate 
46         0 0 46 

FU2►  Efficiency 
45         86 % 86 45 
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Code 
LCD 

Display 
Factory Default Setting range

5.5 ~ 22 kW 0.7 ~ 15 [kHz]

30 kW 
5 [kHz] 

0.7 ~ 10 [kHz]

37 ~ 75 kW 4 [kHz] 0.7 ~ 4 [kHz]

FU2-

48 

Carrier 

freq 

90 ~ 280 kW 3 [kHz] 0.7 ~ 3 [kHz]

 
 
This parameter affects the audible sound of the motor, 
noise emission from the inverter, inverter 
termperature, and leakage current. If the ambient 
temperature where the inverter is installed is high or 
other equipment may be affected by potential inverter 
noise, set this value lower. If set above 10kHz, 
reduce the rated current by 5% per 1kHz. Setting 
Carrier freqeuncy set below 1.5 [kHz] when the FU2-
60 [Control mode selection] is set to Sensorless, the 
control performance could be weaken.   
 ☞ Caution: FU2-48 [Carrier freq] setting range 
varies as inverter capacity. 
 
FU2-49: PWM Mode Selection (to reduce noise or 
leakage current by changing PWM method) 
 
 
 
 
 
 
Noise and leakage current can be reduced without 
changing carrier freqeuncy by decreasing switching 
cycle.  
“Normal 1” is the general PWM method while 
“Normal 2” is the PWM method when low noise (low 
motor sound) is needed at motor starting. When 
Normal 1 is selected at motor starting, inverter 
changes switching frequency from low to set value. 
When Normal 2 is selected, inverter starts to operate 
at the set-value. “Low Leakage” is used to reduce 
Leakage current by decreasing switching cycle. 
 

No I/O-86,-87,-
88 setting Description 

0 Normal 1 
Operation via basic 
Carrier(switching) frequency. 

1 Normal 2 
Operation via fixed 
Carrier(switching) frequency. 

2 Low Leakage 
Change (Carrier)switching 
frequency pattern to reduce 
leakage current.  

☞ Caution: Reducing the Carrier frequency may 
increase noise.  
 
☞ Caution: When 2 {Low leakage} is selected 
while carrier frequency is set lower than 2.0 kHz 
in FU2-48, FU2-48 value is automatically set to 
2.0kHz. 
 
 

FU2-60: Control mode selection 
 
 
 
 
 
Selects the control mode of the inverter 
 
FU2-40 
setting LCD Display Description 

0 V/F V/F Control 
1 Slip compensation Slip compensation 

2 Sensorless 
Sensorless vector 

control speed 
operation 

  
◈ V/F control: 
This parameter controls the voltage/frequency ratio 
constant. It is recommended to use the torque boost 
function when a greater starting torque is required. 
Related function: FU1-67~69 [Torque boost] 
 
◈ Slip compensation:  
This function is used to maintain constant motor 
speed. To keep the motor speed constant, the output 
frequency varies within the limit of slip frequency set 
in FU2-42 according to the load current. For example, 
when the motor speed decreases below the reference 
speed (frequency) due to a heavy load, the inverter 
increases the output frequency higher than the 
reference frequency to increase the motor speed. The 
inverter increases or decreases the output by delta 
frequency shown below. 
 
 
 
 
 
 
 

FU2►Control mode
60        V/F 0 60 

Factory Default: V/F          0 

Delta freq (Slip Comp. Freq.) = Motor Rated slip * 

(Output current - Motor No load current) / (Motor rated 

current - Motor No load current) 

Output freq  = Reference freq + Delta freq 

 

FU2►   PWM Select 
49      Normal 1 0 49 

Factory Default: Normal 1   0 
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FU2-40~46 [Motor parameters] is automatically 
determined by FU2-40 [Motor selection]. Most 
suitable motor capacity corresponding inverter 
capacity is set as factory setting, but the following 
parameters can be adjusted if necessary. 
 
FU2-40~46 [Motor related parameters for Slip 
Compensation] 
 

Code LCD Display Description 
FU2-40 Motor select Select motor capacity 
FU2-42 Rated-Slip Motor rated slip (Hz) 
FU2-43 Rated-Curr Motor rated current 

(rms) 
FU2-44 Noload-Curr Motor no load current 

(rms) 
FU2-45 Efficiency Motor efficiency (%) 
FU2-46 Inertia rate Motor inertia rate 

Note: Incorrectly set FU2-44 [Motor No-load 
Current] value may weaken the Sensorless control. 
 
◈ Sensorless (Sensorless vector speed control) 
operation:  
Use it when 1) high starting torque is needed at low 
speed 2) load fluctuation is high 3) rapid response is 
needed. To use this function, set FU2-40~46 [Motor 
parameters] and FU2-60 [Control mode select] 
properly.  
If not using LG 220V/440V Class motor: Set “Yes” 
in FU2-61 [Auto tuning] first before using this 
control.  
 
Related parameters: FU2-40~46, FU2-60, FU2-
62~66 

Code LCD display Parameter 
FU2-62 RS Stator resistance 
FU2-63 Lsigma Leakage inductance 

FU2-65 SL P-gain Sensorless P gain 

FU2-66 SL I-gain Sensorless I gain 
 
[Guide for Optimal Use of Sensorless Vector 
Control] 
For optimal use of the sensorless control, the 
following conditions should be met. If one of the 
following conditions is not satisfied, the inverter may 
malfunction due to insufficient torque, irregular 
rotation, or excessive motor noise. In this case, it is 
recommended to use V/F control. 
 

▣  Use a motor capacity that is equal to or one 
horsepower level lower than the inverter 
capacity. 

 
▣  Two types of motor parameters can be set for 

one inverter, but use only one type for sensorless 
control. 

 
▣  Use a LG 220V/440V(0.4kW~30kW) class 

motor. If other makers’ motor or a LG 
220V/380V dual rating motor is used, utilize the 
auto tuning feature in FU2-61 [Auto tuning] 
before starting. 

 
▣  Set appropriate values for the electronic thermal 

function, the overload limit function and the 
stall prevention. The set values should exceed 
100% of the rated motor current. 

 
▣  When DRV–04 [Frequency Mode] is set to 

“V1”, “V1S”, “I”, or “V1+I”, wiring should be 
conducted to eliminate potential noise influence 
with the frequency reference. 

 
▣  Pole number of the motor should be 2 pole, 4 

pole, or 6 pole. 
 
▣  The distance between the inverter and the motor 

should not exceed 100m (328 ft). 
 
[Cautions on Sensorless Vector Control] 
 
▣  Forced-cooling should be used for the motor 

when the average operating speed is under 20Hz 
and more than 100% load is used constantly. 

 
▣  Motor may rotate 0.5% faster than the maximum 

speed if the motor temperature does not reach 
normal operating temperature. 

 
▣  Utilize the auto-tuning feature when the motor 

reaches normal temperature (average 
temperature where the motor normally operates). 

 
▣  Output torque may be reduced when an output 

filter option is used between the inverter and the 
motor. 

 
▣  Overcurrent trip may occur if FU2-62 [Stator 
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resistance] is set twice more than auto-tuned 
value. 

[Detail Tuning Method for Sensorless Vector 
Control] 
 
▣  Adjust the FU2–44 [No Load Motor Current 

(RMS)] value larger or smaller by 5% units if 
the current is larger or smaller than that of V/F 
control under small load. 

 
▣  Adjust the FU2–42 [Rated Motor Slip] value 

larger or smaller by 5% units if the speed is 
faster or slower than that of V/F control with 
rated load. 

 
 

FU2-61~63: Auto tuning 
 
 

 
 
 
All of the motor parameters can be tuned by setting 
“YES (1)”. Auto tuning is deactivated when “No (0)” 
is selected.  

 
[Parameter display based on Inverter capacities] 

Motor parameters 
Class Inverter 

Rs Lsigma Ls Tr 

5.5[kW] 
X.XXX 

ohm 
X.XX 

mH 
X.XX 

mH
XXX 

ms
200V 

7.5[kW] ~ 
30[kW] 

X.X 
mohm 

X.XXX 
mH 

X.XX 
mH

XXX 
ms

5.5[kW] ~ 
15[kW] 

X.XXX 
ohm 

X.XX 
mH 

X.X 
mH

XXX 
ms

400V 
18.5[kW] 
~ 30[kW] 

X.X 
mohm 

X.XXX 
mH 

X.XX
mH

XXX 
ms

Note: Unit is not displayed on 7-Segment keypad. 
 
The auto tuning function automatically measures the 
motor parameters needed for control selected in FU2-
60 [Control mode] such as stator resistance, rotor 
resistance, leakage inductance, no-load current and 
Encoder feedback frequency. 
 
The rated current, voltage, efficiency and slip 
described in the motor nameplate should be entered 
before performing auto tuning. If efficiency is not 
indicated on the nameplate, use the preset value.  
.  
 

FU2-64: Pre-excitation Time 
 
 
 
 
 
 
 
When the operation command (FWD, REV) is issued, 
the inverter conducts pre-exciting automatically for 
the time specified by this parameter.  
 
After FU2-64 [Pre-excitation Time] elapses the 
inverter starts normal operation shown in the 
following graph.  
 

Code LCD display Default Setting range

FU2-64 PreExTime 1 [sec] 0 ~ 60 [sec] 

 
 

 

 
 
 
 
 
        
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FU2► Auto tuning 
61        NO  0 61 

Factory Default: NO   0 

FX-CM

Output freq 

[Hz]

Output 

voltage [V]

T1    = Pre-excitation time 

FU2►  PreExTime 
64       1.0 sec 1.0 64 

Factory Default: 1.0 sec         1.0 
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FU2-65: P Gain for Sensorless Control  
FU2-66: I Gain for Sensorless Control 
 
 
 
 
 
SL P-gain is the proportional gain of speed controller. 
If this value is set high, you can get fast speed 
response characteristic. However, if this value is set 
too high, the steady state characteristics may become 
unstable. Set the proper value for your application. 
 
 
 
 
 
 
SL I-gain is the integral gain of speed controller. If 
this value is set low, you can get better transient 
response characteristic and steady state characteristic. 
However, if this value is set too low, there may be an 
overshoot in speed control. 
 
Note: The response time of a system is affected by the 

load inertia. For better control performance, set the 

FU2-46 [Load Inertia] correctly. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FU2-67: Manual/Auto Boost Selection  
FU2-68: Torque Boost in Forward Direction  
FU2-69: Torque Boost in Reverse Direction 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This function is used to increase the starting torque at 
low speed by increasing the output voltage of the 
inverter. If the boost value is set too high than 
required, it may cause the motor flux to saturate, 
causing over-current trip. Increase the boost value 
when there is excessive distance between inverter and 
motor. 
 
[Manual Torque Boost]  
When FU2-67 [Manual/Auto torque boost select] is 
set to “Manual”, FU2-68 [Forward torque boost] and 
FU2-69 [Reverse torque boost] set values are applied.  
FU2-68 [Forward torque boost] is used for Forward 
rotation and FU2-69 [Reverse torque boost] is used 
for Reverse rotation.  
 
Code LCD display Default Setting range

FU2-67 Torque boost Manual Manual/Auto
FU2-68 Fwd boost 2.0 [%] 0~15 [%] 
FU2-69 Rev boost 2.0 [%] 0~15 [%] 
Note: The torque boost value is to be set as the percentage 

of inverter rated voltage. 

Note: When FU1-40 [Volts/Hz Pattern] is set to ‘User 

V/F’, FU2-67~69 [Torque boost] is ignored. 

Note: Do not set the torque boost too high. Otherwise, 

motor may be over-magnetized. 

Note: Increase this value when torque shortage happens or 

inverter-motor wiring is distant. If this value is set too 

high, Overcurrent trip may be triggered. 

FU2► SL P-gain 
65         1000 1000 65 

Factory Default: 1000        1000 

FU2► SL I-gain 
66         100 100 66 

Factory Default: 100         100 

FU2►Torque boost 
67     Manual 0 67 

Factory Default: Manual   0 

FU2►  Fwd boost 
68        2.0 % 

2.0 68 

Factory Default: 2.0 %   2.0 

FU2►  Rev boost 
69        2.0 % 2.0 69 

Factory Default: 2.0 %          2.0 
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Note: It is possible to occur No Motor Trip in case that the 

torque boost value is 0 when DC Start is operated. 
 
[Auto Torque Boost]  
 
When FU2-67 [Manual/Auto torque boost select] is 
set to “Auto”, inverter outputs high starting torque by 
automatic boosting according to the load 
characteristic. 
 
Note: Auto torque boost is only applied to the 1st motor. 

Only Manual torque boost is available for the 2nd motor. 

Note: Auto torque boost is not available when FU2-60 

[Control Mode] is set to ‘Sensorless’. 

Note: Conduct Auto tuning in FU2-61 [Auto tuning] first 

to use Auto torque boost effectively.  
 
 
 
 
 
 
 
 
 
 
 
[Constant Torque Loads: Conveyor, Moving Equip. etc.] 

 
 
 
 
 
 
 
 
 
 
 
 
[Ascending and Descending Loads: Parking, Hoist etc.] 
 
 
 
 
 
 
 
 
 

FU2-80: Power On Display 
 
 
 
 
 
This code selects the parameter to be displayed first 
on keypad (DRV-00) when the power is turned on. 
 

Setting 
Range Description 

0 DRV-00 [Command Frequency] 

1 DRV-01 [Acceleration Time] 

2 DRV-02 [Deceleration Time] 

3 DRV-03 [Drive Mode] 

4 DRV-04 [Frequency Mode] 

5 DRV-05 [Step Frequency 1] 

6 DRV-06 [Step Frequency 2] 

7 DRV-07 [Step Frequency 3] 

8 DRV-08 [Output Current] 

9 DRV-09 [Motor Speed] 

10 DRV-10 [DC link Voltage 

11 DRV-11 [User Display selected in FU2-73]

12 DRV-12 [Fault Display] 

 
 
FU2-81: User display selection 
 
 
 
 
 
 
Related Function: DRV-11 [User display selection] 
Select the display as shown below. 
 

Setting FU2-81 Name Description 

0 Voltage
Output 
voltage 

Display output voltage of 
the inverter (Factory 
setting) 

1 Watt 
Output 
power 

Display output power of 
the inverter 

 
Note: The displayed value of “Watt” is approximate 
value. 
 
 
 
 
 

Output Voltage 

Output  
Frequency

Freq. Base 

100%

Manual 
Boost 
Value

Forward and Reverse direction 
(Set the same value for FU2-
68 and FU2-69) 

Output Voltage 

Output  
FrequencyFreq. Base 

100%

Manual 
Boost 
Value

Forward Direction - Motoring 
(FU2-68 setting value) 

Reverse Direction- 
Regenerating (Set FU2-69 to 
‘0%’)

Related Functions: FU1-40 [Volts/Hz Pattern] 
        FU2-60 [Control Mode selection] 

FU2►PowerOn disp
80            0 0 80 

Factory Default: 0   0 

FU2► User Disp 
81      Voltage 0 81 

Factory Default: 0   0 
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FU2-82: Software Version 
 
 
 
 
 
Displays the software version. This will vary 
depending on software version integrated. 
 

FU2-83, 84, 85: Last Trip Time, On-time, Run-time 
 
 
 
 
 
Displays time elapsed after last trip occurs. 
Note: it is reset automatically upon trip occurs. 
 
 
 
 
 
Displays time after Power is turned ON.  
Note: it is not reset automatically. 
 
 
 
 
 
Displays time for inverter to be run. 
Note: it is not reset automatically. 
FU1-83~85 displayÆ X : XX : XX : XX : XX 

(Year:Month:Day:Hour:Minute) 
 
FU2-87: PowerSet 
 
 
 
 
 
 
Used to adjust the current inverter output power 
and FU1-54 [KiloWattHour].  
 
 
 
 
 
 

FU2-90: Parameter Display 
 
 
 
 
 
It is used to change the parameters to be viewed. 

No FU2-90
Set data Description  

0 Default
Displays basic parameters. 
(factory default)  

1 All Para Displays all parameters.  

2 
Diff 
Para 

Displays parameters set 
differently from factory setting.  

 

FU2-91: Parameter Read  
FU2-92: Parameter Write 
 
 
 
 
 
 
 
 
 
 
 
This is useful for programming multiple inverters to 
have same parameter settings. The LCD keypad can 
read (upload) the parameter settings from the inverter 
memory and can write (download) them to other 
inverters. This function is only available with LCD 
keypad. 
Note: When FU2-91, 92 is used, motor parameters 
such as FU2-40~46, FU2-62~63 will be initialized. 
Perform Auto-tuning first before using Sensorless 
mode.  
Note: Perform FU2-95 [Parameter save] first 
before FU2-91 [Parameter Read]. 
 

FU2► S/W Version 
82      Ver X.X X.X 82 

Factory Default: Ver. X.X  X.X 

FU2► Para. read 
91  ---  No --- 

Factory Default: No    

FU2► Para. write 
92  ---  No --- 

Factory Default: No    

FU2►LastTripTime 
83  0:00:00:00:00 00.00 83 

Factory Default: 0:00:00:00:00      00.00 

FU2►   On-time 
84  0:00:00:00:00 00.00 84 

Factory Default: 0:00:00:00:00      00.00 

FU2►   Run-time 
85  0:00:00:00:00 00.00 85 

Factory Default: 0:00:00:00:00      00.00 

FU2►   Para. disp 
90      Default 1 90 

Factory Default: Default   1 

FU2►   PowerSet 
87    100 

APP ▶   Jump 

code 87 

Factory Default: 100%              100 
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1) Set FU2-91 to “Yes” and press Enter key to read 
the parameters. 
 
 
 

 
 
 
 
 

 
 

FU2-93: Parameter Initialize 
 
 
 
 
This is used to initialize parameters back to the 
factory default values. Each parameter group can be 
initialized separately.  
Note: Set FU2-40~46 [Motor parameters] again 
after this function. 
Note: Parameter initialize cannot clear trip 
information. Instead, use FU2-06 [Erase trips]. 

Setting Range Description 

No 
Displayed after initializing is 
finished. 

All Groups 
All parameter groups initialized to 
factory default value. 

DRV Only Drive group initialized. 
FU1 Only Function 1 group initialized.
FU2 Only Function 2 group initialized.

I/O 
Only Input/Output group 
initialized. 

EXT Only External group initialized. 

COM 
Only Communication group 
initialized. 

APP 
Only Application group 
initialized. 

 

FU2-94: Parameter Lock 
 
 
 
 
 
This function is used to lock the parameters from 
being changed. When the parameters are locked, the 
display arrow changes from solid to dashed line. 
The lock and unlock code is ‘12’. 
 

FU2-95: Parameter Save (Manual Save) 
 
 
 
 
 
When FU2-95 is set to “Yes”, the changed parameter 
value is saved into memory. 
 

FU2-99: Return Code (7-Segment Keypad) 
 
 
 
 
 
This code is used to exit a group when using a 7-
segment keypad. After pressing PROG/ENT key, set 
the value to ‘1’ and press the PROG/ENT key again 
to exit.

FU2► Para. read 
91  ---  Yes --- 

 
2) Take the LCD 
keypad out. 

3) Install it to the subject 
inverter and set FU2-92 
to “Yes” and press Enter 
to download the 
parameters. 

FU2► Para. write 
92  ---  Yes --- 

FU2► Para. init 
93       No 0 93 

Factory Default: No   0 

FU2► Para. lock 
94           0 0 94 

Factory Default: 0   0 

1 99 

Factory Default:    1 

FU2► Para. save 
95          No 0 95 

Factory Default: 0   0 



Chapter 6 - Parameter Description [I/O] 
 

6-37 

6.4 Input/Output Group [I/O] 
 

I/O-00: Jump to Desired Code # 
 
 
 
 
 
 
Jumping directly to any parameter code can be 
accomplished by entering the desired code number. 
This code is available only with LCD keypad. 
 

I/O-01 ~ I/O-05: Analog Voltage Input (V1) Signal 
Adjustment 
 
This is used to adjust the analog voltage input signal 
when the frequency is referenced by the control 
terminal ‘V1’. This function is applied when DRV-04 
is set to ‘V1’, ‘V1S’, or ‘V1+I’. Reference frequency 
versus Analog voltage input curve can be made by 
four parameters of I/O-02 ~ I/O-04. User-selected 
Unit appears in [**]. To change the unit, more than 
one in APP-02 [PID operation selection] and APP-80 
[Ext. PID operation selection] is set to “Yes” and 
then select the desired unit Percent, Bar, mBar, kPa, 
and Pa among in I/O-86 [V1 user unit selection]. 
 

Code Factory Default Setting Range 
I/O-01 10 [msec] 0~9999 [msec] 

I/O-02 0 [V] 0 ~ 12 [V] 

0 [Hz] 0 ~ Max Freq 
I/O-03 0 [**] 0 ~ 100.00 [**] 

I/O-04 10 [V] 0 ~ 12 [V] 

60 [Hz] 0 ~ Max Freq 
I/O-05 

0 [**] 0 ~ 100.00 [**] 

 
 
 
 
 
 
This is the filtering time constant for V1 signal input. 
Increase this value if the V1 signal is affected by 
noise causing unstable operation of the inverter. 
Increasing this value makes response time slower. 
 
 
 
 
 

 
This is the minimum voltage of the V1 input at which 
inverter outputs minimum frequency. 
 
 
 
 
 
 
This is the inverter output minimum frequency (or 
target value) when there is the minimum voltage 
(I/O-02) on the V1 terminal. 
 
 
 
 
 
 
This is the maximum voltage of the V1 input at  
which inverter outputs maximum frequency. 
 
 
 
 
 
 
This is the inverter output maximum frequency (or 
target value) when there is the maximum voltage 
(I/O-03) on the V1 terminal. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[Reference Frequency vs Analog Voltage Input (0 to 12V)] 
 
 
 
 

I/O►  Jump code 
00           1 

Factory Default: 1   

I/O► V1 filter 
01        10 ms 10 01 

Factory Default: 10 ms         10 

I/O► V1 volt x1 
02       0.00 V 0.00 02 

Factory Default: 0.00 V        0.00 

I/O► V1 freq y1 
03       0.00 Hz 0.00 03 

Factory Default: 0.00 Hz        0.00 

Factory Default: 10.00 V       10.00 

I/O► V1 freq y2 
05      60.00 Hz 60.00 05 

Factory Default: 60.00 Hz       60.00 

Reference Frequency

I/O-05 

V1 terminal 
(0~12V) 

I/O-03

I/O-02 I/O-04 

I/O► V1 volt x2 
04       0.00 V 10.00 04 
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I/O-06 ~ I/O-10: Analog Current Input (I) Signal 
Adjustment 
 
This is used to adjust the analog current input signal 
when the terminal ‘I’ references the frequency. This 
function is applied when DRV-04 is set to ‘I’, or 
V1+I’. Reference frequency versus Analog current 
input curve can be made by four parameters of I/O-07 
~ I/O-10. User-selected Unit appears in [**]. To 
change the unit, more than one in APP-02 [PID 
operation selection] and APP-80 [Ext. PID operation 
selection] is set to “Yes” and then select the desired 
unit Percent, Bar, mBar, kPa, and Pa among in I/O-87 
[I user unit selection]. 
 

Code Default Setting Code Default Setting

I/O-
07 

4 [mA] 
0 ~ 20 
[mA] 

I/O-
09 

20[mA] 
0 ~ 20 
[mA] 

0 [Hz] 
0 ~ Max 

freq 
60[Hz] 

0 ~ Max 
freq I/O-

08 
0 [**] 

0~100.0
0[**] 

I/O-
10 

0 [**] 
0~100.0

0[**] 

 
 
 
 
 
 
 
This is the filtering time constant for ‘I’ signal input. 
If the ‘I’ signal is affected by noise causing unstable 
operation of the inverter, increase this value. 
Increasing this value makes response time slower. 
 
 
 
 
 
 
This is the minimum current of the ‘I’ input at which 
inverter outputs minimum frequency. 
 
 
 
 
 
 
This is the inverter output minimum frequency (or 
target value) when there is minimum current (I/O-07) 

input on the ‘I’ terminal.  
 
 
 
 
 
This is the maximum current of the ‘I’ input at which 
inverter outputs maximum frequency. 
 
 
 
 
 
 
This is the inverter output maximum frequency (or 
target value) when there is the maximum current 
input (I/O-09) on the ‘I’ terminal. 
 
  
 
 
 
 
 
 
 
 
 
 
 
[Reference Frequency vs Analog Current Input (4 to 

20mA)] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

I/O►  I filter 
06        10 ms 10 06 

Factory Default: 10 ms         10 

I/O►  I curr x1 
07       4.00 mA 4.00 07 

Factory Default: 4.00 mA        4.00 

I/O►  I freq y1 
08       0.00 Hz 0.00 08 

Factory Default: 0.00 Hz       0.00 

I/O►  I curr x2 
09     20.00 mA 20.00 09 

Factory Default: 20.00 mA       20.00 

Factory Default: 60.00 Hz       60.00 

Reference Frequency
(target value) 

I/O-10 

Analog Voltage 
Input (I) 

I/O-08

I/O-07 I/O-09 

I/O►  I freq y2 
10     60.00 Hz 60.00 10 
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I/O-11~16: Frequency command setting via pulse 
(A0/B0) 
 
 
 
 
 
 
 
 
 
 

□ 
□ 
□ 

 
 
 
 
 
 
 
 
 
 
Set the frequency command from control terminal A0 
or B0. It is settable when DRV-04 [Frequency mode] 
is set to “Pulse”. 
 
User-selected Unit appears in [**]. To change the 
unit, more than one in APP-02 [PID operation 
selection] and APP-80 [Ext. PID operation selection] 
is set to “Yes” and then select the desired unit 
Percent, Bar, mBar, kPa, and Pa among in I/O-88 
[Pulse Input user unit selection]. 
 

Code Factory setting Setting range 
I/O-11 (A) (A), (A)+(B)  
I/O-12 10 [msec] 0 ~ 9999 [msec] 
I/O-13 0 [KHz] 0 ~ 10 [KHz] 

0 [Hz] 0 ~ Max frequencyI/O-14 
0 [**] 0 ~ 100.00[**] 

I/O-15 10 [KHz] 10 ~ 100 [KHz] 
60 [Hz] 0 ~ Max frequency

I/O-16 
0 [**] 0 ~ 100.00[**] 

Note: Do not apply pulse to both A0, B0 terminals 
when I/O-12 set value is A. 
 

Pulse information 
T/N Default Setting range 

High: +3~+12V Max  
Low: +2.5V Max A0 A Pulse Input 

Max Input Freq.: 100KHz
High: +3~+12V Max  

Low: +2.5V Max B0 B Pulse Input 
Max Input Freq.: 100KHz

Note: Use Open Collector type encoder for Pulse 
input with Max. 12 V Power supply.  
 

Code LCD 
Display Description 

I/O-11 P Pulse Set
Set one of the frequency setting 
input method either A or A+B. 

I/O-12 P filter 
Set the embedded filter constant 
for P Pulse input.  

I/O-13 P Pulse x1
Set the Minimum frequency for P 
Pulse input. 

P freq y1 
Set the output frequency 
corresponding to P Pulse input 
minimum frequency (I/O-13).  

I/O-14

P [**] y1 
Set the target value corresponding 
to P Pulse input minimum 
frequency (I/O-13) 

I/O-15 P Pulse x2
Set the Maximum frequency for P 
Pulse input.  

P freq y2 
Set the output frequency 
corresponding to P Pulse input 
Maximum frequency (I/O-15).  

I/O-16

P [**] y2 
Set the target value corresponding 
to P Pulse input maximum 
frequency (I/O-15) 

 
Note: Increase filter time constant when the noise 
interference deteriorates stable operation. Increasing 
that makes response time slower. 
Note: When setting P Pulse Input Min/Max Freq. via 
motor encoder, set the value for encoder pulse as the 
following; 
 

I/O► P pulse set 
11        (A) 1 11 

Factory Default: (A)   1 

I/O► P filter 
12    10 msec 10 12 

Factory Default: 10 msec  10 

I/O► P pulse x2 
15     10.00 KHz 10 15 

Factory Default: 10.0 KHz  10.0 

I/O► P pulse y2 
16      60.00 Hz 60.00 16 

Factory Default: 60.00 Hz       60.00 



Chapter 6 - Parameter Description [I/O] 
 
 

6-40 

EX) To give 60Hz (1800 rpm) command from 
1000 Pulse encoder 
 
I/O-15 [Max Freq of P Pulse Input]=Rated rpm/60 
sec * Number of Encoder Pulse 
= 1800 [rpm]/60[sec]*1000=3000Hz,  
Therefore, set I/O-15 to 3.0KHz 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

I/O-17, 18, 19: Criteria for Analog Input Signal Loss  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This is to set the criteria for analog input signal loss 
when DRV-04 [Frequency Mode] is set to ‘V1’, 
‘V1S’ ‘I’, ‘V1+I’ or ‘Pulse’. However, for “V1+I”, 
main speed is V1 so inverter does not respond when I 
signal is missing. Following table shows the setting 
value. 
 
 
 
 

 

Setting Range Description 

None Disabled. 

half of x1 

The inverter determines that the 
frequency reference is lost when the 
analog input signal is less than half of 
the minimum set value (I/O-02, I/O-
07, I/O-13). 

below x1 

The inverter determines that the 
frequency reference is lost when the 
analog input signal is less than the 
minimum set value (I/O-02 or I/O-07, 
I/O-13). 

 
I/O-18 [Operating method after loss of analog freq. 
command] selects the operation after determining the 
loss of frequency reference.  
The following table shows the selection in I/O-18. 
 

Setting Range Description 

None 
Continuous operating after loss of 
frequency reference. 

FreeRun 
Inverter cuts off its output after 
determining loss of frequency 
reference. 

Stop 
Inverter stops by its Decel pattern and 
Decel time after determining loss of 
frequency reference. 

 
When the analog input signal is lost, inverter displays 
the following table. 
 

Setting Range Description 

LOV Loss of analog input signal, V1 
LOI Loss of analog input signal, I 
LOA Loss of pulse reference frequency  

 
I/O-19 [Time out] sets the waiting time before 
determining the loss of reference signal. Inverter 
waits to determine the loss of a reference signal until 
time-out. 
 
Reference frequency can be viewed as Rpm when 
DRV-16 [Hz/Rpm Display] is set to “rpm”.  
 
 
 
 
 
 
 

I/O► Wire broken 
17      None 0 17 

Factory Default: None   0 

I/O-13 I/O-15 

I/O-16 

I/O-14 Pulse input 
(0~10kHz)

Set freq. (target value) 

Pulse Min. 
Freq 

Pulse Max. 
Freq. 

I/O►Lost command 
18      None 0 18 

Factory Default: None      0 

I/O► Time out 
19      1.0 sec 1.0 19 

Factory Default: 1.0 sec          1.0 
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I/O-20~27: Programmable Digital Input Terminal 
‘M1, M2, M3’, ‘M4’, ‘M5’, ‘M6’, ‘M7’, ‘M8’ Define 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Programmable Digital input terminals can be defined 
for many different applications. The following table 
shows the various definitions for them. 

 
Code LCD display Default Setting 
I/O-20 M1 define SPEED-L 
I/O-21 M2 define SPEED-M 
I/O-22 M3 define SPEED-H 
I/O-23 M4 define Reset 
I/O-24 M5 define BX 
I/O-25 M6 define JOG 
I/O-26 M7 define FX 
I/O-27 M8 define RX 

See the 
table below

Note: BX is Emergency Stop key. Parameter 
setting is disabled when BX is ON.  
 

Selection of M1, M2, M3 M4, M5, M6, M7, M8 in 
I/O-20~27 

Setting Range Description 

Speed-L Multi-step speed - Low 
Speed-M Multi-step speed - Mid 
Speed-H Multi-step speed - High 
XCEL-L Multi-accel/decel - Low 
XCEL-M Multi-accel/decel - Mid 
XCEL-H Multi-accel/decel - High 
Dc-brake DC injection braking during stop  
2nd Func Exchange to 2nd functions 
Exchange Exchange to commercial line 
-Reserved- Reserved for future use 

Up Up drive  
Down Down drive 
3-Wire 3 wire operation 

Ext Trip External trip 
Pre-heat Motor Pre-heat function 

iTerm Clear Used for PID control 

Open-loop 
Exchange between PID mode and 
V/F mode 

LOC/REM 
Exchange between Drv-03, 04 and 
Drv-91, 92 

Analog hold Hold the analog input signal 
XCEL stop Disable Accel and Decel 

P Gain2 Used for PID control 
-Reserved- Reserved for future use 
Interlock1 
Interlock2 
Interlock3 
Interlock4 

Used for MMC operation 

Speed-X Additional Step frequency selection
Reset Reset 
BX BX (Emergency stop) 
JOG Jog 
FX Forward Run/Stop 
RX Reverse Run/Stop 

Ana Change Analog input Switch-over 
Pre excite Pre excitation. 

Ext.PID Run External PID Run/Stop 

 
 
 
 
 
 
 
 
 
 
 
 
 

I/O►  M1 define 
20     Speed-L 0 20 

Factory Default: Speed-L        0 

I/O►  M2 define 
21     Speed-M 1 21 

Factory Default: Speed-M       1 

I/O►  M3 define 
22     Speed-H 2 22 

Factory Default: Speed-H       2 
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I/O-28: Terminal Input Status  
 
 
 
 
 
This code displays the input status of control 
terminals M1-M8, P4-P6. P4, P5, P6 will be only 
displayed and used when the sub-board is installed.  
 
[LCD Keypad Display] 

P6 P5 P4 M8 M7 M6 M5 M4 M3 M2 M1
Input 
T/M 10 

bit 
9 

bit 
8 

bit 
7 

bit 
6 

bit 
5 

bit 
4 

bit 
3 

bit 
2

bit
1

bit
0

bit
OFF 

status 
0 0 0 0 0 0 0 0 0 0 0

ON 

status 
1 1 1 1 1 1 1 1 1 1 1

 
 
 

I/O-29: Programmable Digital Input Terminal filter 
time constant 
 
 
 
 
 
Set the responsiveness of input terminals M1-M8 and 
P4-P6. It is effective when noise level is high. 
Increasing this will make response time slower and 
decreasing faster. 
 
Note: Set it higher than 100msec at Inverter-
commercial line exchange operation. This will be 
useful to prevent chattering and momentary 
malfunction.  
 
 
 
I/O-30: Jog Frequency 
 
 
 
 
 
This code sets the jog frequency. See I/O-31~42, 
DRV-05~ 07 for details. 
 

I/O-31~42: Step Frequency 4, 5, 6, 7, 8, 9, 10, 11, 
12, 13, 14, 15 
 
 
 
 
 
 
 
 
 

□ 
□ 
□ 

 
[Speed-L, Speed-M, Speed-H, Speed-X] 
By setting M1, M2, M3 terminals to ‘Speed-L’, 
‘Speed-M’ and ‘Speed-H’ respectively, inverter can 
operate at the preset frequency set in DRV-05 ~ 
DRV-07 and I/O-20 ~ I/O-27.  
 
The step frequencies are determined by the 
combination of M1, M2 and M3 terminals as shown 
in the following table. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

I/O► Step freq-4
31      40.00 Hz 40.00 31 

Factory Default: 40.00 Hz       40.00 

I/O► Step freq-5
32      50.00 Hz 50.00 32 

Factory Default: 50.00 Hz       50.00 

I/O►  In status 
28   00000000000 0000 28 

Factory Default: 00000000000       0000 

I/O►  Jog freq 
30      10.00 Hz 10.00 30 

Factory Default: 10.00 Hz       10.00 

I/O► Ti Filt Num 
29      15 ms 15 29 

Factory Default: 15 ms                 15 
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Code 
Step speed 
Frequency 

Spd- 
X 

Spd-
H 

Spd-
M 

Spd-
L 

JO
G 

DRV-

00 

S. Freq-0 

(Zero Spd) 
0 0 0 0 0 

I/O-30 Jog Freq X X X X X 

DRV-

05 

S. Freq-1 

(Spd 1) 
0 0 0 1 0 

DRV-

06 

S. Freq-2 

(Spd 2) 
0 0 1 0 0 

DRV-

07 

S. Freq-3 

(Spd-3) 
0 0 1 1 0 

I/O-31 S. Freq-4 

(Spd-4) 
0 1 0 0 0 

I/O-32 S. Freq-5 

(Spd-5) 
0 1 0 1 0 

I/O-33 S. Freq-6 

(Spd-6) 
0 1 1 0 0 

I/O-34 S. Freq-7 

(Spd-7) 
0 1 1 1 0 

I/O-35 S. Freq-8 

(Spd-8) 
1 0 0 0 0 

I/O-36 S. Freq-9 

(Spd-9) 
1 0 0 1 0 

I/O-37 S. Freq-10 

(Spd-10) 
1 0 1 0 0 

I/O-38 S. Freq-11 

(Spd-11) 
1 0 1 1 0 

I/O-39 S. Freq-12 

(Spd-12) 
1 1 0 0 0 

I/O-40 S. Freq-13 

(Spd-13) 
1 1 0 1 0 

I/O-41 S. Freq-14 

(Spd-14) 
1 1 1 0 0 

I/O-42 S. Freq-15 

(Spd-15) 
1 1 1 1 0 

 

0: OFF, 1: ON, X: Ignored (Jog first) 

Speed-L: Lowest bit in Multi-Step speed input 

Speed-M: Middle bit in Multi-Step speed input 

Speed-H: High bit in Multi-Step speed input 

Speed-X: Highest bit in Multi-Step speed input 

Note 1: ‘Speed 0’ is set in DRV-04. 

Note 2: If the ‘Jog’ terminal is ON, inverter operates at Jog 

frequency regardless of other terminal inputs. 

 

 

 

 

 

DRV-04 Data DRV-00 Speed 0 Freq source
Keypad-1 Digital Freq Ref Keypad 
Keypad-2 Digital Freq Ref Keypad 

V1 Analog Freq Ref. Terminal 
V1S Analog Freq Ref. Terminal 

I Analog Freq Ref. Terminal 
V1+I Analog Freq Ref. Terminal 
Pulse Pulse Freq Ref. Terminal 

Int. 485 Communication Terminal 
Ext. PID Ext. PID Freq Ref. Keypad or 

Terminal 
 
♣ Setting example 
M1=Speed-L, M2=Speed-M, M3=Speed-H, M4=Jog 
M5=BX, M7=FX, M8=RX 
Step speed is to be set in DRV-05~06, I/O-31~42 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

[Multi-Step Frequency Operation] 
 
 
 
 
 
 
 
 
 
 

Speed-L ON ON 

Speed-M ON ON 

Speed-H ON 

JOG ON 

FX ON 

RX ON 

ON ON

Step
0 

Step
1 

Step
2 

Step 
3 

Step 
4 

Step 
5 

Step 
6 

Step
7 

Jog
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I/O-50~63: 1st~7th Accel/Decel Time 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
[XCEL-L, XCEL-M, XCEL-H] 
By setting M1, M2 and M3 terminals to ‘XCEL-L’, 
‘XCEL-M’ and ‘XCEL-H’ respectively, up to 8 
different Accel and Decel times can be used. The 
Accel/Decel time is set in DRV-01 ~ DRV-02 and 
I/O-50 ~ I/O-63. 
The Accel/Decel time is determined by the 
combination of M1, M2 and M3 terminals as shown 
in the following table. 
 

Parameter 
Code 

Accel/Decel 
Time 

XCEL-
H 

(M3) 

XCEL-
M 

(M2) 

XCEL-
L 

(M1) 
DRV-01 Accel Time-0 

DRV-02 Decel Time-0 
0 0 0 

I/O-50 Accel Time-1 

I/O-51 Decel Time-1 
0 0 1 

I/O-52 Accel Time-2 

I/O-53 Decel Time-2 
0 1 0 

I/O-54 Accel Time-3 

I/O-55 Decel Time-3 
0 1 1 

I/O-56 Accel Time-4 

I/O-57 Decel Time-4 
1 0 0 

I/O-58 Accel Time-5 

I/O-59 Decel Time-5 
1 0 1 

I/O-60 Accel Time-6 

I/O-61 Decel Time-6 
1 1 0 

I/O-62 Accel Time-7 

I/O-63 Decel Time-7 
1 1 1 

0: OFF, 1: ON 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

[Multi-Accel/Decel Time Operation] 
 
[Dc-brake] 
DC Injection Braking can be activated during inverter 
stop by configuring one of the Programmable digital 
input terminals (M1-M8) to ‘Dc-bake’. The preset 
DC-start value in FU1-22 is applied. To activate the 
DC Injection Braking, close the contact of the 
assigned terminal while the inverter is stopped.  
 
[2nd function] 
See APP 20~29 for details. 
 

[EXCHANGE] 

Exchange is used to bypass the motor from the 
inverter line to commercial power or the opposite. To 
bypass the motor to commercial line, set the 
‘Exchange’ function in one of the Programmable 
digital input terminal in I/O-20~27 and ‘INV line’, 
‘COMM line’ function in Programmable digital 
output terminal(AX-CX) in I/O-76~79.  
Speed search function (FU2-22) is activated 
automatically during exchanging operation, 
enabling smooth exchange. 
 
The following 3 setting should be made to activate 
this function; 
1) Set one of the Programmable digital input 
terminal (I/O-20~27) to 8 “Exchange.” 
2) Set one of the Programmable digital (Aux. 
Contact) Output terminal to 16 “INV line.” 
3) Set one of the Programmable digital (Aux. 
Contact) Output terminal to 17 “COMM line.” 

M1 ON

Output Frequency

Time

Time

M2 ON 
Time

M3 ON 
Time

FX ON Time

ON ON ON

ON 

Ref.
Freq.

Time 
0

Time 
1

Time 
2

Time 
3

Time 
4

Time 
5

Time 
6

Time 
7

I/O► Acc time-1 
50     20.0 sec 20.0 50 

Factory Default: 20.0 sec            20.0 

I/O► Dec time-1 
51      20.0 sec 20.0 51 

Factory Default: 20.0 sec           20.0 
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Note: I/O-29 [Filtering Time Constant for 
Programmable Digital Input Terminals] must be 
set to more than 100 [msec] to prevent chattering 
and momentary malfunction during this function.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[Exchanging Sequence] 
[Up, Down] 
By using the Up and Down function, the drive can 
accelerate to a steady speed and decelerate down to a 
desired speed by using only two input terminals. 
Setting limit is Maximum frequency. 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

[Up/Down Operation] 

[3-Wire] 
This function is for 3-wire start/stop control. 
This function is mainly used with a momentary push 
button to hold the current frequency output during 
acceleration or deceleration. 
 
 
 
 
 
 

 

 

[Wiring for 3-Wire Operation, M3 set to ‘3-Wire’] 
 
 

 
 
 
 
 
 
 
 
 
 
 

 

[3-Wire Operation] 
[Ext Trip] 
This is a normally open contact input. When a 
terminal set to ‘Ext Trip’ is ON, inverter cuts off its 
output and displays the fault. This can be used as an 
external latch trip. The logic is programmable in I/O-
94 [Normal Open/Normal Close select].  
 
[iTerm Clear] 
This function is used for PID control. When this 
terminal is ON, the accumulated value by I-Gain is 
set to ‘0’. Refer to PID Control Block Diagram. 
 
[Open-loop] 
This is used to exchange the control mode of inverter 
from PID mode (Close Loop) to V/F mode (Open 
Loop).  
DRV-03 [Drive Mode] and DRV-04 [Frequency 
Mode] are applied when the mode has been changed.  
Note: Only used when the inverter is stopped. 

M1-CM 
‘Up’ ON 

Output Frequency 

Time

Time

M2-CM 
‘Down’ 

ON 
Time

FX-CM ON 
Time

Freq.
Max.

M1 M2 M3 CM

M3-CM ON 

Output Frequency

Time

Time

FX-CM ON
Time

RX-CM ON 
Time

Freq.
Max.

Freq.
max.

‘Exchange’-CM 

FX-CM ON 

Time

Time

ON 
Time

AX-CX 
‘COMM line’ ON 

Time

M1 ON 
Time

M2 ON 
Time

ON 

t1 t2 

Inverter 
Operation 

Inverter 
Operation

Commercial 
Line Oper. 

t1, t2: 500msec (interlock time)

‘INV line’ ON 
Time

ON 

Output freq. 

Forward 

Reverse
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[Main-drive] 
When an option board or embeded RS485 
communication is used for the frequency setting and 
the run/stop command setting, and the setting is ON, 
the inverter operation can be changed to Option (or 
RS485) operation without changing parameters.  
The set values in DRV-92 [Frequency Mode 2] and 
DRV-91 [Drive Mode 2] are applied to the Option (or 
RS485) operation.  
Note: To switch to RS485 communication operation 

during Main-drive operation, Stop the inverter 
first and disable Main-drive and connect RS485 
communication.  

 
[Analog hold] 
When there is an analog input signal for frequency 
reference and ‘Analog hold’ terminal is ON, inverter 
fixes its output frequency regardless of the frequency 
reference. When the terminal is OFF, the actual 
frequency reference will be applied. 
This function is useful when a system requires 
constant speed after acceleration or freq reference is 
not necessary to be changed. 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

[Analog hold Operation] 
 
[XCEL stop] 
Inverter stops accelerating and decelerating when this 
terminal is ON. 
 
[P Gain 2] 
This function is used to change P-Gain during PID 
operation. When this terminal is ON, PID controller 
changes P-Gain to PID P2-Gain. 
Refer to PID Control Block Diagram. 

 

[Interlock 1, 2, 3, 4] 
This function is used for MMC operation. When 
MMC is selected in APP-01 and interlock is set, M1, 
M2, M3 and M4 are automatically assigned for 
Interlock function. Therefore, these terminals cannot 
be used for setting other functions when interlock is 
active. Use M5, M6, M7, and M8 for other function 
setting. Refer to MMC operation. 
 
[Reset] 
This function is set to use it as fault reset terminal 
when ON. 
[BX] 
This function is set to use it as Emergency Stop 
terminal when ON. 
[JOG] 
This function is set to use Jog operation terminal 
when ON. 
[FX/RX] 
This function is set to issue Forward/Reverse Run. 
 
[Ana Change] 
Inverter changes its frequency reference source from 
V1 to I when ON.  
 
Ex) In the case of V1+I operation, V1 is the 
default setting and it is changed to I operation 
when the terminal is turned ON. 
 
[Pre excite] 
This setting switches the inverter to pre-excition state. 
This function applies the DC magnetizing current to a 
motor to build the flux in Sensorless control. When 
the operation command is set to ON, the state 
changes from pre-excitation to normal.  
 
I/O  
Run/Stop 
Id  

 
 We 

 
A: Pre-excitating 

[Ext.PID Run] 
External PID controller begins operation when the 
defined terminal is turned ON. This can be operated 
regardless of inverter reference command or used in 
conjunction with internal PID operation. Refer to 
External PID operation for details. 

A 

M1-CM
‘Analog hold’ 

Analog frequency 
reference 

Time

ON 
Time

Reference Frequency

Output Frequency
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I/O-70~73: S0, S1 terminal select 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Analog meter displays the inverter output Frequency, 
Current, Voltage, DC link voltage and External PID 
output with pulse signals on the S0, S1 terminal. The 
average output voltage range is 0V to 10V. I/O-71, 
73 are used to adjust the S0, S1 output gain value. 
 
[Frequency] 
S0/S1 terminal outputs inverter output frequency. 
The output value is determined by, 
S0/S1 Output Voltage = (Output freq. / Max. freq.) × 
10V ×(IO-71 or 73)/ 100 
 
[Current] 
S0/S1 terminal outputs inverter output current. The 
output value is determined by, 
S0/S1 Output Voltage = (Output current / Rated 
current) × 10V × (IO-71 or 73)/ 100 
 
[Voltage] 
S0/S1 terminal outputs inverter output voltage. The 
output value is determined by, 
S0/S1 Output Voltage = (Output voltage / Max. 
output voltage) × 10V × (IO-71 or 73)/ 100 
 
[DC link vtg] 
S0/S1 terminal outputs the DC link voltage of 
inverter. The output value is determined by, 
S0/S1 Output Voltage = (DC link voltage/Max. DC 
link voltage) × 10V × (IO-71 or 73)/100 
[Ext.PID Out] 

S0/S1 terminal outputs External PID output. The 
output value is determined by, 
S0/S1 output voltage= (External PID output/10000) * 
10V * S0,S1 output gain(I/O-71,73) / 100 
 
Note: Maximum DC Link Voltage for 200V class 
is 410V and for 400V class 820V. 
 
 

 
 
 
 
 
 
 

 
 
 

I/O-74: FDT (Frequency Detection) Level  
I/O-75: FDT Bandwidth 
 
 
 
 
 
 
 
 
 
 
These functions are used in I/O-76-79 
[Programmable Digital Auxiliary Output Terminal]. 
See [FDT-#] in I/O-76~79. 
 
Use Sub-Boards if you need to use Programmable 
Digital output terminal Q1, Q2, and Q3. 
 
 
 
 
 
 
 
 
 
 
 
 

I/O►  S0 mode 
70    Frequency 0 70 

Factory Default: Frequency  0 

I/O►  S0 adjust 
71        100 % 100 71 

Factory Default: 100 %         100 

I/O►  FDT freq 
74      30.00 Hz 30.00 74 

Factory Default: 30.00 Hz       30.00 

I/O►  FDT band 
75      10.00 Hz 10.00 75 

Factory Default: 10.00 Hz       10.00 

I/O►  S1 mode 
72    Frequency 0 72 

Factory Default: Frequency  0 

I/O►  S1 adjust 
73        100 % 100 73 

Factory Default: 100 %         100 

S0/S1 -5G

10 V

0 % 100 %

Gain*10 V

Output V 
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I/O-76~79: Programmable Digital Auxiliary Contact 
Output mode 1, 2, 3, 4 define (AX-CX) 
 
 
 
 
 
The auxiliary contact works (Close) when the defined 
condition has occurred. 
 
 

Setting Range Description 

None None 

FDT-1 
Output frequency arrival 
detection 

FDT-2 
Specific frequency level 
detection  

FDT-3 Frequency detection with pulse

FDT-4 
Frequency detection 1 with 
contact closure 

FDT-5 
Frequency detection 2 with 
contact closure  

OL Overload detection 
IOL Inverter overload detection 
Stall Stalling 
OV Over voltage detection 
LV Low voltage detection 
OH Inverter overheat detection 

Lost Command Lost command detection 
Run Inverter running detection 
Stop Inverter stop detection 

Steady Steady speed detection 
INV line 

COMM line 
Exchange signal outputs 

Ssearch Speed search mode detection 
Ready Inverter ready detection 
MMC Used for MMC operation 

 

[FDT-1] 
When the output frequency reaches the reference 
frequency (target frequency), AX-CX terminal is 
CLOSED. 
Detecting Condition: Value (Ref. Freq-Output Freq)<= 
Freq Detection Bandwidth (I/O-75)/2 
 

 
 
 
 
 
 
 

 

[AX-CX configured as ‘FDT-1’]  

*AX: A1~A4, CX: C1~C4 
 
[FDT-2] 
AX-CX is CLOSED when the reference frequency is 
in I/O-75 [FDT Bandwidth] centered on I/O-74 [FDT 
Frequency], and the output frequency reaches I/O-75 
centered on I/O-74.  
Detecting Condition: FDT-1 condition & (Value 
(Output Freq- Freq Detection)<= Freq Detection 
Bandwidth (I/O-75)/2) 
 
 
 
 
 
 
 
 
 

 

 

 

[AX-CX configured as ‘FDT-2’] 
 
[FDT-3] 
AX-CX is CLOSED when the output frequency 
reaches the band centered on the FDT frequency. The 
output is OPENED when the output frequency goes 
outside the FDT bandwidth centered on the FDT 
frequency. 
Detecting Condition: Value (Freq Detection (I/O-74)-
Output Freq)<= Freq Detection Bandwidth (I/O-75)/2 

I/O►  Aux mode1 
76       None 

Factory Default: None          0 

AX-CX CLOSED

Output Frequency

Time

Time

I/O-75 / 2
I/O-74

0 76 

AX-CX CLOSED 

Output Frequency

Time

Time

I/O-75/ 2

Ref. freq 
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[AX-CX configured as ‘FDT-3’]  
 
[FDT-4] 
AX-CX is CLOSED when the output frequency 
reaches the FDT frequency. The output is OPENED 
when the output frequency goes below the FDT 
bandwidth centered on the FDT frequency. 
Detecting Condition:  
During Accel: Output freq >= Freq Detection 
During Decel: Output freq > (Freq Detection (I/O-74) - 
Freq Detection Bandwidth (I/O-75)/2) 
 
 
 
 
 

 
 
 
 
 

 

 

[AX-CX configured as ‘FDT-4’]  
 

[FDT-5] 
This is the inverted output of [FDT-4]. 
Detecting Condition:  
During Accel: Output freq >= Freq Detection 
During Decel: Output freq > (Freq Detection (I/O-74) - 
Freq Detection Bandwidth (I/O-75)/2) 
 
 
 
 
 
 
 
 
 

 

 

[AX-CX configured as ‘FDT-5’]  
 
[OL] 
AX-CX is CLOSED when the output current has 
reached the FU1-64 [Overload Warning Level] for 
the FU1-65 [Overload Warning Time]. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

[AX-CX configured as ‘OL’] 
 
 
 
 

AX-CX ON 

Output Frequency 

Time

Time

I/O-75/ 2

ON 

I/O-74

AX-CX

Output Frequency 

Time

Time

I/O-75 / 2

CLOSED 

I/O-74

t1: FU1-65 [Overload Warning Time]

Output Current

Time

Time

FU1-64
[OL level]

FU1-64
[OL level]

AX-CX ON 

t1 t1 

AX-CX ON

Output Frequency

Time

Time

I/O-75/ 2

ON

I/O-74
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[IOL] 
AX-CX is CLOSED when the output current is above 
the 110% of rated inverter current for 60 seconds. If 
this situation is continued for one minute, the inverter 
will cut off its output and displays ‘IOL’ (Inverter 
overload) Trip. See the nameplate for the rated 
inverter current. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

[AX-CX configured as ‘IOL’] 

 
[Stall] 
AX-CX is CLOSED when the inverter is on the stall 
prevention mode. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

[AX-CX configured as ‘Stall’] 
 
 
[OV] 
AX-CX is CLOSED when the DC link voltage is 
above the Over-voltage level. 
 

 
 
 
 
 
 
 
 
 
 

 

[AX-CX configured as ‘OV’] 
 
[LV] 
AX-CX is CLOSED when the DC link voltage is 
below the Low-voltage level. 
 
 
 
 
 
 
 
 
 
 

 

[AX-CX configured as ‘LV’] 
 
[OH] 
AX-CX is CLOSED when the heat sink of the 
inverter is above the reference level. 
 
[Lost Command] 
AX-CX is CLOSED when frequency reference is lost. 
 
[Run] 
AX-CX is CLOSED when the inverter is running. 
 
[Stop] 
AX-CX is CLOSED when the inverter is stopped. 
 

Output Current 

Time

Time

110% of Rated 
Inverter 

AX-CX ON 

36sec 

110% of Rated 
Inverter 

24sec 

Output Current 

Time

Output Frequency 

Time

FU1-71 
[Stall Level] 

FU1-71
[Stall Level]

Time
CLOSED AX-CX 

AX-CX ON 

DC Link Voltage

Time

Time

LV Level (200V DC or 400V DC)

AX-CX ON 

DC Link Voltage

Time 

Time

OV Level (380V DC or 760V DC) 
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[Steady] 
AX-CX is CLOSED when the inverter is running at 
constant speed. 
 
[INV line, COMM line] 
This function is used in conjunction with ‘Exchange’ 
function of Programmable digital input for 
commercial line exchange. 
 
The following three conditions should be set: 
1) Define one of the Programmable digital input 
terminals to “Exchange”. 
2) Define one of the Programmable digital output 
terminals to “INV line”. 
3) Define one of the Programmable digital output 
terminals to “COMM line”. 
 
Note: Set I/O-29 above 100 msec at Exchange 
operation. This helps to prevent chattering and 
momentary malfunction. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[AX-CX configured as ‘COMM line’,  

‘Exchange’ and INV line’] 
 

[Ssearch] 
AX-CX is CLOSED during the inverter is speed 
searching. 
 
[Ready] 
AX-CX is CLOSED when the inverter is ready to run. 
 
[MMC] 
Automatically set to ‘MMC’ when ‘MMC’ is 
selected in APP-01. 
 
 

I/O-80: Fault Output Relay (3A, 3B, 3C) 
 
 
 
 
 
This function is used to allow the fault output relay to 
operate when a fault occurs. The output relay 
terminal is 3A, 3B, 3C where 3A-3C is a normally 
open contact and 3B-3C is a normally closed contact. 
  

Bit Setting Display Description 

0 000 

Fault output relay does 

not operate at ‘Low 

voltage’ trip. Bit 1 

(LV) 

1 001 

Fault output relay 

operates at ‘Low voltage’ 

trip. 

0 000 
Fault output relay does 

not operate at any fault. 

Bit 2 

(Trip) 
1 010 

Fault output relay 

operates at any fault 

except ‘Low voltage’ and 

‘BX’ (inverter disable) 

fault. 

0 000 

Fault output relay does 

not operate regardless of 

the retry number. 

Bit 3 

(Retry)

1 100 

Fault output relay 

operates when the retry 

number set in FU2-26 

decreases to 0 by faults. 

Disabled while Auto retry 

is ON. 

 

When several faults occurred at the same time, Bit 1 has 

the first priority. (Active order: Bit 1->Bit 2->bit3) 

I/O► Relay mode 
80          010 010 80 

Factory Default: 010         010 

‘Exchange’

FX-CM ON 

Output Frequency 

Time

Time

ON 
Time

‘COMM line’ ON 
Time

ON 
Time

ON 

t1 t2 

Inverter 
Drive 

Inverter
Drive 

Commercial 
Line Drive 

t1, t2: 500msec (interlock time)

Speed Search

‘INV line’
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I/O-81: Terminal Output Status  
 
 
 
 
 
This code displays the output status of control 
terminals.  
 
[LCD Keypad Display] 

3A-
3C 

Q3 Q2 Q1 
AUX

4 
AUX

3 
AUX

2 
AUX

1 
Output 

Terminals 
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

OFF status 0 0 0 0 0 0 0 0 

ON status 1 1 1 1 1 1 1 1 

 

I/O-82, 83: Fault Relay On/Off Delay Time  
 
 
 
 
 
 
 
 
 
 
 
 
Fault relay output is delayed for the set time and it is 
turned ON/OFF after the set time.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

I/O-84: Cooling Fan Control Selection 
 
 
 
 
 
 

I/O-84 Description 

0 
PowerOn 

Fan 
Fan ON when inverter power 
is ON.  

1 Run Fan 
Fan ON when inverter runs 
(outputs its frequency).  

2 Temper Fan
Fan ON when inverter temp 
exceeds the preset value in 
I/O-85.  

☞ Caution: I/O-84, 85 are only available for 
inverters 37kW and higher. 
 
I/O-86, -87, -88: User Unit selection for V1, I, Pulse 
input (to change Analog input value display)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

No 
I/O-86,-
87,-88 

set data
Description 

0 Speed 
Displayed in [Hz]. It is 
changed to [Rpm] when 
DRV-16 is set to [Rpm].  

1 Percent 
Flow rate, pressure and 
temperature are displayed in 
[%]. 

2 Bar Pressure is displayed in [Bar]. 

3 mBar 
Pressure is displayed in 
[mBar].  

4 kPa Pressure is displayed in [kPa]. 
5 Pa Pressure is displayed in [Pa]. 

Set “Yes” in more than one code among APP-02 

I/O►  Out status 
81     00000000 0000 81 

Factory Default: 00000000  0000 

Relay input 

Relay output 

On Delay Time Off Delay Time 

I/O► Relay On 
82      0.0 sec 0.0 82 

Factory Default: 0.0 sec              0.0 

I/O► Relay Off 
83      0.0 sec 0.0 83 

Factory Default: 0.0 sec              0.0 

I/O►Fan Con. Sel
84    PowerOn_Fan 0 84 

Factory Default: PowerOn_Fan  0 

I/O► V1 Unit Sel
86      Speed 0 86 

Factory Default: Speed      0 

I/O►I Unit Sel 
87      Speed 0 87 

Factory Default: Speed      0 

I/O►PulseUnitSel
88      Speed 0 88 

Factory Default: Speed      0 
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[PID operation selection], APP-80 [Ext. PID 
operation selection] and APP-62 [PID Bypass 
selection]. Then, set one of the desired unit among 
Percent, Bar, mBar, kPa, and Pa in I/O-86, 86, 88. In 
this case, all unit display related to inverter target 
frequency are changed.  
 
When APP-02 [PID operation selection], APP-80 
[Ext. PID operation selection] and APP-62 [PID 
Bypass selection] setting value is “0”, I/O-86, -87, -
88 are initialized to Speed [Hz]. If DRV-16 is 
changed to [Rpm], unit display is changed from [Hz] 
to [Rpm]. 
 

I/O-90, 91: Inverter Number, Baud Rate 
I/O-92, 93: Operation method when 
communication signal is lost, Communication 
Time Out 
I/O-94: Communication Delay Time 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
I/O-90 [Inverter Number] sets the inverter ID to 
perform RS485 communication with PC. I/O-91 
[Baud rate] sets the communication speed. To make 
the multi-drop system, connect the terminal C+ to 
other inverter’s C+ and C- to C-.   
I/O-92, 93 are only displayed when DRV-03 [Drive 
mode] or DRV-04 [Frequency mode] is set to 4 “Int. 

485”. 
In this case, the LCD display shows “LOR”. 
I/O-93 [Communication time out] determines 
whether the signal is lost.  
Three types of operating method described on the 
table below are settable after loss of communication 
signal.  
  

Setting Range Description 

None 
Continuous operation after loss of 
communication signal. 

FreeRun 
Inverter cuts off its output after 
determining loss of communication 
signal. 

Stop 
Inverter stops by its Decel pattern and 
Decel time after determining 
communication signal. 

I/O-94 setting is for communication using 232-485 
converter. It should be set properly according to 232-
485 converter specification.  
 
 

I/O-95: Normal Open/ Normal Close select 
 
 
 
 
 
The input contact logic (Normal Open-A 
Contact/Normal Close-B Contact) for M1, M2, M3, 
M4, M5, M6, M7, M8, P4, P5 and P6 can be 
programmed in this code. P4, P5 and P6 are settable 
only with Sub-board installed.  

 

[LCD KEYPAD DISPLAY] 

P6 P5 P4 M8 M7 M6 M5 M4 M3 M2 M1
Input
T/M 10

bit
9

bit
8

bit
7

bit 
6 

bit 
5 

bit 
4 

bit
3

bit
2

bit
1

bit
0

bit
0: NO

1: NC
0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1

 
 
 
 
 
 
 
 

I/O► COM Lost Cmd 
92        None 0 92 

Factory Default: None   0 

I/O► COM Time Out 
93        1.0 sec 1.0 93 

Factory Default: 1.0 sec          1.0  

I/O► In No/NC Set 
95   00000000000 0000 95 

Factory Default: 00000000000  0000 

I/O►   Inv No. 
90           1 1 90 

Factory Default: 1   1 

I/O► Baud rate 
91     9600 bps 3 91 

Factory Default: 9600 bps    3

I/O► Delay Time 
94           5 5 94 

Factory Default: 5 ms          5  
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I/O-96: Input Checking Time 
 
 
 
 
 
 
When Multi-step speed or Multi-Accel/Decel 
operation is active, inverter determines the input to be 
valid after the I/O-95 [Input checking time] elapses.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

I/O-97: Overheat Trip Selection 
 
 
 
 
 
 
 
 
 
 
Inverter Overheat protection is activated regardless of 
motor temp setting condition.  

Code Bit set 
3 2 1

Function On Off 

  z

Motor overheat trip 

setting  (tripped at 

I/O-98) 

1 0 

 z  -Reserved- 1 0 
I/O-

97 

z   

External 

temperature sensor 

selection (PTC/ 

NTC) 

1 0 

☞ Caution: Bit 2 is reserved for future use.

I/O► In CheckTime 
96        1 ms 1 96 

Factory Default: 1 ms      1  

ON (Speed-L) 

Spd 0  Spd 0  Spd 0   Spd 0  Spd 7  Spd 7   Spd 7    Spd 2 

BX

RX

Output  
freq [Hz] 

[Input checking time] 

ON

ON (FX) 

ON (Speed-H) 

ON (Speed-M) 

ON

Input checking time Input checking time 

I/O► OH Trip Sel 
97  111 111 97 

Factory Default: 111   111

I/O► MO Trip Temp 
98  110 110 98 

Factory Default: 110 [°C]   110
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Specification of External PTC/NTC Thermistor  

Sensor 
Resistance 

based on 25℃ 
Resistance by temperature 

Measurable 
Temp range 

PTC 1 ㏀(±5%) 

R(T)=[1+A*(Measured temp-25)+B *( Measured temp -

25)2][㏀] 

A=7.635X10-3, B=1.371 X10-5 

0~125[℃] 

NTC 2.545 ㏀(±5%) See the table below for NTC resistance by temperature.  0~150[℃] 

☞ Note : Measurable temp range varies by thermal sensors. Select the sensor after checking the 
measurable temp range specification.  
 
NTC resistance according to temperature 

Temp 
[℃] 

Resista
nce 
[㏀] 

Temp 
[℃] 

Resista
nce 
[㏀] 

Tem
p 

[℃] 

Resista
nce 
[㏀] 

Tem
p 

[℃]

Resista
nce 
[㏀] 

Tem
p 

[℃]

Resista
nce 
[㏀] 

Tem
p 

[℃] 

Resista
nce 
[㏀] 

Tem
p 

[℃]

Resista
nce 
[㏀] 

80 0.3562 90 0.2649 100 0.2002 110 0.1536 120 0.1195 130 0.0942 140 0.0752

81 0.3455 91 0.2574 101 0.1949 111 0.1497 121 0.1167 131 0.0921 141 0.0736

82 0.3353 92 0.2502 102 0.1897 112 0.1459 122 0.1139 132 0.0900 142 0.0720
83 0.3254 93 0.2432 103 0.1847 113 0.1423 123 0.1112 133 0.0880 143 0.0705
84 0.3158 94 0.2364 104 0.1798 114 0.1387 124 0.1085 134 0.0860 144 0.0690
85 0.3066 95 0.2299 105 0.1751 115 0.1353 125 0.1060 135 0.0841 145 0.0675
86 0.2976 96 0.2236 106 0.1705 116 0.1319 126 0.1035 136 0.0822 146 0.0661
87 0.2890 97 0.2174 107 0.1661 117 0.1287 127 0.1011 137 0.0804 147 0.0647
88 0.2807 98 0.2115 108 0.1618 118 0.1255 128 0.0987 138 0.0786 148 0.0633
89 0.2727 99 0.2058 109 0.1577 119 0.1225 129 0.0965 139 0.0769 149 0.0620
            150 0.0608

 
☞ Note: Use the external NTC having the specification above and adjust I/O-98 when the temp 
difference between inverter and external sensor is occurred.  
☞ Note: Overheat protection can be monitored by setting one of the I/O-76~79 [Aux mode 1, 2, 3] to 
“OH”. 
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6.5 Application group [APP] 
 

APP-00: Jump to desired code # 
 
 
 
 
 
Jumping directly to any parameter code can be 
accomplished by entering the desired code number. 
This code is available only with LCD keypad. 
 

APP-01: Application Mode Selection  
 
 
 
 
 
This code sets the application mode. 
 

Setting Range Description 

None Application mode is not selected.  

MMC 

MMC (Multi-Motor Control) mode is 
selected in application group. Related 
parameters (APP-40~71) are displayed. 
I/O-76~79 [Programmable digital 
Aux. relay output] is automatically set to 
“MMC.” If less than 4 aux motors are 
connected, the remainder relays can be 
used for other functions. 

☞ Caution: I/O-76~79 value is not initialized 
automatically even though “None” is set after 
setting “MMC”. In this case, set the I/O-76~79 
again for desired selection. 
 
 

APP-02: PID Operation Selection 
 
 
 
 
 
This function can be used for Process control like 
flow, pressure, and air volume control.  
 
To use this function, set APP-02 [proc PI mode] to 
“Yes”. PID control detects the amount of feedback 
from a sensor and compares it with the target value. 
If the values differ, this function produces an output 
to eliminate the deviation. In other words, this control 

matches the feedback amount with the target value. 
 
For HVAC or Pump applications, the PID control can 
be used to adjust the actual output by comparing a 
feedback with a ‘Set-point’ given to the inverter. This 
‘Set-point’ can be in the form of Speed, Temperature, 
Pressure, Flow level, etc. The ‘Set-point’ and the 
feedback signals are provided externally to the 
inverter analog input terminals. The inverter 
compares the signals in calculating ‘total-error’ 
which is reflected in the inverter output.  
 
Note: PID control can be bypassed to manual operation 

temporarily by defining one of the multifunction 

input terminals (M1~M8, P4~P6) to “Open-loop”. 

The inverter will change to manual operation from 

PID control when this terminal is ON, and change 

back to PID control when this terminal is OFF. 
 
[P Control] This is to compensate the error for a 
system input proportionally. This is used to make the 
controller to respond fast for an error. When P 
control is used alone, the system is easily affected by 
an external disturbance during steady state.  
 
[I Control] This is to compensate the error of a 
system integrally. This is used to compensate the 
steady state error by accumulating them. Using this 
control alone makes the system unstable. 
 
[PI control] This control is stable in many systems. 
If “D control” is added, it becomes the 3rd order 
system. In some systems this may lead to system 
instability. 
 
[D Control] Since the D control uses the variation 
ratio of error, it has the merit of controlling the error 
before the error is too large. The D control requires a 
large control quantity at start, but has the tendency of 
increasing the stability of the system. This control 
does not affect the steady state error directly, but 
increases the system gain because it has an 
attenuation effect on the system. As a result, the 
differential control component has an effect on 
decreasing the steady state error. Since the D control 
operates on the error signal, it cannot be used alone. 
Always use it with the P control or PI control. 
 
 

APP► Proc PI mode 
02       No 0 02 

Factory Default: No   0 

APP►  Jump code 
00            1 

Factory Default: 1    

APP►  App. mode 
01      None 0 01 

Factory Default: None   0 
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Parameter setting example for PID operation 
 
① Set APP-02 [PID operation selection] to “Yes.” 
 
② Set APP-06 [PID feedback selection] among I, 
V1 and Pulse. 
 
③ Set the unit to view feedback value in I/O-86~88 
[User unit selection]. Then, all the unit related to 
inverter target frequency is changed. 
 
④ Set the appropriate value in APP-04~05 (Refer to 
the following PID block diagram).  
 
⑤ When APP-04 is set to “No,” DRV-04 [Freq 
Mode] becomes PID reference. If APP-04 is set to 
“Yes”, the value set in APP-05 becomes PID 
reference. If setting one of I/O-20~27 [Programmable 
digital input terminal selection] to “Open loop” and 
tuning On/Off the selected terminal, it is decided 
whether DRV-04 [Freq Mode] becomes Target freq 
or Target freq becomes PID Output. 
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In general, the PID output becomes inverter’s “Target Freq”. In this case, PID is controlling the whole system 
and the PID output becomes the target freq of the system and inverter is operating according to Accel/Decel 
Time. PID control sampling time is 10msec. 
 
 

APP-07

APP-08

APP-09

PID P gain

PID I gain

PID D gain

KP

KI

KD

0

I/O-20~27

Multi-function input
terminal setting

(M1~M8)
iTerm Clear

KP 2 K

APP-13 PID P2 gain

P Gain2

APP-14 PID P gain scale

PID

Target Freq.Deviation
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PID Wiring Example 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

PID Control 
Selection 

Power 
Supply 

U 

V 
W

G

R(L1) 
S(L2) 

T(L3) 

M7 FWD Run/Stop 

M8 REV Run/Stop 

M1 (Setting: Open-loop)

CM Common Terminal

IM 

V+ Power for Speed Signal 
(+12V, 10mA) 

V1 Main Speed Signal Input 

 

I Feed back Reference 

5G V+, V1, I Common 

 

0V  24V  
Power 
Supply 

AC220V 50/60 Hz 

(OUT) (COM) (24V) 

Feedback (4~20mA)

Target freq 
setting  

PUMP 
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APP-03: PID F Gain  
APP-04: PID Aux. Reference Mode Selection 
APP-05: PID Aux. Reference Selection 
 
 
 
 
 
This code sets F Gain for use in Feed Forward 
control. 
When it is set to 100%, the responsiveness (%) of 
output F gain from the controller reference value is 
100%. Used when fast response is needed.  
Caution: Control System output may become 
unstable if this value is set too high.  
 
 
 
 
 
This code selects PID Aux Ref. Input Enable/Disable. 
See PID Block Diagram for details.  
 
 
 
 
 
 
This code sets the source of Aux reference signal.  

 

Caution: When APP-04 is set to “No,” DRV-04, 
Multi-step frequency, UP/DOWN, Jog frequency 
become PID controller’s reference and when set to 
“Yes,” PID reference is issued from the set value 
in APP-05 [PID Aux Reference signal selection] . 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

APP-06: PID Feedback Signal Selection  
APP-07: P Gain for PID Control  
APP-08: I Time for PID Control  
APP-09: D Time for PID Control  
APP-10: High Limit Frequency for PID Control 
APP-11: Low Limit Frequency for PID Control 
 
 
 
 
 
Select the feedback signal for PID control. This can 
be set one of ‘I’ (4-20mA), ‘V1’, ‘V2’ and ‘Pulse’ 
according to the signal (current or voltage) and the 
terminal (V1 (0-10V), V2 (Sub-B board)) or Pulse 
(0~100kHz). Refer to I/O 6-10 for I, I/O1-5 for V1, 
I/O-11~16 for Pulse and EXT-6-10 [V2 Analog Ref. 
Freq setting] for V2.  
  
 
 
 
 
Set the proportional gain for PID control. When P-
Gain is set at 100% and I-Time at 0.0 second, it 
means the PID controller output is 100% for 100% 
error value. P-Gain is set to 50% and I- Time to 0.0 
sec, PID controller output becomes 50% for 100% 
error value.  
 
 
 
 
 
Set the integral gain for PID control. This is the time 
the PID controller takes to output 100% for 100% 
error value. For example, when it is set to 30 sec, 30 
sec is taken for PID controller to output 100% for 
100% error value. 100% error means feedback value 
is 0 to the preset reference value.  
 
 
 
 
 
Set the differential gain for PID control. 
 
 

APP► PID F/B 
06       I 0 06 

Factory Default: I   0 

APP► PID P-gain 
07      1.0 % 1.0 07 

Factory Default: 1.0 %   1.0 

APP► PID I-time 
08      10.0 sec 10.0 08 

Factory Default: 10.0 sec  10.0 

APP► PID D-time 
09        0.0 ms 0.0 09 

Factory Default: 0.0 ms  0.0 

APP► PID limit-H 
10      60.00 Hz 60.00 10 

APP► PID F-Gain 
03       0.0 % 0.0 03 

Factory Default: 0.0%         0.0 

APP►Aux Ref Mode 
04        No 0 04 

Factory Default: No   0 

APP► Aux Ref Sel 
05         V1 2 05 

Factory Default: V1               2 
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This is the frequency upper limit at which the output 
frequency is limited during PID control. 
 
 
 
 
 
This is the frequency lower limit at which the output 
frequency is limited during PID control. 
 

APP-12: PID Output Scale 
APP-13: PID P2 Gain 
APP-14: P Gain Scale 
 
 
 
 
 
This code sets the scale of PID controller output. 
 
 
 
 
 
This code sets the second P-Gain for PID control.  
 
 
 
 
 
This code sets the conversion scale of P-Gain and P2-
Gain.  
 
 
 
 
 
APP–15 [Output inversion] sets PID controller’s 
output inversion.  
 
 
 
 
 
This code is useful for fan and pumps application. It 
converts linear pattern of a feedback sensor to the 

squared pattern without any setting. 
 
PID output value can be set to ‘0’ by setting a 
Programmable digital input terminals (M1 ~ M8) to 
‘Open loop’ in I/O- I/O-20 ~ I/O-27. 
 
The accumulated value by I-Gain can be set to ‘0’ by 
setting a Programmable digital input terminal (M1 ~ 
M8) to ‘iTerm Clear’ in I/O-20 ~ I/O-27. 
 
The P-Gain 2 can be selected for PID controller by 
setting a Programmable digital input (I/O-20 ~ I/O-
27) to ‘Open-loop’. 
 
When APP-02 [PID operation selection] is set to 
“Yes,” a desired display unit in I/O-86, -87, -88 [User 
Unit selection] is set among Speed, Percent, Bar, 
mBar, kPa, Pa, which affects value display of APP-
06[PID feedback selection], all the parameter unit 
related to inverter target frequency is changed. 
 

APP-20 ~ APP-29: 2nd Functions 
 
 
 
 
 
 
 
 
 
 
These functions are displayed only when one of the 
multifunction inputs in codes I/O-20 to I/O-27 is set 
at ‘2nd func’.  
When an inverter is controlling two motors by 
exchanging, different values can be set for the 2nd 
motor by using the multifunction input terminal. 
Following a cross reference table shows the 2nd 
functions corresponding to the 1st functions. 
 
 
 
 
 
 
 
 
 

Factory Default: 60.00 Hz  60.00 

APP► PID limit-L 
11      0.5 Hz 0.5 11 

Factory Default: 0.5 Hz         0.5 

APP►PID Out Scale 
12      100.0 % 100.0 12 

Factory Default: 100.0 %  100.0 

APP► PID P2-gain 
13      100.0 % 100.0 13 

Factory Default: 100.0 %       100.0 

APP►P-gain Scale 
14      100.0 % 100.0 14 

Factory Default: 100.0 %       100.0 

APP►  PID U Fbk 
17       No 0 17 

Factory Default: NO   0 

APP► PID Out Inv. 
15           No  0 15 

Factory Default: No             0 

APP►2nd Acc time 
20      5.0 sec 5.0 20 

Factory Default: 5.0 sec              5.0 

APP►2nd Dec time 
21      10.0 sec 10.0 21 

Factory Default: 10.0 sec             10.0 
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Description 1st Functions 2nd Functions 

Acceleration time 
DRV-01 
[Acc. time] 

APP-20  
[2nd Acc time] 

Deceleration time 
DRV-02 
[Dec. time] 

APP-21 
[2nd Dec time] 

Base Frequency 
FU1-31 
[Base freq] 

APP-22 
[2nd BaseFreq] 

Volts/Hz mode 
FU1-40 
[V/F Pattern] 

APP-23 
[2nd V/F] 

Forward torque 
boost 

FU2-68 
[Fwd Boost] 

APP-24 
[2nd F-boost] 

Reverse torque 
boost 

FU2-69 
[Rev Boost] 

APP-25 
[2nd R-boost] 

Stall prevention 
level 

FU1-60 
[Stall Level] 

APP-26 
[2nd Stall] 

ETH level for 1 
minute 

FU1-61 
[ETH 1min] 

APP-27 
[2nd ETH 1min]

ETH level for 
continuous 

FU1-62 
[ETH cont] 

APP-28 
[2nd ETH cont] 

Motor rated current 
FU2-43 
[Rated-Curr] 

APP-29 
[2nd R-Curr] 

 
The 1st functions are applied if the assigned 
multifunction terminal is not defined as ‘2nd Func’ 
nor ON. The 2nd function parameters are applied 
when the multifunction input terminal set to ‘2nd 
Func’ is ON. Parameters not listed on the table above 
are same as the 1st function. 
 
Note: Exchange the motor connection from the 1st motor 
to the 2nd motor or the opposite when the motor is stopped. 
Over voltage or over current fault may occur when the 
motor is exchanged during operation.  
 
Note: The ‘User V/F’ function of FU1-40 [V/F Pattern] is 
commonly used for the 1st and the 2nd motor.  
 

 
APP-40: Number of Running Auxiliary Motor 
Display 
APP-40~APP-71: MMC Operation Control 
 
 
 
 
 
This code shows how many auxiliary motors are run 
by MMC control. 
 

[MMC]: The ‘PID’ control should be selected in 
APP-02 to use this function. 
 
♦ One inverter can control multiple motors. This 
function is often used when controlling the rate and 
pressure of flow in fans or pumps. Built-in PI 
controller controls a main motor after receiving 
process control feedback value and keeps the control 
value constant by connecting auxiliary motors to 
commercial line when needed. 
 
♦ In case that flow rate or flow pressure is beyond or 
below the reference so the main motor cannot control 
by itself, auxiliary motors are automatically turned 
on/off. Maximum four (Aux.1-4 output) auxiliary 
motors can be run. Each of Starting and Stop 
Frequency should be set for automatically running 
four auxiliary motors. 
 
♦ Auto Change can be selected to automatically 
switch the order of the running motors for keeping 
motor run-time constant. Set mode ‘1’ for automatic 
changing of auxiliary motors only and set mode ‘2’ 
for automatic changing of all motors including main 
motor. For mode ‘2’, APP-67/68 should be set and 
external sequence (Refer to APP-20~29) should be 
configured. 
 
♦ Abnormal motor can be skipped from running by 
using the Programmable digital input terminals (M1, 
M2, M3, and M4). If a Programmable digital terminal 
(M1, M2, M3 and M4) is opened, the inverter stops 
all running motors and restarts operation with only 
normal motors except the abnormal (Off) motor. 
(Refer to APP-69) 
 
♦ Sleep function is initiated when flow demand is 
low. Inverter stops the motor when the motor runs 
below Sleep Frequency after Sleep Delay Time. 
While in the sleep state, inverter keeps monitoring 
and initiates Wake-Up function when the real value 
(feedback) of the controlling amount has decreased 
below the Wake-Up level. 
 
Note: Only one auxiliary motor can be connected with 

AUX terminal on control terminal strip without using 

MMC Option Board. 

APP► Aux Mot Run 
40            0 0 40 

Factory Default: 0   0 
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[MMC Diagram] 
 

APP-41: Starting Auxiliary Motor Selection  
 
 
 
 
 
This code defines the starting auxiliary motor for 
MMC control. 
 

APP-42: Operation Time Display on Auto Change 
 
 
 
 
 
This code displays the operation time after Auto 
Change is accomplished. 
 

APP-43: The Number of Aux. Motors 
 
 
 
 
 
Sets the number of auxiliary motors connected to the 
inverter. 
 

APP-44~50: Start Frequency of Aux. Motor 1~7 
 
 
 
 
 

 
 
 

 
□ 
□ 

 
 
 
 
 
 
 
 
 
The inverter turns on AUX1, AUX2, AUX3, and 
AUX4 if the output frequency is over the frequencies 
set in APP-44 to APP-50, respectively, the time is 
over APP-58 and pressure difference between 
reference and feedback value exceeds the value set in 
APP-71 [Actual Pr Diff]. 
 

APP-51~57: Stop Frequency of Aux. Motor 1~7 
 
 
 
 
 
 
 
 

 
□ 
□ 

 
 
 
 
 
 
 
 
The inverter turns off AUX4, AUX3, AUX2 and 
AUX1 in this order if the output frequency is below 
the frequencies set in APP-51 to APP-57, 
respectively, the time is over APP-59 and the 
pressure difference between reference and feedback 
value decreases below the set value set in APP-71 
[Actual Pr Diff]. 

APP► Starting Aux 
41            1 1 41 

Factory Default: 1   1 

APP► Auto Op Time 
42         00:00 00:00 42 

Factory Default: 00:00        00:00 

APP► Start freq1 
44      49.99 Hz 49.99 44 

Factory Default: 49.99 Hz       49.99 

APP► Start freq2 
45      49.99 Hz 49.99 45 

Factory Default: 49.99 Hz       49.99 

APP► Start freq6 
49      49.99 Hz 49.99 49 

Factory Default: 49.99 Hz       49.99 

APP► Start freq7 
50     49.99 Hz 49.99 50 

Factory Default: 49.99 Hz       49.99 

APP► Stop freq1 
51      20.00 Hz 20.00 51 

Factory Default: 20.00 Hz  20.00 

APP► Stop freq2 
52      20.00 Hz 20.00 52 

Factory Default: 20.00 Hz  20.00 

APP► Stop freq3 
56      15.00 Hz 15.00 56 

Factory Default: 15.00 Hz  15.00 

APP► Stop freq4 
57     15.00 Hz 15.00 57 

Factory Default: 15.00 Hz  15.00 

APP►  Nbr Aux’s 
43           4 4 43 

Factory Default: 4   4 

V1 

V1S 
I 

M

M

M

M
M 

P 

Line 
Power 

Main Motor 

Aux. Motor 4

Aux. Motor 3

Aux. Motor 2 

Aux. Motor 1

RLY1 

RLY2 

RLY3 

 
RLY4 

Aux1

Aux 2

Aux 3

Aux 4
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When the flow
increase

When the flow
decrease

Start

Stop

Aux. Motor
Start/Stop

Frequency rise  due to APP-58

Output
Frequency Aux start DT(APP-58)

Stop freq1
(APP-51)

Starting
Freq. Aux stop DT(APP-59)

Frequency drop due to APP-59

Flow

Start freq 1
(APP-44)

 

APP-58: Delay Time before Starting Aux. Motor 
APP-59: Delay Time before Stopping Aux. Motor 
APP-60, 61: Accel/Decel time when the number of 
pumps is increasing/decreasing 
 
 
 
 
 
Sets the time the inverter waits before starting the 
auxiliary motors. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Sets the time the inverter waits for the input before 
stopping the auxiliary motors. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

[Aux. Motor Start/Stop with MMC] 
 
APP-60 and APP-61 sets the acceleration/ 
deceleration time of the Main motor by 0.1 sec when 
more/less aux motors are connected.  
 

 

APP-62: PID Bypass Selection 
 
 
 
 
 
 
This is used to bypass the PID operation selected in 
APP-02. Select this code to ‘Yes’ when using MMC 
function without PID control. The frequency is 
determined by actual value (feedback) of control 
amount instead of PID controller output. The actual 
value is also used as the Start/Stop reference of Aux. 
motors.  
The following figure shows the running pattern with 
this function applied for controlling the flow rate of a 
tank. To control the flow rate proportional to the 
water level of a tank, divide the water level in the 
tank into the region for the number of Aux. motors 
plus one, and map each region by staring frequency 
to maximum frequency. The inverter increases output 
frequency to lower the water level in the tank when 
the water level in the tank rises. When reaching 
maximum frequency, inverter connects aux. motors 
connected directly to commercial line. After 
connecting aux. motor, inverter starts again from the 
starting frequency. By selecting APP-61 [Regul 
Bypass] to ‘Yes’, PID operation is disabled and 
Control Mode is changed to ‘V/F’. PID Bypass is 
available only when DRV-04 [Freq. Mode] is set to 
‘V1’, ‘I’ or ‘Pulse’.  
 
 
 
 
 
 
 
 
 
 

 

 

[PID bypass with Main motor and Aux. Motor] 

APP► Aux Start DT 
58     5.0 sec 5.0 58 

Factory Default: 5.0 sec        5.0 

Factory Default: 5.0 sec  5.0 

APP► Regul Bypass 
62        No 0 62 

Factory Default: No   0 

Output
Frequency

Max. Freq.

Starting
Freq.

RUN
STOP
RUN
STOP

H-min H-max
Water Level in
a Tank

Main Motor

Aux. Motor

APP► Aux Stop DT 
59     5.0 sec 5.0 59 

APP►Pid AccTime 
60      2.0 sec 2.0 60 

Factory Default: 2.0 sec               2.0 

APP►Pid DecTime 
61      2.0 sec 2.0 61 

Factory Default: 2.0 sec               2.0 
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To use MMC operation 
 
A. Set MMC in APP-01  
B. Set Process PI to Yes in APP-02  
C. Set Pre PID operation enable/disable  

a. Used for trial operation to check such as pipe 
damage before operation. 
b. Used to know the starting set point before PID 
operation  

 c. Related Code: APP-74,75,76 
D. Set PID target value input method in APP-04   
 a. Keypad, V1, I … 
 b. Set target value  
E. Set PID Feedback input method in APP-06 
 a. Set according to sensor used.  
 b. Analog input (4~20mA, 0~10V …) 
 c. Check whether the setting performs well. 
  i. Pre-operation is needed.  

ii. Checks whether output to feedback value 
is generated.   

F. Set Multi-motor driving sequence in APP-66  
a. Mode 0,1: Main motor and Aux motor used  

i. Available motor: Main motor 1 + Aux 
motor 4 (+3 when Option is used) 

 b. Mode 2: Aux motor used  
ii. Available motor: Aux motor 4 (+3 when 
Option is used) 

G. Set the number of Aux motor in APP-43  
H. Set the starting Aux motor in APP-41  
I. Set the start freq of Aux motor in APP-44~50  
J. Set the stop freq of Aux motor in APP-51~57 
K. Start operation.  
 
Detailed MMC function setting 
 
Energy-saving under light load  
    – Sleep, Wake up  
B. To easily and effectively use Process PID 
operation   - Pre PID  
C. To divide the load to the motor equally  
    - Auto Change 
D. To associate other conditions with Aux motor 
operation   – INTERLOCK 
E. Adjusting Aux motor ON/OFF condition and 
output (pressure, air/wind volume) variation  
F. To change response characteristics  
Æ It is related to PID control. Refer to Process PID 

description.  

 

APP-63: Sleep Delay Time 
APP-64: Sleep Frequency 
APP-65: Wake-Up Level 
 
 
 
 
 
 
 
 
 
 
 
 
 
Sleep function is initiated when flow demand is low. 
Inverter stops motor when the motor runs below 
Sleep Frequency (APP-64) during Sleep Delay Time 
(APP-63). While in the sleep state, the drive keeps 
monitoring and controlling, and initiates the Wake-
Up function when the real value of the controlling 
amount is greatly different from the Wake-Up level 
(APP-65) based on Target Level. 
 
Note: Sleep function is not operated if the Sleep Delay 

Time (APP-63) is set to ‘0’. 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 [Sleep Operation] 
 
 
 
 
 

APP► Sleep Delay 
63     60.0 sec 60.0 63 

Factory Default: 60.0 sec       60.0 

APP► Sleep Freq 
64     0.00 Hz 0.00 64 

Factory Default: 0.00 Hz       0.00 

APP► WakeUp level 
65       2.0 % 2.0 65 

Factory Default: 2.0 %         2.0 

t<APP63
Sleep delay

(APP63)

Wakeup level
(APP65)

Sleep freq
(APP64)

Target 
Level 

Actual Value 

Output Frequency 

Time 

Time 

Star Stop 

Main 
Motor 
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APP-66: Auto Change Mode Selection 
 
 
 
 
 
 
This function is used to change the running order of 
the motors to regulate their run-time when multiple 
motors are connected for MMC. 
 
[0]: Not using Auto Change Function. 
The inverter is driving the main motor, and tuning the 
relays ON to connect Aux motors. For example, 
starting from the Aux motor 3, inverter turns the 
relays ON from RLY3 ⇒ RLY4 ⇒ RLY1 ⇒ 
RLY2 and turns off the aux motors oppositely from 
RLY2 ⇒ RLY1 ⇒ RLY4 ⇒ RLY3. 
 
[1]: Auto Change Function is applied only to aux. 
motors. On/Off sequence is the same as Mode [0]. 
However, the difference is that starting Aux motor is 
fixed in Mode [0] but it is automatically changed by 
inverter in Mode [1] to prevent a specific motor from 
overusing. For example, when Aux motors running 
order is RLY1 ⇒ RLY2 ⇒ RLY3 ⇒ RLY4 and 
then the Auto change condition is met, inverter turns 
the relay On from RLY 2⇒ RLY3 ⇒ RLY4 ⇒ 
RLY1. 
Æ Mode [0], [1] are available when a Main motor 
is directly connected to the Inverter.  
 
[2]: Auto Change of Main/Aux motors. 
All motors are connected to relays and operated via 
relays. The operation procedure is the same as Mode 
[1], except that there is no main motor directly 
connected to Inverter. 
 
 
 
 
 
 
 
 
 
 
 
 

APP-67: Auto Change Time 
APP-68: Auto Change Level 
 
 
 
 
 
 
 
 
 
 
 
This function is used to protect motor from running 
alone for a long time by changing operation to other 
motor. 
 
Auto Change is accomplished when the following 
conditions are satisfied: 
 
1) The time set in APP-67 is over. 
2) The actual value of controlling amount is less than 
the value set in APP-68. 
3) All Aux motors Off (in Mode 1) 
3) One motor is running (in Mode 2). 
 
When above three conditions are met, the inverter 
stops the running motor, and changes motor to run by 
the order set in APP-66 and then continues operation 
according to new order. Inverter starts counting only 
when auxiliary motor is running. 
 
In Mode 2, when inverter output frequency is below 
Auto Change Level, inverter automatically stops the 
motor and perform Auto change function and 
operates next motor. 
 
Please refer to the wiring example below when 
Interlock is used during Auto change Mode 2.  
 

APP► AutoEx-intv 
67        72:00 72:00 67 

Factory Default: 72:00        72:00 

APP► AutoEx-level 
68      20.00 Hz 20.00 68 

Factory Default: 20.00 Hz            20.00 

APP► AutoCh_Mode 
66           0 0 66 

Factory Default: 0   0 
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[Wiring Diagram for Inter-Lock Configuration] 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[Sequence Circuit for Inter-Lock Configuration] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APP-69: Interlock Selection 
 
 
 
 
 
 
When APP-69 [Interlock selection] is set to “Yes”, 
M1~M4 can be used as the same activating condition 
for AX1~AX4. Programmable digital input terminals 
are activated when turned ON. If one of them are 
turned Off, all motors will start running except the 
motor connected to the off terminal. If the input 
signal is turned off in the midst of running, inverter 
stops all the motors and restarts the operation with 
normal active motors.  
 

Interlock during Stop 
When Run signal is input during Stop, MMC 

operation is started with the Aux motors(Relays) 

turned ON.  

Ex) When Interlock is not selected:  

RLY1ÆRLY2ÆRLY3ÆRLY4 
    When Interlock is active (the terminal defined 

as Interlock/RLY2 is turned Off):  

RLY1Æ     RLY3ÆRLY4   
 

Interlock during RUN  
When Interlock is active during RUN (the terminal 

defined as interlock/RLY is turned Off during RUN), 

inverter stops all motors and restart MMC operation 

with aux motors except the interlocked one(terminal 

turned Off). 

Ex)Normal operation: 

RLY1ÆRLY2ÆRLY3ÆRLY4   

When Interlock is active (the terminal defined as 

Interlock/RLY3 is turned OFF), all Aux motors are 

turned Off and stopped. MMC operation is restarted 

except Aux motor 3 (RLY 3 Off).  

Aux motors start rotating in the order of 

RLY1ÆRLY2ÆRLY4.    

3 Phase  
Input 

K1

K1.1 

K2 

K2.2

U  V  W 

R  S  T  

P 

M1 M2

230VA

P 

M1/iP5 M2/iP5 M1/main 

K1 K1.1 K2 K2.1

K2.1 

K1 
K1 

K1

K2 
K2

K2K1.1

Auto Auto 
Main Main 

RLY RLY
M1 M2CM 

S1 S2 

APP► Inter-lock 
69       No 0 69 

Factory Default: No                     0 
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Aux motor starting condition and output 
(Pressure, air volume..) adjustment  
 
Inverter turns Aux motors ON automatically when it 
is impossible for a main motor to control increased 
load, causing shortage in flow rate or flow pressure. 
Maximum 4 Aux motors can be used. To turn on the 
4 Aux motors automatically, starting frequency for 
each motor should be set. (7 motors available with 
option board). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Aux motor active condition: Main motor speed 
exceeds Aux motor starting frequency (APP-44~50), 
for the time over APP-58[Aux motor starting delay 
time], Difference between PID reference and 
Feedback value exceeds APP-71 [Starting Aux motor 
pressure difference].  
 
APP-44~50: Frequency to turn Aux motor ON. It 
is set the same as main motor frequency 
outputting equally when aux motor is turned ON. 
 
APP-58: It should be set greater than system delay 

time.  
 
APP-71: It is set by comparing the pressure 
difference when Aux motor is turned ON and that 
of Aux motor starting frequency.  
 
APP-61: This is the time inverter frequency is 
decreased after Aux motor is turned ON. It should 
be set higher than System delay time but it causes 
Aux motor ON state to become too long.  

Aux motor stopping condition and output 

(Pressure, air volume..) adjustment  
 
Inverter turns off the Aux motors when flow rate or 
flow pressure is too large due to decreased load. For 
Inverter to turn off Max 4 Aux motors automatically, 
4 stopping frequency should be set separately. (7 
motors available with Option board)   
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Aux motors are opened when main motor rotates 
below APP-51~57 [Aux motor stopping frequency] 
for the time over APP-59 [Aux motor stopping delay 
time] and pressure difference between PID reference 
and Feedback value exceeds the set value in APP-
71[Aux motor starting /stopping pressure difference].  
 
APP-51~57: The Aux motors are turned off at this 
frequency. It is set as dF, whose output matches 
when Aux motor is off.  
(dF = Aux motor On Freq – Aux motor Off Freq) 
 
APP-59: It should be set higher than System Delay 

Time. 
 
APP-60: This is the time inverter frequency is 
increased after Aux motor is turned OFF. It 
should be set higher than System delay time but it 
causes Aux motor OFF state to become too long. 
 
 
 
 
 
 
 
 

Aux motor 
starting freq. 
APP-44~50

Aux motor 
starting delay 
time APP-58 

Starting Aux motor pressure difference APP-71

Aux motor stop freq.  
APP 51~57 

Inverter Decel Time when  
number of Pump increase 
APP-61 

Aux 
motor

Main 
motor

Threshold 
Aux motor 

start freq 
APP-44~50

Aux motor 
stopping delay 
time APP-59 

Aux motor stop freq  
APP-51~57 

Inverter Accel Time when 
number of Pump decrease 

APP-60 

Threshold 

Feedback 



Chapter 6 - Parameter Description [APP] 
 
 

6-70 

APP-71: Pressure Difference for Aux Motor Stop 
 
 
 
 
 
 
It sets the pressure difference between when Aux 
motors are ON and Aux motor starting frequency.  
 

APP-74, 75, 76: Pre PID Operation (Freq. Exit, 
Delay) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Pre PID operation is a new function for smooth PID 
operation. For example, before pump operation is 
started, Pre PID fills water in the pump and pipe. Or 
Accel/Decel operation is performed before coil 
winding machine’s speed reaches a certain level. 
 

z APP-74 [Frequency before PID operation 

begins] 

It is the inverter target frequency to be output until 
Pre PID operation is finished when Inverter Run 
signal is ON and Pre PID operation is selected. 
 

z APP-75 [condition to activate PID operation] 

User sets the value which is considered enough to 
start PID operation compared to feedback value 
during Pre PID operation. If the feedback value 
exceeds the set value in APP-75, Pre PID operation 
ends and PID operation begins.  

 

z APP-76 [Pre PID delay time] 

When feedback value is less than APP-75 value even 

though time set in APP-76 elapses, inverter signals 
system malfunction. It is also user-settable to fit for 
the system in use. 
 

APP-80~97: External PID operation 
 
 
 
 
 
 
 
 
 
 

 
 
 

 

Code LCD Display Default Range 

APP-80 Ext PI mode 0 (No) 
0  (No) 
1  (Yes) 

APP-81
 

Ext Ref Sel 3 (Key-Pad) 

0  (I) 
1  (V1) 
2  (Pulse) 
3  (Key-Pad) 

APP-82 Ext Ref Perc 50.00 [%] 0 – 100.00 [%]

APP-83 Ext Fbk Sel 0 (I) 
0  (I) 
1  (V1) 
2  (Pulse) 

APP-85 ExtPID Pgain 1.0 [%] 0 – 999.9 [%] 

APP-86 ExtPID Itime 10.0 [sec] 0 – 32.0 [sec] 

APP-87 ExtPID Dtime 0 [msec] 0 – 2000 [msec]

APP-88 ExtPID lmt-H 100.00 [%] 0 – 100.00 [%]

APP-89 ExtPID lmt-L 0.00 [%] 0 – 30.00 [%] 

APP-90 ExtPID Scale 100.0 [%] 0 – 999.9 

APP-91 Ext P2-gain 100.0 [%] 0 – 999.9 

APP-92 Ext P Scale 100.0 [%] 0 – 100.0 

APP-93 ExtPID F-gain 0.0 [%] 0 – 999.9 [%] 

APP-95 ExtPIDOut Inv 0 (No) 
0  (No) 
1  (Yes) 

APP-97 Ext Loop Time 100 [msec] 50 – 200 [msec]

APP-80~96 setting value is the same as APP-02~17.  

APP► Aux Pr Diff 
71       2% 2 71 

Factory Default: 2%                     2 

APP► PrePID Freq 
74       0.00 Hz 0.00 74 

Factory Default: 0.00 Hz              0.00 

APP► PrePID Exit 
75       0.0 % 0.0 75 

Factory Default: 0.0 %                 0.0 

APP► PrePID dly 
76       600 sec 600 76 

Factory Default: 600 sec              600 

APP► Ext Ref Sel
81       KeyPad 3 81 

Factory Default: KeyPad                 3 

APP►Ext Ref Perc
82       50.00% 50.00 82 

Factory Default: 50.00%              50.00 
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APP –82 [Ext PID Ref value] is settable when APP-
81 [Ext PID Ref selection] is set to “Keypad”. 
APP–97 [Ext PID Loop Time] sets the time to 
activate Ext PID controller. Set the desired value 
according to system.  
 
Ext PID can be used for ①controlling other system 
independently as an external PID controller ②using 
both PID controller in APP-02 and External PID 
controller ③using Ext PID output as an Inverter 
target frequency. See 10) APP-02, APP-80 (to use 
Dual PID operation) for more details. 
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[Ext. PID internal block diagram] 
 
 

APP-85

APP-86

APP-87

Ext PID P Gain

Ext PID I Gain

Ext PID D Gain

KP

KI

KD

0

I/O-20~27

Multi-function Input
Terminal Setting

(M1~M8)

I Term Clear

KP 2
K

APP-91 Ext PID P2 Gain

P Gain2

APP-92 Ext PID P Gain Scale

Ext. PID

Target Freq.Deviation
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APP-02 , APP-80 (to use Dual PID operation) 
ExtPID can be used in the following three cases; ①controlling other system independently like an external PID 

controller ②using both PID controller in APP-02 and External PID controller ③using ExtPID output as an 

Inverter target frequency.  
 

[Dual PID block diagram for case ①] 
 

Ext.PID Parameter

DRV-20

APP-
80

Ext. PI mode

Ext.PID

Kf

Limit

APP-88

Ext. PID High Limit
Freq.

proc PI dis

APP-90

Gain

APP-89

Ext. PID Low LImit
Freq.

I/O-20~27

Multi-function Input
Terminal Setting

(M1~M8)

Ext. PID Output
Gain

Ext. PID F Gain:
Feed Foward

Ext. PID Ref  Setting

Zero

APP-93

APP-81

I/O-20~27

Multi-function Input
Terminal Setting
(M1~M8)

APP-83Ext. PID Run

Zer
o

APP-82

Ext. Ref Perc

S0, S1 Mode

I/O-70,-
72

Analog Meter Output
Setting

Ext. Fbk Sel

V11

Keypad3

Ext. Ref Sel

For Connection to
External Controller

(Other System)

 
 

This illustrates controlling other system independently. Set I/O-70 or 72 [S0/S1 mode] to “Ext PID Out” and 

connect external system to S0 or S1 terminal. When Ext.PID Run signal is ON at the defined terminal in I/O-

20~27, it starts output.  
 

[Dual PID block diagram for case ②] 

Ext.PID Parameter

DRV-20

APP-80

Ext. PI mode

Ext.PID

Kf

Limit

APP-88

Ext. PID High LImit 
Freq.

proc PI dis

APP-90

Gain

APP-89

Ext. PID Low LImit 
Freq.

I/O-20~27

Multi-function Input 
Terminal Setting

(M1~M8)

Ext. PID Output 
Gain

Ext. PID F Gain:
Feed Foward

Ext. PID Ref  Setting

Zero

APP-93

APP-81

I/O-20~27

Multi-function Input 
Terminal Setting
(M1~M8)

APP-83Ext. PID Run

Zero

APP-82

Ext. Ref Perc

S0, S1 Mode

I/O-70,-72

아날로그 메타 출력 설정

Ext. Fbk Sel

V11

Keypad3

Ext. Ref Sel

PID F/B
Selection

Accel/
Decel

wTarFreq

DRV-14

Target Freq.

APP-
02

proc PI mode

PID

Kf

Limit

APP-10

PID High
LImit Freq.

proc PI dis

APP-12

Gain

APP-11

PID Low
Limit Freq.

I/O-20~27

Multi-function Input
Terminal Setting

(M1~M8)

PID Output Scale

PID F Gain: Feed Foward

PID Aux Ref  Setting

Freq

APP-03

APP-04

Aux Ref Mode

APP-05 APP-06

Ext. PID

Aux Ref Sel

8 I

PID F/B

0

1

1

  
 

This illustrates dual use of PID controller (APP-02) and External PID controller. Set APP-81 [Ext. Ref Sel] to 
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Analog Input (V1, I, or Pulse) and perform terminal wiring for analog input. To give the digital reference, set 

APP-81 [Ext. Ref Sel] to “Keypad” and set proper value in APP-82 [Ext. Ref Perc]. Set the Ext. PID Feedback 

among V1, I, Pulse in APP-83 and perform terminal wiring for analog input. External PID Ref. and feedback are 

connected to PID controller. When Ext.PID Run signal is ON to the defined terminal in I/O-20~27, it starts its 

output. S0/S1 terminal can be used to connect to other system. 
 

[Dual PID block diagram for case ③] 
 

Ext.PID Parameter

DRV-20

APP-
80

Ext. PI mode

Ext.PID

Kf

Limit

APP-88

Ext. PID
High LImit Freq.

proc PI dis

APP-90

Gain

APP-89

Ext. PID
Low Limit Freq.

I/O-20~27

Multi-function Input
Terminal Setting

(M1~M8)

Ext. PID
Output Gain

Ext. PID F Gain:
Feed Foward

Ext. PID Ref Setting

Zero

APP-93

APP-81

I/O-20~27

Multi-function Input
Terminal Setting
(M1~M8)

APP-83Ext. PID Run

Zer
o

APP-82

Ext. Ref Perc

S0, S1 Mode

I/O-70,-
72

Analog Meter Output
Setting

Ext. Fbk Sel

V11

Keypad3

Ext. Ref Sel

DRV-04

Freq Mode

Inverter Reference Freq.
setting (Main Speed Ref.)

  
 

ExtPID output can be used for inverter target frequency. To activate this function, set analog input (V1, I, Pulse) 

as a reference value to other system or set APP-81 [Ext. Ref Sel] to “Keypad” and set proper value in APP-82 

[Ext. Ref Perc]. Set APP-83 [Ext. Fbk Sel] to Analog input (I, V1, Pulse) and conduct wiring. And set DRV-04 

[Freq Mode] to “Ext. PID”, then ExtPID output functions as Inverter main speed reference (target frequency). 

When Ext.PID Run signal is ON in the defined terminal in I/O-20~27, it starts its output and inverter performs 

Accel/Decel with output frequency. Other system can be connected via S0/S1 terminal. 
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 Notes : 



 

7-1 

CHAPTER 7 - TROUBLESHOOTING & MAINTENANCE 

7.1 Fault Display 
When a fault occurs, the inverter turns off its output and displays the fault status in DRV-12. The last 5 faults 
are saved in FU2-01 through FU2-05 with the operation status at the instance of fault. 
 
 

Keypad Display Protective  
Function Description 

Over Current 1 
Over Current 

Protection 
The inverter turns off its output when the output current of the inverter flows more 
than 200% of the inverter rated current. 

Ground Fault 
Ground Fault 

Protection 

The inverter turns off its output when a ground fault occurs and the ground fault 
current is more than the internal setting value of the inverter. Over current trip 
function may protect the inverter when a ground fault occurs due to a low ground 
fault resistance.   

Over Voltage 
Over voltage 

protection 

The inverter turns off its output if the DC voltage of the main circuit increases 
higher than the rated value when the motor decelerates or when regenerative 
energy flows back to the inverter due to a regenerative load. This fault can also 
occur due to a surge voltage generated at the power supply system. 

Over Load 

Current Limit 
Protection 
(Overload 
Protection) 

The inverter turns off its output if the output current of the inverter flows at 120% 
of the inverter rated current. 

Over Heat 
Inverter  

Over Heat 
The inverter turns off its output if the heat sink is over heated due to a damaged 
cooling fan or an alien substance in the cooling fan. 

E-Thermal 
Electronic 
Thermal  

The internal electronic thermal of the inverter determines the over heating of the 
motor. If the motor is overloaded the inverter turns off the output. The inverter 
cannot protect the motor when driving a multi-pole motor or when driving 
multiple motors, so consider thermal relays or other thermal protective devices for 
each motor. 
Overload capacity: 130% for 1 min 

Ext. Trip External Trip 
Use this function if the user needs to turn off the output by an external trip signal. 
(Normal Open Contact) Inverter blocks the output to protect motor overload by 
detecting through this terminal.  

Low Voltage 
Low Voltage 

Protection 

The inverter turns off its output if the DC voltage is below the detection level 
because insufficient torque or over heating of the motor can occurs when the input 
voltage of the inverter drops. 

Over Current 2 IGBT Short 
The inverter turns off the output if an IGBT short through or an output short 
occurs. 

Output Phase Open 
Output Phase 

open 

The inverter turns off its output when the one or more of the output (U, V, W) 
phase is open. The inverter detects the output current to check the phase open of 
the output. 

BX 
BX Protection 

(Instant Cut Off) 

Used for the emergency stop of the inverter. The inverter instantly turns off the 
output when the BX terminal is turned ON, and returns to regular operation when 
the BX terminal is turned OFF. Take caution when using this function. 
 

HW-Diag 
 Inverter H/W 

 Fault 

A fault signal is output when an error occurs to the control circuitry of the 
inverter. There are the Wdog error, the EEP error, Input phase open, NTC open 
and the ADC Offset for this fault 
 

COM Error 
CPU Error 

Communication 
Error 

This fault is displayed when the inverter cannot communicate with the keypad. 

Inv. OLT 
Inverter 

Overload 
The inverter turns off its output when the output current of the inverter flows more 
than the rated level (110% for 1 minute, 130% for 4 seconds).  

NTC open NTC Open This fault is displayed when inverter internal NTC is opened.  
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Keypad Display Protective  
Function Description 

LOP 
LOR 
LOV 
LOI 
LOX 

Operating 
Method when 
the Frequency 
Reference is 

Lost 

According to the I/O-48 [Operating Method when the Frequency Reference is 
Lost] setting, there are three modes: continuous operation, decelerate to stop, and 
free run,  
LOP: Displayed when option frequency reference is lost (DPRAM time out) 
LOR: Displayed when option frequency reference is lost (Communication 
network fault) 
LOV: Displayed when ‘V1’ analog frequency reference is lost. 
LOI: Displayed when ‘I‘ analog frequency reference is lost. 
LOX: Displayed when sub-board (V2, ENC) analog frequency reference is lost. 

 
To reset fault, Press RESET key, close RST-CM terminals or cycle the input power. 
If a problem persists, please contact the factory or your local distributor. 
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7.2 Fault Remedy 

 

Protective 
Function Cause  Remedy 

Over Current 
Protection 1 

Acceleration/Deceleration time is too short compared 
to the GD²of the load. 
Load is larger than the inverter rating. 
Inverter turns output on when the motor is free 
running. 
Output short or ground fault has occurred. 
5) Mechanical brake of the motor is operating too 
fast. 
6) Components of the main circuit have overheated 
due to a faulty cooling fan. 

 1) Increase Accel/Decel time. 
 2) Increase inverter capacity. 
 3) Operate after motor has stopped. 
 4) Check output wiring. 
 5) Check mechanical brake operation. 
 6) Check cooling fan. 
 
(Caution) Operating inverter prior to correcting 
fault may damage the IGBT. 

Ground Fault 
Current 

Protection 

Ground fault has occurred at the output wiring of 
inverter. 
The insulation of the motor is damaged due to heat. 

Investigate the output wiring of inverter. 
Exchange motor. 

Over Voltage 
Protection 

Compared to the GD²of load. 
Regenerative load at the output 
Line voltage high 

Increase deceleration time. 
Use regenerative resistor option. 
Check line voltage. 

Current Limit 
Protection 
(Overload 
Protection) 

Load is larger than the inverter rating. 
Incorrect inverter capacity selected. 
Set incorrect V/F pattern. 

Increase capacity of motor and inverter. 
Select correct inverter capacity. 
Select correct V/F pattern. 

Inverter 
Overheat 

Cooling fan damaged or an alien substance inserted.
Cooling system has faults. 
Ambient temperature high. 

Exchange cooling fans and/or eliminate alien 
substance. 
Check for alien substances in the heat sink. 
Keep ambient temperature under 40 ℃. 

Electronic 
Thermal  

Motor has overheated. 
Load is larger than inverter rating. 
ETH level too low. 
Incorrect inverter capacity selected. 
Set incorrect V/F pattern. 
Operated too long at low speeds. 

Reduce load and/or running duty. 
Increase inverter capacity. 
Adjust ETH level to an appropriate level. 
Select correct inverter capacity. 
Select correct V/F pattern. 
Install a cooling fan with a separate power supply.
 

External Trip  External Trip has occurred. 
Eliminate Trip at circuit connected to external trip
terminal or remove external trip input. 

Low Voltage 
Protection 

Line voltage low. 
Load larger than line capacity is connected to line.
(welding machine, motor with high starting current 
connected to the commercial line)  
Faulty magnetic switch at the input side of the 
inverter 

Check line voltage. 
Increase line capacity. 
Exchange magnetic switch. 

Over Current 2 

Short has occurred between the upper and lower 
IGBT.  
Short has occurred at the output of the inverter. 
Acceleration/Deceleration time is too short compared 
to the GD²of load. 

Check IGBT. 
Check output wiring of inverter. 
Increase acceleration time. 

Output Phase 
Open 

Faulty contact of magnetic switch at output 
Faulty output wiring 

Check magnetic switch at output of inverter. 
Check output wiring. 

H/W Fault 
Wdog error (CPU fault) 
EEP error (memory fault) 
ADC Offset (current feedback circuit fault) 

Exchange inverter. 
 
 

Communication 
Fault 

Faulty connection between inverter and keypad 
Inverter CPU malfunction 

Check connector. 
Exchange inverter. 
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Protective 
Function Cause  Remedy 

Operating 
Method when 

the Speed 
Reference is 

Lost 

LOP (Loss of reference from the Option),  
LOR (Remote) 
LOV (V1),  
LOI (I),  
LOX (Sub-V2, ENC) 

 Eliminate cause of fault. 

Inverter 
Overload 

Load is larger than inverter rating. 
Incorrect inverter capacity selected. 

Increase motor and/or inverter capacity. 
Select correct inverter capacity. 
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7.3 Troubleshooting 
 

Condition Checking Point 

The Motor Does Not 
Rotate. 

1) Main circuit inspection: 
Is the input (line) voltage normal? (Is the LED in the inverter is lit?) 
Is the motor connected correctly? 
2) Input signal inspection: 
Check the operating signal input to the inverter. 
Check the forward and the reverse signal input simultaneously to the inverter? 
Check the command frequency signal input to the inverter. 
3) Parameter setting inspection: 
Is the reverse prevention (FU1-01) function set? 
Is the Drive mode (DRV-03) set correctly? 
Is the command frequency set to 0? 
4) Load inspection: 
Is the load too large or is the motor jammed? (Mechanical brake) 
5) Other: 
Is the alarm displayed on the keypad or is the alarm LED lit? (STOP LED 
blinks) 

The Motor Rotates in 
Opposite Directions. 

Is the phase sequence of the output terminal U, V, W correct? 
Is the starting signal (forward/reverse) connected correctly?  

The Difference Between 
the Rotating Speed and the 
Reference is Too Large. 

Is the frequency reference signal correct? (Check the level of the input signal) 
Is the following parameter setting is correct? 
Lower Limit Frequency (FU1-34), Upper Limit Frequency (FU1-35), Analog 
Frequency Gain (I/O-1~10) 
Is the input signal line influenced by external noise? (Use a shielded wire) 

The Inverter Does Not 
Accelerate or Decelerate 
Smoothly. 

Is the acceleration/deceleration time is set too short a period of time? 
Is the load too large? 
Is the Torque Boost (FU2-68, 69) value is too high that the current limit 
function and the stall prevention function do not operate? 

The Motor Current is Too 
High. 

Is the load too large? 
Is the Torque Boost Value (manual) too high? 

The Rotating Speed Does 
Not Increase. 

Is the Upper Limit Frequency (FU1-35) value correct? 
Is the load too large? 
Is the Torque Boost (FU1-68, 69) value too high that the stall prevention 
function (FU1-70, 71) does not operate? 

The Rotating Speed 
Oscillates When the 
Inverter is Operating. 

1) Load inspection:  
Is the load oscillating? 
2) Input signal inspection: 
Is the frequency reference signal oscillating? 
3) Other: 
Is the wiring too long when the inverter is using V/F control? (over 500m) 
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7.4 How to Check Power Components 
 
1) Diode module and IGBT module check (5.5~ 30kW) 

Before checking the power components, be sure to disconnect AC Input supply and wait until the Main 
Electrolytic Capacitors (DCP-DCN) is discharged. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
z Turn the power off and disconnect RST/UVW wiring.  
z Determine whether inverter terminals (R,S,T, U, V, W, P1(or P2),N) are energized or not using a tester.   
z Wait until the Main Electrolytic Capacitors (DCP-DCN) is discharged to a safe level. 
z Enormous amount of value such as Mega will be displayed when Open. When closed, the resistance 

value ranges from a few ohms to tens of Ω. Sometimes, it seems to be closed due to electrolytic 
capacitors but soon to be displayed mega value resistance.  

z The displayed value is not always the same according to modules and tester types but should be similar.  
z Modules number and checking point  
 

Test polarity Test polarity 
Module 

+ - 

Check 
value 

Number 
+ - 

Check 
value 

R DCP+ Closed R N Open 
D1 

DCP+ R Open 
D4 

N R Closed 

S DCP+ Closed S N Open 
D2 

DCP+ S Open 
D5 

N S Closed 

T DCP+ Closed T N Open 

Diode 

D3 
DCP+ T Open 

D6 
N T Closed 

U DCP Closed U N Open 
Tr1 

DCP U Open 
Tr4 

N U Closed 

V DCP Closed V N Open 
Tr3 

DCP V Open 
Tr6 

N V Closed 

W DCP Closed W N Open 

IGBT 

Tr5 
DCP W Open 

Tr2 
N W Closed 

 

Charge resistor 

M/C 

R 

S 

T 

U

V

W

D1 

+ 
Electrolytic 
capacitors 

DCP 

N 

Tr3 

Tr6 

Tr5 

Tr2 

Tr1 

Tr4 

DCP+ 

D2 D3 

D4 D5 D6 
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2) Diode module and IGBT module check (37~ 90kW) 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
z Turn the power off and disconnect RST/UVW wiring.  
z Determine whether inverter terminals (R,S,T, U, V, W, P1(or P2),N) are energized or not using a tester.   
z Wait until the Main Electrolytic Capacitors (DCP-DCN) is discharged to a safe level. 
z Enormous amount of value such as Mega will be displayed when Open. When closed, the resistance 

value ranges from a few ohms to tens of Ω. Sometimes, it seems to be closed due to electrolytic 
capacitors but soon to be displayed mega value resistance.  

z The displayed value is not always the same according to modules and tester types but should be similar.  
z Modules number and checking point  
 

Test polarity Test polarity 
Module 

+ - 

Check 
value 

Number 
+ - 

Check 
value 

R DCP+ Closed R N Open 
D1 

DCP+ R Open 
D4 

N R Closed 

S N Open T N Open 
Diode 

D5 
N S Closed 

D6 
N T Closed 

U DCP Closed U N Open 
Tr1 

DCP U Open 
Tr4 

N U Closed 

V DCP Closed V N Open 
Tr3 

DCP V Open 
Tr6 

N V Closed 

W DCP Closed W N Open 

IGBT  

Tr5 
DCP W Open 

Tr2 
N W Closed 

 
 

Charge 
resistor 

R 

S 

T 

U

V

W

SCR1 
+

Electrolytic
capacitor 

DCP 

N 

Tr3 

Tr6 

Tr5 

Tr2 

Tr1 

Tr4 

DCP+ 

SCR2 SCR3

D4 D5 D6 

Charge 
diode 

D1 
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7.5 Maintenance 
The P series is an industrial electronic product with advanced semiconductor elements. However, temperature, 
humidity, vibration and aging parts may still affect it. To avoid this, it is recommended to perform routine 
inspections. 
 
7.5.1 Precautions 
☞ Be sure to remove the drive power input while performing maintenance. 
☞ Be sure to perform maintenance only after checking that the bus has discharged (The voltage between 
terminal P1-N (or P2-N) should be less than DC 30V). The bus capacitors in the electronic circuit can still be 
charged even after the power is turned off. 
☞ The correct output voltage can only be measured by using a rectifier voltage meter. Other voltage meters, 
including digital voltage meters, are likely to display incorrect values caused by the high frequency PWM 
output voltage of the drive. 
 
7.5.2 Routine Inspection 
☞ Be sure to check the following before operation: 
☞ The conditions of the installation location 
☞ The conditions of the drive cooling 
☞ Abnormal vibration 
☞ Abnormal heating 
 
7.5.3 Periodic Inspection 
☞ Are there any loose bolt, nut or rust caused by surrounding conditions? If so, tighten them up or replace 

them. 
☞ Are there any deposits inside the drive-cooling fan? If so, remove using air. 
☞ Are there any deposits on the drive’s PCB (Printed Circuit Boards)? If so, remove using air. 
☞ Are there any abnormalities in the various connectors of the drive’s PCB? If so, check the condition of the 

connector in question. 
☞ Check the rotating condition of the cooling fan, the size and condition of the capacitors and the connections 

with the magnetic contactor. Replace them if there are any abnormalities. 
 
7.5.4 Megger/Dielectric Test 
Perform megger test after inverter wiring is disconnected. Test voltage should not be applied to the inverter.  
Megger test should be conducted only for the main circuit, not the control circuit. Use DC 500V megger. 
Dielectric test should not be conducted to the inverter. Otherwise, IGBT may be damaged. 
 
 

 
 
 
 
 
 

U 

V 

W 

INVERTER 

R 

S 

T 

AC 

GND DC500V 

 M 
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7.5.5 Daily and Periodic Inspection Items 
 

Period 

In
sp

ec
tio

n 
L

oc
at

io
n 

In
sp

ec
tio

n 
It

em
 

Inspection 

D
ai

ly
 

1 
ye

ar
 

2 
ye

ar
 

Inspection Method Criterion Measuring 
Instrument 

Ambient 
Environ-

ment 

Is there any dust?  
Is the ambient temperature and 
humidity adequate? Ο  

Refer to the precautions. Temperature: 
-10~+40 no 
freezing. 
Humidity: Under 
50% no dew 

Thermometer, 
Hygrometer, 
Recorder 

Equipment 
Is there any abnormal oscillation or 
noise? Ο  

Use sight and hearing. No abnormality  
All 

Input 
Voltage 

Is the input voltage of the main circuit 
normal? Ο  

Measure the voltage between the 
terminals R, S, T. 

 Digital Multi-
Meter/Tester 

All 

Megger check (between the main 
circuit and the ground) 
Are any fixed parts removed? 
Are there any traces of overheating at 
each component’s cleaning? 

Ο
 
Ο
Ο

 
 
Ο
 

Undo the inverter connections 
short the terminals R, S, T, U, V, 
W and measure between these 
parts and the ground. 
Tighten the screws. 
Visual check. 

Over 5MΩ 
No fault  

DC 500V class 
Megger 

Conductor/
Wire 

Is the conductor rusty? 
Is the wire coating damaged? 

Ο
Ο

 
Visual check No fault  

Terminal Is there any damage? Ο  Visual check No fault  
IGBT 

Module 
/Diode 
Module 

Check the resistance between each of 
the terminals. 

  Ο Undo the inverter connection and 
measure the resistance between R, 
S, T ⇔ P, N and U, V, W ⇔ P, 
N with a tester. 

(Refer ‘How to 
Check Power 
Components”) 

Digital Multi-
Meter/Analog 
Tester 

Smoothing 
Capacitor 

Is there any liquid coming out? 
Is the safety pin out, and is there any 
swelling? 
Measure the capacitance. 

Ο
 
 
Ο

 
Ο

 Visual check 
Measure with a capacitance-
measuring device. 

No fault 
Over 85% of the 
rated capacity 

Capacitance 
Measuring 
Device 

Relay 
Is there any chattering noise during 
operation? 
Is there any damage to the contact 

 Ο
 
Ο

 Auditory check 
 
Visual check 

No fault  

M
ai

n 
C

ir
cu

it
 

Resistor 

Is there any damage to the resistor 
insulation? 
Is the wiring in the resistor damaged 
(open)? 

 Ο
 
Ο

 Visual check 
 
Disconnect one of the connections 
and measure with a tester. 

No fault 
Error must be 
within ±10% 
the displayed 
resistance. 

Digital Multi-
Meter/Analog 
Tester 

C
on

tr
ol

 C
ir

cu
it

  
P

ro
te

ct
iv

e 
C

ir
cu

it
 

Operation 
Check 

Is there any unbalance between each 
phases of the output voltage? 
 
Nothing must be wrong with display 
circuit after executing the sequence 
protective operation. 

 Ο
 
 
Ο

 Measure the voltage between the 
output terminals U, V and W. 
 
Short and open the inverter 
protective circuit output. 

The voltage 
balance between 
the phases for 
200V (400V) 
class is under 4V 
(8V). 
The fault circuit 
operates 
according to the 
sequence. 

Digital Multi-
Meter/Rectifyin
g Voltmeter 

C
oo

li
ng

 
S

ys
te

m
 

Cooling 
Fan 

Is there any abnormal oscillation or 
noise? 
Is the connection area loose? 

Ο  
Ο

 Turn OFF the power and turn the 
fan by hand. 
Tighten the connections. 

Must rotate 
smoothly. 
No fault 

 

D
is

pl
ay

 

Meter 

Is the displayed value correct? Ο Ο  Check the meter reading at the 
exterior of the panel. 

Check the 
specified and 
management 
values. 

Voltmeter/ 
Ammeter etc. 

All 
Are there any abnormal vibrations or 
noise? 
Is there any unusual odor? 

Ο
Ο

  Auditory, sensory, visual check. 
Check for overheat and damage. 

No fault  

M
ot

or
 

Insulation 
Resistor 

Megger check (between the output 
terminals and the ground terminal) 

  Ο Undo the U, V and W connections 
and tie the motor wiring. 

Over 5MΩ 500V class 
Megger 

Note: Values in ( ) is for the 400V class inverters. 
Note: Life cycle of the Main components indicated above is based on continuous operation with rated load. It may vary with surrounded environment.  
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7.5.6 Parts replacement 
 

Part name Period Comments 

Cooling fan 2-3 years 
Exchange for a new part after consulting 
CERUS A/S center. 

Electrolytic 
capacitor 

5 years 

Check for the periodic inspection for 1 

year. Exchange for a new part after 

consulting CERUS A/S center. 

 

The Recommended level to exchange a 

capacitor in main/control circuit is 85% 

or less of the initial value.  

 

Relays - 
Exchange for a new part after consulting 
CERUS A/S center. 

 

The life expectancy of a part depends on the type of part, the environment, and operating conditions. 
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CHAPTER 8 - OPTIONS 

8.1 Option List 
 

Keypad LCD 
32 character display 
keypad Download and Upload available 

All units 

Remote Remote cable 
2m, 3m and 5m long keypad cable enables 
users to control the inverter from a distant 
area.  

Optional 

DB resistor Enables inverter to decelerate rapidly. Optional 
Dynamic 
braking DB unit 

DB units are provided as an option from 11 
kW.  

Optional 

E
xt

er
na

l 

Conduit option 
Conduit for 

NEMA TYPE 1
Install it to fit for NEMA TYPE 1 
Enclosure.  

15~90kW 
(20~125HP)

Note) Refer to Option manuals for details.   
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8.2 External options 
 
8.2.1 Keypad dimensions  
  
1) LCD Keypad (Weight: 140 g) 
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8.2.2 Remote cable 

Ordering No. Description 

051050025 Remote cable – 2m 

051050026 Remote cable – 3m 

051050027 Remote cable – 5m 

 
8.2.3 DB (Dynamic Braking) Unit 
Refer to DB Unit option manual for details. 
1) DBU Models  

UL Inverter Applicable motor rating DB Unit Dimension 
11 ~ 15 kW (15 ~ 20 HP) SV150DBU-2 
18.5 ~ 22 Kw (25 ~ 30 HP) SV220DBU-2 

Group 1.  
See 4) Dimensions

30 ~ 37 kW (40 ~ 50 HP) SV037DBH-2 
200V class  

45 ~ 55 kW (60 ~ 75 HP) SV037DBH-2, 2Set 
Group 2.  

See 4) Dimensions
11 ~ 15 kW (15 ~ 20 HP) SV150DBU-4 
18.5 ~ 22 kW (25 ~ 30 HP) SV220DBU-4 

Group 1.  
See 4) Dimensions

30 ~ 37 kW (40 ~ 50 HP) SV037DBH-4 
45 ~ 55 kW (60 ~ 75 HP) 

Non UL 
type 

400V class 

75 kW (100 HP) 
SV075DBH-4 

Group 2.  
See 4) Dimensions

11 ~ 15 kW (15 ~ 20 HP) SV150DBU-2U 
18.5 ~ 22 kW (25 ~ 30 HP) SV220DBU-2 U 
30 ~ 37 kW (40 ~ 50 HP) CI-050DBU-2 U 

200V class 

45 ~ 55 kW (60 ~ 75 HP) SV550DBU-2 U 
11 ~ 15 kW (15 ~ 20 HP) SV150DBU-4 U 
18.5 ~ 22 kW (25 ~ 30 HP) SV220DBU-4 U 
30 ~ 37 kW (40 ~ 50 HP) CI-050DBU-4 U 
45 ~ 55 kW (60 ~ 75 HP) SV550DBU-4 U 
75 kW (100 HP) SV750DBU-4 U 
90~110 kW (125 ~ 150 HP) SV550DBU-4, 2Set 
132~160 kW (200 ~ 250 HP) SV750DBU-4, 2Set 
220 kW (300 HP) SV750DBU-4, 3Set 

Group 3.  
See 4) DimensionsUL Type 

400V class 

280~315 kW (350 ~ 400 HP) -  
 
 
2) Terminal Configuration 

- Group 1:  
 
- Group 2: 
 
- Group 3:  
 
 

Terminals Description Terminals Description 

G Ground terminal N Connect to inverter terminal N  
B2 Connect to DB Resistor’s B2 P Connect to inverter terminal P1 
B1 Connect to DB Resistor’s B1 CM OH Common  
N Connect to inverter terminal N  
P Connect to inverter terminal P1 

OH* Over Heat Trip output terminal 
(Open Collector output: 20mA, 27V DC)

 
 
 

N B2 P/B1G 

B2B1N P G 

B2 B1 N P OH G CM 
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3) Wiring for DB unit and DB resistor (for 5.5~90kW/7.5~125HP inverters)  
 

 

 

 

 

 

 

 

AC Input 

50/60 Hz 

U 

V 
W 

G 

R(L1) 
S(L2) 
T(L3) 

N(-)

φ 3 

MCCB(Option) 

M1 

M2 

M3 

M4 

M6 

M8 

M7 

MOTOR 

Programmable Digital Input : Ext Trip 

Common Terminal 

Fault Contact Output  
less than AC250V (DC30V), 1A 

P2(+)P1(+)

M5 

S1 

S0 

5G 

Output Frequency Meter 

Output Voltage Meter 
Common for output meter signal 

3A 

3C 

3B 

CM 

DB Resistor 

TH1

TH2

Short 

N B1 

G B2 B2 

B1 

DB Unit 

Max distance between  
P & P2:  5m 

P 

 
 
 
 
 
 
 
 

  
 
 
 

DB resistor terminal Description 

B1, B2 
Wire the terminal properly based on wiring block diagram. 

Connect a DB resistor to the DB Unit’s B1, B2 terminals. 

TH1,TH2 

Thermal sensor terminal of DB resistor.  

Normal temperature (Ambient): Contact ON (TH1-TH2 closed)  

DB resistor overheated: Contact OFF (TH1-TH2 Open).  

Wire it to the inverter terminal defined as External Trip. 
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4)Dimensions 

 
z Group 1 

 

(Unit: mm) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

N

ynamic

T P

D

R

S
(P2) W 

N

P

B2

B1

G

rakingB

WIRING

V

U

IM

nitU

B2

B1
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z Group 2 
 

(Unit: mm) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5.5 

25
8
 

5
 

24
5
 

2-Ø5.5 

80 

80 

123 

Dynamic Braking Unit 

RESET 

POWER 

RUN 

OHT 

OCT 

23
1.
5
 

12
 

15

27 

130 

75
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z Group 3 

 

(Unit: mm) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 5) Monitoring LEDs  
 
*  Group 1 
 

LED Description 
OHT 

(GREEN, 
LEFT) 

When heat sink is overheated and the level exceeds its 
setting limit, overheat protection is activated and OHT 
LED is turned ON after DBU’s signal is shut off.  

POWER 
(RED) 

POWER LED is turned ON upon inverter Power ON 
because normally it is connected to the inverter. 

RUN 
(GREEN, 
RIGHT) 

RUN LED is blinking while DBU is operating normally 
by motor regenerating energy.  

 

OHT POWE RUN 

5P�R �M (zLJ��PJ 6O�JR

5P�R �M (zLJ��PJ 6O�JR

5P�R �M ,�Q��̀ �� (zLJ��PJ 6O�JR

IM

ynamic

R

T

S

U

NP
(P2) W 

V

D

B1

> $51,1*

N

P

G

WIRING
B2

B2

B1

UrakingB nit
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*  Group 2 
 

 
 
*  Group 3 

 
 

RESET 

POWER 

RUN 

OHT 

OCT 

LED Description 

RESET Press this switch to release OCT FAULT status. Pressing 
this turns the OCT LED off.  

POWER 
(GREEN) 

POWER LED is turned ON upon inverter Power ON 
because normally it is connected to the inverter. 

RUN 
(GREEN) 

RUN LED is blinking while DBU is operating normally 
by motor regenerating energy. 

OHT (RED)
When heat sink is overheated and the level exceeds its 

setting limit, overheat protection is activated and OHT 

LED is turned ON after DBU’s signal is shut off.  

OCT (RED)
Over current trip signal. When overcurrent is flowed to the 
iGBT, protection function shuts off the operating signal 
and OCT LED is tured ON.  

 

POWER 

RUN 

OHT 

OCT 

FOT 

LED Description 
POWER 
(RED) 

POWER LED is turned ON upon inverter Power ON 
because normally it is connected to the inverter. 

RUN 
(GREEN) 

RUN LED is blinking while DBU is operating normally 
by motor regenerating energy. 

OHT 
(RED) 

When heat sink is overheated and the level exceeds its 
setting limit, overheat protection is activated and OHT 
LED is turned ON after DBU’s signal is shut off.  

OCT 
(RED) 

Over current trip signal. When overcurrent is flowed to the 
iGBT, protection function shuts off the operating signal 
and OCT LED is tured ON.  

FOT 
(RED) 

FOT LED is turned ON when fuse is opened to shut the 
overcurrent during braking.  
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8.2.4 DB Resistor 
 
1) External DB Resistor  
P Series inverters do not built-in DB resistor on Power stack as factory installation. External DB Unit and 
Resistor (Optional) should be installed. See the following table for more details (ED: 5%, Continuous Braking 
Time: 15 sec). If Enable duty (%ED) is increased to 10%, use the external DB resistor having twice Wattage 
rating. 
 

100 % Braking Torque 150% Braking Torque 
 

Applied 
motor 

capacity 
(kW / HP) 

Operating rate 
(ED/Continuous 
Braking Time) [ohm] [W] Type [ohm] [W] Type 

5.5 / 7.5 5% / 15 sec 30 700 TYPE 3 20 800 TYPE 3
7.5  / 10 5% / 15 sec 20 1000 TYPE 3 15 1200 TYPE 3
11 / 15 5% / 15 sec 15 1400 TYPE 3 10 2400 TYPE 3
15 / 20 5% / 15 sec 11 2000 TYPE 3 8 2400 TYPE 3

18.5 / 25 5% / 15 sec 9 2400 TYPE 3 5 3600 TYPE 3
22 / 30 5% / 15 sec 8 2800 TYPE 3 5 3600 TYPE 3

2 
0 
0 
V 

30 / 40 10% / 6 sec 4.2 6400 - - - - 
5.5 / 7.5 5% / 15 sec 120 700 TYPE 3 85 1000 TYPE 3
7.5 / 10 5% / 15 sec 90 1000 TYPE 3 60 1200 TYPE 3
11 / 15 5% / 15 sec 60 1400 TYPE 3 40 2000 TYPE 3
15 / 20 5% / 15 sec 45 2000 TYPE 3 30 2400 TYPE 3

18.5 / 25 5% / 15 sec 35 2400 TYPE 3 20 3600 TYPE 3
22 / 30 5% / 15 sec 30 2800 TYPE 3 20 3600 TYPE 3
30 / 40 10% / 6 sec 16.9 6400 - - - - 
37 / 50 10% / 6 sec 16.9 6400 - - - - 
45 / 60 10% / 6 sec 11.4 9600 - - - - 
55 / 75 10% / 6 sec 11.4 9600 - - - - 
75 / 100 10% / 6 sec 8.4 12800 - - - - 

4 
0 
0 
V 

90 / 125 10% / 6 sec 8.4 12800 - - - - 

 
 
2) Dimensions of the DB Resistor 
 

Dimension [mm] Model Inverter Type
W H D A B C 

BR0800W020J CI- 007-P/2 3 220 345 93 140 330 7.8 
BR1200W015J CI- 010-P/2 3 220 345 93 140 330 7.8 
BR2400W010J CI- 015-P/2 3 220 445 93 140 430 7.8 
BR2400W008J CI- 020-P/2 3 220 445 93 140 430 7.8 
BR3600W005J CI- 025-P/2 3 220 445 165 140 430 7.8 
BR3600W005J CI- 030-P/2 3 220 445 165 140 430 7.8 
BR3600W005J CI- 040-P/2 3 220 445 165 140 430 7.8 
BR1000W085J CI- 007-P/4 3 220 345 93 140 330 7.8 
BR1200W060J CI- 010-P/4 3 220 345 93 140 330 7.8 
BR2000W040J CI- 015-P/4 3 220 445 93 140 430 7.8 
BR2400W030J CI- 020-P/4 3 220 445 93 140 430 7.8 
BR3600W020J CI- 025-P/4 3 220 445 165 140 430 7.8 
BR3600W020J CI- 030-P/4 3 220 445 165 140 430 7.8 
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* Type 1 (Max 400 Watt) 

* Type 2 (Max 600 Watt) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

* Type 3 

A
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8.2.5 Micro surge filter (Designed for Inverter-driven 400V Class motor) 
 
In the PWM type inverter, a surge voltage attributable to wiring constants is generated at the motor terminals. 
Especially for a 400V class motor, the surge voltage may deteriorate the insulation. When the 400V class motor 
is driven by the inverter, consider the following measures: 
 
� Rectifying the motor insulation 
For the 400V class motor, use an insulation-rectified motor. Specifically, the “400V class inverter-driven, 
insulation-rectified motor”. 
For the dedicated motor such as the constant-torque motor and low-vibration motor, use the “inverter-driven, 
dedicated motor”. 
 
� Suppressing the surge voltage on the inverter output side 
On the secondary side of the inverter, connect the optional surge voltage suppression filter.  
 
� Wiring  
 
 
 
 
 
 
 
 
 
 
� Caution 
Check the Input/Output when wiring the filter. 
Wiring distance from inverter output to filter input should not exceed 5 meter. 
Wiring distance from filter to motor should not exceed 300 meter. 
   

U,V,W 
 
 

Inverter 
Motor 

Within 5m Within 300m 

S
ur

ge
 

S
up

pr
es

so
r 

fi
lt

er
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8.2.6 NEMA TYPE 1 Optional Conduit Box  
 
1) NEMA TYPE 1 Enclosure for conduit connection  

 
      ■ General 

NEMA TYPE 1 Conduit Box: This kit enables an inverter to be installed on the wall without the inverter 
panel and meets NEMA Type 1. It should be installed to meet NEMA 1 for 15~90kW UL Open Type 
inverters. However, installing this option does not mean UL Type 1. Please purchase Standard UL Type 1 
models if needed. 
■ Installation:  

Remove the metal plate on the bottom with the driver and install this kit on to the same place by the 
screws from the metal plate.  

 

 
 

[Conduit box for 020~025 P Series] 
 
 

 
[Conduit box for 030~040 P Series] 
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[Conduit box for 050~075 P Series] 
 
 
 
 

 
 

[Conduit box for 100~125 P Series] 
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■ Conduit Hole Size   
     mm(inches) 

Conduit hole for control terminal 
Inverter 

Conduit hole for power terminal 
Trade Size of the Conduit 

24 (0.98) 16 (1/2) 
CI-007-P2/4 

24 (0.98) 16 (1/2) 

24 (0.98) 16 (1/2) 
CI-010-P2/4 

35 (1.37) 27 (1) 

24 (0.98) 16 (1/2) 
CI-015-P2/4 

35 (1.37) 27 (1) 

35 (1.37) 27 (1) 
CI-020-P2/4 

50 (1.96) 41 (3/2) 

35 (1.37) 27 (1) 
CI-025-P2/4 

50 (1.96) 41 (3/2) 

50 (1.96) 41 (3/2) 
CI-030-P2/4 

50 (1.96) 41 (3/2) 

50 (1.96) 41 (3/2) 
CI-040-P2/4 

50 (1.96) 41 (3/2) 

22(0.86) 16(1/2) 
CI-050-P2/4 

51(2.00) 41(3/2) 

22(0.86) 16(1/2) 
CI-060-P2/4 

51(2.00) 41(3/2) 

22(0.86) 16(1/2) 
CI-075-P2/4 

51(2.00) 41(3/2) 

22(0.86) 16(1/2) 
CI-100-P2/4 

76(2.99) 63(5/2) 

22(0.86) 16(1/2) 
CI-125-P2/4 

76(2.99) 63(5/2) 
 
☞ Note: Choose the proper size of the Locknut, Bushing corresponding to trade size of the Conduit 

in use. 
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CHAPTER 9 - MODBUS-RTU COMMUNICATION 

9.1 Introduction 
Inverter can be controlled and monitored by the sequence program of the PLC or other master module.  
Drives or other slave devices may be connected in a multi-drop fashion on the Modbus-RTU network and may 
be monitored or controlled by a single PLC or PC. Parameter setting and change are available through PC.  
When master sends Write Request to Inverter address 0X00, all inverters perform Write action but do not return 
a Acknowledge response. This is used to drive multiple inverters at the same time via Modbus-RTU.  
 

9.1.1 Features 
Inverter can be easily applied for Factory automation because Operation and monitoring is available by User-
program.   
 

* Parameter change and monitoring is available via computer.  
 (Ex: Accel/Decel time, Freq. Command etc.) 

* Interface type of RS485 reference: 
    1) Allows the drive to communicate with any other computers. 
    2) Allows connection of up to 31 drives with multi-drop link system. 
    3) Noise-resistant interface. 
 
 
9.1.2 Connection guide for Modbus-RTU communication with PC , PLC and RS-232C/485  
 
 
 
 
 
 
 
 
 
 
 
 

* REPEATER is not a required item but helps communication in long-distance communication or high noise 
environment.  

 
9.1.3 Before installation 
Before installation and operation, this should be read thoroughly. If not, it can cause personal injury or damage 
to other equipment. 

PC 

 

 

 

Inverter 

#1 

 

 

 

Inverter 

#2 

 

 

 

Inverter 

#n 

USB-485 or 
RS-232C-485 
Converter 

Repeater
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9.2 Specification 
 
9.2.1 Performance specification 

Item Specification 

Transmission form Bus method, Multi-drop Link System 
Applicable inverter  P series 
Connectable drives Max 31 
Transmission distance Max. 1,200m (Within 700m Recommended) 
Recommended wire 0.75mm2(12AWG), Shield Type Twisted-Pare Wire    

 
9.2.2 Hardware specification 

Item Specification 

Installation Use C+, C-,CM terminals on control terminal block 
Power supply Use Insulated power from the inverter power supply 

 
9.2.3 Communication specification 

Item Specification 
Communication speed 19,200/9,600/4,800/2,400/1,200 bps selectable 
Communication system Half duplex system 
Character system Binary (8 bit) 
Stop bit length 1 bit  
Error check(CRC16) 2 bytes  
Parity bit None 

Protocol supported 
Parameter Read/Write, Monitoring parameter register/execution 
Broadcasting 

 
9.2.4 Installation 
 
▣ Connecting the communication line 
1) Connect the Modbus-RTU communication line to the inverter’s (C+), (C-) and CM terminals of the control 
terminals. 
2) Connect the CM terminal among inverters for stable communication. 
3) Check the connection and turn ON the inverter. 
4) If the communication line is connected correctly set the communication-related parameters as the following:  
5) Install a repeater to upgrade the communication speed or longer than 1200mm communication line is used. 
Repeater is required for upgrading communication quality in the noise-high environment.  
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▣ Communication parameters 

Code Display Name Set value Unit Default 

DRV_03 Drive mode Drive mode Int. 485  Fx/Rx-1 

DRV_04 Freq mode Freq mode Int. 485  KeyPad-1 

DRV_91 Drive mode2 Drive mode 2
KeyPad 
Fx/Rx-1 
Fx/Rx-2 

 Fx/Rx-1 

DRV_92 Freq mode2 Freq mode 2 

KeyPad-1 
KeyPad-2 

V1 
V1S 

I 
V1+I 
Pulse 

 KeyPad-1 

I/O_20~27 M1 ~ M8 
Programmable 
Digital Inputs 

Main-drive   

I/O_90 Inv No Inverter number 1~250  1 

I/O_91 Baud rate 
Communication 

speed  

1200 bps 
2400 bps 
4800 bps 
9600 bps 
19200 bps 

 9600 bps 

I/O_92 COM Lost Cmd 

Operating mode 
when 

communication 
signal is lost 

None 
FreeRun 

Stop 
 None 

I/O_93 COM Time Out 

Time to 
determine 
whether 

Communication 
signal is lost. 

0.1~120.0 sec 1.0 

 
 
9.3 Operation  
 
9.3.1 Operating steps 
1) Check whether the computer and the inverter are connected correctly. 
2) Turn ON the inverter. But, do not connect the load until stable communication between the computer and the 

inverter is verified. Start the operating program for the inverter from the computer. 
3) Operate the inverter using the operating program for the inverter. 
4) Refer to “13.8 Troubleshooting” if the communication is not operating normally. 
5) Turn the inverter J3 switch ON to connect the terminating resistor for the end of network.   

* Connect to C+,C-,CM terminal on the control terminal. Be careful for the polarity(+, -). 
* Max connectable inverter is 31.  
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9.4 Communication protocol (Modbus-RTU) 
Use Modbus-RTU protocol (Open protocol). 
Computer or other hosts can be Master and Inverters Slave. Inverter responds to Read/Write command from 
Master. 
 
Supported function code 

Function code Description 
0x03 Read Hold Register 
0x04 Read Input Register 
0x06 Preset Single Register 
0x10 Preset Multiple Register 

  
Exception code 

Function code Description 
0x01 ILLEGAL FUNCTION 
0x02 ILLEGAL DATA ADDRESS 
0x03 ILLEGAL DATA VALUE 
0x06 SLAVE DEVICE BUSY 

User define 0x14 1. Write Disable (Address 0x0004 value is 0) 
2. Read Only or Not Program during Running. 
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9.5 Parameter code list   
<Common area>: Area accessible regardless of inverter models (Note 3) 

Address Parameter Unit Unit R/W Data value 

0x0000 Inverter model   R 9 : P series 
4: 5.5kW,     5: 7.5kW 
6: 11kW,     7: 15kW,       8: 18.5kW 

0x0001 

 
Inverter capacity 
 
 

  R 9: 22kW,      A: 30kW      B: 37kW,    
C: 45kW      D: 55kW,      E: 75kW 
F: 90kW      10: 110kW,    11: 132kW,   
12: 160kW,    13: 220kW,    14: 280kW 
0 : 220V Class 

0x0002 
Inverter Input Voltage 

 
 
 

 
 

R
1 : 400V Class 
(Ex)  0x0100 : Version 1.00 

0x0003 S/W Version   R
      0x0101 : Version 1.10 

0x0005 Frequency Reference 0.01 Hz R/W  
BIT 0: Stop (S) 
BIT 1: Forward run (F) 
BIT 2: Reverse run (R) 
BIT 3: Fault reset (0->1) 
BIT 4: Emergency stop 

R/W

BIT 5: Not used 
BIT 6, BIT 7: Run/Stop command source 
0(Terminal), 1(Keypad), 2(Option) 3: Int. 485 
BIT 8 ~12: Freq. reference  
0 ~ 16: Multi-step speed freq. (0, 2~16) 
17 ~ 19: UpDown (Up, Down, UD Zero) 
20 ~ 21: RESERVED 
22 ~ 25: Analog (V1, V1S, I, V1I) 
26: Pulse 27: Sub 28: Int. 485 
29: Option, 30: Jog, 31 : PID 

0x0006 Run Command (Note 1) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

R

BIT 15: set when Network error 
0x0007 Acceleration Time 0.1 sec R/W  
0x0008 Deceleration Time 0.1 sec R/W  
0x0009 Output Current 0.1 A R  
0x000A Output Frequency 0.01 Hz R  
0x000B Output Voltage 0.1 V R  
0x000C DC Link voltage 0.1 V R  
0x000D Output power 0.1 kW R  

BIT 0: Stop 
BIT 1: Forward running 
BIT 2: Reverse running 
BIT 3: Fault (Trip) 
BIT 4: Accelerating 
BIT 5: Decelerating 
BIT 6: speed arrival 
BIT 7: DC Braking  
BIT 8: Stopping 
Bit 9: not Used 

0x000E Operating status of Inverter   R

BIT10: Brake Open 
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Address Parameter Unit Unit R/W Data value 
BIT11: Forward run command  
BIT12: Reverse run command  
BIT13: REM. R/S (Int. 485, OPT) 

BIT14: REM. Freq. (Int. 485, OPT) 
BIT 0 : OCT1 
BIT 1 : OV 
BIT 2 : EXT-A 
BIT 3 : BX 
BIT 4 : LV 
BIT 5 : RESERVE 
BIT 6 : GF(Ground Fault) 
BIT 6: OHT (Inverter overheat) 
BIT 7: ETH (Motor overheat) 
BIT 8: OLT (Overload trip) 
BIT10: HW-Diag 
BIT11: RESERVE 
BIT12: OCT2 
BIT13: OPT (Option error) 
BIT14 : PO (Phase Open) 

0x000F Trip information   R

BIT15: IOLT 
BIT 0 : M1 
BIT 1 : M2 
BIT 2 : M3 
BIT 3 : M4 
BIT 4 : M5 
BIT 5 : M6 
BIT 6 : M7 
BIT 7 : M8 
BIT 8 : RESERVED 
BIT 9 : RESERVED 

0x0010 Input terminal status 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

R

BIT 10 : RESERVED 
BIT 0 : AUX1 
BIT 1 : AUX2 
BIT 2 : AUX3 
BIT 3 : AUX4 
BIT 4 : RESERVED 
BIT 5 : RESERVED 
BIT 6 : RESERVED 

0x0011 Output terminal status 

 
 
 
 
 

 
 
 
 
 

R

BIT 7 : 30AC 
0x0012 V1 0~10V  R  
0x0013 V2 0~10V  R  
0x0014 I 0~20mA  R  
0x0015 RPM   R  

0x001A Unit display   R 0 : Hz, 1 : Rpm 
0x001B Pole number   R  

0x001C Custom Version   R  
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Note 1) Detail description on Common area address 0x0006 
Bit Value R/W Name Description 
0 0x01 R/W Stop Issue a Stop command via communication (0->1) 
1 0x02 R/W Forward run Issue a Forward run command via communication (0->1) 
2 0x04 R/W Reverse run Issue a Reverse run command via communication (0->1) 
3 0x08 R/W Fault reset Issue a Fault reset command via communication (0->1) 

4 0x10 R/W 
Emergency 

stop 
Issue a Emergency stop command via communication (0->1)

5   Not used Not Used 

6~7  R 
Operating 
command 0(Terminal),1(keypad),2(option),3(Int. 485) 

A. When operating command is issued via Terminal, Keypad 
or Option 
  0: DRV-00,     1: Not used, 
  2 : Multi-step speed 1,     3 : Multi-step speed 2,      

4 : Multi-step speed 3 
  5 : Multi-step speed 4,     6 : Multi-step speed 5,      

7 : Multi-step speed 6 
8 : Multi-step speed 7,     9 : Multi-step speed 8,      
10 : Multi-step speed 9 
11: Multi-step speed 10,   12: Multi-step speed 11,     
13: Multi-step speed 12 
14: Multi-step speed 13,   15 : Multi-step speed 14 ,    
16 : Multi-step speed 15, 

  17 :Up,    18 : Down,    19: Up/Down Zero 
  20~21 : RESERVE 
  22 : V1,     23 : V1S,    24 : I,    25 : V1+I 
  26 : Pulse  
  27 : Sub 
  28 : Int. 485 
  29 : Option 
  30 : Jog 

8~14  R 
Frequency 
command 

  31 : PID 
15 0x8000 R Network error Network malfunction 

   Data (including decimal point) displayed in Keypad are real inverter parameter values. 
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9.5.1 P series operating status in Address E, Common area 
 
Output frequency 

 

 

Forward Run command 
Reverse Run command 
Accelerating 
Decelerating 
Speed arrival 
Stopping 
Stop 

Forward running 
Reverse running 

 
 

< Address usage area by groups > 

DRV 9100 - 91FF 

FU1 9200 – 92FF 

FU2 9300 – 93FF 

I/O 9400 - 94FF 

EXT 9500 - 95FF 

COM 9600 - 96FF 

APP 9700 - 97FF 
 
Address setting method to access the parameter using RS485: area assigned by inverter+ Address usage area by 
groups + Code no. (Hex).  
 
Ex) To check the content of I/O-93 [COM Time Out], perform Read or Write the address 0x945D.   
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9.6 Troubleshooting 
 
Refer to the below chart when Modbus-RTU communication error occurs.   
 
 

Is RS232-485 
converter power 

supply ON?

is the wiring of 
inverter and 

converter correctly 
conducted?

is 
communication 
program on PC 

operating?

Yes

Is port setting 
proper?

Yes

Yes

Yes

Yes

Apply the 
power to the 

converter.

(see converter 
manual.)

No

Check for the 
correct wiring. 
(see converter 

manual)

No

Start the PC 
communication 

program. 

No

Press F10  key 
and make it 

correct. 

No

Status LEDs
(TXD, RXD) are not blinking.
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Is BPS setting 
between inverter 
and PC matching?

Set the inverter 
and PC bps the 
same in I/O 91.

No

Yes

Is User program's 
data format 

correct?

Make correction to 
the User program 
to fit for protocol

No

Yes

Are Status LEDs 
on the control 

board turned off? 

Is there an 
error on the 

PC?
No

Check for the 
PC status.

Conctact the 
distributor.

Yes No

Finish

Yes

 

 

 
  
 
 



 

i 

APPENDIX A- UL MARKING 

1. SHORT CIRCUIT RATING 
“Suitable For Use On A Circuit Capable Of Delivering Not More Than Table1 RMS Symmetrical 
Amperes, 240V for 240V rated inverters, 480V for 480V rated inverters Volts Maximum,” 
“Integral solid state short circuit protection does not provide branch circuit protection. Branch circuit 
protection must be provided in accordance with the National Electrical Code and any additional local 
codes”, or the equivalent. 
“When Protected By A Circuit Breaker Having An Interrupting Rating Not Less Than 100,000 rms 
Symmetrical Amperes, 240 or 480 Volts Maximum.” 
 
Table 1. RMS Symmetrical Amperes for P Series. 

Model Rating 

CI-007-P/2, CI-007-P/4, CI-010-P/2, CI-010-P/4, CI-015-P/2,  

CI-015-P/4, CI-020-P/2, CI-020-P/4, CI-025-P/2, CI-025-P/4,  

CI-030-P/2, CI-030-P/4, CI-040-P/2, CI-040-P/4, CI-050-P/4, 

CI-060-P/4, CI-075-P/4, CI-100-P/4, CI-125-P/4, CI-150-P/4, 

CI-200-P/4, CI-250-P/4, CI-350-P/4, CI-400-P/4,  

100,000A 

 
 
2. SHORT CIRCUIT FUSE/BREAKER  
Use Class H or K5 UL Listed Input Fuse and UL Listed Breaker Only. See the table below for the 
Voltage and Current rating of the fuses and the breakers. 

 
External Fuse Breaker Internal Fuse 

Input 
Voltage 

Motor 
[kW] 

Inverter Current 
[A] 

Voltage 
[V] 

Current
 [A] 

Voltage
 [V] 

Current
[A] 

Voltage
[V] 

Manufacturer Model Number 

5.5 CI-007-P/2 40 500 50 230
7.5 CI-010-P/2 60 500 60 230
11 CI-015-P/2 80 500 100 230
15 CI-020-P/2 100 500 100 230

18.5 CI-025-P/2 125 500 225 230
22 CI-030-P/2 150 500 225 230

200V 
Class 

30 CI-040-P/2 200 500 225 230
5.5 CI-007-P/4 20 500 30 460
7.5 CI-010-P/4 30 500 30 460
11 Ci-015-P/4 40 500 50 460
15 CI-020-P/4 60 500 60 460

18.5 CI-025-P/4 70 500 75 460
22 CI-030-P/4 80 500 100 460
30 CI-040-P/4 100 500 125 460

 

37 CI-050-P/4 125 500 125 460 160 660 Hinode 660GH-160SUL 
45 CI-060-P/4 150 500 150 460 160 660 Hinode 660GH-160SUL 
55 CI-075-P/4 175 500 175 460 200 660 Hinode 660GH-200SUL 
75 CI-100-P/4 250 500 225 460 250 660 Hinode 660GH-250SUL 

90 CI-125-P/4 300 500 300 460 315 660 Hinode 660GH-315SUL 

110 CI-150-P/4 350 700 400 460 200×2P 660 Hinode 660GH-200SUL×2P
132 CI-200-P/4 400 700 500 460 250×2P 660 Hinode 660GH-250SUL×2P
160 CI-250-P/4 450 700 600 460 315×2P 660 Hinode 660GH-315SUL×2P

220 CI-350-P/4 700 700 800 460 250×3P 660 Hinode 660GH-250SUL×3P

400V 
Class 

280 CI-400-P/4 800 700 1000 460 315×3P 660 Hinode 660GH-315SUL×3P



 

ii 

 
3. OVER LOAD PROTECTION  
IOLT: IOLT(inverter Overload Trip) protection is activated at 110% of the inverter rated current for 1 
minute and greater.  
OLT : Inverter shuts off its output when inverter output current exceeds its overload trip level for 
overload trip time. OLT is selected when FU1-66 is set to “Yes” and activated at 120% of FU1-67 
[Motor rated current] for 60 sec set in FU1-68. 
 
4. OVER SPEED PROTECTION 
Not Provided With Overspeed Protection. 
 
5. FIELD WIRING TERMINAL 

1) Use copper wires only with 600V, 75  ratings ℃  

2) Tightening torque of power terminal blocks         

Screw Torque1 Wire2 

mm² AWG or kcmil 
Inverter Capacity 

[kW] 

Terminal 
Screw 
Size Kgf·cm lb-in 

R,S,T U,V,W R,S,T U,V,W 

5.5 M4 7.1 ~ 12.2 6.2~10.6 5.5 5.5 10 10 

7.5 M5 8 8 8 8 
11 M5 24.5 ~ 31.8 21.2~27.6 14 14 6 6 
15 M6 22 22 4 4 

18.5 M6 30.6 ~ 38.2 26.6~33.2 38 38 2 2 
22 M8 38 38 2 2 

200V 
Class 

30 M8 61.2 ~ 91.8 53.1~79.7 60 60 1/0 1/0 
5.5 M4 3.5 3.5 12 12 
7.5 M4 3.5 3.5 12 12 
11 M4 

7.1 ~ 12.2 6.2~10.6 
5.5 5.5 10 10 

15 M6 8 8 8 8 
18.5 M6 30.6~38.2 26.6~33.2 14 14 6 6 
22 M8 22 22 4 4 
30 M8 61.2~91.8 53.1~79.7 22 22 4 4 
37 M8 38 38 2 2 
45 M8 38 38 2 2 
55 M8 

67.3~87.5 58.4~75.9 
38 38 2 2 

75 M10 60 60 1/0 1/0 
90 M10 89.7~122.0 77.9~105.9 60 60 1/0 1/0 

110 M12 100 100 4/0 4/0 
132 M12 100 100 4/0 4/0 
160 M12 150 150 300 300 
220 M12 

182.4~215.0 158.3~186.6 

200 200 400 400 

400V 
Class 

280 M12 182.4~215.0 158.3~186.6 250 250 500 500 

 
1 Apply the rated torque to terminal screws. Loose screws can cause of short circuit or malfunction. Tightening the screws too 

much can damage the terminals and cause a short circuit or malfunction. 

 

 
3) For 7.5~11kW 240V type inverters, Input and motor output terminal blocks are intended only for 

use with ring type connectors.
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6. BASIC WIRING 

 

AC Input 

50/60 Hz 

U 

V 
W 

G 

R(L1)
S(L2)
T(L3)

N(-)

DB Unit(Optional) 

DB Resistor 

φ 3 

MCCB(Option) 

M1 

M2 

M3 

M4 

M6 

M8 

M7 

MOTOR 

Programmable Digital Input 1(Speed L) 

Programmable Digital Input 2(Speed M) 

Programmable Digital Input 3(Speed H) 

Fault Reset (RST) 

Jog Frequency Reference (JOG) 

Forward Run command (FX) 

Reverse Run command (RX) 

Common Terminal 

Fault Contact Ouput 
less than AC250V (DC30V), 1A 

P2(+)P1(+)

DC Bus Choke (Optional )

Dynamic 
Braking Unit
(Optional)

P N B1 B2 

DC Bus Choke DB Resistor 

M5 
Inverter Disable (BX) 

V+

V1

5G

V- 

I 

Analog Power Source (+12V) 

+
-

+
-

Analog Power Source (-12V) 

Frequency reference (0~20mA or 4~20mA) 

Frequency reference (0~12V,V1S : -12~12V) 

Frequency reference common terminal 

S1

S0

5G

Output Frequency Meter 

Output Voltage Meter 
Common for output meter signal 

3A

3C

3B

5G

B0

A0

Frequency Reference (Pulse : 0 ~ 100kHz) 

Common for Frequency Reference (Pulse) 

5G

NT External motor thermal detection 

A1 

C1 

A2 

C2 

A3 

C3 

A4 

C4 

C- 

C+ 

CM 

RS485 Signal 

RS485 Common 

CM 

Note : 1) 5G is Common Ground for Analog Input/Output. 
     2) Use terminal V1 for V1, V1S (0~12V, -12 ~ 12V) input. 

Programmable Digital Output 

 
 

 CAUTION 

 

■ Risk of  Electric Shock 
More than one disconnect switch may be required 
to de-energize the equipment before servicing. 

Control Circuit 

Main Power Circuit 
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APPENDIX B- PERIPHERAL DEVICES 

1. MCCB(Molded Case Circuit Breaker) and MC(Magnetic Contector) 
 

Voltage Mortor 
[kW] 

Inverter  
Model MCCB MC 

5.5 CI-007-P/2 ABS53b/50A GMC-40 
7.5 CI-010-P/2 ABS63b/60A GMC-40 
11 CI-015-P/2 ABS103b/100A GMC-50 
15 CI-020-P/2 ABS103b/100A GMC-85 

18.5 CI-025-P/2 ABS203b/125A GMC-100 
22 CI-030-P/2 ABS203b/150A GMC-100 

200V 
Class 

30 CI-040-P/2 ABS203b/175A GMC-150 
5.5 CI-007-P/4 ABS33b/30A GMC-22 
7.5 CI-010-P/4 ABS33b/30A GMC-22 
11 CI-015-P/4 ABS53b/50A GMC-40 
15 CI-020-P/4 ABS63b/60A GMC-50 

18.5 CI-025-P/4 ABS63b/60A GMC-50 
22 CI-030-P/4 ABS103b/100A GMC-65 
30 CI-040-P/4 ABS103b/100A GMC-75 
37 CI-050-P/4 ABS203b/125A GMC-100 
45 CI-060-P/4 ABS203b/150A GMC-125 
55 CI-075-P/4 ABS203b/175A GMC-150 
75 CI-100-P/4 ABS203b/225A GMC-180 
90 CI-125-P/4 ABS403b/300A GMC-220 
110 CI-150-P/4 ABS403b/400A GMC-300 
132 CI-200-P/4 ABS603b/500A GMC-300 
160 CI-250-P/4 ABS603b/600A GMC-400 
220 CI-350-P/4 ABS803b/700A GMC-600 

400V 
Class 

280 CI-400-P/4 ABS803b/800A GMC-600 
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2. AC Input Fuse and AC / DC Reactor 
 

AC Reactor DC Reactor Voltage Mortor 
[kW] 

Inverter  
Model 

AC Input Fuse
[A] [mH] [A] [mH] [A] 

5.5 CI-007-P/2 40 0.39 30 1.37 29 
7.5 CI-010-P/2 60 0.28 40 1.05 38 
11 CI-015-P/2 80 0.20 59 0.74 56 
15 CI-020-P/2 100 0.15 75 0.57 71 

18.5 CI-025-P/2 125 0.12 96 0.49 91 
22 CI-030-P/2 150 0.10 112 0.42 107 

200V 
Class 

30 CI-040-P/2 200 0.07 160 0.34 152 
5.5 CI-007-P/4 20 1.22 15 5.34 14 
7.5 CI-010-P/4 30 1.14 20 4.04 19 
11 CI-015-P/4 40 0.81 30 2.76 29 
15 CI-020-P/4 60 0.61 38 2.18 36 

18.5 CI-025-P/4 70 0.45 50 1.79 48 
22 CI-030-P/4 80 0.39 58 1.54 55 
30 CI-040-P/4 100 0.287 80 1.191 76 
37 CI-050-P/4 125 0.232 98 0.975 93 
45 CI-060-P/4 150 0.195 118 0.886 112 
55 CI-075-P/4 175 0.157 142 0.753 135 
75 CI-100-P/4 250 0.122 196 0.436 187 
90 CI-125-P/4 300 0.096 237 0.352 225 

110 CI-150-P/4 350 0.081 289 Built-in 

132 CI-200-P/4 400 0.069 341 Built-in 
160 CI-250-P/4 450 0.057 420 Built-in 
220 CI-350-P/4 700 0.042 558 Built-in 

400V 
Class 

280 CI-400-P/4 800 0.029 799 Built-in 
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APPENDIX C- RELATED PARAMETERS  

Use Related parameter codes 

Accel/Decel time, Pattern Adjustment 
DRV-01 [Acceleration Time], DRV-02 [Deceleration Time], 
FU1-02 [Acceleration Pattern], FU1-03 [Deceleration Pattern]

Reverse Rotation Prevention FU1-01 [Forward/Reverse Prevention] 

Accel/Decel at Continuous Rating Range FU1-02 [Acceleration Pattern], FU1-03 [Deceleration Pattern]

Braking Operation Adjustment 
FU1-20 [Starting Mode], FU1-21~22 [DC Injection Braking 
at Starting] 
FU1-23 [Stop Mode], FU1-24~27 [DC Injection Braking], 

Operations at freq. Over 60 Hz 

FU1-30 [Max. Frequency], 
FU1-35 [Frequency High Limit], 
I/O-05 [Frequency Corresponding to V1 Max Voltage], 
I/O-10 [Frequency Corresponding to I Max Current], 
I/O-16 [Frequency Corresponding to I Max Pulse] 

Selecting an Appropriate Output 
Characteristics for the Load 

FU1-30 [Max. Frequency], FU1-31 [Base Frequency] 

Motor Output Torque Adjustment 

FU1-32 [Starting Frequency], 
FU1-70~71[Stall Prevention], 
FU2-67~69 [Torque Boost], 
FU2-40 [Motor Rating] 

Output Frequency Limit 
FU1-33~35[Frequency High/Low Limit], 
I/O-01~16 [Analog Frequency Setting] 

Motor Overheat Protection 
FU1-60~62 [Electronic Thermal], FU2-40 [Motor Rating] 
I/O-97, 98 [External Thermal Sensor] 

Multi-step Operation 
I/O-20~27 [Programmable Digital Input Define], 
DRV-00, 05~07,I/O-31~42 [Multi-step Frequency],  
FU1-34~35 [Frequency High/Low Limit] 

Jog Operation I/O-30 [Jog Frequency] 

Frequency Jump Operation FU2-10~16 [Frequency Jump] 

Electronic Brake Operation Timing 
I/O-74~75 [Frequency Detection], I/O-76~79 [Programmable 
Digital Output Define] 

Rotating Speed Display  DRV-09 [Motor Rpm], FU2-47 [Motor Rpm Display Gain] 

Function Change Prevention FU2-94 [Parameter Lock] 

Energy Saving FU1-51~52 [Energy Saving] 

Auto Restart Operation after Alarm Stop FU2-20~21 [Auto Restart] 

2nd Motor Operation APP-20~29 [2nd Function] 

PID Feedback Operation APP-02~17 [PID Operation] 

Adjusting Frequency Reference/Output I/O-01~16 [Analog Frequency Setting] 

Commercial Line<-> Inverter Switchover 
I/O-20~27 [Programmable Digital Input Terminal], 
I/O-76~79 [Programmable Digital Output Terminal] 

Frequency Meter Calibration I/O-70~73 [S0/S1 Analog Output] 

Operation via Communication with a PC 
I/O-90 [Inverter Number], I/O-91 [Communication Speed], 
I/O-92~93 [Lost Command] 
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DECLARATION OF CONFORMITY 

 
Council Directive(s) to which conformity is declared:  

  
CD 73/23/EEC and CD 89/336/EEC 

 
Units are certified for compliance with:    
 

EN 61800-3/A11 (2000) 
EN 61000-4-2/A2 (2001) 
EN 61000-4-3/A2 (2001) 
EN 61000-4-4/A2 (2001) 
EN 61000-4-5/A1 (2001) 
EN 61000-4-6/A1 (2001) 
EN 55011/A2 (2002) 
IEC/TR 61000-2-1 (1990) 
EN 61000-2-4 (2002) 
EN 60146-1-1/A1 (1997) 

EN 50178 (1997) 

 

  
 
Type of Equipment:            Inverter (Power Conversion Equipment) 
 
Model Name:    P Series 
 
Trade Mark:    LS Industrial Systems Co., Ltd. 
 
Representative:         LG International (Deutschland) GmbH 

Address:    Lyoner Strasse 15,  
            Frankfurt am Main, 60528, 
            Germany 
 
Manufacturer:    LS Industrial Systems Co., Ltd. 
 Address:          181, Samsung-ri, Mokchon-Eup,  
            Chonan, Chungnam, 330-845, 
            Korea 
 
We, the undersigned, hereby declare that equipment specified above conforms to the 
Directives and Standards mentioned. 
 
Place:  Frankfurt am Main          Chonan, Chungnam, 
 Germany     Korea 
 

 
 
 
 
Mr. Ik-Seong Yang / Dept. Manager    Mr. Jin Goo Song / General Manager 
 (Full name / Position)      (Full name / Position) 

(Signature/Date)

2005/04/26
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TECHNICAL STANDARDS APPLIED 
 
The standards applied in order to comply with the essential requirements of the Directives 73/23/CEE 
"Electrical material intended to be used with certain limits of voltage" and 89/336/CEE 
"Electromagnetic Compatibility" are the following ones: 
 
 
• EN 50178 (1997) “Electronic equipment for use in power installations”. 

 
• EN 61800-3/A11 (2000) “Adjustable speed electrical power drive systems. Part 3: EMC product 

standard including specific methods” 
 

• EN 55011/A2 (2002) “Industrial, scientific and medical (ISM) radio-frequency equipment. 
Radio disturbances characteristics. Limits and methods of 
measurement” 
 

•EN 61000-4-2/A2 (2001) “Electromagnetic compatibility (EMC). Part 4: Testing and 
measurement techniques. Section 2: Electrostatic discharge immunity 
test.  
 

• EN 61000-4-3/A2 (2001) “Electromagnetic compatibility (EMC). Part 4: Testing and 
measurement techniques. Section 3: Radiated, radiofrequency, 
electromagnetic field immunity test.  
 

• EN 61000-4-4/A2 (2001) “Electromagnetic compatibility (EMC). Part 4: Testing and 
measurement techniques. Section 4: Electrical fast transients / burst 
immunity test. 
 

• EN 61000-4-5/A1 (2000) “Electromagnetic compatibility (EMC). Part 4: Testing and 
measurement techniques. Section 5: Surge immunity test. 
 

• EN 61000-4-6/A1 (2001) “Electromagnetic compatibility (EMC). Part 4: Testing and 
measurement techniques. Section 6: Immunity to conducted 
disturbances, induced by radio-frequency fields.  
 

• CEI/TR  61000-2-1 
(1990) 

“Electromagnetic compatibility (EMC). Part 2: Environment. 
Environment description for low-frequency conducted disturbances and 
signalling in public low voltages supply systems” 
 

• EN 61000-2-4 (1997) “Electromagnetic compatibility (EMC). Part 2: Environment. 
Compatibility level in industrial plants for low-frequency conducted 
disturbances” 
 

• EN 60146-1-1/A1 (1997) “Semiconductor convertors. General requirments and line commutated 
convertors. Part 1-1: Specifications of basic requirements” 
 

 



 

ix 

EMI / RFI POWER LINE FILTERS 
LS inverters, iP5A Series 

 
 

RFI FILTERS 

 

 

 

 
 

CAUTION 

 

 

 

 

RECOMMENDED INSTALLATION INSTRUCTIONS 

 
To conform to the EMC directive, it is necessary that these instructions be followed as closely as possible. Follow the usual safety 

procedures when working with electrical equipment. All electrical connections to the filter, inverter and motor must be made by a 

qualified electrical technician.  

  

1-) Check the filter rating label to ensure that the current, voltage rating and part number are correct. 

2-) For best results the filter should be fitted as closely as possible to the incoming mains supply of the wiring enclousure, usually directly after 

the enclousures circuit breaker or supply switch. 

3-) The back panel of the wiring cabinet of board should be prepared for the mounting dimensions of the filter. Care should be taken to remove 

any paint etc... from the mounting holes and face area of the panel to ensure the best possible earthing of the filter. 

4-) Mount the filter securely. 

5-) Connect the mains supply to the filter terminals marked LINE, connect any earth cables to the earth stud provided. Connect the filter 

terminals marked LOAD to the mains input of the inverter using short lengths of appropriate gauge cable. 

6-) Connect the motor and fit the ferrite core ( output chokes ) as close to the inverter as possible. Armoured or screened cable should be used 

with the 3 phase conductors only threaded twice through the center of the ferrite core. The earth conductor should be securely earthed at 

both inverter and motor ends. The screen should be connected to the enclousure body via and earthed cable gland. 

7-) Connect any control cables as instructed in the inverter instructions manual. 

 
IT IS IMPORTANT THAT ALL LEAD LENGHTS ARE KEPT AS SHORT AS POSSIBLE AND THAT INCOMING MAINS AND 

OUTGOING MOTOR CABLES ARE KEPT WELL SEPARATED.   

 
 

 

 

 

 

 

 

 

 

 

 

 

THE L.S. RANGE OF POWER LINE FILTERS  FF ( Footprint ) - FE ( Standard ) SERIES, HAVE BEEN SPECIFICALLY DESIGNED WITH HIGH FREQUENCY LS INVERTERS. 

THE USE OF L.S. FILTERS, WITH THE INSTALLATION ADVICE OVERLEAF HELP TO ENSURE TROUBLE FREE USE ALONG SIDE SENSITIVE DEVICES AND 

COMPLIANCE TO CONDUCTED EMISSION AND IMMUNITY STANDARS TO EN 50081 -> EN61000-6-3:02 and EN61000-6-1:02 

IN CASE OF A LEAKAGE CURRENT PROTECTIVE DEVICES IS USED ON POWER SUPPLY, IT MAY BE FAULT AT POWER-ON OR OFF. IN AVOID THIS CASE, THE 

SENSE CURRENT OF PROTECTIVE DEVICE SHOULD BE LARGER THAN VALUE OF LAKAGE CURRENT AT WORST CASE IN THE BELOW TABLE. 

FF SERIES ( Footprint )

FE SERIES ( Standard )

INVERTER

FILTER

MOTOR

SHIELDED CABLE

FILTER
INVERTER

MOTOR

SHIELDED CABLE



 

x 

 iP5A   series        /      Footprint Filters 

INVERTER POWER CODE CURRENT VOLTAGE 
LEAKAGE 

CURRENT 

DIMENSIONS 

L    W    H 

MOUNTING 

Y     X 
WEIGHT MOUNT 

OUTPUT

CHOKES

THREE PHASE                                                 NOM. MAX.  
SV055-P/2   5.5kW FFP5-T030-(x) 30A 250VAC 0.3mA 18mA 329x149.5x50  315x120 2 Kg. M5 FS – 2 
SV075-P/2   7.5kW FFP5-T050-(x) 50A 250VAC 0.3mA 18mA 329x199.5x60 315x160 2.5 Kg. M5 FS – 2 
SV110-P/2   11kW 
SV150-P/2   15kW 

 100A 250VAC 0.3mA 18mA     FS – 3 

SV180-P/2   18kW 
SV220-P/2   22kW 

 120A 250VAC 0.3mA 18mA     FS – 3 

SV300-P/2   30kW  150A 250VAC 0.3mA 18mA     FS – 3 
SV055-P/4   5.5kW FFP5-T030-(x) 30A 380VAC 0.5mA 27mA 329x149.5x50  315x120 2 Kg. M5 FS – 2 
SV075-P/4   7.5kW FFP5-T031-(x) 31A 380VAC 0.5mA 27mA 329x199.5x60 315x160 2.5 Kg. M5 FS – 2 
SV110-P/4   11kW FFP5-T050-(x) 50A 380VAC 0.5mA 27mA 329x199.5x60 315x160 2.5 Kg. M5 FS – 2 
SV150-P/4   15kW 
SV180-P/4   18kW 

FFP5-T060-(x) 60A 380VAC 0.5mA 27mA 466x258x65 440.5x181 2.8 Kg. M5 FS – 2 

SV220-P/4   22kW 
SV300-P/4   30kW 

FFP5-T070-(x) 70A 380VAC 0.5mA 27mA 541x312x65 515.5x235.3 6.1 Kg. M8 FS – 2 

 

iP5A   series        /      Standard Filters 

INVERTER POWER CODE CURRENT VOLTAGE 
LEAKAGE 

CURRENT 

DIMENSIONS 

L    W    H 

MOUNTING 

Y     X 
WEIGHT MOUNT 

OUTPUT

CHOKES

THREE PHASE                                                 NOM.   MAX.  
SV055-P/2   5.5kW FE-T030-( x ) 30A 250VAC 0.3mA  18mA 270x140x60 258x106 2.4 Kg. --- FS – 2 
SV075-P/2   7.5kW FE-T050-( x ) 50A 250VAC 0.3mA  18mA 270x140x90 258x106 3.2 Kg. --- FS – 2 
SV110-P/2 11kW 
SV150-P/2   15kW 

FE-T100-( x ) 100A 250VAC 0.3mA  18mA 420x200x130 408x166 13.8 Kg. --- FS – 3 

SV180-P/2 18kW 
SV220-P/2   22kW 

FE-T120-( x ) 120A 250VAC 0.3mA  18mA 420x200x130 408x166 13.8 Kg. --- FS – 3 

SV300-P/2   30kW FE-T150-( x ) 150A 250VAC 0.3mA  18mA 490x200x160 468x166 15 Kg. --- FS – 3 
SV055-P/4  5.5kW 
SV075-P/4   7.5kW 

FE-T030-( x ) 30A 380VAC 0.5mA  27mA 270x140x60 258x106 2.4 Kg. --- FS – 2 

SV110-P/4   11kW 
SV150-P/4   15kW 

FE-T050-( x ) 50A 380VAC 0.5mA  27mA 270x140x90 258x106 3.2 Kg. --- FS – 2 

SV180-P/4 18kW FE-T060-( x ) 60A 380VAC 0.5mA  27mA 270x140x90 258x106 3.5 Kg. --- FS – 2 
SV220-P/4 22kW 
SV300-P/4   30kW 

FE-T070-( x ) 70A 380VAC 0.5mA  27mA 350x180x90 338x146 7.5 Kg. --- FS – 3 

SV370-P/4   37kW FE-T100-( x ) 100A 380VAC 1.3mA  150mA 425x200x130 408x166 13.8 Kg. --- FS – 3 
SV450-P/4   45kW 
SV550-P/4   55kW 

FE-T120-( x ) 120A 380VAC 1.3mA  150mA 425x200x130 408x166 13.8 Kg. --- FS – 3 

SV750-P/4   75kW FE-T170-( x ) 170A 380VAC 1.3mA  150mA 480x200x160 468x166 16 Kg. --- FS – 3 
SV900-P/4   90kW FE-T230-( x ) 230A 380VAC 1.3mA  150mA 580x250x205 560x170 22.6 Kg. --- FS – 4 
SV1100-P/4 110kW 
SV1320-P/4 132kW 

FE-T400-( x ) 400A 380VAC 1.3mA  150mA 392x260x116 240x235 10.3 Kg. --- FS – 4 

SV1600-P/4 160kW 
SV2200-P/4 220kW 

FE-T600-( x ) 600A 380VAC 1.3mA  150mA 392x260x116 240x235 11 Kg. --- FS – 4 

SV2800-P/4 280kW FE-T1000-( x ) 1000A 380VAC 1.3mA  150mA 460x280x166 290x255 18 Kg. --- FS – 4 

 

 ( x ) ( 1 ) Industrial environment EN50081-2 (A class) -> EN61000-6-4:02 

          ( 3 ) Domestic and industrial environment EN50081-1 (B class) -> EN61000-6-3:02 

 

HD

Y

X

W

FS SERIES ( output chokes )

CODE D W H X Ø
FS 2 28.5 105 62 90 5
FS 3 48 150 110 125 x 30 5
FS 4 58 200 170 180 x 45 5Ø
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Polígono Industrial de Palou
08400 Granollers (Barcelona) 
SPAIN / ESPAÑA
Tel:   +34 - 93 861 14 
Fax: +34 - 93 879 26 64 

E-mail: info@lifasa.com
            
http: www.lifasa.com
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DIMENSIONS

FE-T030-( x )  ~  FE-T230-( x ) FE-T400-( x )  ~  FE-T1600-( x )

FFP5-T030-( x )  ~  FFP5-T070-( x )
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Maker CERUS 
Installation 
(Start-up) 

Date 
 

Model No. P Series Warranty 
Period  

Name  

Address  
Customer 

Information 
Tel.  

Name  

Address  
Sales Office 
(Distributor) 

Tel.  

 

Warranty period is 60 months after date of invoice when used in a variable torque application. 
Detailed warranty terms and conditions are available from Cerus Industrial or can be found at 
www.cerusind.com. 

 
� IN-WARRANTY service information  
 
If the defective part has been identified under normal and proper use within the guarantee term, contact your 
local authorized CERUS distributor or CERUS Service center.   
 
� OUT-OF WARRANTY service information  
 
The guarantee will not apply in the following cases, even if the guarantee term has not expired.  
 

z Damage was caused by misuse, negligence or accident.   

z Damage was caused by abnormal voltage and peripheral devices’ malfunction (failure). 

z Damage was caused by improper repair or altering by other than CERUS authorized 

distributor or service center.  

z Damage was caused by an earthquake, fire, flooding, lightning, or other natural calamities. 

z When CERUS nameplate is not attached.  

z When the warranty period has expired. 

 

 

 

 

Warranty 

http://www.cerusind.com/


PRESSURE BLOWERS
TYPE HP PRESSURE BLOWERS

A WORD ABOUT SAFETY

The above WARNING decal appears on all nyb fans.  Air moving
equipment involves electrical wiring, moving parts, sound, and
air velocity or pressure which can create safety hazards if the
equipment is not properly installed, operated and maintained.
To minimize this danger, follow these instructions as well as the
additional instructions and warnings on the equipment itself.

All installers, operators and maintenance personnel should
study AMCA Publication 410, "Recommended Safety Practices
for Air Moving Devices", which is included as part of every ship-
ment. Additional copies can be obtained by writing to New York
Blower Company, 7660 Quincy St., Willowbrook, IL 60527.

ELECTRICAL DISCONNECTS

Every motor driven fan should have an independent disconnect
switch to isolate the unit from the electrical supply. It should be
near the fan and must be capable of being locked by mainte-
nance personnel while servicing the unit, in accordance with
OSHA procedures.

MOVING PARTS

All moving parts must have guards to protect personnel. Safety
requirements vary, so the number and type of guards needed to
meet company, local and OSHA standards must be determined
and specified by the user. Never start a fan without having all
safety guards installed. Check regularly for damaged or miss-
ing guards and do not operate any fan with guards removed.
Fans can also become dangerous because of potential “wind-
milling”, even though all electrical power is disconnected.
Always block the rotating assembly before working on any mov-
ing parts.

SOUND

Some fans can generate sound that could be hazardous to
exposed personnel.  It is the responsibility of the system
designer and user to determine sound levels of the system, the
degree of personnel exposure, and to comply with applicable
safety requirements to protect personnel from excessive noise.
Consult nyb for fan sound power level ratings. 

AIR PRESSURE AND SUCTION

In addition to the normal dangers of rotating machinery, fans
present another hazard from the suction created at the fan inlet.
This suction can draw materials into the fan where they become
high velocity projectiles at the outlet. It can also be extremely
dangerous to persons in close proximity to the inlet, as the
forces involved can overcome the strength of most individuals.
Inlets and outlets that are not ducted should be screened to
prevent entry and discharge of solid objects.

ACCESS DOORS

The above DANGER decal is placed on all nyb cleanout doors.
These doors, as well as access doors to the duct system,
should never be opened while the fan is in operation. Serious
injury could result from the effects of air pressure or suction.

Bolted doors must have the door nuts or fasteners securely
tightened to prevent accidental or unauthorized opening.

RECEIVING AND INSPECTION

The fan and accessories should be inspected on receipt for any
shipping damage. Turn the wheel by hand to see that it rotates
freely and does not bind. If dampers or shutters are provided,
check these accessories for free operation of all moving parts.

F.O.B. factory shipping terms require that the receiver be
responsible for inspecting the equipment upon arrival. Note
damage or shortages on the Bill of Lading and file any claims
for damage or loss in transit. nyb will assist the customer as
much as possible; however, claims must be originated at the
point of delivery.

THIS FAN HAS MOVING PARTS THAT CAN CAUSE
SERIOUS BODILY INJURY. BEFORE OPERATING
OR STARTING MAINTENANCE READ THE
INSTALLATION AND MAINTENANCE 
INSTRUCTIONS AND THE AMCA SAFETY
PRACTICES MANUAL PROVIDED WITH THIS FAN.

DURING OPERATION

1. KEEP BODY, HANDS, AND FOREIGN OBJECTS
AWAY FROM THE INLET, THE OUTLET, AND THE
OTHER MOVING PARTS OF THE FAN SUCH AS 
SHAFTS, BELTS, AND PULLEYS.

2. DO NOT OPERATE AT EXCESSIVE SPEEDS OR
TEMPERATURES.

BEFORE STARTING MAINTENANCE WORK:

LOCK POWER SUPPLY IN OFF POSITION AND
IMMOBILIZE FAN WHEEL.

98-0250

DO NOT OPEN UNTIL THE POWER
SUPPLY HAS BEEN LOCKED OFF
AND THE SHAFT HAS STOPPED
ROTATING.
FAILURE TO DO THIS CAN RESULT
IN SERIOUS BODILY INJURY.

98-0249



HANDLING AND STORAGE

Fans should be lifted by the base, mounting supports, or lifting
eyes only. Never lift a fan by the wheel, shaft, motor, motor
bracket, housing inlet, outlet, or any fan part not designed for
lifting. A spreader should always be used to avoid damage.

On a direct drive Arrangement 8 fan, lifting holes are provided
in the motor base to assist in handling the fan assembly. These
lifting holes should be used in conjunction with the lifting eyes
when lifting and positioning the fan onto its foundation. A heavy
round steel bar or appropriate fixture can be passed through the
lifting holes to simplify attachment of the lifting device. Be sure
to follow all local safety codes when moving heavy equipment.

Whenever possible, fans and accessories should be stored in a
clean, dry location to prevent rust and corrosion of steel com-
ponents. If outdoor storage is necessary, protection should be
provided. Cover the inlet and outlet to prevent the accumulation
of dirt and moisture in the housing. Cover motors with water-
proof material. Refer to the bearing section for further storage
instructions.

Check shutters for free operation and lubricate moving parts
prior to storage. Inspect the stored unit periodically. Rotate the
wheel by hand every two weeks to redistribute grease on
internal bearing parts.

FAN INSTALLATION

nyb wheels are dynamically balanced when fabricated.
Complete assembled fans are test run at operating speeds to
check the entire assembly for conformance to nyb vibration lim-
its. Nevertheless, all units must be adequately supported for
smooth operation. Ductwork or stacks should be indepen-
dently supported as excess weight may distort the fan
housing and cause contact between moving parts. Where
vibration isolators are used, consult the nyb certified drawing
for proper location and adjustment.

Slab-Mounted Units

A correctly designed and level concrete foundation provides the
best means of installing floor-mounted fans. The mass of the
base must maintain the fan/driver alignment, absorb normal
vibration, and resist lateral loads. The overall dimensions of the
concrete base should extend at least six inches beyond the
base of the fan. The weight of the slab should be two to three
times the weight of the rotating assembly, including the motor.
The foundation requires firmly anchored fasteners such as the
anchor bolts shown in Figure 1. 

Move the fan to the mounting location and lower it over the
anchor bolts, leveling the fan with shims around the bolts.
Fasten the fan securely. When grout is used, shim the fan at
least 3/4-inch from the concrete base. (See Figure 1.) When
isolation is used, check the nyb certified drawing for installation
instructions.

Elevated Units

When an elevated or suspended structural steel platform is
used, it must have sufficient bracing to support the unit load and
prevent side sway. The platform should be of welded construc-
tion to maintain permanent alignment of all members.

Figure 1

V-BELT DRIVE

Installation 

1. Remove all foreign material from the fan and motor shafts.
Coat shafts with machine oil for easier mounting. Mount
the belt guard backplate at this time if partial installation is
required prior to sheave mounting.

2. Mount sheaves on shafts after checking sheave bores and
bushings for nicks or burrs. Avoid using force. If resistance
is encountered, lightly polish the shaft with emery cloth
until the sheave slides on freely. Tighten tapered bushing
bolts sequentially so that equal torque is applied to each.

3. Adjust the motor on its base to a position closest to the fan
shaft. Install belts by working each one over the sheave
grooves until all are in position. Never pry the belts into
place. On nyb packaged fans, sufficient motor adjustment
is provided for easy installation of the proper size belts.

4. Adjust sheaves and the motor shaft angle so that the
sheave faces are in the same plane. Check this by placing
a straightedge across the face of the sheaves. Any gap
between the edge and sheave faces indicates misalign-
ment. Important: This method is only valid when the width
of the surface between the belt edge and the sheave face
is the same for both sheaves. When they are not equal, or
when using adjustable-pitch sheaves, adjust so that all
belts have approximately equal tension. Both shafts should
be at the right angles to the center belt.

Belt Tensioning

1. Check belt tension with a tensioning gage and adjust using
the motor slide base. Excess tension shortens bearing life
while insufficient tension shortens belt life, can reduce fan
performance and may cause vibration. The lowest allow-
able tension is that which prevents slippage under full load.
Belts may slip during start-up, but slipping should stop as
soon as the fan reaches full speed. For more precise ten-
sioning methods, consult the drive manufacturer’s litera-
ture.

2. Recheck setscrews, rotate the drive by hand and check for
rubbing, then complete the installation of the belt guard.

Page 2



3. Belts tend to stretch somewhat after installation. Recheck
tension after several days of operation. Check sheave
alignment as well as setscrew and/or bushing bolt tightness.

COUPLING

Coupling alignment should be checked after installation and
prior to start up. Alignment is set at the factory, but shipping,
handling, and installation can cause misalignment. Also check
for proper coupling lubrication.  For details on lubrication and
for alignment tolerances on the particular coupling supplied,
see the manufacturer's installation and maintenance supplement
in the shipping envelope.

Installation

Most nyb fans are shipped with the coupling installed. In cases
where the drive is assembled after shipping, install the coupling
as follows:

1. Remove all foreign material from fan and motor shafts and
coat with machine oil for easy mounting of coupling halves.

2. Mount the coupling halves on each shaft, setting the gap
between the faces specified by the manufacturer. Avoid
using force. If mounting difficulty is encountered, lightly
polish the shaft with emery cloth until the halves slide on
freely.

Alignment

1. Align the coupling to within the manufacturer's limits for
parallel and angular misalignment (see Figure 2). A dial
indicator or laser can also be used for alignment where
greater precision is desired. Adjustments should be made
by moving the motor to change shaft angle, and by the use
of foot shims to change motor shaft height. Do not move
the fan shaft or bearing.

2. When correctly aligned, install the flexible element and
tighten all fasteners in the coupling and motor base.
Lubricate the coupling if necessary.

3. Recheck alignment and gap after a short period of opera-
tion, and recheck the tightness of all fasteners in the cou-
pling assembly.

Figure 2

START-UP

Safe operation and maintenance includes the selection and use
of appropriate safety accessories for the specific installation.
This is the responsibility of the system designer and requires
consideration of equipment location and accessibility as well as
adjacent components. All safety accessories must be installed
properly prior to start-up.

Safe operating speed is a function of system temperature and
wheel design. Do not under any circumstances exceed the
maximum safe fan speed published in the nyb engineering
supplement, which is available from your nyb field sales repre-
sentative.

Procedure

1. If the drive components are not supplied by nyb, verify with
the manufacturer that the starting torque is adequate for
the speed and inertia of the fan. 

2. Inspect the installation prior to starting the fan. Check for
any loose items or debris that could be drawn into the fan
or dislodged by the fan discharge. Check the interior of the
fan as well. Turn the wheel by hand to check for binding.

3. Check drive installation and belt tension.

4. Check the tightness of all setscrews, nuts and bolts. When
furnished, tighten hub setscrews with the wheel oriented
so that the setscrew is positioned underneath the shaft.

5. Install all remaining safety devices and guards. Verify that
the supply voltage is correct and wire the motor. “Bump”
the starter to check for proper wheel rotation.

6. Use extreme caution when testing the fan with ducting dis-
connected. Apply power and check for unusual sounds or
excessive vibration. If either exists, see the section on
Common Fan Problems. To avoid motor overload, do not
run the fan for more than a few seconds if ductwork is not
fully installed. On larger fans, normal operating speed may
not be obtained without motor overload unless ductwork is
attached. Check for correct fan speed and complete instal-
lation. Ductwork and guards must be fully installed for safety.

7. Setscrews should be rechecked after a few minutes, eight
hours and two weeks of operation (see Tables 1 & 2 for
correct tightening torques). 

NOTE: Shut the fan down immediately if there is any sud-
den increase in fan vibration.

Page 3

BEFORE INITIAL OPERATION:

1. TIGHTEN ALL SET
SCREWS
IN FAN WHEEL.

2. TIGHTEN ALL SET
SCREWS
IN BEARINGS.

3. REPEAT AFTER 8 HOURS
OF OPERATION.

4. REPEAT AGAIN AFTER 
TWO WEEKS OPERATION.

98-0271



Table 1 - WHEEL SETSCREW  TORQUES

Setscrew Size Carbon Steel Setscrew Torque*

Diameter (in.) lb.-in. lb.-ft.

1/2 600 50
5/8 -- 97
3/4 -- 168

* Stainless Steel setscrews are not hardened and should
not be tightened to more than 1/2 the values shown.

Table 2 - BEARING SETSCREW TORQUE, lb.-in.

Setscrew Manufacturer

Diameter Link-Belt Sealmaster SKF McGill Dodge

1/4 90 65 50 85 --
5/16 185 125 165 165 160

Note: Split pillow block bearings are fixed to the shaft with
tapered sleeves and generally do not have setscrews.

FAN MAINTENANCE

nyb fans are manufactured to high standards with quality mate-
rials and components. Proper maintenance will ensure a long
and trouble-free service life.

Do not attempt any maintenance on a fan unless the elec-
trical supply has been completely disconnected and
locked. In many cases, a fan can windmill despite removal of
all electrical power. The rotating assembly should be blocked
securely before attempting maintenance of any kind.

The key to good fan maintenance is regular and systematic
inspection of all fan parts. Inspection frequency is determined
by the severity of the application and local conditions. Strict
adherence to an inspection schedule is essential.

Regular fan maintenance should include the following:

1. Check the fan wheel for any wear or corrosion, as either
can cause catastrophic failures. Check also for the build-
up of material which can cause unbalance resulting in
vibration, bearing wear and serious safety hazards. Clean
or replace the wheel as required.

2. Check the V-belt drive for proper alignment and tension
(see section on V-belt drives). If belts are worn, replace
them as a set, matched to within manufacturer’s toler-
ances. Lubricate the coupling of direct-drive units and
check for alignment (see section on couplings).

3. Lubricate the bearings, but do not over lubricate (see the
bearing section for detailed specifications).

4. Ceramic-felt shaft seals require no maintenance, although
worn seals should be replaced. When lip-type shaft seals
are provided, lubricate them with "NEVER-SEEZ" or other
anti-seize compound.

5. During any routine maintenance, all setscrews and bolts
should be checked for tightness. See the table for correct
torques.

6. When installing a new wheel, the proper wheel-to-inlet
clearance must be maintained (see Figure 3 ).

WHEEL BALANCE

Airstreams containing particulate or chemicals can cause abra-
sion or corrosion of the fan parts. This wear is often uneven and
can lead to significant wheel unbalance over time. When such
wear is discovered, a decision must be made as to whether to
rebalance or replace the wheel.

The soundness of all parts should be determined if the original
thickness of components is reduced. Be sure there is no hidden
structural damage. The airstream components should also be
cleaned to remove any build-up of foreign material. Specialized
equipment can be used to rebalance a cleaned wheel that is
considered structurally sound.

Balance weights should be rigidly attached at a point that will
not interfere with the housing nor disrupt airflow. Remember
that centrifugal forces can be extremely high at the outer radius
of a fan wheel. Welding is the preferred method of balance
weight attachment. Be sure to ground the welder directly to the
fan wheel. Otherwise, the welding current could pass through
the fan bearings and damage them.

Figure 3

BEARINGS
Storage

Any stored bearing can be damaged by condensation caused
by temperature variations. Therefore, nyb fan bearings are
filled with grease at the factory to exclude air and moisture.
Such protection is adequate for shipment and subsequent
immediate installation.

For long term or outdoor storage, mounted bearings should be
regreased and wrapped with plastic for protection. Rotate the
fan wheel by hand at least every two weeks to redistribute
grease on internal bearing parts. Each month the bearings
should be purged with new grease to remove condensation,
since even a filled bearing can accumulate moisture. Use cau-
tion when purging, as excessive pressure can damage the
seals. Rotate the shaft while slowly adding grease.

Operation

Check the setscrew torque before start-up (see table for correct
values). Since bearings are completely filled with grease at the
factory, they may run at an elevated temperature during initial
operation. Surface temperatures may reach 180°F. and grease
may bleed from the bearing seals. This is normal and no
attempt should be made to replace lost grease. Bearing surface
temperatures will decrease when the internal grease quantity
reaches a normal operating level. Relubrication should follow
the recommended schedule.

Page 4
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COMMON FAN PROBLEMS

Lubrication 
Use the table for relubrication scheduling according to operat-
ing speed and shaft diameter. Bearings should be lubricated
with a premium quality lithium-based grease conforming to
NLGI Grade 2. Examples are: 

Mobil - Mobilith AW2 Chevron - Amolith #2
Texaco - Premium RB Shell - Alvania #2

These greases are for bearing surface temperatures of 40°F. to
180°F. For surface temperatures of 181°F. to 230°F. use
Mobilith SHC220.

Do not use “high temperature” greases, as many are not for-
mulated to be compatible with fan bearings.

Add grease to the bearing while running the fan or rotating the
shaft by hand. Be sure all guards are in place if lubrication is
performed while the fan is operating. Add just enough grease to
cause a slight purging at the seals. Except on split pillowblocks.
Completely filled bearings will run hotter until a sufficient
amount of grease is purged out of the seals.

Split pillowblock bearings (Link-Belt P-LB6800 & P-LB6900,
SKF SAF 22500, Dodge SAF-XT) should be cleaned and
repacked at approximately every eighth lubrication interval.
This requires removal of the bearing cap. Clean out old grease
and repack the bearing with fresh grease. Pack the bearing fully
and fill the housing reservoir to the bottom of the shaft on both
sides of the bearing. Replace the bearing cap, being careful not
to mix caps as they are not interchangeable from one bearing
to another.  Do not over lubricate.

BEARING LUBRICATION INTERVAL [months]

RPM 1 - 501- 1001- 1501- 2001- 2501- 3001- 3501-
Shaft 500 1000 1500 2000 2500 3000 3500 4000

6 6 5-6 4-6 4-6 3-5 2-4 2-4
1 7/16

6 4 4 2 2 1 1 1
6 6 4-6 4-6 2-4 2-4 2 1-2

1 11/16
6 4 2 1 1 1 1-2 1-2

2 3/16 6 4-6 4 2-4 2 --
2 7/16 6 4-6 4 2-4 2 --
2 15/16 4-6 4-6 2-4 2 1-2 --

Ball Bearings & Split Non- Split Pillowblock
Split Pillowblock Spherical Roller Bearings
Spherical Roler Bearings

NOTE:
1. These are general recommendations only; specific

manufacturer’s recommendations may vary slightly.
2. Assumes clean environment, -20°F. to 120°F. 

a.  Consult The New York Blower Company for  
operation below -20°F. ambient.

b.  Ambient temperatures greater than 120°F.
will shorten bearing life.

c.  Under extremely dirty conditions, lubricate
more frequently.

3. Assumes horizontal mounting configuration.  For verti-
cally mounted applications, lubricate twice as frequently.

Excessive Vibration

A common complaint regarding industrial fans is “excessive
vibration”. nyb is careful to ensure that each unit is precisely
balanced prior to shipment; however, there are many other
causes of vibration including:

1. Loose mounting bolts, setscrews, bearings or couplings.
2. Misalignment or excessive wear of couplings or bearings.
3. Misaligned or unbalanced motor.
4. Bent shaft due to mishandling or material impact.
5. Accumulation of foreign material on the wheel.
6. Excessive wear or erosion of the wheel.
7. Excessive system pressure or restriction of airflow due to

closed dampers.
8. Inadequate structural support, mounting procedures or

materials.
9. Externally transmitted vibration.

Inadequate Performance

1. Incorrect testing procedures or calculations.
2. Fan running too slowly.
3. Fan wheel rotating in wrong direction or installed back-

wards on shaft.
4. Wheel not properly centered relative to inlet cone.
5. Damaged or incorrectly installed cut off sheet or diverter.
6. Poor system design, closed dampers, air leaks, clogged

filters, or coils.
7. Obstructions or sharp elbows near inlets.
8. Sharp deflection of airstream at fan outlet. 

Excessive Noise

1. Fan operating near “stall” due to incorrect system design
or installation.

2. Vibration originating elsewhere in the system.
3. System resonance or pulsation.
4. Improper location or orientation of fan intake and dis-

charge.
5. Inadequate or faulty design of supporting structures.
6. Nearby sound reflecting surfaces.
7. Loose accessories or components.
8. Loose drive belts.
9. Worn bearings.

Premature Component Failure

1. Prolonged or major vibration.
2. Inadequate or improper maintenance.
3. Abrasive or corrosive elements in the airstream or sur-

rounding environment.
4. Misalignment or physical damage to rotating components

or bearings.
5. Bearing failure from incorrect or contaminated lubricant or

grounding through the bearings while arc welding.
6. Excessive fan speed.
7. Extreme ambient or airstream temperatures.
8. Improper belt tension.
9. Improper tightening of wheel setscrews.

REPLACEMENT PARTS

It is recommended that only factory-supplied replacement parts
be used. nyb fan parts are built to be fully compatible with the
original fan, using specific alloys and tolerances. These parts
carry a standard nyb warranty.

When ordering replacement parts, specify the part name, nyb
shop and control number, fan size, type, rotation (viewed from
drive end), arrangement and bearing size or bore. Most of this
information is on the metal nameplate attached to the fan base.

For assistance in selecting replacement parts, contact your
local nyb representative or visit:  http://www.nyb.com.

Example: Part required: Wheel/shaft assembly
Shop/control number: B-10106-100
Fan description: Size 2206A10 Pressure Blower
Rotation:  Clockwise
Arrangement: 4

Suggested replacement parts include:

Wheel Component parts: Damper
Shaft � Motor
Bearings* Coupling*
Shaft Seal* Sheaves*

V-Belts*

�  For Arrangement 1/8 fan only.

Page 5



SPECIFY ROTATION AS VIEWED FROM DRIVE SIDE

Parts List

1. Inlet Plate Assembly
2. Wheel*
3. Housing*
4. Pedestal Assembly
5. Motor
6. Shaft
7. Bearings

* Order for parts must specify
rotation.

For assistance in selecting
replacement parts, contact
your local nyb representative
or visit: http://www.nyb.com.

Form 300 GPB SW
Printed in U.S.A.
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USING PERFORMANCE CURVES

PROCEDURE EXAMPLE
Determine the appropriate outlet size. The 06 outlet is selected for 800 CFM at 32”SP.

Plot the CFM and SP [standard] and follow a projected
system line up to the pressure curve that meets or
slightly exceeds the required performance.

A Size 2106A will provide 820 CFM at 33.6”SP.

Determine the BHP required for the point of operation . . .
see page 4 for steel or stainless-steel wheel factors.

2106A requires 6.3 BHP.
2106S requires 7.2 BHP [6.3 x 1.15].

Read to the right to select motor horsepower. A 71⁄2 HP motor will cover both wheel types.

STEPS

11

22

33

44

SIZING NOMENCLATURE

7-digit model number
designates the wheel
diameter, outlet size,
wheel type, and nominal
motor horsepower.
Note: the last two digits
showing motor horse-
power are not required
for Arrangement 1
Pressure Blowers.

Performance is shown according to outlet sizes for quick refer-
ence to duct diameter and velocity. Brake horsepower incre-
ments are identified on each curve. Recommended standard
blower size and motor combinations are based on the most
efficient area of operation and are indicated by the arrows.
Nonstandard combinations are generally available, but are
usually less efficient than the standard combinations.

EXAMPLE
21

Wheel
diameter

06

Outlet
size

[inches]

A

Wheel type
A = aluminum
S = steel/

stainless steel

71⁄2

Nominal
horse-
power

Note: The horsepower coverage of a given motor will increase 15% when a 1.15 service factor motor is utilized.

Performance shown is installation Type B: Free inlet, Ducted outlet. Power rating (BHP) does not include drive losses.
Performance ratings do not include the effects of appurtenances in airstream.
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Performance shown is installation Type B: Free inlet, Ducted outlet. Power rating (BHP) does not include drive losses.
Performance ratings do not include the effects of appurtenances in airstream.
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Performance shown is installation Type B: Free inlet, Ducted outlet. Power rating (BHP) does not include drive losses.
Performance ratings do not include the effects of appurtenances in airstream.
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Model NPE/
NPE-F
DESCRIPTION & SPECIFICATIONS:
The Models NPE (close-coupled) and NPE-F (frame-mounted) are
end suction, single stage centrifugal pumps for general liquid
transfer service, booster applications, etc. Liquid-end construction is
all AISI Type 316 stainless steel, stamped and welded. Impellers are
fully enclosed, non-trimable to intermediate diameters. Casings are
fitted with a diffuser for efficiency and for negligible radial shaft
loading.

Close-coupled units have NEMA 48J or 56J motors with C-face
mounting and threaded shaft extension. Frame-mounted units can
be coupled to motors through a spacer coupling, or belt driven.

1. Important:
1.1. Inspect unit for damage. Report any damage to carrier/dealer
immediately.
1.2. Electrical supply must be a separate branch circuit with fuses or
circuit breakers, wire sizes, etc., per National and Local electrical
codes. Install an all-leg disconnect switch near pump.

CAUTION
Always disconnect electrical power when handling pump or
controls.
1.3. Motors must be wired for proper voltage. Motor wiring
diagram is on motor nameplate. Wire size must limit maximum
voltage drop to 10% of nameplate voltage at motor terminals, or
motor life and pump performance will be lowered.
1.4. Always use horsepower-rated switches, contactor and starters.
1.5. Motor Protection

1.5.1. Single-phase: Thermal protection for single-phase units
is sometimes built in (check nameplate). If no built-in
protection is provided, use a contactor with a proper overload.
Fusing is permissible.
1.5.2. Three-phase: Provide three-leg protection with properly
sized magnetic starter and thermal overloads.

1.6. Maximum Operating Limits:
Liquid Temperature: 212º F (100º C) with standard seal.

250º F (120º C) with optional high
temp seal.

Pressure: 75 PSI.
Starts Per Hour: 20, evenly distributed.
1.7. Regular inspection and maintenance will increase service life.
Base schedule on operating time. Refer to Section 8.

2. Installation:
2.1. General

2.1.1. Locate pump as near liquid source as possible (below
level of liquid for automatic operation).
2.1.2. Protect from freezing or flooding.
2.1.3. Allow adequate space for servicing and ventilation.
2.1.4. All piping must be supported independently of the
pump, and must “line-up” naturally.

CAUTION
Never draw piping into place by forcing the pump suction and
discharge connections.

2.1.5. Avoid unnecessary fittings. Select sizes to keep friction
losses to a minimum.

2.2. Close-Coupled Units:
2.2.1. Units may be installed  horizontally, inclined or vertically.

CAUTION
Do not install with motor below pump. Any leakage or
condensation will affect the motor.

2.2.2. Foundation must be flat and substantial to eliminate
strain when tightening bolts. Use rubber mounts to minimize
noise and vibration.
2.2.3. Tighten motor hold-down bolts before connecting
piping to pump.

2.3. Frame-Mounted Units:
2.3.1. It is recommended that the bedplate be grouted to a
foundation with solid footing. Refer to Fig.1.

Installation, Operation and
Maintenance  Instructions

IM013R06

Finished grouting
(1/4") Grout hole Base

Leveling wedges or shims—left in place

Top of foundation—
clean and wet down

Sleeve

Washer

Lug

(1/2 to 3/4")
Allowance
for leveling

Wood
frame

Figure 1

Grout
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2.3.2. Place unit in position on wedges located at four points
(two below approximate center of driver and two below
approximate center of pump). Adjust wedges to level unit.
Level or plumb suction and discharge flanges.
2.3.3. Make sure bedplate is not distorted and final coupling
alignment can be made within the limits of movement of motor
and by shimming, if necessary.
2.3.4. Tighten foundation bolts finger tight and build dam
around foundation. Pour grout under bedplate making sure the
areas under pump and motor feet are filled solid. Allow grout
to harden 48 hours before fully tightening foundation bolts.
2.3.5. Tighten pump and motor hold-down bolts before
connecting the piping to pump.

3. Suction Piping:
3.1. Low static suction lift and short, direct, suction piping is
desired. For suction lift over 10 feet and liquid temperatures over
120 F, consult pump performance curve for Net Positive Suction
Head Required.
3.2. Suction pipe must be at least as large as the suction connection
of the pump. Smaller size will degrade performance.
3.3. If larger pipe is required, an eccentric pipe reducer (with
straight side up) must be installed at the pump.
3.4. Installation with pump below source of supply:

3.4.1. Install full flow isolation valve in piping for inspection
and maintenance.

CAUTION
Do not use suction isolation valve to throttle pump.
3.5. Installation with pump above source of supply:

3.5.1. Avoid air pockets. No part of piping should be higher
than pump suction connection. Slope piping upward from
liquid source.
3.5.2. All joints must be airtight.
3.5.3. Foot valve to be used only if necessary for priming, or
to hold prime on intermittent service.
3.5.4. Suction strainer open area must be at least triple the pipe
area.

3.6. Size of inlet from liquid source, and minimum submergence
over inlet, must be sufficient to prevent air entering pump through
vortexing. See Figs. 2-5
3.7.  Use 3-4 wraps of Teflon tape to seal threaded connections.

4. Discharge Piping:
4.1. Arrangement must include a check valve located between a gate
valve and the pump. The gate valve is for regulation of capacity, or
for inspection of the pump or check valve.
4.2.  If an increaser is required, place between check valve and
pump.
4.3. Use 3-4 wraps of Teflon tape to seal threaded connections.

5. Motor-To-Pump Shaft Alignment:
5.1. Close-Coupled Units:

5.1.1. No field alignment necessary.
5.2. Frame-Mounted Units:

5.2.1. Even though the pump-motor unit may have a factory
alignment, this could be disturbed in transit and must be
checked prior to running. See Fig. 6.

Figure 2

Figure 5
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Figure 6

Angular

5.2.2. Tighten all hold-down bolts before checking
the alignment.
5.2.3. If re-alignment is necessary, always move the motor.
Shim as required.
5.2.4. Parallel misalignment - shafts with axis parallel but not
concentric. Place dial indicator on one hub and rotate this hub
360 degrees while taking readings on the outside diameter of
the other hub. Parallel alignment occurs when Total Indicator
Reading is .005", or less.
5.2.5. Angular misalignment - shafts with axis concentric but
not parallel. Place dial indicator on one hub and rotate this hub
360 degrees while taking readings on the face of the other hub.
Angular alignment is achieved when Total Indicator Reading
is .005", or less.
5.2.6. Final alignment is achieved when parallel and angular
requirements are satisfied with motor hold-down bolts tight.

CAUTION
Always recheck both alignments after making any adjustment.

6. Rotation:
6.1. Correct rotation is right-hand (clockwise when viewed from
the motor end). Switch power on and off quickly. Observe shaft
rotation. To change rotation:

6.1.1. Single-phase motor: Non-reversible.
6.1.2. Three-phase motor: Interchange any two power supply
leads.

7. Operation:
7.1. Before starting, pump must be primed (free of air and suction
pipe full of liquid) and discharge valve partially open.

CAUTION
Pumped liquid provides lubrication. If pump is run dry,rotating
parts will seize and mechanical seal will be damaged. Do not
operate at or near zero flow. Energy imparted to the liquid is
converted into heat. Liquid may flash to vapor. Rotating parts
require liquid to prevent scoring or seizing.
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7.2. Make complete check after unit is run under operating
conditions and temperature has stabilized. Check for expansion
of piping. On frame-mounted units coupling alignment may have
changed due to the temperature differential between pump and
motor. Recheck alignment.

8. Maintenance:
8.1. Close-Coupled Unit. Ball bearings are located in and are part of
the motor. They are permanently lubricated. No greasing required.
8.2. Frame-Mounted Units:

8.2.1. Bearing frame should be regreased every 2,000 hours or
3 month interval, whichever occurs first. Use a #2 sodium or
lithium based grease. Fill until grease comes out of relief
fittings, or lip seals, then wipe off excess.
8.2.2. Follow motor and coupling manufacturers’ lubrication
instructions.
8.2.3. Alignment must be rechecked after any maintenance
work involving any disturbance of the unit.

9. Disassembly:
Complete disassembly of the unit will be described. Proceed onlyas
far as required to perform the maintenance work needed.
9.1. Turn off power.
9.2. Drain system. Flush if necessary.
9.3. Close-Coupled Units: Remove motor hold-down bolts.
Frame-Mounted Units: Remove coupling, spacer, coupling guard
and frame hold-down bolts.
9.4. Disassembly of Liquid End:

9.4.1. Remove casing bolts (370).
9.4.2. Remove back pull-out assembly from casing (100).
9.4.3.  Remove impeller locknut (304).

CAUTION
Do not insert screwdriver between impeller vanes to prevent
rotation of close-coupled units. Remove cap at opposite end
of motor. A screwdriver slot or a pair of flats will be exposed. Using
them will prevent impeller damage.

9.4.4. Remove impeller (101) by turning counter-clockwise
when looking at the front of the pump. Protect hand with rag
or glove.

CAUTION
Failure to remove the impeller in a counter-clockwise direction may
damage threading on the impeller, shaft or both.

9.4.5. With two pry bars 180 degrees apart and inserted
between the seal housing (184) and the motor adapter (108),
carefully separate the two parts. The mechanical seal rotary
unit (383) should come off the shaft with the seal housing.
9.4.6. Push out the mechanical seal stationary seat from the
motor side of the seal housing.

9.5. Disassembly of Bearing Frame:
9.5.1. Remove bearing cover (109).
9.5.2. Remove shaft assembly from frame (228).
9.5.3. Remove lip seals (138 & 139) from bearing frame and
bearing cover if worn and are being replaced.
9.5.5. Use bearing puller or arbor press to remove ball bearings
(112 & 168).

10. Reassembly:
10.1. All parts should be cleaned before assembly.
10.2. Refer to parts list to identify required replacement items.
Specify pump index or catalog number when ordering parts.

10.3. Reassembly is the reverse of disassembly.
10.3.1. Impeller and impeller locknut assembled onto motor
shaft with 10 ft-lbs of torque.

10.4. Observe the following when reassembling thebearing frame:
10.4.1. Replace lip seals if worn or damaged.
10.4.2. Replace ball bearings if loose, rough or noisy
when rotated.
10.4.3.  Check shaft for runout. Maximum permissible is
.002" T.I.R.

10.5. Observe the following when reassembling the liquid-end:
10.5.1. All mechanical seal components must be in good
condition or leakage may result. Replacement of complete seal
assembly, whenever seal has been removed, is good standard
practice.
It is permissible to use a light lubricant, such as glycerin, to
facilitate assembly. Do not contaminate the mechanical seal
faces with lubricant.
10.5.2. Inspect casing O-ring (513) and replace if damaged.
This O-ring may be lubricated with petroleum jelly to ease
assembly.
10.5.3. Inspect guidevane O-ring (349) and replace if worn.

CAUTION
Do not lubricate guidevane O-ring (349). Insure it is not
pinched by the impeller on reassembly.
10.6. Check reassembled unit for binding. Correct as required.
10.7. Tighten casing bolts in a star pattern to prevent O-ring binding.

11. Trouble Shooting Chart:
MOTOR NOT RUNNING
(See causes 1 thru 6)
LITTLE OR NO LIQUID DELIVERED:
(See causes 7 thru 17)
POWER CONSUMPTION TOO HIGH:
(See causes 4, 17, 18, 19, 22)
EXCESSIVE NOISE AND VIBRATION:
(See causes 4, 6, 9, 13, 15, 16, 18, 20, 21, 22)
PROBABLE CAUSE:
1.  Tripped thermal protector
2.  Open circuit breaker
3.  Blown fuse
4.  Rotating parts binding
5.  Motor wired improperly
6.  Defective motor
7.  Not primed
8.  Discharge plugged or valve closed
9.  Incorrect rotation
10. Foot valve too small, suction not submerged, inlet

screen plugged.
11. Low voltage
12. Phase loss (3-phase only)
13. Air or gasses in liquid
14. System head too high
15. NPSHA too low:

Suction lift too high or suction losses excessive.
Check with vacuum gauge.

16. Impeller worn or plugged
17. Incorrect impeller diameter
18. Head too low causing excessive flow rate
19. Viscosity or specific gravity too high
20. Worn bearings
21. Pump or piping loose
22. Pump and motor misaligned
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Item 383 Mechanical Seal (5⁄8” seal)
Rotary Stationary Elastomers Metal Parts Part No.

Carbon
EPR 10K18

Sil-Carbide
Viton

316SS
10K55

Sil-Carbide
EPR 10K81

Viton 10K62

NPE Standard Repair Parts List
Item Materials of
No. Description Construction
100 Casing
101 Impeller

108A Motor adapter with foot
108B Motor adapter less foot
108C Motor adapter with foot and Flush
108D Motor adapter less foot with Flush
123 Deflector BUNA-N

184A Seal housing std.
AISI 316L S.S.

184B Seal housing with seal flush

240
Motor support 300 S.S.
Rubber channel Rubber

304 Impeller locknut AISI 316 S.S.
347 Guidevane AISI 316L S.S.

Viton Standard
349 Seal-Ring, guidevane EPR

BUNA
370 Socket head screw, casing AISI 410 S.S.
371 Bolts, motor Steel/plated
383 Mechanical seal
408 Drain and vent plug, casing AISI 316 S.S.

Viton, standard
412B O-Ring, drain plugs EPR

BUNA
Viton, standard

513 O-Ring, casing EPR
BUNA

AISI 316L
Stainless Steel

GOULDS PUMPS LIMITED WARRANTY
This warranty applies to all water systems pumps manufactured by Goulds Pumps.
Any part or parts found to be defective within the warranty period shall be replaced at no charge to the dealer during the warranty period. The warranty period shall exist
for a period of twelve (12) months from date of installation or eighteen (18) months from date of manufacture, whichever period is shorter.
A dealer who believes that a warranty claim exists must contact the authorized Goulds Pumps distributor from whom the pump was purchased and furnish complete details
regarding the claim. The distributor is authorized to adjust any warranty claims utilizing the Goulds Pumps Customer Service Department.
The warranty excludes:
(a) Labor, transportation and related costs incurred by the dealer;
(b) Reinstallation costs of repaired equipment;
(c) Reinstallation costs of replacement equipment;
(d) Consequential damages of any kind; and,
(e) Reimbursement for loss caused by interruption of service.
For purposes of this warranty, the following terms have these definitions:
(1) “Distributor” means any individual, partnership, corporation, association, or other legal relationship that stands between Goulds Pumps and the dealer in purchases,

consignments or contracts for sale of the subject pumps.
(2) “Dealer” means any individual, partnership, corporation, association, or other legal relationship which engages in the business of selling or leasing pumps to customers.
(3) “Customer” means any entity who buys or leases the subject pumps from a dealer. The “customer” may mean an individual, partnership, corporation, limited liability

company, association or other legal entity which may engage in any type of business.

THIS WARRANTY EXTENDS TO THE DEALER ONLY.

NOTE: OPTIONAL SEAL FLUSH COMPONENTS

NOTE: Close coupled units supplied with 1/2 HP
1750 RPM, 1/2 - 3 HP Explosion Proof or 5 HP motors,

utilize motor adapter less foot and a footed motor.

NOTE: Frame mounted units (NPE-F) utilize the XS Power frame and
motor adapter less foot. For repair parts for the power frame refer to

the XS-Power frame repair parts page in the parts section of your
catalog. To order the power frame complete order item 14L61

Goulds Pumps and the ITT Engineered Blocks Symbol are registered
trademarks and tradenames of ITT Industries.

Visit us at www.goulds.com

© 2002 Goulds Pumps
Printed in USA
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Performance Curves – 60 Hz, 3500 RPM
Curvas de Funcionamiento – 60 Hz, 3500 RPM

Ordering Standard
Code, HP Rating, Imp.

Código Estándar HP Dia.
de Pedido Potencia

E 1⁄2 47⁄16"

D 3⁄4 43⁄4

C 1 53⁄16

B 11⁄2 53⁄4

A 2 61⁄8

m3⁄ hr

0
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6050403020100

1050

160

Model NPE / 1ST Size (Tamaño) 1 x 11⁄4-6
RPM 3500 Curve (Curva) CN0231R01

NOTE: Not recommended for operation beyond printed H-Q curve.
NOTA: No se recomienda para funcionamiento superior al
            impreso en la curva H-Q.

Impeller Selections for Exp. Proof Motors
Selecciones del Impulsor para Motores Exp. Proof
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Model NPE / 1ST Size (Tamaño) 1 x 11⁄4-6
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53

1⁄2 HP

10'

8'
6'

5'

12'

EFF %

NPSHR – FEET (PIES)

160

3⁄4 HP

1 1⁄2 HP1 HP

2 HP

3 HP

A 61⁄8" DIA.

B 53⁄4"

C 53⁄16"

D 43⁄4"

E 47⁄16"

NOTE: Not recommended for operation beyond
printed H-Q curve.
NOTA: No se recomienda para funcionamiento
superior al impreso en la curva H-Q.

Impeller Selections for ODP & TEFC Motors
Selecciones del Impulsor para
Motores ODP & TEFC

Ordering Standard
Code, HP Rating, Imp.

Código Estándar HP Dia.
de Pedido Potencia

F 1⁄2

E 3⁄4 47⁄16

D 1 43⁄4

C 11⁄2 53⁄16

B 2 53⁄4

A 3 61⁄8

41⁄16"
spec.

NOTE: Although not
recommended, the pump
may pass a 1⁄16" sphere.

NOTA: Si bien no se recomienda,
la bomba puede pasar una esfera
de 1⁄16”.

NOTE: Although not
recommended, the pump
may pass a 1⁄16" sphere.

NOTA: Si bien no se
recomienda, la bomba puede
pasar una esfera de 1⁄16”.
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Performance Curves – 60 Hz, 3500 RPM
Curvas de Funcionamiento – 60 Hz, 3500 RPM
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Model NPE / 2ST Size (Tamaño) 11⁄4 x 11⁄2-6
RPM 3500 Curve (Curva) CN0235R01

B 51⁄16" DIA.

D 45⁄8"

E 41⁄4"

F 37⁄8"
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NPSHR – FEET (PIES) NOTE: Not recommended for operation beyond
printed H-Q curve.
NOTA: No se recomienda para funcionamiento
superior al impreso en la curva H-Q.

Impeller Selections for Exp. Proof Motors
Selecciones del Impulsor para Motores Exp. Proof
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NOTE: Not recommended for operation beyond printed H-
Q curve.
NOTA: No se recomienda para funcionamiento superior al
impreso en la curva H-Q.

Impeller Selections for ODP & TEFC Motors
Selecciones del Impulsor para
Motores ODP & TEFC

140

C 47⁄8"

D 45⁄8"

E 41⁄4"

F 37⁄8"

A 51⁄4"

B 51⁄16"

H 51⁄2"

G 515⁄16"

K 61⁄8" DIA.
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50 55
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20'

3⁄4 HP 1 1⁄2 HP
1 HP

2 HP
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Ordering Standard
Code, HP Rating, Imp.

Código Estándar HP Dia.
de Pedido Potencia

F 1 37⁄8"

E 11⁄2 41⁄4

D 2 45⁄8

B 3 51⁄16

Ordering Standard
Code, HP Rating, Imp.

Código Estándar HP Dia.
de Pedido Potencia

F 3⁄4 37⁄8"

E 1 41⁄4

D 11⁄2 45⁄8

C 2 47⁄8

B 3 51⁄16

A 3 51⁄4

H 5 51⁄2

G 5 515⁄16

K 5 61⁄8

NOTE: Although not
recommended, the pump
may pass a 3⁄16" sphere.

NOTA: Si bien no se
recomienda, la bomba puede
pasar una esfera de 3⁄16”.

NOTE: Although not
recommended, the pump
may pass a 3⁄16" sphere.

NOTA: Si bien no se
recomienda, la bomba puede
pasar una esfera de 3⁄16”.
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Performance Curves – 60 Hz, 3500 RPM
Curvas de Funcionamiento – 60 Hz, 3500 RPM
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Model NPE / 3ST Size (Tamaño) 11/2 x 2-6
RPM 3500 Curve (Curva) CN0239R01

B 45⁄8"  DIA.

D 41⁄16"

E 35⁄8"
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NOTE: Not recommended for operation beyond printed H-Q
curve.
NOTA: No se recomienda para funcionamiento superior al
impreso en la curva H-Q.

Impeller Selections for Exp. Proof Motors
Selecciones del Impulsor para Motores Exp. Proof

m3⁄ hr

Model NPE / 3ST Size (Tamaño) 11⁄2 x 2-6
RPM 3500 Curve (Curva) No. CN0239RO2
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NPSHR – FEET (PIES) NOTE: Not recommended for operation beyond printed H-
Q curve.
NOTA: No se recomienda para funcionamiento superior al
impreso en la curva H-Q.

Impeller Selections for ODP & TEFC Motors
Selecciones del Impulsor para
Motores ODP & TEFC

66

66

64

60

55

6460
55

50

EFF %

1 HP

1 1⁄2 HP
2 HP

3 HP

5 HP

5'

6'
7' 10' 17'G 53⁄8" DIA.

A 43⁄4"

C 43⁄8"

D 41⁄16"

E 35⁄8"

B 45⁄8"

H 5"

Ordering Standard
Code, HP Rating, Imp.

Código Estándar HP Dia.
de Pedido Potencia

E 1 35⁄8"

D 11⁄2 41⁄16

C 2 43⁄8

B 3 45⁄8

A 3 43⁄4

H 5 5

G 5 53⁄8

Ordering Standard
Code, HP Rating, Imp.

Código Estándar HP Dia.
de Pedido Potencia

E 11⁄2 35⁄8"

D 2 41⁄16

B 3 45⁄8

NOTE: Although not
recommended, the pump
may pass a 11⁄32" sphere.

NOTA: Si bien no se
recomienda, la bomba puede
pasar una esfera de 11⁄32”.

NOTE: Although not
recommended, the pump
may pass a 11⁄32" sphere.

NOTA: Si bien no se
recomienda, la bomba puede
pasar una esfera de 11⁄32”.
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NOTE:
For units built before September, 1997
The following upgrades are interchangeable.

(1) Item 349 Guidevane O-Ring was upgraded from
O-Ring to Square Seal Ring.

(2) Pump Components have been upgraded from
304 SS to 316L SS

(3) Mechanical Seal upgrades as noted on page 1

(4) Pump Mounting location for motor adapter with
foot to pump support are interchangeable.



SEAL VENT/FLUSH OPTION
MECHANICAL SEAL and O-RING
4 = Pre-Engineered Standard
For Optional Mechanical Seal modify catalog order no. with Seal Code listed below.

21 Mechanical Seal (5⁄8" seal)
Seal Rotary Stationary Elastomers Metal Part No. Casing
Code Parts O-Ring

2
Carbon

EPR 10K18* EPR
4 Viton 10K55*** Viton
5

Sil-Carbide
Sil-Carbide

EPR
316 SS

10K81 EPR
6 Viton 10K62** Viton

Note: *Replaces obsolete 10K56      **Replaces obsolete 10K29      ***Replaces obsolete 10K46 and 10K24

Impeller Option Code . . . No Adder Required
For Optional Impeller Diameters modify catalog order no. with Impeller code
listed below.
Select Optional Impeller Diameter from Pump Performance Curve.

Pump Size
1 x 11⁄4-6 11⁄4 x 11⁄2-6 11⁄2 x 2-6
Diameter Diameter Diameter

K 61⁄8
G 515⁄16 53⁄8
H 51⁄2 5
A 61⁄8 51⁄4 43⁄4
B 53⁄4 51⁄16 45⁄8
C 53⁄16 47⁄8 43⁄8
D 43⁄4 45⁄8 41⁄16

E 47⁄16 41⁄4 35⁄8
F 41⁄16 37⁄8

DRIVER
1 = 1PH, ODP 4 = 1 PH, TEFC 7 = 3 PH, XP
2 = 3 PH, ODP 5 = 3 PH, TEFC 8 = 575 V, XP
3 = 575 V, ODP 6 = 575 V, TEFC 0 = 1 PH, XP

HP RATING
C = 1⁄2 HP F = 11⁄2 HP J = 5 HP
D= 3⁄4 HP G = 2 HP
E = 1 HP H = 3 HP

DRIVER: HERTZ/POLE/RPM
1 = 60 HZ, 2 pole, 3500 RPM
2 = 60 HZ, 4 pole, 1750 RPM
3 = 60 HZ, 6 pole, 1150 RPM
4 = 50 HZ, 2 pole, 2900 RPM
5 = 50 HZ, 4 pole, 1450 RPM

MATERIAL
ST = Stainless Steel

PUMP SIZE
1 = 1 x 11⁄4 - 6 2 = 11⁄4 x 11⁄2 - 6 3 = 11⁄2 x 2 - 6

NPE/NPE-F NUMBERING SYSTEM

 1  ST  2   C   1   A   4   F

Impeller
Code

Note: Not recommended for
operation beyond printed
H-Q curve.
For critical application
conditions consult factory.
Note: Not all combinations of
motor, impeller and seal
options are available for every
pump model. Please check with
G&L on non-cataloged
numbers.

For Frame Mounted
version, substitute the
letters “FRM” in these
positions.

1



Item No. Description
Materials of 1ST 2ST 3ST

QTY.Construction 1 x 11⁄4 11⁄4 x 11⁄2 11⁄2 x 2
100 Casing 1L81 1L82 1L83 1
101 Impeller See Impeller chart on page 4 1

108A Motor adapter with foot
AISI 316L SS

1L80
108B Motor adapter less foot 1L87

1
108C Motor adapter with foot & flush 1L334
108D Motor adapter less foot with flush 1L335
123 Deflector BUNA-N 5K7 1

184A Seal housing standard
AISI 316L SS

1L79
1

184B Seal housing with seal flush 1L333

240
Motor support 300 SS 4L320 1
Rubber channel Rubber 9K188 1

304 Impeller locknut AISI 316 SS 13K286 1
347 Guidevane AISI 316L SS 3L23 3L24 3L25 1

Viton standard 5K269 5K270
349 Seal ring, guidevane EPR 5K273 5K274 1

BUNA 5K271 5K272
370 Socket head screw, casing AISI 410 SS 13L65 8
371 Bolts, motor Steel/plated 13K252 4
383 Mechanical seal See Mechanical Seal Chart on Page 1 1
408 Drain and vent plug, casing AISI 316 SS 6L3 2

Viton, standard 5L99
412B O-ring, drain plugs EPR 5L80 2

BUNA 5L62
Viton standard 5K206

513 O-ring, casing EPR 5K193 1
BUNA 5K4

575 Pipe Cap 304 SS 6K150 1

NPE STANDARD REPAIR PARTS LIST

NOTE:
OPTIONAL SEAL FLUSH COMPONENTS

2

108C
108D

184B

575



NOTE:
Close coupled units supplied with 1⁄2 HP 1750 RPM,
1⁄2 - 3 HP Explosion Proof or 5 HP motors, utilize
motor adapter less foot and a footed motor.

NOTE:
Frame mounted units (NPE-F) utilize the XS Power
Frame and motor adapter less foot. For repair parts
for the power frame refer to the XS-Power frame
repair parts page in the parts section of your catalog.
To order the power frame complete order item 14L61.

3



Pump Size
1 x 11⁄4-6 11⁄4 x 11⁄2-6 11⁄2 x 2-6

Diameter Part No. Diameter Part No. Diameter Part No.
K 61⁄8 2L885
G 515⁄16 2L700 53⁄8 2L702
H 51⁄2 2L699 5 2L701
A 61⁄8 2L47 51⁄4 2L48 43⁄4 2L49
B 53⁄4 2L44 51⁄16 2L54 45⁄8 2L58
C 53⁄16 2L46 47⁄8 2L53 43⁄8 2L57
D 43⁄4 2L42 45⁄8 2L52 41⁄16 2L56
E 47⁄16 2L45 41⁄4 2L51 35⁄8 2L55
F 41⁄16 2L59 37⁄8 2L50

NPE STANDARD IMPELLERS

For ODP/TEFC Units Built After September 1, 1997

HP HP Code
1ST 2ST 3ST

ODP/TEFC ODP/TEFC ODP/TEFC
Repair # 2L45

1⁄2 C Dia. 47⁄16

Imp. Code E
Repair # 2L42 2L50

3⁄4 D Dia. 43⁄4 37⁄8
Imp. Code D F
Repair # 2L46 2L51 2L55

1 E Dia. 53⁄16 41⁄4 35⁄8
Imp.Code C E E
Repair # 2L44 2L52 2L56

11⁄2 F Dia. 53⁄4 45⁄8 41⁄16

Imp. Code B D D
Repair # 2L47 2L53 2L57

2 G Dia. 61⁄8 47⁄8 43⁄8
Imp. Code A C C
Repair # 2L47 2L48 2L49

3 H Dia. 61⁄8 51⁄4 43⁄4
Imp. Code A A A
Repair # 2L700 2L885 2L702

5 J Dia. 515⁄16 61⁄8 53⁄8
Imp. Code G K G

For Current Explosion Proof and All Units Built Before September 1, 1997

HP HP Code
1ST 2ST 3ST

ODP TEFC/EXP ODP TEFC/EXP ODP TEFC/EXP
Repair # 2L45 2L59

1⁄2 C Dia. 47⁄16 41⁄16

Imp. Code E F
Repair # 2L42 2L45 2L50

3⁄4 D Dia. 43⁄4 47⁄16 37⁄8
Imp. Code D E F
Repair # 2L46 2L42 2L51 2L50 2L55

1 E Dia. 53⁄16 43⁄4 41⁄4 37⁄8 35⁄8
Imp. Code C D E F E
Repair # 2L44 2L46 2L52 2L51 2L56 2L55

11⁄2 F Dia. 53⁄4 53⁄16 45⁄8 41⁄4 41⁄16 35⁄8
Imp. Code B C D E D E
Repair # 2L47 2L44 2L53 2L52 2L57 2L56

2 G Dia. 61⁄8 53⁄4 47⁄8 45⁄8 43⁄8 41⁄16

Imp. Code A B C D C D
Repair # 2L47 2L47 2L48 2L54 2L49 2L58

3 H Dia. 61⁄8 61⁄8 51⁄4 51⁄16 43⁄4 45⁄8
Imp. Code A A A B A B
Repair # 2L700 2L885 2L702

5 J Dia. 515⁄16 61⁄8 53⁄8
Imp. Code G K G

Note:** Max. Explosion Proof rating is 2 HP.

Impeller
Code

NPE STANDARD IMPELLERS BY MOTOR SIZE AT 3500 RPM

4



MODEL NPE 3500 RPM
Single-Phase, 60 Hz, 115/230 V**, 56J Frame

HP Open, Drip-Proof➀ Totally Enclosed, Fan Cooled Explosion Proof
Order No. Max. Amps Wt. (lbs.) Order No. Max. Amps Wt. (lbs.) Order No. Max. Amps Wt. (lbs.)

1⁄2 E04853S 10.0/5.0 16 E04821 6.2/3.1 21 BBC04825 6.2/3.1 47
3⁄4 E05853S 14.0/7.0 19 E05821 8.8/4.4 24 BBC05825 8.8/4.4 41
1 E06853S 16.0/8.0 22 E06821 11.6/5.8 26 BBC06825 11.6/5.8 49

11⁄2 E07858S 21.4/10.7 31 E07821 16.2/8.1 35 BBC07825 16.2/8.1 56
2 E08854 26.8/13.4 36 E08821 20.8/10.4 39 BBC08825 20.8/10.4 60
3 E09854 14.0 40 E09821 11.89 44
5 E10754 14.4 55

Note:** 3 and 5 HP Single-Phase motors are 230 V only.

Three-Phase, 60 Hz, 208-230/460 V, 56J Frame
HP Open, Drip-Proof➀ Totally Enclosed, Fan Cooled Explosion Proof

Order No. Max. Amps Wt. (lbs.) Order No. Max. Amps Wt. (lbs.) Order No. Max. Amps Wt. (lbs.)
1⁄2 E04873 2.6/1.3 19 E04876 1.9/.95 18 BBC04875 1.9/.95 27
3⁄4 E05873 3.4/1.7 19 E05876 2.3/1.15 21 BBC05875 2.3/1.15 30
1 E06873 4.2/2.1 22 E06876 3.2/1.6 21 BBC06875 3.2/1.6 30

11⁄2 E07878 5.8/2.9 25 E07876 4.8/2.4 27 BBC07875 4.8/2.4 37
2 E08874 6.9/3.3 39 E08876 5.4/2.7 33 BBC08875 5.4/2.7 44
3 E09874 7.2/3.6 31 E09876 7.6/3.8 37
5 E10774 7.2/14.4 50 E10876 6.2/12.4 48

➀  For vertical mounting order motor canopy separately - 9K272 for 1⁄2, 3⁄4 and 1 HP single phase or 9K273 for all other ODP motors.

MODEL NPE 1750 RPM
Single-Phase, 60 HZ, 115/230 V, 56J Frame

HP Open, Drip-Proof➀ Totally Enclosed, Fan Cooled Explosion Proof
Order No. Max. Amps Wt. (lbs.) Order No. Max. Amps Wt. (lbs.) Order No. Max. Amps Wt. (lbs.)

1⁄2 E04811 8.6/4.3 19 E04812 8.0/4.0 20 BBC04815 8.0/4.0 45

Three-Phase, 60 HZ, 208-230/460 V, 56J Frame
HP Open, Drip-Proof➀ Totally Enclosed, Fan Cooled Explosion Proof

Order No. Max. Amps Wt. (lbs.) Order No. Max. Amps Wt. (lbs.) Order No. Max. Amps Wt. (lbs.)
1⁄2 E04831 3.76/4.0/2.0 20 E04832 1.77/1.6/.8 20 BBC04835 1.77/1.6/.8 45

Note: Explosion Proof Motors are class 1 and 2, Group D

NPE CLOSE-COUPLED MOTORS
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At Min.
Set Point

0.025
0.04
0.10
0.15
0.3
0.4
0.4

Min. Set Point

0.3 PSI
1.0 PSI
0.9 PSI
0.7 PSI
1.0 PSI

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

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

PHYSICAL DATA
Temperature Limits: -40° to 140°F (-40° to 60°C);
1950P-8, -15, -25, -50: 0° to 140°F (-17.8° to 60°C); 1950-
02: - 30° to 130°F (-34.4° to 54.4°C).
Rated Pressure: 1950: 45 in. w.c. (0.1 bar); 1950P:      
35 psi (2.4 bar); 1950P-50 only: 70 psi (4.8 bar).
Maximum Surge Pressure: 1950: 10 psi (0.7 bar); 
1950P: 50 psi (3.4 bar); 1950P-50 only: 90 psi (6.2 bar).
Pressure Connections: 1/8″ NPT(F).
Electrical Rating: 15A, 125, 250, 480 volts, 60 Hz. AC
Resistive 1/8 H.P. @ 125 volts, 1/4 H.P. @ 250 volts, 
60 Hz. AC.  
Wiring Connections: 3-screw type; common, normally
open and normally closed.
Conduit Connections: 1/2″ NPT(F).
Set point adjustment: Screw type on top of housing,
field adjustable.
Housing: Anodized cast aluminum.
Diaphragm: Molded fluorosilicone rubber, 02 model: sili-
cone on Nylon.
Calibration Spring: Stainless Steel
Installation: Mount with diaphragm in vertical position.
Weight: 3 1/4 lbs (1.5 kg), 02 model; 4 lbs, 7 oz. 
(2 kg).  

Series 1950 – Explosion-Proof Differential Pressure Switches

Specifications - Installation and Operating Instructions

QED p/n EZ-LOWP - Dwyer p/n 1950-1

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

Series 1950 Switches  
Operating ranges and deadbands

To order
specify
Model

Number

1950-02
1950-00
1950-0
1950-1
1950-5
1950-10
1950-20

Model
Number

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

Operating
Range:
Inches,

W.C.

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

3.0 to 11.0
4.0 to 20.0
Operating
Range: PSI

0.5 to 2.0
1.5 to 8.0

3.0 to 15.0
4.0 to 25.0
15.0 to 50

Approximate
Dead Band

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

Lit-By Fax: 888/891-4963 

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

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

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

At Max.
Set Point

0.05
0.05
0.15
0.20
0.4
0.5
0.6

Max. Set Point

0.3 PSI
1.0 PSI
0.9 PSI
0.7 PSI
1.5 PSI

Approximate Dead Band

Set Point
Adjustment 

Screw

1/2” (12.7)

NPT(F) 
Electrical 
Conduit 

Connection

CBEEARS
Kit Includes Pressure Switch, Fitting, Barb & Tubing



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

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

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

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

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

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

4. To make electrical connections, remove the three hex
head screws from the cover and after loosening the fourth
captive screw, swing the cover aside.  Electrical connec-
tions to the standard single pole, double throw snap switch
are provided by means of terminals marked “COM” (com-
mon), “NO” (norm open), “NC” (norm closed).  The normal-
ly open contacts close and the normally closed contacts
open when pressure increases beyond the set point.

Switch loads for standard models should not exceed the
maximum specified current rating of 15 amps resistive.
Switch capabilities decrease with an increase in ambient
temperature, load inductance, or cycling rate.  Whenever an
application involves one or more of these factors, the user
may find it desirable to limit the switched current to 10 amps
or less in the interest of prolonging switch life.

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

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

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

MAINTENANCE
The moving parts of these switches need no maintenance
or lubrication.  The only adjustment is that of the set point.
Care should be taken to keep the switch reasonably clean.
Periodically the vent drain plug should be rotated, then
returned to its original position.  This will dislodge deposits
which could accumulate in applications where there is
excessive condensation within the switch.

Series 1950 – Explosion-Proof Differential Pressure Switches

Specifications - Installation and Operating Instructions

QED p/n EZ-LOWP - Dwyer p/n 1950-1

3-1/2�
[88.9]

3/8�
[9.53]

1-7/16�
[36.5]

1/8 NPT(F)�
PRESSURE�

PORT

1-11/16�
[42.9]

1/8 NPT(F)�
HIGH PRESSURE�

PORT

1/2 NPT(F)�
ELEC. �

CONDUIT�
CONNECTION

RANGE ADJUSTMENT�
SCREW

17/64 [6.75] DIA MTG�
HOLES (2)

4-7/8�
[123.8]

5-7/16�
[138.1]

VENT DRAIN �
PLUG

1950 Switch Outline Dimensions
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1950-02: 7-3/4″ (196.9) dia. x  4-
11/32″ (110.3) depth. For com-
plete dimensions request drawing
28-700175-00 from our Customer
Service Department



Notes:
1.  To Prevent Motor Burnout -  In a
pumpdown application make sure the turn-
off level is at least 2 inches  above the in-
take of the submersible pump.

2.  Securing Tether Points - Make sure lev-
els are correct and that floats are free from
any obstructions  before securing tether
points.

3.  When using Tether Weight - Place the
tension-band over the cord prior to installa-
tion.

TTTTTether Tether Tether Tether Tether Tie-Wie-Wie-Wie-Wie-Wrap (Fig 1)rap (Fig 1)rap (Fig 1)rap (Fig 1)rap (Fig 1)
Attach cord, using a tie-wrap, to a stationary structure. This is known as the tether point, it will determine the pumping range.
The farther the float is placed from the tether point, the greater the pumping range.  The minimum distance that the float should
be placed from the tether point is 3 inches.

TTTTTether-Wether-Wether-Wether-Wether-Weight (Fig 2)eight (Fig 2)eight (Fig 2)eight (Fig 2)eight (Fig 2)
Place tension-brand over the cord before installation.  Place the weight at the desired position and secure with the tension-band.
This position will determine the pumping range.  The farther the float is placed from the tether point, the greater the pumping
range.  The minimum distance that the float should be placed from the tether point is 3 inches.

WWWWWarrickarrickarrickarrickarrick®®®®®
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SpecificationsSpecificationsSpecificationsSpecificationsSpecifications

Cord

Contact Rating

Contact Design

Temperature Rating

Overall Weight

Tether Method

Approvals

16 gauge, 2 or 3 conductor SJOW, Oil Resistant CPE

13 amp @ 120/240 VAC, 1/2hp

SPST, Normally Open or Normally Closed, Common with N.O. & N.C. (Form C)

32°F to 140°F (0°C to 60°C)

1.0 lbs. (not including weight)

Tie-wrap nylon, weight:  2.5 lbs.

U.L. Recognized, CSA Certified

InstallationInstallationInstallationInstallationInstallation

Determine tether point using charts below as a reference
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RangeRangeRangeRangeRange

PumpingPumpingPumpingPumpingPumping
RangeRangeRangeRangeRange

TTTTTetheretheretheretherether
PointPointPointPointPoint

WWWWWeighteighteighteighteight

Figure 1Figure 1Figure 1Figure 1Figure 1 Figure 2Figure 2Figure 2Figure 2Figure 2
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Notes:Notes:Notes:Notes:Notes:
1.  Narrow angle pumping range is approximately 2 Ft. to 8 Ft.
2.  Wide angle pumping range is approximately 5 Ft. to 18 Ft.



Contact ConfigurationsContact ConfigurationsContact ConfigurationsContact ConfigurationsContact Configurations

Gems Sensors Inc.
One Cowles Road
Plainville, CT  06062-1198
Tel:   860-793-4579
Fax:  860-793-4580

2-3/8”
(6.03 cm)

3-3/8”
(8.57 cm)

4-5/8”
(11.75 cm)

1/2”  (127 cm)

DimensionsDimensionsDimensionsDimensionsDimensions

White               Black

N.O.

White                Black

N.C.

Red           Black            White

S.P.D.T.

Important Points:Important Points:Important Points:Important Points:Important Points:
• Gems products must be maintained and installed in strict accordance with the National Electrical Code and the applicable
  Gems Product Instruction Bulletin that covers installation, operation and proper maintenance. Failure to observe this
   information may result in serious injury or damages.
•  For hazardous area applications involving such things as, but not limited to,  ignitable mixtures, combustible dust and
   flammable materials, use an appropriate explosionproof enclosure or intrinsically safe interface device.
•  Please adhere to the pressure and temperature limitations shown throughout this catalog for our level and flow sensors.
  These limitations must not be exceeded.  These pressures and temperatures take into consideration possible system surge
   pressures/temperatures and their frequencies.
•  Selection of materials for compatibility with the media is critical to the life and operation of Gems products. Take care in the
   proper selection of materials of construction, testing is required.
•  NSF-approved sensors are made of materials approved for potable water applica tions according to Standard 61.
•  Stainless steel is generally regarded as safe by NSF and FDA.
•  Life expectancy of switch contacts varies with application. Contact Gems if life cycle testing is required.
•  Ambient temperature changes do affect switch set points, since the gravity of a liquid can vary with temperature.
•  Our sensors have been designed to resist shock and vibration. However, shock and vibration should be minimized.
•  Filter liquid media containing particulate and/or debris to ensure the proper operation of our products.
•  Electrical entries and mounting points in an enclosed tank may require liquid/vapor sealing.
•  Our sensors must not be field-repaired.
•  Physical damage sustained by product may render it unserviceable.

Return PolicyReturn PolicyReturn PolicyReturn PolicyReturn Policy
Returns are accepted on stock items up to 30 days from date of order.  You must
contact our Returns Department for a Return Authorization (RA) number.  Return
the goods - freight prepaid - in the original container and include original packing
slip.  C. O. D. returns are not accepted.  Gems reserves the right to apply
restocking charges.

TTTTTel:   860-793-4357el:   860-793-4357el:   860-793-4357el:   860-793-4357el:   860-793-4357
Fax:  860-793-4563Fax:  860-793-4563Fax:  860-793-4563Fax:  860-793-4563Fax:  860-793-4563
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LIMITE D  W ARRANTY  
 

 

 

EOS Research Ltd. (EOS) warrants its products to be free from defects in materials and workmanship for a period 

of one year from the date of purchase.  Its obligation under this warranty is limited to repairing or replacing, at its 

sole option, any such defective products.  This warranty includes parts and labor.  This warranty does not apply to 

equipment which has been damaged by accident, negligence or misapplication or has been altered or modified in 

any way. 

 

EXCEPT AS PROVIDED HEREIN, EOS RESEARCH LTD. MAKES NO WARRANTIES, EXPRESSED OR 

IMPLIED, INCLUDING WARRANTIES OF MECHANTABILITY AND FITNESS FOR A PARTICULAR 

PURPOSE.  Some states do not permit limitation or exclusion of implied warranties, therefore the aforesaid 

limitation(s) or exclusion(s) may not apply to the purchaser. 

 

This warranty gives you specific legal rights and you may also have other rights which vary from state to state. 

 

 

IMPORTANT SAFETY PRECAUTIONS 
 

Any complex hardware or software may be difficult to document, explain or understand.  It is important to 

consider the consequences or unexpected or abnormal behavior which may be caused by a defect or human failure 

to comprehend.  In order to protect people and property from damage, a thorough safety analysis should always 

be performed.  When the consequences of a failure are serious, it is essential to protect life and property against 

such a failure with redundant backup systems or safety devices.  It is agreed between the purchaser and EOS 

Research Ltd. that protection against and the consequences of any such failure are entirely the purchaser!s 

responsibility. 

 

This device is not approved for use in life support or medical systems. 

 

As installed, this product may be part of a system which is required to meet various electrical, fire, safety or other 

codes and regulations.  Compliance with these codes is the purchaser!s responsibility. 

 

Specifications subject to change without notice. 

 

© 1996-2003 EOS Research Ltd. 

 

 

EOS Research Ltd. 
159 Walnut Street 

Rochester, NH  03867 

603.332.2099 

Fax: 603.332.2727 

procontrol@ eosresearch.com 
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APPENDIX A - Typical ProControl W iring 
 

 

Please see the ProView manual for operation of the remote access software which is 

supplied with the ProControl Series 2
plus
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1.0  SY STE M OV E RV IE W  

 

 

1.1  General The ProControl Series 2
plus

 is a small but powerful microprocessor based control/ 

telemonitoring system.  By combining a control panel and remote monitor in one 

unit, the Series 2
plus

 can act as a central supervisory and data management tool for 

any stand-alone operation.  The ProControl Series 2
plus

 can perform multiple tasks:
 

 Stand-Alone Control:  The ProControl Series 2
plus

 is a sophisticated 

programmable logic controller that will efficiently supervise and control your 

operation.  It can interface with up to 70 electrical devices (float switches, 

pressure transducers, pH transmitters, flow meters, pumps, blowers, etc.), and 

execute numerous control functions simultaneously.  Automatic shutdown 

routines can be programmed in to protect you operation during alarm 

conditions.  It is extremely versatile in terms of the control algorithms it can 

execute. 

 

 Remote Control and Monitoring:  The ProControl Series 2
plus

 gives you a 

window into your operation from any remote location, using the easy-to-use 

Windows-based software supplied with the system.  You communicate with the 

ProControl over a modem link, which allows you to view all of your system!s 

operating conditions, while also providing the same access to control functions 

that you would have if you were at the site (e.g., turning pumps on and off, 

adjusting alarm setpoints, etc.).  No other telemonitoring device gives you the 

ProControl!s level of remote control capability. 

 

 Reporting:  The ProControl Series 2
plus

 will keep you informed.  It will send 

you periodic fax status reports of your project operations on a schedule 

specified by you, and will alert you immediately either by fax or by numeric or 

alpha-numeric pager if an alarm condition warrants attention.  No longer do 

you have to assume what!s happening at your remote operation.....the 

ProControl will tell you exactly. 

 

 Datalogging:  The ProControl Series 2
plus

 is your information manager.  It is a 

powerful datalogger that automatically records all operating conditions in its 

battery-backed memory.  You can access your logged data remotely at any 

time, and download it to your office computer for further processing.  The 

datalogging capability is an invaluable tool for reporting purposes, 

troubleshooting, and trend graphing. 

 

One or more of these features can be used in your installation; they are standard in 

every ProControl unit. 
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1.2  Key 

Concepts 

 

The following are the building blocks of any Series 2
plus

 monitoring and control 

system. 

Inputs and 

Outputs (I/O!s) 

No system can be effective in the real world without communication and one of the 

principal ways the ProControl communicates is by responding to information 

collected by sensors and by issuing "commands# to other electronic or electrical 

devices.  Sensor information constitutes an Input while a "command# to another 

device constitutes an Output.  The Series 2
plus

 works with all of the more important 

types of I/O devices in general use.  Appendix A demonstrates how a variety of I/O 

devices are connected to the ProControl. 

 

Digital Inputs These inputs are designed to detect the closure of switch contacts such as those 

found on float switches or overpressure sensors.  They can respond to any normally 

open or normally closed dry contact.  The Series 2
plus

 provides its own wetting 

(supply) voltage of 5 volts DC for each digital input circuit.  The Series 2
plus

 can 

respond to changes in state as fast as 4 Hz or 3 Hz (cycles per second) depending 

on the model purchased.  Digital inputs are "debounced# for 125 or 150 

milliseconds, respectively.  This means that a switch or other input that changes 

state (becomes open or closed) must stay in that state for 125 or 150 milliseconds 

before the Series 2
plus

 will respond to the change.  

 

Eight high-speed digital inputs can also be used for traditional digital (pulse-

output) flow meters.  These inputs can detect signal changes at up to a 200/500 Hz 

rate.  All high-speed digital inputs are "debounced# for 1250/500 microseconds.  

The faster rate applies only to those systems containing the 18.432 MHz processor. 

 

Analog Inputs These inputs are compatible with sensors which send out a 4 - 20 milliamp (mA) 

signal.  Most analog sensors are available with this type of signal, examples being 

pressure transducers, pH transmitters, and many flow meters.  These inputs allow 

the operator to read the actual "value# of a parameter, such as pressure, instead of 

an on/off signal. 

 

Digital Outputs Digital outputs turn things like pumps, solenoid valves, and alarm lights on and off.  

The Series 2
plus

 digital outputs are relay outputs designed to switch small loads 

directly, such as motor starters, lamps, and solenoid valves. 
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Analog Outputs Analog outputs are typically used in process control schemes where a controlled 

piece of equipment can accept a signal which is variable over a range.  This output 

is expressed as a percentage (0 - 100%) and is used to control pump speeds, 

chemical dosing rates, etc., instead of conventional on/off operation.  The 

equipment that the ProControl sends the analog output to must accept a 4 - 20 mA 

signal.  Often, an analog output is used in conjunction with an analog input such as 

a pH transmitter to form a control scheme known as feedback control.  In essence, 

the input and output will work together to maintain a user set input level.  This 

concept is described further in the next section under Analog Output Processes. 

 

Tagnames Each input and output is given a descriptive Tagname by the user that uniquely 

identifies it to the system operator.  For instance, a digital input could be called 

"TANKHI#, an analog input could be called "AIRFLO# and a digital output could 

be called "PUMP_1#.  This tagname is used by the local LCD display, the FAX 

report and by the ProView software.  The analog inputs are also given a Units 

Tagname which identifies the unit of measure associated with the input sensor.  

Each tagname can be up to six characters long and each units tagname can be up to 

three characters long ("PSI#, for instance).  The tagnames can include the 

uppercase letters A-Z, the numbers 0-9, a blank space, and the underscore (_) 

character. 

 

 

  

1.3  Control 

Basics 

The status of all inputs or outputs can easily be monitored both locally and 

remotely.  What gives the Series 2
plus

 its real power, however, is the ability to 

automatically initiate actions based on the status of the inputs and your pre-

programmed instructions (this is often called Process Control).  These actions can 

include switching certain outputs, faxing back a report, sending an alphanumeric or 

numeric page, shutting down the entire system or sounding the local alarm.  

Process control functions are programmed into your ProControl by EOS Research 

or one of our technology partners according to your specifications. 
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Active State Central to the use of control on the Series 2
plus

 is the concept of Active State.  Each 

input on the ProControl receives certain signals from a sensor which constitute 

"normal# operation and other signals which constitute an exception to normal 

operation. 

 

A digital input can monitor only two states, ON or OFF (alternatively, CLOSED or 

OPEN).  The Active State would be the state in which the controller would respond 

to the digital input, and perform certain actions or generate an alarm.  For example, 

if a high level float switch in a tank is tripped (turned ON) by rising fluid level, we 

can say that its Active State correlates to a situation in which the fluid level is high.  

The active state of the float switch could cause the Series 2
plus

 to trigger an alarm, 

turn off a pump, or initiate some other action.  The Series 2
plus

 can be set up so that 

either ON or OFF is the active state. 

 

An analog input sensor can take on many states (or values) between the minimum 

and maximum of its measurement range.  The ProControl operator, however, can 

set two threshold values which divide the total input span into two functional 

regions.  These threshold values are more commonly called the Low Alarm Limit 

and the High Alarm Limit, although on the Series 2
plus

 these thresholds are 

somewhat more flexible in use than those names imply.  An analog input which has 

transcended either its Low Alarm Limit or High Alarm Limit is said to be in its 

active state. 

 

EAS WAS

0 psi

10 psi

Low

High6

4

 Figure 1.  Active State 

 

For instance, consider an analog input sensor which measures 

pressure from 0 to 10 PSI.  The system operator could set the low 

limit to 4 PSI and the high limit to 6 PSI.  In this case the Active 

State would usually be considered as the input state greater than 6 

PSI or less than 4 PSI.  This interpretation is called Endpoint Active 

State (EAS) on the Series 2
plus

 because the endpoints of the range 

are the areas which need to trigger action or generate alarms.  The 

opposite interpretation is also possible and is called Window Active 

State (WAS).  Any input values between 4 PSI and 6 PSI would 

trigger action or generate alarms. 

 If the ProControl has Alarms Set, when any input enters its active state, a local 

beeper will sound on the ProControl.  The word Alarm here applies only to the 

sounding of a local beeper and is not associated with any process control.  The 

active state condition is indicated on the LCD display and can be acknowledged by 

the operator.  The beeper is silenced when it has been acknowledged or after 30 

seconds have elapsed.  The beeper only operates when the system is operating in 

Manual mode. 
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Startup 

Sequence 

The Startup Sequence is a series of control algorithms or steps which run in 

succession and which are designed to place the system in its normal operating 

mode.  It can be as simple as turning all the outputs on simultaneously, or as 

complex as a multi-stage delay with many conditions.  Up to 8 or 16 individual 

startup steps can be declared depending on the model of the controller.  The 

ProControl can be configured to automatically run this sequence when the unit is 

powered up. 

 

Process Tasks A Process Task is an ongoing control algorithm which runs continuously.  Think of 

each process task as an IF-THEN statement, in which an action is initiated if a 

certain condition or combination of conditions exists.  Some examples are: 

 
 IF Tank Level Sensor 2 is on, THEN turn Pump 2 off 

 IF Air Flow Rate < 10 cfm AND Reactor Temperature > 250o, THEN open Bleed 

Valve 2 

 

Up to 16 or 64 separate process tasks can be run simultaneously depending on the 

model of the controller.  Process tasks can trigger FAX reports, pager alerts, and 

system shutdowns. 

 

Shutdown 

Sequence 

The Shutdown Sequence is a series of control steps which run in succession and 

which are designed to shut your system down in a manner which is best for the 

equipment or treatment processes involved.  The shutdown sequence can be 

activated manually or automatically due to an alarm condition.  Here is a typical 

shutdown sequence: 

 
 Turn off Well Pumps 1 and 2 

 Wait 5 minutes, then turn off Stripper Blower 

 Open Bleed Valve 2 

 When Oxidizer Temperature < 150o, turn off SVE Blower 

 

Automatic 

Operation 

The use of the startup sequence, process tasks, and the shutdown sequence 

constitutes Automatic Operation of your system with the ProControl Series 2
plus

 

(otherwise known as Auto Mode).  The Series 2
plus

 will be placed into auto mode 

(automatically) when your system has been started up using the programmed 

startup sequence.  If one condition of the programmed startup sequence is not met 

during the startup process, your system will be completely shut down by the 

ProControl as a safety measure.  Once the startup sequence has been successfully 

completed, the ProControl begins running the process tasks continuously.  

PROCESS TASKS W ILL RUN ONLY W HEN IN AUTO MODE.  Please note that the 

audible beeper will not sound even if the ProControl has Alarms Set when it is in 

Auto Mode, since the process tasks will control these situations as the user has 

specified. 
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Manual 

Operation 
You can override the Series 2

plus
 programmed control functions by operating in 

Manual Mode.  In manual mode, your process will respond only to operator input 

from the keypad of the ProControl, or to commands issued from the ProView 

software.  PLEASE NOTE THAT PROCESS TASKS AND THEIR ERROR-CHECKING 

MECHANISMS DO NOT RUN DURING MANUAL MODE!  Manual mode is useful when 

you wish to troubleshoot your system, but none of the system safeguards built into 

auto mode are available.  You can place your operation into auto mode any time by 

issuing the command from the keypad. 

 

Analog Output 

Processes 

In some cases, you may want to use an analog output to control equipment that 

maintains an analog input at a certain constant level.  For example, you may wish 

to automatically maintain a pH of 8.5 in a reaction tank by varying the dosing rate 

of a chemical feed pump.  The pH you wish to maintain (8.5) is called the SetPoint 

of the analog output process.  An analog input to the ProControl (in this case, a pH 

transmitter) is said to provide feedback to the unit, and combined with an analog 

output, constitute feedback control. 

 

PID Loops A reliable type of feedback control can be obtained through a PID Loop.  PID 

stands for Proportional-Integral-Derivative, and is a commonly-used process 

control technique.  We!ll skip the details of the mathematics involved, but suffice it 

to say that a PID loop is the favored control technique for most analog output 

processes.  With only a Proportional term applied in the equation, the analog 

output is controlled based on an error signal generated from the difference between 

the SetPoint and the actual analog input.  The PID loop can also improve its 

performance as it continues to run if an Integral term is used and can respond to 

quick changes in the controlling analog input if a Derivative term is used.  EOS 

Research will configure your PID loops for you and can provide further 

information if necessary. 

 

Proportional 

Outputs 

In some cases, it may be desirable to base an analog output signal on an analog 

input value.  In this situation, no specific SetPoint is used because there is a direct 

relationship between the output and input values.  For example, if you wanted to 

base the output of a metering pump on some flow rate, you might use a 

proportional output to relate the amount of chemical metered to the flow rate. 
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2.0  ON-SITE  OPE RATION 

 

2.1  LCD 

Display 

If your unit did not come with an LCD display, the following sections do not 

apply. 

 

The 2 line x 20 character LCD display is used to display and control system 

operations.  The display is divided into separate areas or fields, as outlined 

below. 

 

 

AIRFLO   343.65  CFM

AUTO  12

System Tagname

Tagname Value

Dimensional Units
or I/O Status

or Output Designation

System StatusMenu Selection

REPORT OFF

Communications

Status

S
P

 
Figure 2.  Display Fields 

 

System Tagname 

 

This six-character field is used to identify the I/O point displayed.  Descriptive 

names such as WELL1 or BLOWER are used. 

 

Tagname Value  

 

For analog inputs, this field displays the value of the input, the high alarm limit, 

or the low alarm limit.  For digital outputs, OUTPUT is displayed.  For digital 

inputs, this field is unused.  For analog outputs, this field displays the output 

percentage, the output level, or the associated input setpoint. 

 

Dimensional 

Units or I/O 

Status 

 

For analog inputs, this three-character field displays the dimensional units 

associated with the input sensor, such as GPM or PSI.  For digital inputs and 

outputs, this field displays either ON or OFF.  For analog outputs, this field 

abbreviates percent with PCT.  In the case of digital outputs, if the particular 

output displayed has been designated a lamp output (see ProView manual), and a 

lamp test is currently running, an asterisk (*) will appear before ON or OFF to 

indicate the lamp is illuminated despite the indicated output status (the output 

will return to this indicated status once the lamp test has been completed). 

 

Menu Selection 

 

This field displays the current menu selection. 
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Communications 

Status 

This field displays one of five different descriptors which indicate any of several 

special functions of the ProControl.  If no communications action is being taken, 

"># will appear.  Communications messages include: SP (Sending Page) - 

indicates that the unit is attempting to send either an alphanumeric or numeric 

page; EF (Encoding Fax) - indicates that the unit is presently encoding a 

facsimile report as a result of a request by either the operator or the unit itself; SF 

(Sending Fax) - indicates that the unit is attempting to send a fax report; and DC 

(Data Communications) - indicates that the unit is presently interfaced with 

ProView. 

 

System Status 

 

This area displays the current system status: AUTO, MANUAL, START, or 

SHUTD and an associated process task number indicating the last successfully 

completed Auto process, current Startup process, or current Shutdown process. 

 

 8 \backup\8100\0074.doc 



  ProControl User!s Manual v2.X 

 

2.2  Keypad 
 

The Series 2
plus

 keypad contains 12 buttons which are used along with the LCD 

Display to control the operations of the system. 

 

 

Up

Down

I/O

I/O

Field

Menu

Enter

!Ack
Hi Lo

Set

Mode

Man

Mode

Auto

 

 

Figure 3.  Series 2
plus

 Keypad 
 

Menu

 

This key is used to scroll through a series of options which are displayed on the 

LCD screen, and which allow the user to configure various aspects of system 

behavior. 

 

I/O

I/O

 

These keys are used to display information about particular I/O points on the LCD 

Screen.  The keys allow the user to scroll through all of the system I/O points either 

forward or backward. 

 

Ack

 

The Acknowledge key is used to silence the audible beeper or to acknowledge a 

memo sent from a remote ProView user. 

 

Hi Lo

Set

 

The Set Hi Lo key allows the user to change the high and low alarm limits for 

analog inputs or to toggle the display in the I/O Summary. 

 

!
 

The Emergency Shutdown key is used to turn off all outputs and return the system 

to manual mode.  The programmed shutdown sequence is not executed using this 

key. 

 

Field

 

The Field key is used to select a character position to be edited.  It is used in 

conjunction with any direct alphanumeric entry. 

 

Up

Down

 

These keys are used to toggle system variables from one state to the next or to 

scroll through possible character entries when used in conjunction with the Field 

key. 

 

Mode

Man

 

This key is used to place the system in manual mode. 

 

Mode

Auto

 

This key is used to place the system in auto mode. 

 

Enter

 

The Enter key is used to initiate certain actions selected by other keys or to confirm 

alphanumeric editing done using other keys. 
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2.3 Password 
 

When the system is first turned on the password screen is displayed and the user is 

prompted to enter the password to gain access to the system.  "EOS# is the default 

password. The password on the Series 2
plus

 was designed as a low-level security 

feature.  It is not sufficient in and of itself to withstand a determined effort at 

system entry.  The ProControl unit can be configured to bypass the password 

screen when the unit is powered up. 

 

Up

Down

 

CUSTOMER ID TAGNAME

ENTER PASSWORD: BAA_
 

Use the Up and Down keys to change 

the character displayed above the 

cursor. 

 

Field

 

CUSTOMER ID TAGNAME

ENTER PASSWORD: BAA_
 

The Field key is used to move the 

cursor to the next character to be 

edited. 

 

Enter

 

CUSTOMER ID TAGNAME

ENTER PASSWORD: EOS_
 

The enter key submits the password 

for approval. 

 

 
 If the password was entered correctly, the following screen will be displayed for 

about a second before the operations screen is displayed: 

 
 

Password Accepted

VER 2.XXX   : 1

ROM Version # User Setup Version #

 

 Otherwise, the following message will be displayed for a second and the user will 

be returned to the password menu: 

 
 

Incorrect Password

 

 

2.4 

Operations 

Screen 
 

After the password has been entered correctly, the operations screen is displayed.  

The operations screen allows the user to set system parameters and to review the 

status of all system inputs and outputs. 

 

 
WELL1            OFF

ALARMS SET >MANUAL
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2.5 I/O Keys 

Up

Down

I/O

I/O

Field

Menu

Enter

!Ack
Hi Lo

Set

Mode

Man

Mode

Auto

 

Pressing the I/O Up or I/O Down keys 

will scroll through the operational I/O 

points in the system.  Data relevant to 

a particular I/O point will be displayed 

to right of the point!s Tagname. 

 

I/O
 

WELL2            ON

ALARMS SET >MANUAL
 

Forward scroll through I/O points 

 

 

 

I/O
 

WELL3           OFF

ALARMS SET >MANUAL
 

Forward scroll through I/O points 

 

 

 

I/O

 

WELL2            ON

ALARMS SET >MANUAL
 

Backward scroll through I/O points 

 

 

 
 

2.6 Digital 

Input Menu 
 

WELL2            ON

ALARMS SET >MANUAL

Input Tagname Input Status

 

A digital input displayed in the 

operations screen will be displayed as 

shown.  When the input is in its Active 

State "ON# will be displayed in the 

Input Status area.  Otherwise, "OFF# 

will be displayed. 

 

2.7 Digital 

Output 

Menu 

 
PUMP1    OUTPUT *OFF

ALARMS SET >MANUAL

Output Tagname Output Status

_

Lamp Status

 

A digital output displayed in the 

operations screen will appear as 

shown.  When the output has been 

turned on, "ON# will be displayed in 

the Output Status area.  Otherwise, 

"OFF# will be displayed.  The cursor  

is displayed under the first character in 

the status field to indicate that it can 

be changed.  The Lamp Status 

character (*) will be shown for a lamp 

output if a lamp test is running 

regardless of the output!s true state. 

 

Up

Down

 

PUMP1    OUTPUT  ON

ALARMS SET >MANUAL

_

 

Pressing the Up or Down key will 

toggle the digital output state and turn 

the corresponding relay OFF or ON. 

 

Field

 

PUMP1    OUTPUT  ON

ALARMS SET >MANUAL_
 

Pressing the Field key will move the 

cursor to the Menu selection field. 
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2.8  Analog 

Input Menu 

 H2OFLO     54.6  GPM

ALARMS SET >MANUAL

Analog Tagname Units

Analog Value

 

An analog input displayed in the 

operations screen will be displayed as 

shown to the left. The value of the 

analog input will be shown along with 

the dimensional units.  In the case of a 

pulse accumulator (totalizer only), you 

will see only TOT where units is 

normally displayed. 

 

Hi Lo

Set

 

H2OFLO     20.0  GPM

LOW ALARM >MANUAL

_

 

Use the Set Hi Lo key to set the low 

alarm limit. 

 

 

Hi Lo

Set

 

H2OFLO     80.0  GPM

HIGH ALARM >MANUAL

_

 

Press the Set Hi Lo key again to set 

the high alarm limit. 

 

 

Hi Lo

Set

 

H2OFLO   120817  GAL

TOTAL FLOW >MANUAL
 

 

Press the Set Hi Lo key again to see 

the total flow on a flow type input, and 

once more to return. 

 

Up

Down

 

H2OFLO     30.0  GPM

LOW ALARM >MANUAL

_

 

The Up and Down keys are used to 

change the value of the current 

character, as denoted by the cursor. 

 

Field

 

H2OFLO     30.0  GPM

LOW ALARM >MANUAL

_

 

The Field key is used to move to the 

next character to be edited. 

 

 

Enter

 

H2OFLO     30.0  GPM

LOW ALARM >MANUAL

_

 

To save the low alarm limit changes, 

press the enter key. 
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2.9  Analog 

Output 

Menu 

 
VRPUMP    25.0  PCT

ALARMS SET >MANUAL

Analog Tagname

Percentage

 

An analog output displayed in the 

operations screen will be displayed as 

shown to the left.  The percentage of 

full scale output will be displayed as 

well. 

 

Hi Lo

Set

 
 
 

Hi Lo

Set

 
 

VRPUMP    25.0  PCT

OUTPUT LVL >MANUAL

_

 
 

WTRLVL    33.0  FT

SETPOINT >MANUAL

_

 

The Set Hi Lo key can be used to set 

the output percentage. 

 

 

Press the Set Hi Lo key again to 

declare the SetPoint of an associated 

analog input.  The SetPoint is used 

only if a PID control loop is in use as 

an analog output process. 

 

Pressing Set Hi Lo again returns to the 

original menu. 

 

Up

Down

 

VRPUMP    35.0  PCT

OUTPUT LVL >MANUAL

_

 

The Up and Down keys are used to 

change the value of the current 

character, as denoted by the cursor. 

 

Field

 

VRPUMP    35.0  PCT

OUTPUT LVL >MANUAL

_

 

The Field key is used to move to the 

next character to be edited. 

 

 

Enter

 

VRPUMP    35.0  PCT

OUTPUT LVL >MANUAL

_

 

To save the output level changes, 

press the enter key. 
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2.10  Menu 

Key 

Up

Down

I/O

I/O

Field

Menu

Enter

!Ack
Hi Lo

Set

Mode

Man

Mode

Auto

 

When pressed, the Menu key will 

scroll through a series of items which 

allow the user to configure various 

aspects of system behavior.  A 

description of these items appear in a 

10 character field at the bottom left of 

the display.  Either the Up and Down 

keys or the Enter key is used to 

change the item. 

 

ALARMS Use the Up and Down keys to enable or disable Alarms. 

 
 

 

Menu

 

TAGNAM           DIM

ALARMS OFF >MANUAL
 

TAGNAM           DIM

ALARMS SET >MANUAL
 

 

 

Up

Down

 
 

 

 

REPORT Use the Up and Down keys to enable or disable the unit!s reporting capabilities 

(fax or page). 

 
 

 

Menu

 

TAGNAM           DIM

REPORT OFF >MANUAL
 

TAGNAM           DIM

REPORT ON >MANUAL
 

 

 

Up

Down

 
 

 

 

FAX NOW Use the Enter key to send a FAX report immediately. 

 
 

Menu

 

TAGNAM           DIM

FAX NOW >MANUAL
 

 

Enter

 
 

STARTUP Use the Enter key to run the Startup Sequence. 

 
 

Menu

 

TAGNAM           DIM

STARTUP >MANUAL
 

 

Enter
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SHUTDOWN Use the Enter key to run the Shutdown Sequence. 

 
 

Menu

 

TAGNAM           DIM

SHUTDOWN >MANUAL
 

 

Enter

 
 

LAST 

SHUTDOWN 

This display item shows what input or output caused the last shutdown. 

 
 

Menu

 

TAGNAM           DIM

SDN TAGNAM >MANUAL
 

 

 

 

 

LOG OFF Use the Enter key to Log Off the system and return to the password menu. 

 
 

Menu

 

TAGNAM           DIM

LOGOFF >MANUAL
 

 

Enter

 
 

LAST MEMO Use the Enter key to see the last memo sent from the remote ProView user. 

Up and Down are used to scroll through the message, and Ack is used to return to 

the ProControl menus.  If you hit any other key you will see an informative 

message telling you which keys are valid.  The message will be displayed for 3 

seconds if no keys are pressed, but can be acknowledged before the 3-second 

period by pressing either the Ack or Enter keys. 

 
 

Menu

 

TAGNAM           DIM

LAST MEMO >MANUAL
 

HEY BULLWINKLE,

REMEMBER TO SHUT THE
 

LIGHTS OFF!

PUSH <ACK> TO RETURN
 

UP & DOWN TO SCROLL

OR <ACK>NOWLEDGE
 

LIGHTS OFF!

PUSH <ACK> TO RETURN
 

TAGNAM           DIM

LAST MEMO >MANUAL
 

 

 

Enter

 

Down

 

Field

 

Ack

 

Ack
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IO SUMMARY Use the Enter key to enter the I/O summary.  The analog input values 0-10 

represent a percentage of full scale (i.e. 0  4 mA, 5  12 mA).  Set HiLo is used 

to toggle between input/output summaries.  An underscore represents an open 

input or an unswitched output. A block indicates a closed input or a switched 

output. An x or X is displayed when an output is not enabled and is unswitched or 

switched, respectively.  An asterisk (*) will be displayed if an output is declared 

as a lamp and a lamp test is currently being performed.  The Field key can be used 

to move the blinking cursor through the outputs.  The Up/Down keys can be used 

to toggle the state of the output whose position is covered by the blinking cursor.  

The Enter key will return the ProControl back to its standard menus.  If you press 

any other keys you will see an informative message telling you which keys are 

valid.  The message will be displayed for 3 seconds if no keys are pressed, but can 

be interrupted before the 3-second period by pressing the Enter key. 

 

Menu

 

TAGNAM           DIM

IO SUMMARY >MANUAL
 

DIN

01234567891001234 AIN
 

xxx   DO

xxxxxxxxxxxxxxxx EXT
 

xxx   DO

xxxxxxxxxxxxxxxx EXT
 

xxx   DO

xxxxxxxxxxxxxxxx EXT
 

HILO, FIELD, UP/DOWN

CHANGE IO,ENTER EXIT
 

xxx   DO

xxxxxxxxxxxxxxxx EXT
 

TAGNAM           DIM

IO SUMMARY >MANUAL
 

 

Enter

 
 

Hi Lo

Set

 
 

Field

 
 

Up

Down

 
 

Mode

Auto

 
 

Enter

 
 

Enter
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MODES Use the Up and Down keys to toggle an Analog Output from Manual control to 

PID control or Proportional control, depending on which analog output process is 

being used.  This selection will only appear if an analog output tagname is 

displayed and the analog output is part of an analog output process. 

 
 

Menu

 

TAGNAM   100.0  PCT

MODE MAN >MANUAL
 

TAGNAM    96.3  PCT

MODE PID >MANUAL
 

TAGNAM    25.0  PCT

MODE PRO >MANUAL
 

 

 

Up

Down

 
 

 

 

GROUP The ProControl allows outputs to be assigned to different Groups to allow greater 

process control flexibility.  In some cases, you may wish to be able to specify 

alternate process tasks for a given output.  For instance, you can have the 

operation of a pump be controlled by a series of level switches in a tank, or 

alternately, the pump can be run on a timed cycle.  By selecting the appropriate 

process Group, you can change the control strategy for that piece of equipment.  

EOS Research will configure the groups for you according to your specifications 

 

Use the Up and Down keys to select a Group for the displayed output.  This menu 

item is displayed only for outputs that have been configured by EOS to have 

alternate process Groups. 

 
 

 

Menu

 

TAGNAM   OUTPUT  DIM

GROUP 1 >MANUAL
 

TAGNAM   OUTPUT  DIM

GROUP 2 >MANUAL
 

 

 

Up

Down

 
 

 

 

2.11  LED 

Indicators 
 

Your ProControl unit has three status LEDs to the left of the keypad, which are 

used to indicate the following: 

 

System Status: Normally ON when unit is powered. 

   One blink - The system has internally reset. 

   Two blinks - An internal error has occurred. 

Connect:  ON if user is remotely or locally connected. 

   ON if system is faxing or paging. 

   Slow blink - last fax or page failed, press ACK to clear. 

   Fast blink - local connect cable inadvertantly left plugged 

     in, press ACK to clear. 

Network:  Rapid blinking indicates an active network connection. 
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3.0  RE PORTING  F E ATU RE S 

 

 

3.1  Fax Report 
 

The ProControl unit will keep you informed of your system!s operations with 

facsimile status reports.  With the supplied ProView software you can configure 

the unit to send fax reports to up to two different numbers.  You can also have 

these reports sent on a daily basis, at regular intervals during the day, or when 

triggered by specific process tasks.  You can send one at any time by using the Fax 

Now option either from the menu on the ProControl!s display, or through the 

ProView software. 

 

The fax report you receive will contain several fields, each denoted by a shadow 

box.  The number of fields will depend on the configuration of your system.  For 

instance, you would not see a field indicating Analog Outputs if your system does 

not contain any of these. 

 

The fields as you will see them are shown below.  All information enclosed in 

brackets is variable and depends on your particular system configuration. 
 

 
 

<FAX RECIPIENT> 

 

will indicate the intended fax recipient!s name. 

 

 
 

THE <SYSTEM NAME>        SYSTEM IN <SITE LOCATION>   AT <TIME> ON <DATE> 

SETUP VERSION X       :  ROM VERSION 2.x          :  MODEL B1 

 

will indicate the name and location of your system, the date and time at which the 

fax report was initiated, your current ProView setup version, and the current on-

board software version 2.X. 
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<MODE><PXX>  :   LAST SHUTDOWN AT <TIME> ON <DATE> BY <SHUTDOWN CAUSE> 

                 FAX REPORT INITIATED BY <FAX CAUSE> 

 

will indicate the current <MODE> of the controller and associated process.  For 

example, if the controller is running the startup or shutdown sequence, you would 

see either START or SHUTD followed by the current algorithm.  Similarly, in auto 

mode, you would see AUTO followed by the last successfully completed process 

task.   

 

The LAST SHUTDOWN indicates when the system last initiated the shutdown 

sequence and what caused it to happen.  For example, if the shutdown sequence 

were initiated by a key press, the cause you would see would be KEYPAD.  

Similarly, if the shutdown sequence were caused by a process task such as a high 

pressure sensor whose tagname was HIPRES, you would see HIPRES as the 

<SHUTDOWN CAUSE>.  If multiple inputs or outputs caused the shutdown (i.e. a 

process task was dependent on more than one input being in the active state and/or 

multiple outputs being ON), the most recent one which changed will appear as the 

cause. 

 

Similarly, the FAX REPORT INITIATED BY line will indicate the tagname of 

the I/O point which caused the fax to be sent, provided there was only one I/O 

point responsible.  If multiple I/O points were responsible, the process itself will 

be indicated.  Consider, for example, a process task where a shutdown was caused 

by HIPRES and BLOWER, and a fax was also generated.  The <FAX CAUSE> 

would be PROCESS XX, where XX is the number from 1 - 64 of this process task.  

In the case where Fax Now was selected from the menu option on the LCD, the 

<FAX CAUSE> would be KEYPAD.  The <FAX CAUSE> from a ProView 

generated Fax Now command would be REMOTE.  This line will not appear on 

daily or interval scheduled fax reports. 
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<TAGNAME> is <STATE>   <TAGNAME> is <STATE> ... 

 

will indicate the status of all of the digital inputs in four columns.  Inputs which 

are in the active state will appear as ON and those which are in their normal state 

will appear as OFF. 

 

 
 

<TAGNAME> is <STATE>   <TAGNAME> is <STATE> ... 

 

will indicate the status of all of the digital outputs in four columns. 

 

 
 

<TAGNAME> is <VALUE> <DIM> LIMITS are L: <LO-LIM> <DIM> H: <HI-LIM> <DIM> 

<TAGNAME> is <VALUE> <DIM> TOTAL FLOW is <FLOW>   <DIM> 

<TAGNAME>                  TOTAL FLOW is <FLOW>   <DIM> 
... 

 

will indicate the current value, dimensional units, low alarm limit, and high alarm 

limit for all analog inputs which are not flow-type inputs.  The precision of the 

values displayed can be selected through ProView.  Any flow-type analog input 

which is responsible for maintaining a total flow will display that flow in place of 

the alarm limits.  Any pulse-type digital input used for a digital flow meter will 

appear here since the information being obtained by that type of flow meter is 

analog in nature.  In addition, pulse accumulators (volume totalizers) will appear 

here. 

 

 
 

<TAGNAME>   <PCT>  PCT  <MODE>      <TAGNAME>   <PCT>  PCT  <MODE> 

... 

 

will indicate the output percentage and mode of operation of all analog outputs.  

The precision is fixed to one decimal place and will range from 0.0 to 100.0, 

expressed as a percentage.  The <MODE> of operation will be PID if the analog 

output is currently being used in a PID loop, or PRO if the analog output is 

currently being used in a Proportional scheme, otherwise it will be MAN indicating 

that the analog output is under manual control. 

 

 The next two pages contain examples of scheduled and alarm fax reports. 
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3.2 Page Alerts 

 

The ProControl unit can alert you to important conditions at your site via a page 

alert.  Any system that is not in manual mode, that is, executing process tasks or 

the startup or shutdown sequences, can send a message up to eighty characters in 

length to an alphanumeric pager or up to nineteen digits in length to a numeric 

pager.  If you are out of the office and away from a fax machine, you will still be 

alerted to any trouble at your site.  With ProView you can select up to two pager 

numbers to be called.  Each process task or startup/shutdown algorithm is capable 

of sending a message to either or both of these pagers.  The pager messages are 

configured by EOS Research according to your specifications.   

 

An example message for an alphanumeric pager would be: 

 
 

 
ANYTOW N SITE 
High water level EQ Tank 
System shut down! 
Call Fred to fix: 555-6789 
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PROCONTROL SERIES 2
plus

 
Type A 

Product Specification 
 

 
 
 

The next generation Type A ProControl features a capacity of up to 78 industrially-hardened inputs 

and outputs in a small and easy-to-use package.  The Series 2
plus

 contains everything you need for 

the core of your control/telemetry system, including the ability to drive motor starters, solenoids 

and other devices directly from built-in relay outputs.  The Series 2
plus

 includes expanded 

datalogging and reporting capability, a built-in power supply for your instruments and transducers, 

as well as pluggable connectors for all I/O.  The Type A features higher I/O counts, large datalog 

memory, greater process control capacity, and a vacuum fluorescent display. 
 

 M odel A1 M odel A2 

Inputs   

Discrete Sixteen (16) protected discrete inputs. Support 

for 4 flowmeters or pulse accumulators with 

rates to 500Hz. 

Twenty-Four (24) protected discrete inputs 

(Eight of these are status inputs). Support for 4 

flowmeters or pulse accumulators with rates to 

500Hz. 

Analog Sixteen (16) 4-20ma inputs with built-in 

24Vdc supply.  Inputs are surge and short-

circuit protected and may also be used as 

discrete inputs 

Sixteen (16) 4-20ma inputs with built-in 

24Vdc supply.  Inputs are surge and short-

circuit protected and may also be used as 

discrete inputs 

Outputs   

Discrete Twenty-Two (22) relay outputs rated at 1/2A, 

120VAC 

Thirty (30) relay outputs rated at 1/2A, 

120VAC 

Analog  Eight (8) 4-20ma outputs.  PID loop control. 

Price $3,495 $3,995 

2ptypea.doc, 7/03  Specifications subject to change without notice. 

 





















 
 
 
 

MODEL  ACCURACY  DESCRIPTION  PHOTO  
MINIMUM 

FULL 
SCALE 

 
MAXIMUM 

FULL SCALE 
 OUTPUT 

 

LEVEL TRANSDUCERS (SUBMERSIBLE) 

500 
 
501 

 ±0.05% TEB 
 
±0.01 ft H2O 

 1” Bore Diameter 
Microcomputer-based, 

digital output 

 

 

 
10 feet 

 
 

230 feet 
 

50 feet 
 SDI-12 

355 
 
353 
 
351 

 ±0.05% TEB 
 
±0.10% TEB 
 
 ±0.01ft H2O   

 
0.75” Bore Diameter 

Microcomputer-based, 
digital output 

 

 

 

10 feet  

230 feet 
 

230 feet 
 

69 feet 

 SDI-12 

335 
330 
320 

 ±0.05% FS 
±0.10% FS 
±0.25% FS 

 
Small bore,  

analog output 

 

 

 

5 feet  700 feet  4-20 mA, 0-5 VDC 

735 
730 
720 
710 
700 

 ±0.05% FS 
±0.10% FS 
±0.25% FS 
±0.50% FS 
±1.00% FS 

 

General purpose,  
analog output 

 

 

 

2.3 feet  700 feet  4-20 mA, 0-5 VDC 

705 

 

±0.25% FS 

 Non-fouling,  
0.90” diaphragm, 

 analog output 

 

 

 

6 feet  115 feet  4-20 mA, 0-5 VDC 

750 

 

±0.25% FS 

 Non-fouling,  
2.75” diaphragm,  

analog output 

 

 

 

10 feet  115 feet  4-20 mA, 0-5 VDC 

342 

 
±0.10% FS 
±0.25% TEB 

 
ASIC-based, small bore, 

analog output 

 

 

 

10 feet  230 feet  4-20 mA, 0-5 VDC 

300DS 

 
 
 
 

±0.50% FS 

 
Deep water, small bore, 

analog output 

 

 

 

700 feet  4614 feet  4-20 mA, 0-5 VDC 

PRESSURE TRANSDUCERS (NON-SUBMERSIBLE) 

30 
27 
28 

 ±0.10% FS 
±0.25% FS 
±0.50% FS 

 
General purpose,  

analog output 

 

 

 

1 psi   2000 psi  4-20 mA, 0-5 VDC 



 

MODEL  ACCURACY  DESCRIPTION  PHOTO  
MINIMUM 

FULL 
SCALE 

 
MAXIMUM 

FULL SCALE 
 OUTPUT 

 

ACCESSORIES 

 

Lightning Protection 

 

 

 
Lifetime warranty for damage due to lightning or voltage spikes 

Low peak clamping voltage 
Up to 20,000 Amperes Peak Surge Protection 

Automatically Resets 

Aneroid Bellows 

 

 

 
Maintenance free moisture protection  

for vented gage transducers 
 

Fluctuates with changes in atmospheric pressure  
maintaining a constant barometric reference 

Vent Filter 

 

 

 
Desiccant filled moisture protection 

1 year warranty guarantees 
Low maintenance 

Digital Displays 

 

 

 
Many types to chose from 

 
Provides a visual readout of a single KPSI transducer  

having mA or VDC output 

Installation Hardware: 
Anti-Snag Cone, Cable Hanger, Mounting Clamp,  Well Caps, 
Junction Box, Identification Tags, Cable Splice Kit 
 
Replaceable and Interchangeable Nose Caps: 
Open-face Nose Cap, Ported Nose Cap 
Piezometer Nose Cap, Male NPT Nose Cap 

 

 

 Options Include: 
Reference Pressure Format 
Transducer Output 
Electrical Connection 
Temperature Sense Output 
Wetted Materials 
Corrosion Protection 
Expedite Shipment Service 

 
 
 
 
 
For product photos and datasheets, visit our website at www.PressureSystems.com 
Order online at:  LEVELandPRESSURE.com 

 
 

 

 Measurement Specialties, Inc. 
 1000 Lucas Way 
 Hampton, VA  23666 
 (757) 865-1243; Fax (757) 865-8744 
 Toll Free:  (800) 328-3665 

            N0. 0811 
 
 



 Login

KPSI Series 700 Submersible Level Transducer   

Overview About PSI Products Downloads Distributors News & Press Center Contact

   You are here: Products  » Environmental » KPSI Selection Guide » KPSI 700    

Parameter 735(1) 730(1) 720 710 700 Units Comments 
LEVEL RANGES

Full Scale Level Ranges (2)

5 thru 700 
(1.5 thru 210)

 

2.3 thru 700 
(0.70 thru 210)

ft pO 
(m pO)

for vented gage reference

N/A
35 thru 700 

(10 thru 
210)

10 thru 700 
(3 thru 210) 

ft pO 
(m pO)

for sealed gage reference

N/A
35 thru 700 

(10 thru 210)
ft pO 

(m pO)
for absolute reference

Proof Pressure 1.5 x FS  
Burst Pressure 2.0 x FS  
STATIC PERFORMANCE

Static Accuracy (3) ±0.05 ±0.10 ±0.25 ±0.50 ±1.00 % FSO BFSL
Resolution Infinitesimal   

ENVIRONMENTAL

Wetted Materials 316 SS or Titanium; Delrin®;  
polyurethane or Viton® 

 Delrin® and Viton® are 
registered trademarks of 
DuPont.

Compensated Temp Range 0 to 50 ºC  

Thermal Error (4) ±0.05 (5) %FSO/ºC worst case over compensated 
temperature range

Operating Temp Range -20 to 60

0 to 50

ºC

ºC

when using polyurethane 
cable

when using ETFE cable (11)

Protection Rating IP 68, NEMA 6P   

ELECTRICAL

Excitation 9 - 30 (12)  
 2.5 - 10 

VDC for mA, VDC

Input Current 20 
3.5 

mA max for mA output 
for VDC output

Output (10) 4 - 20 
0 - 5 

mA 
VDC 

 
options available (6)

Zero Offset ±0.20 (8) 
< 0.25 

mA 
VDC 

for mA output 
for VDC output

Output Impedance See Loop Resistance diagram page 7 of datasheet 
20

ohm for mA output 
for VDC output

Insulation Resistance 100 mega 
ohm

at 50 VDC

Circuit Protection Polarity, surge/shorted output   

Overview Specifications
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PHYSICAL

Approximate Weight 0.44 (198) 
0.05 (79) 

lbs (g) 
lbs/ft 
(g/m)

transducer 
cable

Cable 
  Jacket Material 
 
 
  Pull Strength 
 
  Number of Conductors 
   
Conductor Size

 
Polyurethane (std) 

ETFE (9) (opt) 
 

200 (90) 
 

4 
 

22 

 
 
 

lbs (kg) 
 
 
 

AWG

Tefzel®, Teflon® and Kevlar® 
are registered trademarks of 
DuPont.

Cable Seal Molded Polyurethane 
Viton® Gland

 for polyurethane cable 
for ETFE cable

TEMPERATURE OUTPUT OPTION (NOT INTRINSIC SAFETY APPROVED)

Temperature Range -20 to 60 ºC available for 4-20 mA output 
versions only

Output Signal 4-20 mA  
Temperature Measurement 
Accuracy

±4 ºC  

LIGHTNING PROTECTION (OPTIONAL) (13)

Life Expectancy > 1000 operations   
Peak Clamping Voltage 36 volts   
Response Time < 10 nsecs   
 

For ranges > 230 ft (70 m) pO, output is 4-20 mA only. 1.
Intermediate level ranges are available. 2.
Static accuracy includes the combined errors due to nonlinearity, hysteresis and nonrepeatability on a Best Fit Straight 
Line (BFSL) basis, at 25ºC per ISA S51.1.

3.

Thermal error is the maximum allowable deviation from the Best Fit Straight Line due to a change in temperature, per 
ISA S51.1. 

4.

For ranges < 12 ft (4 m) pO, maximum thermal error is ±0.1% FSO/ºC. 5.
Custom VDC output levels can be provided up to 2.5 VDC less than the excitation supply voltage. Contact Customer 
Service for VDC output availability. 

6.

For ranges <= 5 ft (1 m) pO, zero offset is ±0.25 mA. 7.
ETFE is a fluoropolymer (Teflon® derivative) material, Tefzel® or equivalent. 8.
For range < 5 ft (1.5 m) pO, only 4-20 mA output is available.9.
-20ºC to 50ºC for level ranges <= 100 ft (70m) pO when using ETFE cable.10.
Intrinsic safety limits excitation to 28V. 11.
The power supply needs to be limited to 150 mA to avoid lock up of the gas tube after a suppression event. 12.

Specifications subject to change without notice.

   © 2010 Pressure Systems Inc. Terms Of Use | Privacy Statement 
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submersible level transducer700 710 720                     

f u l l  s c a l e  l e v e l  R a n g e s 
In termediate  Leve l  Ranges  Are Avai lable .
Vented gage reference ...............2.3 thru 700 ft (0.70 thru 210 m) H20
Sealed gage reference ......................10 thru 700 ft (3 thru 210 m) H20
Absolute reference...........................35 thru 700 ft (10 thru 210 m) H20
Proof Pressure……...................................................................……1.5 X FS
Burst Pressure………...................................................................…2.0 X FS

s t a t i c  P e R f o R m a n c e
Combined Ef fects Of Non-Linearity, Hysteresis And Repeatability, 
Best Fit Straight Line Method.
Static Accuracy..........................................................•720:±0.25 %FSO
    •710:±0.50 %FSO•700:±1.00 %FSO
Resolution.............................................................................±0.0001%FS

e n v i R o n m e n t a l
Wetted Materials....316 SS or Titanium; Delrin®; polyurethane or Viton®

Delrin® and Viton® are registered trademarks of Dupont.
Compensated Temperature Range….........................................0 To 50ºC
Maximum Allowable Deviation From The Best Fit Straight Line Due To 
A Change In Temperature
Thermal Error........................................±0.05%FSO/ºC worst case over

compensated temperature range, for ranges < 12 ft (4 m) H2O,
Maximum thermal error is ±0.1% FSO/ºC

Operating Temperature Range.............................................-20 To 60ºC
when attached to polyurethane cable

Protection Rating...........................................................IP 68, nEMA 6P

e l e c t R i c a l
Excitation.............................• 9-28V - VDC output (0-5V, 0-2.5V, 0-4V)

• 9-28V - mA output (4-20) •15-28V - VDC output (0-10V)
•10-28V - VDC output (1.5-7.5V)

Input Current.....20 mA max, for mA output; 3.5 mA max, for VDC output
Output....4–20 mA, 0-5 VDC, 0-2.5VDC, 0-4VDC, 0-10VDC, 1.5-7.5VDC

For ranges < 5 ft (1.5 M) H2O, only 4-20 mA output is available

Zero Offset......... ±0.25 mA for mA output, < 0.25 VDC for VDC output
Output Impedance ..............See loop resistance diagram for mA output,

20 ohm for VDC output
Insulation Resistance......................................100 mega ohm at 50 VDC
Circuit Protection........................................Polarity, surge/shorted output

c e R t i f i c a t i o n s  
 UL, CUL and FM – Intrinsically safety approved

CE compliant to En 61326-1:2001 and En 61326-2-3:2006

P h y s i c a l
Approximate Weight...................................0.44 Lbs (198 g) transducer,

0.05 Lbs/ft (79 g/m) cable
Cable Jacket Material........................................Polyurethane (standard),

Tefzel®, Teflon® and Kevlar® are registered trademarks of Dupont.
ETFE (optional), ETFE is a fluoropolymer (Teflon® derivative) 
material, Tefzel® or equivalent

Cable Pull Strength..........................................................200 Lbs (90 kg)
Cable number of Conductors................................................................4
Cable Conductor size.................................................................22 AWg
Cable Seal.........................Molded Polyurethane for polyurethane cable

Viton® gland for ETFE cable

t e m P e R a t u R e  o u t P u t  o P t i o n 
(not intrinsically safety approved)
Temperature Range......-20 To 60ºC, available for 4-20mA output versions only
Output Signal.............................................................................4-20 mA
Temperature Measurement Accuracy................................................±4ºC

l i g h t n i n g  P R o t e c t i o n
Power Supply Needs To Be Limited To 150 mA To Avoid Lock Up Of The 
Gas Tube After A Suppression Event
Life Expectancy…….........................................................>1,000 Operations
Peak Clamping Voltage.....................................................................36 Volts
Response Time………......................................................................<10 nsecs

F E A T U R E S
• CUSTOM LEVEL RAngES 
   UP TO 700FT (210M) H2O
• CUSTOM POLyURETHAnE     
   OR ETFE CABLE    
   LEngTHS
• STATIC ACCURACy  

   TO ± 0.25% FSO

• MULITPLE AnALOg 
   OUTPUTS
• WELDED 316SS OR 
   TITAnIUM 
• OPTIOnAL LIFETIME 
    LIgHTnIng 
    PROTECTIOn
• CUSTOM-BUILT In 
    TWO DAyS

• TWO yEAR WARRAnTy
• MULTIPLE nOSE PIECE 
   STyLES
• SHIPPED WITH LOng 
   LIFE VEnT FILTER

 A P P L I C A T I O N S
• LIFT STATIOnS

• PUMP COnTROL

   
• LEVEL COnTROL

• SURFACE WATER 

     MOnITORIng

• LAnDFILL LEACHATE

• WELL MOnITORIng

• gROUnDWATER 

    MOnITORIng

• SLUg TESTS

700 710 720                     
specif icat ions in format ion 

34 Research Drive, Hampton, VA 23666 USA, 757-865-1243, Toll Free 800-328-3665, Fax 757- 865- 8744
         E-mail sales@PressureSystems.com•www.PressureSystems.com•online orders www.LevelandPressure.com•iso–9001:2008



1. The part number requires two level range limits, corresponding to maximum and minimum outputs, to be specified in pounds per square inch (psi) to three decimal 
places. The lower level range is typically 000.000 unless otherwise required. For reverse output requirements, enter the lower range for the maximum output and the 
upper range for the minimum output. Use the following conversion factors:
f t H2O / 2.3073  = psi             Examples: 10 f t H2O / 2.3073 = 4.334 psi  (enter 004.334 in the part number)
m H2O / 0.703265 = psi             10m H2O / 0.703265 = 14.219 psi                 (enter 014.219 in the part number)

For sealed gage reference add local atmosphere when converting to psi.  Contact PSI for assistance.
                Example: 10 f t H2O / 2.3073 +14.7 = 19.034 psi (enter 019.034 in the part number)
2. Contact PSI if private labeling is required.

Warranty: The Series 700, 710 and 720 product is warranted against defects in material and workmanship for 2 years from date of shipment. Products not subjected to misuse will 
be repaired or replaced. THE FOREgOIng IS In LIEU OF Any OTHER EXPRESSED OR IMPLIED WARRAnTIES.We reserve the right to make changes to any product herein and 
assume no liability arising out of applications oR use of any PRoduct oR ciRcuit descRibed. PRoducts descRibed in this sPecification aRe not intended foR life 
suPPoRt aPPlications.
                                                                                                                                                                                                                                                                      no. 0910

700 710 720                     

700 710 720                     

t e c h n i c a l  d a t a

  o rde r  i n fo r ma t ion 
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Our Company 
 
Pressure Systems is an ISO9001:2000 certified U.S. manufacturer of submersible and non-
submersible (above ground) pressure transducers for environmental, industrial and municipal 
applications.  Our KPSI™ Level and Pressure Transducers have been specified in thousands of 
projects throughout the United States, Canada and Europe by geologists, system integrators, 
national engineering firms and a variety of government agencies.  Typical applications include, 
but are not limited to, pump control, tank level monitoring, sewage lift station operation, 
reservoirs, weirs, flumes, site remediation, watershed management, storm water/well 
monitoring, pump/pipeline pressures and compressor pressures. 
 

Website and E-Mail 
 
You may visit our website at www.PressureSystems.com to look at our latest new product 
releases, application notes,  product certifications and specifications, as well as Intrinsic Safety 
control installation drawings.  E-mail your questions and comments to us: 
sales@PressureSystems.com. 
 

E-commerce 
 
Orders may be placed on-line by visiting our e-commerce site 
(www.LEVELandPRESSURE.com) or by contacting the factory or local representative. 
 

Applicable Products 
 
This manual provides information applicable to the use of the following KPSI Level and 
Pressure Transducers: 
 
Level Transducers (Submersible) 
Series 700/710/720/730/735  
Series 320/330/335/340 
Series 300DS 
Series 705 
Series 750 
 
Pressure Transducers (Non-submersible) 
Series 27/28/30 

Please note: Series 500 and Series 550 
(waterMONITOR) have separate manuals. 
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1.0 Product Description 

 
General Characteristics 
 
KPSI™ Level and Pressure Transducers use isolated-diaphragm sensors that are specifically 
designed for use with hostile fluids and gases.  These sensors utilize a silicon pressure cell that 
has been fitted into a stainless steel or titanium package with an integral, compliant stainless 
steel or titanium barrier diaphragm.  This sensor assembly is housed in a rugged 316 stainless 
steel or titanium case which provides for a variety of level ranges from 2.3 ft (0.75 m) H2O 
through 4614 ft (1408 m) H2O and pressure inputs from 0-1 (7 kPa) through 0-15000 psi (103 
mPa).  Our devices feature internal signal conditioning.  Standard outputs are 4-20 mA and 
VDC.   
 
All units containing active electronic components have surge and reverse polarity protection.  
For ease of use in the field, our transducers are permanently laser engraved with our logo and 
name, wiring information, part number (P/N), serial number (S/N), date of manufacture (DOM), 
range, excitation and output.  Transducers are offered in diameters of 1.0 (25 mm) and 0.75 
inches (19 mm). 
 
Care and Handling 
 
Our transducers are designed for rugged use.  However, they need protection from over 
pressure and sharp impact.  When lowering them into a liquid, penetrate the surface slowly and 
only to the depth necessary. Avoid dropping the unit from above the surface.  Clean all 
transducers by rinsing them in a mild detergent.  Direct probing of the diaphragm or attempts to 
remove protective screens will damage the sensor, voiding the warranty. 
 
Calibration 
 
All transducers are shipped with calibration information unique to each transducer.  Make sure 
you keep each calibration report.  However, should you misplace your calibration sheet, you can 
contact the factory and request a duplicate.  All KPSI™ Transducer calibrations are traceable to 
the National Institute of Standards and Technology (NIST). 
 
 
Approvals 
 
Most of our products have UL and FM certification for intrinsic safety. Their  
respective installation control drawings can be downloaded from our website. Several of our  
product lines also carry ABS approval. Most products are CE compliant to EN 61326-1:2006 
and EN 61326-2-3:2006.  CE compliant units are labeled accordingly.   
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2.0  Product Accessories and Options 
 
 
 
 
 
 
 
 
Nose Caps 
          
There are several different user-installable nose caps for the 700, 710, 720, 730, 735 
submersible level transducers.  The ported nose cap (Delrin) with #8-32UNC-2B threaded hole 
is best used where weights are required and for those installations where users may encounter 
sharp, protruding objects.  The open-face nose cap which allows maximum contact with the 
liquid media is ideal for wastewater and "greasy" applications where  clogging of the sensor is a 
concern.  The piezometer nose cap allows the unit to be buried in saturated soil without  
damage  to  the  sensor  diaphragm. The 1/4" male NPT pressure nose cap is not only useful for 
calibration purposes but also allows the device to be used as a submersible or above ground 
pressure transducer.     
 
 
 
 
 
810 SuperDry™ Vent Filter or 815 Aneroid Bellows 
  
All submersible transducers with vented gauge format are supplied with a protective barrier that 
guards against moisture buildup in the cable vent tube. The 810 SuperDry™ vent filter is 
installed free of charge and is guaranteed to operate maintenance free for one year. We also 
offer the 815 Aneroid Bellows as a maintenance free option that can be used on submersibles 
with accuracies of: ±1%, ±0.5%, or ±0.25% FSO.  These barriers ensure reliable operation and 
long life as they protect sensitive electronic components from mildew and prevent the formation 
of a liquid column in the vent tube.  Any such liquid column directly affects calibration of the 
transducer. 
 
Sacrificial Anodes 
 
Our sacrificial anodes are made from a special zinc alloy formulated to guarantee continued 
effectiveness over long periods.  Because the anodes are 95% galvanic, they will not corrode 
unless there is an electrolytic demand.  The anode maintains a high driving potential throughout 
its 12 month life, is self-sluffing and always exposes new zinc for the best possible protection.  
For those applications where cable buoyancy is a problem, the sacrificial anode can be 
substituted for hanging weights. 

WARNING:  Caution must be exercised when inserting a screw into the nose cap 
as the maximum insertion length should not exceed 0.175”. 

WARNING:  POTENTIAL ELECTROSTATIC CHARGING HAZARD 
 

  In hazardous locations: 
 
  ●  Avoid building up static charge on case of data protector and plastic accessories. 
  ●  Use damp rag to wipe data protector and plastic accessories to avoid static build up. 
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Sacrificial Anodes provide cathodic protection against galvanic corrosion for our submersible 
pressure transducers.  Galvanic corrosion occurs when dissimilar metals are placed in contact 
with an electrolyte.  This condition causes a potential difference to exist between the two metals, 
causing electron flow between them.  Corrosion of the less corrosion-resistant metal is 
increased and attack of the more resistant metal is decreased.  The 820 Sacrificial Anode is 
clamped to the exterior of a one-inch bore submersible transducer.  We also offer a 1" diameter 
pencil anode, the 825, that attaches to the nose cap of either a 3/4" or 1" bore submersible 
transducer. 
 
Absolute/Sealed Gage Transducer 
 
The sealed gage option for submersible transducers eliminates the need for a vent filter.  The 
standard output of a sealed gauge transducer is 4 mA at 14.70 psia. Before ordering a sealed 
gauge transducer, the customer should determine the altitude (above sea level) of the 
installation and inform PSI’s Customer Service of this value before order entry.  During 
manufacture, the output of the transducer will be adjusted to compensate for the altitude 
difference, if applicable. 
 
Polyurethane & ETFE Jacketed Cable 
 
Most installations of our submersible level transducers connect our polyurethane or ETFE cable 
to a junction box.  From this junction box (P/N 840), users typically run their own cable to the 
required instrumentation.  Polyurethane-jacketed cable  is used for most applications while 
ETFE material is recommended for more aggressive environments. 
 
Specifications for our standard polyurethane and ETFE jacketed cable are as follows: 
 
 

Specifications 
Standard 

Submersible Cable 
Standard 

Non-Submersible Cable 

Weight 0.05 lbs/ft (0.07 kg/m) 0.025 lbs/ft (0.035 kg/m) 

Min. OD 0.28" (7.10 mm) 0.189" (4.8 mm) 

Max OD 0.31" (7.87 mm) 0.19" (4.9 mm) 

Conductors 4 - 22 AWG 22 AWG 

Insulation 
Conductors 
Outer jacket 

PVC 
Polyurethane or ETFE Color coded PVC 

Shield 36 gauge spiral tinned copper wire foil 
shield with drain wire 

Aluminum/polyester foil 
facing outward 

Vent Tube Polyethylene, .060" ID (1.52 mm) 
Drain wire 

7/32 tinned copper 

 
! Chemical resistance of polyurethane:  Potable Water, Wastewater, Borax, Butane, 

Animal Fat, Carbonic Acid, Citric Acid, Cod Liver Oil, Corn Oil, Glycerin, Glycol, Mineral 
Oils, Potassium Nitrate, Potassium Sulfate, Silicone Oils, Stoddard Solvent, Tannic Acid 
(10), Tartaric Acid, Turbine Oil. 
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! Chemical resistance of ETFE:  Acetic Acid (Glacial), Acetic Anhydride, Acetone, 
Aluminum Chloride, Anti-Freeze, Bromine, Calcium Chloride, Calcium Hydroxide, 
Chlorine, Copper Chloride, Ferrous Chloride, Hydrochloric Acid, Ketones, Lacquer 
Thinners, Sulfuric Acid. 

 
The vented cable termination end is specially prepared at the factory to eliminate the potential 
for moisture migration.  Where the lead wires emerge from under the jacket, there’s potting 
material and a shrink tube “boot”, every effort should be made to leave this feature intact.  
Should the cable be longer than needed for the installation, it is recommended that the excess 
length be accommodated in a service loop and that the potted end of the cable NOT be 
shortened. 
 
The cable attached to this instrument is specifically engineered for submersible applications. 
The polyurethane outer jacket provides long term reliability under most conditions.    The cable 
should be handled carefully, however, as the jacket may be subject to cutting should it be 
“raked” over extremely sharp edges.  To guard against water incursion should an inadvertent 
minor cut occur, we have incorporated an exclusive “water block” feature immediately beneath 
the jacket. The cable is fully shielded, with the shield connected to the metal housing at the 
transducer end and terminated in a drain wire at the termination or user end.  The shield should 
always be terminated to a good earth ground, unless the transducer is installed in an area 
where galvanic corrosion is known to be a serious problem. 
 
Lightning Protection 
 
Lightning and surge protection for VDC, SDI-12 and 4-20 mA output are available.  This is 
achieved through the use of 2 protectors, one is integral to the transducer housing and one is 
provided for the outside line located at the surface and grounded to a DIN-Rail. Please 
remember this option must be factory installed at the time of order entry or as a factory upgrade. 
This option cannot be installed in the field.  Lightning protection  is also available for unit 
only.  Contact customer service for details. 
 
Featuring quick response and low clamping voltages, these devices protect against fast rising 
voltage transients as well as severe current surges associated with lightning discharges up to 
20,000 amperes.  Following a surge, the protector automatically restores the line to normal 
operation and awaits the next surge without having to reset a breaker or replace a fuse.  The 
power supply needs to be limited to 150 mA to avoid lock up of the gas tube after a suppression 
event. Transducers installed with this option have a lifetime warranty against damage due 
to voltage surge. 
           
Please note: When using the lightning protection option on 4-20 mA products, users 
should take into account the additional series resistance of this option when selecting 
the loop power supply.  This option will increase total loop resistance by 88 Ohms. 
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½" Male NPT Conduit Fitting 
 
Submersible level transducers can be attached to a rigid conduit and the cable run through the 
conduit.  To achieve this, all of our submersible transducers can be fitted with an optional ½" 
NPT male conduit fitting (specify “Electrical Connection Option 4” when ordering) where the 
cable exits the transducer.  This fitting can be mated to a standard rigid conduit. 
 
Electrical Outputs 
 
We offer the industry standard 0-5 VDC and 4-20 mA outputs.  In addition we also offer a variety 
of voltage output ranges. 
 
Reverse Signal Output 
  
For some applications, it is important to know how far the water is from the top of the tank or the 
surface of the ground.  If specified by the customer, our factory can set the transducer so that 
zero pressure reads full scale electrical output and maximum pressure reads zero electrical 
output. 
 
Temperature Output 
 
A temperature output option is available for most transducers having 4-20 mA pressure output.  
The temperature sensor requires an excitation of 9-28 VDC and is calibrated for a temperature 
range of -20 to 60ºC with an accuracy of ±4ºC. 
 
Output Option 6 (4-20mA output for -20 to 60ºC)      (mA Reading x  5) - 40 = Temperature ºC  
 
Example: Reading is 20mA (20 x 5) - 40 =  60ºC 
                Reading is 12mA (12 x 5) - 40 =  20ºC 
                Reading is 4mA      (4 x 5) - 40 = -20ºC 
 
 
Cable Hanger 
 
We can supply an optional cable hanger (P/N 12-90-0931) to help end users secure the cable.  
The cable hanger can be positioned anywhere on the cable by pushing the ends together.  
Once positioned, the cable hanger expands and provides a snug grip on the cable. 
 
When mounting the transducer in a well casing, the cable hanger can be secured to a hook on 
the well plate or an eye bolt may be attached to the side of the well casing.  The cable hanger 
loop is then secured to the eye bolt by using any number of types of fasteners.  A similar 
technique can be used when working in stilling wells for surface water level measurement.  In 
this case, the loop-end of the cable hanger can be attached directly to a screw or bolt bored into 
the still well shelf. 
 
Submersible Cable Splicing Kit 
 
Our field-installable cable splice kit (P/N 830) allows you to splice polyurethane and ETFE 
submersible cable.  It is most commonly used for well applications where the more expensive 
ETFE cable is required for suspension in corrosive media where the liquid level is fairly shallow, 
but the well is hundreds of feet in depth.  It is also used in emergency situations where cable 
must be spliced together to get an application up and running. 
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3.0  Installation & Maintenance Tips 
 
 
 
 
 
 
 
 
 
General Installation Procedures  
 
The following is important installation and preventive maintenance information.  Our Customer 
Service or Applications Engineering Support staff can provide additional instruction. 
 

1. Transducer Anchors:  Most users either suspend our submersible transducers in 
stilling wells or attach them to rigid conduit.  This is done to prevent damage to the 
transducer from shock caused by water turbulence.  It is not advisable to tie your 
transducer to a pump or to piping, as any problem with the transducer could require that 
the pump be pulled from the installation.  This could prove to be very expensive.  
(Please refer to the Cable Anchoring Schemes drawing in Appendix A.) 

 
Some applications use our optional bracket (P/N 49-06-00PC) to clamp the transducer to  
a fixed object (i.e., wall, ladder, step) or require the unit to be suspended without any  
protective still well or attachment device.  In all installations, care should be taken to  
ensure no damage occurs to the cable. 

 
2. Transducer Submersion: Damage to submersible cable is one of the most frequent 

causes of transducer failure.  Lower your transducer into the liquid slowly, making sure 
the cable does not drag over sharp edges and only to the depth necessary. Avoid 
dropping the unit from the surface.  This does not apply to Series 27, 28, and 30 
transducers. 

 
3. SuperDry™ Vent Filter (Desiccant) or Aneroid Bellows Installation (For submersible 

transducers vented gage pressure format only)  Always install a desiccant vent filter or 
aneroid bellows immediately after transducer installation.  Failure to use one or the other 
could result in premature failure of the transducer; which would not be covered by 
warranty. If you use a desiccant filter, you should establish a regular maintenance 
schedule. You should change your vent filter when it is 75% spent (pink color).  
Replacement filters are available at a nominal cost from the factory. Do not remove the 
old vent filter until a new one is available.  The most common failure mode of our 
transducers is moisture and corrosion damage due to lack of use or maintenance of the 
vent filter.  This will allow air into the desiccant filter and allows the transducer to 
properly vent with changes in barometric pressure. 

 
To install/replace either the aneroid bellows or the vent filter, simply unplug the old unit  
from the vent tube and plug the 0.062" x 1" stainless steel connector tube (supplied with  
each  filter or bellows) into the vent tube.  (Installation and mounting instructions are  
supplied with each aneroid bellows and vent filter.) The diagram on  page 16 shows  
typical vent filter and aneroid bellows hookups. 
 

WARNING:  POTENTIAL ELECTROSTATIC CHARGING HAZARD 
 

  In hazardous locations: 
 
  ●  Avoid building up static charge on case of data protector and plastic accessories. 
  ●  Use damp rag to wipe data protector and plastic accessories to avoid static build up. 
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4. Cable Protection  An inexpensive way to protect the cable from damage is to order the 
submersible pressure transducer with a ½" conduit attachment.  Connect an inexpensive 
flexible 5/8" garden hose to the ½" conduit fitting with an equally inexpensive female 
PVC ½" NPT x 3/4" NHT swivel fitting, available at your local hardware store 

 
5.  Bending of Cable  Our polyurethane and ETFE jacketed cables are quite flexible.  

Care needs to be taken to ensure that when bending the cable to suit your installation 
you do not crimp the vent tube inside the cable.  Consequently, do not bend the cable 
more than a radius of 1 inch. 

 
6. Cable Compression  Many users require a compression fitting to secure our ETFE and 

polyurethane jacketed cable as it enters a junction box.  Care needs to be taken that you 
do not over-tighten the fitting so as to damage the cable. 

 
7. 4-20 mA Wiring  When connecting a 2-wire 4-20 mA transducer to a typical power 

supply and mA meter, verify that the meter has an input impedance of at least 10 Ohms.  
If you are unsure of the input impedance, then a 10 Ohm resistor may be placed in 
series with the meter and transducer.  Connect the + (red) lead of the transducer to the + 
terminal of the power supply.  If the 10 Ohm resistor is required, connect it to the - 
(black) lead of the transducer.  Use a short length of 22 AWG or heavier wire to connect 
the + terminal of the meter to the resistor (if it is required) or the - (black) wire of the 
transducer.  Connect the - terminal of the meter to the - terminal of the power supply with 
a length of 22 AWG or heavier wire.  Connect the drain wire from the transducer to a 
good earth ground.  (See Appendix, page 14 for wiring diagram.) Please refer to 
“Maximum Cable Lengths and Minimum Supply Voltage” in Appendix C, page 22 to 
verify minimum loop supply voltage requirements. 

 
8. VDC Wiring  To connect a 3 wire VDC output transducer to a typical power supply and 

the voltmeter, connect the - terminal of the power supply to the - input terminal of the 
meter with a length of 22 AWG or heavier wire.  Connect the - excitation (black) lead of 
the transducer to the - input terminal of the meter.  Connect the + input terminal of the 
meter to the signal lead (white) of the transducer.  Connect the + terminal of the power 
supply to the + lead (red) of the transducer.  Connect the drain wire to a good earth 
ground.  (See Appendix A, page 14.) 

 
9. The Model 750 comes standard with a field removable diaphragm protector (one-inch or 

25 mm standoff).  The diaphragm protector can easily be taken off by removing six (6) 
fasteners located on the bottom of the unit. 

 
10. Sealed-Gage Transducer Configured For Altitude Above Sea Level  Since sealed-

gauge transducers are normally calibrated at sea level, there may be considerable error 
induced when used at a higher elevation. If the transducer was calibrated without taking 
into consideration the difference in atmospheric pressure at sea level and the higher 
elevation, an offset error will occur.  In order to eliminate error due to this difference, the 
customer must identify the elevation where the transducer will be installed. The nominal 
atmospheric pressure at the location is calculated and the transducer will be ranged 
accordingly.  Not all KPSI Transducers are available in a sealed pressure format. Please 
refer to the appropriate datasheet for availability. 

 
11. Position Sensitivity   The transducer should be installed so that the diaphragm located 

behind the nose cap is oriented in a vertical position, otherwise the unit could exhibit an 
offset. 
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General Maintenance Tips for Submersible Transducers 
 

1. Desiccant Maintenance 
 
 
 
 
 
 
 
 
 

If you use a desiccant vent filter, you should establish a regular maintenance schedule.  
You should change your vent filter when it is 75% spent (pink color).  Replacement filters  
are available at a nominal cost from the factory. Do not remove the old vent filter until a  
new one is available.  Remember that Pressure Systems’ improved 810 SuperDry™  
Vent Filter are designed to be effective for at least one year before requiring  
replacement. 

 
2. Clogged Nose Piece or Dirty Diaphragm 

 
Either of these conditions could result in erroneous readings from your transducer.   
 
 
 
 
 
 
Your transducer may be cleaned in accordance with the procedures listed in  
step 4, below. 

 
3. Cleaning your transducer  

 
 Materials required: 

 Plastic bowls 8-12 inches (200-300 mm) in diameter and  
4-6 inches (100 - 150 mm) deep 

 Supply of clean, lint-free cleaning rags  
 32 ounce bottle of “The Works-Tub and Shower Cleaner” (a mild detergent)  

manufactured by Lime-O-Sol Company in Ashley, IN 46705 and available locally  
through Wal-Mart, K-Mart, Target, and Ace Hardware stores at $2 to $4 per  
bottle 

 
Preparation: Prior to cleaning your pressure transducer, ensure that all procedures  
have been followed in the proper cleaning of the cable and transducer to remove any  
hazardous materials.  The vent filter (or bellows) must be properly attached.  The cable  
should be coiled to ensure ease of handling and it must be protected against the  
possibility of accidental abrasion and/or penetration of the cable jacket by sharp objects.   
A lead length of 1 to 1 ½ feet (0.3 - 0.45 m) of cable from the transducer should be  
allowed to facilitate handling during cleaning.  The protective covering (or similar  
protective device)  that is shipped with each transducer should be attached to the 
 transducer at all times.  It should only be removed prior to installation or cleaning. 

 

WARNING:  NEVER attempt to clean your transducer’s nose piece or diaphragm 
with any object.  This will dent the sensor diaphragm and cause permanent 
damage to the transducer.

WARNING:  POTENTIAL ELECTROSTATIC CHARGING HAZARD 
 

  In hazardous locations: 
 
  ●  Avoid building up static charge on case of data protector and plastic accessories. 
  ●  Use damp rag to wipe data protector and plastic accessories to avoid static build up. 
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Your work surface needs to be clean and free of clutter and large enough to 
accommodate all materials required in addition to the transducer and cable.  Fill one of 
the bowls with fresh water, one with a mild detergent mixed with water and the last with 
16 ounces (0.45 kg) of “The Works”. 
 

Cleaning:  
 

Step 1: Holding the cable 6 inches (150 mm) from the transducer, immerse the  
  unit in the bowl containing the mild detergent and stir for 20-30 seconds.   
  Remove and rinse in the bowl containing the fresh water, using the same  
  stirring motion used in the mild detergent. Rinse and wipe dry. 

 
Step 2: Holding the body of the transducer with one hand so that you are looking  
  at the retaining screen protecting the sensor, carefully remove the sensor  
  nose piece by simply unscrewing it from the transducer body.  Do not  
  touch the sensor diaphragm with your finger or any other object.  Also, do  
  not try to dry the inside portion of the transducer, as you risk damaging  
  the pressure sensor. 

 
 Step 3: Place the transducer in a vertical position with the sensing end  
   facing downward in the bowl containing “The Works” solution for  
   approximately 15-20 seconds.  Rinse in the bowl containing clean water  
   and wipe dry the external casing only.  Place the protective screen in the  
   same solution for 15-20 seconds, rinse and wipe dry. 
 

 Step 4: Holding the transducer in a vertical position so that you can see the face  
   of the sensor, screw the protective nose piece back into place. 
 
 
 
4.    Cleaning the Lightning Protection Data Line Protector 

WARNING:  POTENTIAL ELECTROSTATIC CHARGING HAZARD 
 

  In hazardous locations: 
 
  ●  Avoid building up static charge on case of data protector and plastic accessories. 
  ●  Use damp rag to wipe data protector and plastic accessories to avoid static build up. 
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4.0  Warranty and Product Return Procedure 
 
Any transducer/transmitter that is less than 2 years old (see DOM) which does not meet the 
product’s specifications and exhibits no obvious physical damage to the housing, sensor, or 
cable (cuts), will be replaced under warranty. 
 
Units 2-3 years old: Units that fall within this age group and exhibit no obvious physical 
damage to the housing, sensor, or cable (cuts), may be replaced at a discounted list price. 
 
Units greater than 3 years old: Units that fall within this age group are not replaced  
under warranty. 
 
Merchandise Return Procedures 
 
Contact the Applications Support Group or the Customer Service Department at Pressure 
Systems if your transducer is not operating properly.  Our staff is available for troubleshooting at 
(757) 865-1243 or toll free at 1-800-328-3665 during normal working hours, Eastern time.  If 
your transducer or accessory needs to be returned to Pressure Systems, obtain a Returned 
Merchandise Authorization (RMA) from the Customer Service Department prior to shipment.   
Be prepared to supply the following information when requesting the RMA: 
 
! Part number 
! Serial number 
! Complete description of problems/symptoms 
! Bill To and Ship To address 
! Purchase order number (not required for warranty repairs) 
! Customer contact and telephone number 
 
The above information, including the RMA number, must be on the customer’s shipping 
documents that accompany the equipment to be repaired.  Pressure Systems also requests that 
the outside of the shipping container be labeled with the RMA number to assist in tracking the 
repairs.  All equipment should be sent to the following address: 
 
  ATTN: KPSI TRANSDUCER REPAIR DEPARTMENT (7-digit RMA number) 
  Pressure Systems, Inc. 
  34 Research Drive 
  Hampton, Virginia 23666 
 
Prior to returning to Pressure Systems, the transducer and cable must be cleaned per 
instructions provided on the cleaning certificate supplied when the transducer was 
delivered. The certificate can also be found on Pressure Systems website: 
 

www.PressureSystems.com/cleaning.html  
 

The completed certificate must accompany the transducer when shipped to Pressure Systems. 
If the transducer has been used in media other than potable water, PSI customer service must 
be notified at the same time an RMA number is requested. PSI reserves the right to reject any 
shipment deemed to be unsanitary or environmentally unsafe to handle.  If these guidelines are 
not met, the package will be sent back unopened and at the customer’s expense.  Please 
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include the attached vent filter or aneroid bellow with each returned vented gage 
submersible transducer. 
       
Pressure Systems will return warranty items prepaid via UPS GROUND.  If the customer 
desires another method of return shipment, Pressure Systems will prepay and add the shipping 
charges to the repair bill. 
   
Incoming freight charges are the customer’s responsibility.  The customer is also responsible for  
shipping charges to and from Pressure Systems for all equipment not under warranty. 
 
Once the return is received, it typically takes 5-10 working days for the technician to make a 
fault determination.  
 
A cable reconnect fee will be charged when the customer requests a different length of cable. 
 
Restocking Policy 
 
Pressure Systems does allow standard products to be returned for credit in the event it is no 
longer required, providing the products are in new and unused condition.  A restocking fee will 
be assessed depending on the model type and variety. 
 
A 25% restocking fee applies to the following models, providing they are vented-gage 
reference format and [pressure ranges above 3 psig (20 kPa) and below 100 psig (690 kPa)]. 
 

27 320 700 710 

28 342 705 720 

Display Meters - all models 750 

 
A 50% restocking fee applies to the following models.  This also applies to all other models 
with sealed-gage and absolute pressure formats as well as vented-gage reference formats with 
[pressure ranges below 3 psig (20 kPa) and above 100 psig (690 kPa)]. 
 

30 335 

300DS 730 

330 735 

 
NOTE: Expedite premiums and shipping charges are non-refundable. 
 
Please consult the individual manuals for the Series 500 and Series 550 (waterMONITOR) for 
the restocking policy.
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Wiring Diagram VDC, mA, and Temp Output 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Notes:   
 
1. These diagrams depict typical installations. 
      Refer to your power supply and instrumentation 
 Manufacturer for the specifics of your application. 
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Cable Anchoring Schemes 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Reference Connection Schemes 
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Submersible Cable Termination 
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          Appendix B 
 
 

1. Question: What installation ideas do you have to help me get rid of electrical noise 
interfering with the signal? 

 

Answer: An ounce of prevention goes a long way.  Either try to eliminate the source of 
noise or move the transducer as far away from it as possible.  We strongly  
encourage you to secure our cable shield to a good earth ground and that 
you use a 4-20 mA signal output.  Armed with these precautions and the fact 
that many of our transducers are CE approved for electromagnetic 
interference, you should have few problems. 

 
  

2. Question: The cable on the submersible transducer always seems to get cut and 
damaged.  What am I doing wrong? 

 

Answer: This is the most common problem that our users encounter.  Make sure that 
all of your colleagues and staff understand the importance of handling the 
cable with care.  The cable should not be bent around rough or sharp edges.  
Always use a cable reel during transport.  Where possible, suspend the unit 
in a perforated 2" (50 mm) PVC pipe and thread the cable through protective 
conduit to the nearest junction box.  

   

3. Question: I have an application where the transducer is frequently damaged by voltage 
spikes.  What can be done to prevent this? 

 

Answer: At a minimum, make sure the cable shield is connected to an earth ground as 
near as possible to the transducer.  We can provide a surge protection kit for 
both our submersible and non-submersible  transducers.  See page 4.  These 
kits will handle typical spikes that might come in through the power lines as 
well as surges that travel through the ground due to nearby lightning strikes 

   

4. Question: How much impact shock can your submersible transducers withstand? 

 

Answer: Our transducers are not shock tested and the lower pressure ranges can be 
damaged if dropped from several feet onto an unforgiving surface like 
concrete.  We recommend that the protective shipping foam remain in place 
until the unit is installed. 

   

5. Question: What is the response time of your transducer? 

 

Answer: From initial power up, the transducer output will stabilize within a fraction of a 
second.  The frequency response is rather low, probably less than 1 kHz, but 
it depends on the application, the media, plumbing, etc.  Call our factory for 
application assistance if frequency response is critical in your application. 
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6. Question: How do I attach your vent filter or aneroid bellows to my cable vent tube? 

 

Answer: The vent filter can be mounted anywhere convenient, preferably out of the 
weather.  It can be mounted in any position and connects to the cable vent 
tube via the extension tube with metal connector tube provided.  The aneroid 
bellows must be mounted in a way that its movement is not encumbered.  It is 
provided with a mounting base. 

   
7. Question: What is the best way to mark my cable? 

 
Answer: Use white vinyl marking tape available from your local hardware or electronic 

stores.  These same stores may also sell cable marking kits. 

   

8. Question: Any ideas for preventing marine growth on your submersible transducers? 

 

Answer: You might want to try waterproof grease.  Remove the threaded nose cap to 
facilitate applying the grease.  Take care not to damage the diaphragm 
when applying the grease and not to trap air bubbles against the 
sensing diaphragm. 

   
9. Question: How many measurements can you make before the diaphragm on the sensor 

fails? 

 
Answer: In normal operation - millions of cycles.  We find that sensor failure is rarely 

due to diaphragm fatigue. 
   
10. Question: What is the turnaround time on repairs? 

 
Answer: Once we receive a unit into our facility it takes less than 10 working days to 

complete an evaluation. 
   
11. Question: What is the longest length of cable you have attached to a submersible 

transducer? 

 Answer: Two thousand feet (610 meters). 

   
12. Question: Why do you use 316 SS housings and sensors for your standard 

transducers? 

 
Answer: It offers a good combination of  corrosion resistance and reasonable cost.  As 

an option, we do offer titanium for more aggressive environments. 
   
13. Question: What wire gauge should I limit myself to when connecting to your 22 AWG 

wire? 

 Answer: Use 22 AWG or heavier. 

   
14. Question: Does it make any difference if I mount the transducer in a vertical or 

horizontal position? 

 
Answer: Yes.  Our units will experience a certain amount of position sensitivity. You 

should mount it in a vertical position throughout the measurement cycle. If 
you lay the transducer down, the user must realize than an offset will occur. 
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15. Question: What happens when you freeze your transducer in a column of water? 

 

Answer: We have frozen our transducers in a container of water in a home freezer, 
with no resulting damage.  However, depending on the level range of the unit, 
over pressure of the unit is possible.  In harsh environments where debris is 
common and ice shifts, you might expect damage to both the transducer and 
cable. 

   
16. Question: Why would I choose a KPSI Transducer versus a competitor? 

 

Answer: Reliable, long lasting products   
Rapid delivery  
Lightning protection lifetime warranty 
Excellent pre & post sales/application support 
No hassle service  
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          Appendix C 
 

Troubleshooting Techniques 
 
Quick Check Procedure 
 
The following is a quick field checkout procedure for KPSI Level and Pressure Transducers. It 
will be referred to throughout the troubleshooting section. 
 
Should a problem be encountered with a transducer or transmitter, it is sometimes helpful to test 
the transducer independently from the rest of the system, thereby establishing where to 
concentrate the troubleshooting effort. 
 
On the next page is a simple hookup diagram for the most common types of electrical output, a 
0-5 VDC transducer and a 4-20 mA transmitter. In either case, the “power supply” can be a 
common 12 volt lantern battery, or even a 9 volt transistor radio battery, although the lifetime of 
a 9 volt battery will be limited. The meter should be a digital type capable of reading at least 2 
digits to the right of the decimal point. Use 22 gage or heavier hookup wire or clip leads for 
jumpers. If your unit has other than a 0-5 VDC or 4-20 mA output, please call  Applications 
Support at (800) 328-3665 for assistance.   
 
Once your transducer is correctly configured per one of the diagrams below, orient the 
transducer in a vertical position with the pressure port down and then read the zero output on 
your meter. For a 0-5 VDC output, the zero should be between 0 and 0.10 volts, and for a 4-20 
mA output, between 3.80 and 4.20 mA. For Series 300, the values do not change for VDC 
output but the values for mA are between 3.80 and 4.20 mA.  If the output is outside of these 
limits, you may, at your option, choose to troubleshoot the transducer per the suggested 
measurements shown below. Otherwise, contact our Customer Service Department at (800) 
328-3665 for a Return Material Authorization number (RMA).  
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If the zero output is within these limits, the problem will more than likely be found elsewhere in 
your system. 
 

 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
When an error is observed at a customer’s installation, it is important to determine if the fault 
lies in the transducer or the instrument reading the transducer signal, ie. digital panel meter, 
programmable logic controller, etc. . To do this, a second instrument should be used to confirm 
the observations. The second instrument may be a handheld DMM (Digital Multi-Meter) or a 
dedicated milliammeter capable of reading 4-20 mA of current to a resolution of at least 0.1 mA. 
The diagram above illustrates the attachment of the meter in series with the black (negative 
signal) wire of the transducer using a 9-28 VDC power supply for transducer excitation. Some 
suggested power supplies are: 
 

 1 - 12 VDC automotive battery. 
 2 - 6 VDC lantern batteries connected in series (for a total of 12 VDC).    
 2 - 9 VDC transistor batteries connected in series (for a total of 18 VDC). 

 
Batteries are suggested to power the transducer during testing to eliminate the possibility that 
line noise is passing through an improperly filtered, grounded, or damaged power supply. All 
measurements should be recorded and sent to Pressure Systems along with the transducer to 
assist in the evaluation process. 
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Further Measurements: 
 

0-5 VDC Should read: 4-20 mA Should read: 

+Excitation (white) to Shield 
(drain) 

> 2.5 Mohms +Excitation (red) to Shield 
(drain) 

> 2.5 Mohms 

-Excitation (black) to Shield 
(drain) 

> 2.5 Mohms -Excitation (black) to Shield 
(drain) 

> 2.5 Mohms 

+Output (red) to Shield (drain) > 2.5 Mohms Shield (drain) to Housing < 2 ohms 

Shield (blue) to Housing < 2 ohms   

 
 
Maximum Cable Lengths and Minimum Supply Voltage 
 
The maximum length of cable to be used with our submersible transducers is largely dependent 
upon the type of electrical output of the transducer.  For a 0-5 VDC output, a maximum cable 
length of 100 feet (30 m) is recommended.  A voltage output is more susceptible to electrical 
interference than a 4-20 mA signal.  A 4-20 mA signal can be transmitted much longer 
distances, depending upon such factors as temperature, wire size, length of the wire, power 
supply, and voltage requirements of any devices to be powered. At 25ºC the 22 AWG 
conducting copper wire used in our polyurethane jacketed cable has a resistance of 16.45 ohms 
per 1000 feet (304 m). 
 

Using Ohms Law (E=IR) where E=voltage, I=current and R =resistance, one finds that a  
20 mA signal requires .329 volts to drive it along 1000 feet (304 m) of 22 AWG copper  
wire (E=16.45 x .020).  This drop is seen on both the supply and return wire for a total  
loop voltage drop of 0.658 volts 

 
To find out how much voltage is required to drive our Series 700 submersible level 
transducer's 4-20 mA signal 10,000 feet, just add the minimum power requirement of the 
700 (9 VDC) to the resistance offered by 10,000 feet (3048 m) of our polyurethane 
jacketed cable (10,000÷1000 x .658=6.58).  The resulting power requirement is 15.58 
VDC (9 + 6.58). 

 
Connect the cable shield (drain wire) to a good earth ground.  This will protect the 
transducer from relatively minor transient voltages.  The only exception to this rule is if 
high rates of electrolytic corrosion have been previously experienced with grounded 
submersible devices.  In this case it may be better to leave the shield disconnected.  

 
 Please note: When using products with the lightning protection option on 4-20 mA  
 products, users should take into account the additional series resistance of this option  
 when selecting the loop power supply.  This option will increase total loop resistance by  
 88 Ohms. 
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Troubleshooting Techniques 
 
1. Symptom: Transducer fails to give output of any kind. 

 

Procedure: Isolate the problem to either the transducer or the power supply/readout.  
See the Quick Check Procedures (above) for this check. If it can be 
determined that the transducer is no longer operable, remove it from service 
for further analysis. If the transducer output falls within the limits described 
above, the fault lies somewhere else in your system. 

   
2. Symptom: Transducer has failed and has been removed for analysis. 

 

Procedure: Inspect the cable for physical damage. Cuts in the cable jacket can result in 
liquid incursion into the transducer housing, which can cause permanent 
damage. If operational, the cable can be repaired by using a splice kit (P/N 
830) supplied by Pressure Systems. 
 
Inspect the transducer housing. It should be intact and free of corrosion. If 
the outer surface of the transducer is pitted, this could be an indication of 
galvanic corrosion caused by stray ground currents. If this is the case, the 
transducer will probably require replacement. If the external case exhibits 
none of these characteristics, carefully unscrew the nosepiece and look into 
the pressure sensing end of the transducer. The concentric rings of the 
sensing diaphragm should be visible. If they are not, it could be that residue 
has accumulated on the diaphragm, preventing it from responding properly 
to pressure changes. The transducer can be cleaned by gently swishing the 
transducer back and forth in a bucket of warm, soapy water until the residue 
softens and washes off.  (See Cleaning Your Transducer, page 8.)  Under 
no circumstances should any object or tool be used to remove residue 
from the sensing diaphragm or else permanent damage will be done. If 
cleaning the diaphragm does not solve the problem, the transducer should 
be returned to the factory for repair or replacement. 

   
3. Symptom: Transducer develops a negative offset and gets worse over time 

(actual level exceeds specified level). 

 

Procedure: This may be a sign that moisture has entered the reference (vent) tube in 
the cable and is inside the transducer housing. This is usually the result of 
not maintaining the desiccant vent filter or of operating the transducer 
without a desiccant filter or aneroid bellows. If caught early enough, the 
transducer can be saved by coiling the cable and transducer in a pan and 
baking it in an oven at 50ºC (122ºF) for a minimum of 2 hours. Be careful that 
the oven temperature does not exceed 50ºC (122ºF) or both the transducer 
and the cable can be damaged. Alternatively, suspend both the cable and 
transducer in a vertical position (with vent tube down), overnight to allow 
water to drain from the transducer and vent tube. 

   

4. Symptom: Transducer suddenly fails during or just after a nearby lightning event. 

 
Procedure: This failure is usually caused by overvoltage due to ground transients 

resulting from a direct or indirect lightning event. These transients can travel 



Pressure Systems, Inc.                                        KPSI™ Level and Pressure Transducers  User’s Manual 
 
 

 
Page 24  www.PressureSystems.com 

distances of a mile or more. The transducer may be returned to the factory 
for repair and optional retrofit of our lightning protection system. This 
system carries a lifetime warranty against transducer damage due to 
lightning. 

   
5. Symptom: Transducer response to pressure/level input changes becomes 

sluggish. 

 

Procedure: This is usually a sign that the sensing end of the transducer has become 
fouled with residue. The transducer must be removed from service and the 
sensing diaphragm cleaned as described in Item 2, (warm, soapy water). If 
fouling persists, the transducer may be replaced with a Series 705 or Series 
750 (non-fouling) transducer, which is specifically designed for trouble-free 
operation in a high residue environment. 

   
6. Symptom: Output reading is within limits but "freezes" at one point. 

 

Procedure: In certain environments "crust" may form over the sensing diaphragm, 
preventing the sensor from identifying change in level. Removing the 
transducer from service and cleaning it (as described in Item 2) will generally 
solve the problem. To combat marine growth, you might try wrapping the 
transducer with copper wire similar to that found in wire scouring pads for 
cleaning dishes. Marine growth occurs on the copper and eventually erodes 
the copper and drops off or the copper is manually removed during routine 
maintenance. Alternatively, there are various companies that will 
impregnate/coat the 316 stainless steel with anti-fouling chemicals of 
coatings. Level transducers temporarily removed from the well or sump 
should not be stored dry, but should be stored in a bucket of fresh water in 
order to prevent "crust" formation. 

   
7. Symptom: Readings increase very slowly over time. 

 

Procedure: Our cable is shipped coiled and consequently takes time to straighten when 
installed. Attaching a weight to the transducer (e.g., one of our sacrificial 
anodes) will help. To prevent cable stretch with lengths greater than 200 feet 
(60 m), secure the Kevlar fibers (just under the cable jacket) to your junction 
box or other secure object. 

   
8. Symptom: No electrical output from your transducer. 

 

Procedure: Check all electrical connections to ensure they are correct and secure. 
Double check your power supply or use a battery (as described previously) 
to ensure the transducer is getting power. If all checks OK, the problem 
could be a circuit board or the sensor in your transducer. The unit must be 
returned to the factory for evaluation. The most probable cause of this type 
of failure is damage to the submersible cable jacket allowing water to leak 
down the cable and into the transducer housing or lightning damage. 

   

9. Symptom: Formation of marine growth on a submersible transducer. 

 
Procedure: Certain transducer construction materials, for example, 316 stainless steel, 

attract marine life (snails) and algae. Clean the transducer diaphragm by 
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soaking it in a bucket of warm water with a non-aggressive cleaning solution. 
You can also coat the transducer with marine grease. This may be the most 
effective and inexpensive way to protect your transducer. 

   
10. Symptom: Submersible transducer exhibits corrosion or pitting on body or 

diaphragm 

 

Procedure: Dissimilar metals (for example, your transducer housing and your pump 
housing) in an electrolytic environment (fluid in your well) can lead to 
galvanic corrosion of the metal that is nearer the anodic end of the galvanic 
series. Likewise, a voltage potential between the ground wire of the 
transducer and the ground of other equipment in the well can lead to 
galvanic corrosion. Installation of a P/N 820 or 825 sacrificial anode will help 
protect your transducer from galvanic corrosion. Our sacrificial anodes are 
made of a zinc alloy that, being nearer the anodic end of the galvanic series 
than the 316 stainless steel or titanium housing of the transducer, will 
corrode before the transducer. 

   
11. Symptom: The transducer is buried in dirt or silt and the readings seem to be 

erroneous. 

 

Procedure: Use of a piezometer nosepiece in this application would help. This 
nosepiece can be easily installed in the field and features a very fine screen 
to keep dirt from fouling the diaphragm, but allows the diaphragm to sense 
moisture levels. 

   
12. Symptom: Transducer has an offset error. 

 

Procedure: Our submersible transducers perform best when the sensing end is pointing 
in a downward manner. Keep in mind that you can experience offset error 
due to the position sensitivity or orientation change of the sensor. Offset 
errors are more prominent in low pressure applications with the sensing end 
of the transducer lying flat or pointing upward. 
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13. Symptom: I am testing a Series 700 4-20mA sensor for use with our data logger.  
On page A-2 of the KPSI Level and Pressure Transducers User's 
Manual, I see the standard 4-20mA configuration. Does the recording 
channel of my data logger become the mA meter? 

 

Procedure: Most data loggers cannot measure current (mA) directly. When this is the 
case a load resistor must be used to convert the current (mA) output into an 
appropriate voltage. If the User’s Manual for your particular instrument does 
not illustrate a preferred method for recording current (mA) data then you 
should attach your transducer signal wires to your data logger in the 
following manner. 
  
Transducer red wire - Data Logger Excitation Terminal  
(The minimum excitation for a Series 700 Transducer is 9VDC) 
Transducer black wire – Data Logger signal input (+) terminal 
 
Attach a Load resistor between the Data Logger signal input (+) terminal and 
the Data Logger signal input (-) terminal. 
 
Attach a separate piece of wire between the Data Logger signal input (-) and 
analog ground. 
  
In this configuration you will turn your data logger into a milliammeter. The 
size of your load resistor can be calculated in the following manner. 
  
D/0.02=R 
  
Where: 
 
Data logger input range = D 
Full scale output of transducer = 0.02 A (20 mA) 
Load Resistor Value = R 
 
Pick an appropriate standard value 
  
250 Ohms results in 1 to 5 VDC at 4 and 20 mADC 
125 Ohms results in 0.5 to 2.5 VDC (500 to 2500 mVDC) at 4 and 20 mADC 
  
At this point the discussion needs to address IR loss (voltage drop) in series 
circuits. Note that Series 700 transducers need a minimum of 9 VDC to 
operate correctly. When the transducer is operating correctly it will output a 
current which, when driven through a resistor, will generate some amount of 
voltage drop. If the resistor value is 250 Ohms then the voltage measured 
across that resistor will be 0.004 A * 250 Ohms = 1.000 VDC and 0.020 A * 
250 Ohms = 5 VDC. Notice that, if the available voltage from the data logger 
is12 VDC then 12 VDC - 5 VDC = 7 VDC which is less than the voltage 
required by the transducer to operate. If this scenario were to occur the 
transducer would actually stop functioning correctly when its output reached 
12 mADC (50% of transducer full scale range). In this case the appropriate 
choice for a load resistor value is 125 Ohms. 
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14. Symptom: I have a Series 700 4-20mA transducer rated for 7.5 PSIG attached to a 
pressure source that is outputting 7.5 PSIG. With 20VDC being 
supplied I am getting 19.94 mA. I can’t find the upper range allowance 
for the sensor, but this seems low to me.  Does this mA reading fall 
into the acceptable range for the transducer with the settings I’ve 
specified? 

 

Procedure: When evaluating a transducer it is sometimes convenient to make some 
broad generalizations in order to rapidly determine the condition of the unit. 
In general, transducers that output a 4-20 mADC signal have a 16 mADC 
span (4 - 20 = 16). If the transducers accuracy is reported as being some 
percentage of its full-scale range then the following table could be used in 
conjunction with the instructional notations to determine whether a more 
detailed analysis of data quality is required. 
 
Model   Accuracy  Accuracy in mADC 
700   1.00%FS  ±0.16 ma 
710   0.50%FS  ±0.08 ma 
720   0.25%FS  ±0.05 ma 
730   0.10%FS  ±0.016 ma 
735   0.05%FS  ±0.008 ma 
 
In order to approximately determine how many milliamps a transducer 
should output at a given depth. 
1.  Determine the depth (in feet) at which the transducer is sited. 
2.  Divide the depth value (from step 1) by the transducer full-scale range  
 (in feet).  -   Record the value. 
3.  Multiply the value calculated in step 2 by 16 (the transducer span in 
 milliamps). 
4.  Add 4 to the product of step 3. This is the approximate value in milliamps 
 that should be output by the transducer at its current depth. 
 
In order to approximately determine the depth of a transducer (in feet) using 
a given value of milliamps. 
1.  Divide the full-scale range of the transducer (in feet) by 16. 
 Record this value. 
2.  Subtract 4 from the milliamp output of the transducer. 
 Record this value 
3.  Multiply the result of step one by the result of step 2. 
 This is the approximate depth at which the transducer is sited. 
 
If the resulting numbers are reasonably close to some verified value for 
current water depth, then the unit is functioning. In order to determine the 
quality of measurement, additional steps need to be performed. 
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          Appendix D 
 

Calibration Calculations 
 
Pressure Systems ships a calibration sheet with every KPSI™ Transducer. This sheet lists the 
actual values that were output by the transducer, when it was being manufactured, at several 
different pressures.  In addition, two coefficients are provided that can be used to calculate the 
actual depth from any given mA output value.  These coefficients are derived from a Least 
Squares Best Fit Straight Line (BFSL) calibration using the data listed on the datasheet. Our 
accuracy specification is referenced to the line described by the BFSL coefficients and so the 
transducer may not output exactly 4 mADC at zero pressure and 20 mADC at full-scale. As an 
example here is an example of data for a typical transducer. 
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In this case, even though the offset or 0 PSIG output was 4.0017 mADC and the full-scale point 
was 20.0219 mADC the unit actually performed better than its specified accuracy of ±0.25% of 
full-scale range as indicated in the Error % FS column. 
 
The calculation for pressure is illustrated below: 
 
PSIG = (Span*Output (in mA)) + Offset 
 
And, to convert to feet of water 
 
Feet H2O = PSIG * 2.3073 
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Accessories  
 
INSTALLATION HARDWARE   
 
Pressure Systems offers an extensive array of 
hardware to facilitate the installation of KPSI 
Transducers into almost any application. Contact 
our Technical Support staff for assistance in 
selecting the hardware that may best suit your 
application or if you have unique requirements 
that may require a custom solution. 
 

 

Anti-Snag Cone 
Anti-Snag Cones are designed to 
fit over the cable end of either 1.0" 
or 0.75" diameter transducers to 
prevent the transducers from 
getting hung on obstacles when 
pulling the cable. The cones are 
constructed of PVC and come in 
separate sizes for the two 
diameters. 
 
Cable Hanger   
The Cable Hanger is used to 
suspend the transducers in the 
liquid media. The hanger slides onto 
the cable from the unterminated end 
and is easily positioned while 
pushing the ends of the hanger 
together. As the hanger expands 
from the weight of the transducer, it 
grips the cable by the sheath. The 
cable hanger is 6.0 in (15.3 cm) long 
and is constructed of 304 stainless 
steel. The cable hanger is not 
recommended for cable lengths 
in excess of 500 ft (150 m) as it 
does not take advantage of the 
Kevlar® strength members in the 
cable. 
 
Mounting Clamp 
The Mounting Clamp is used to secure 1.0" 
diameter transducers to a bulkhead. The clamp is 
consists of a 304 stainless steel bracket with a 
thermoplastic insert that holds the transducer 
housing. 
 
 

 

Well Caps 
Locking Well Caps enable transducers to be 
suspended within the well while providing security. 
The vented orange PVC caps are 2" or 4" ID and 
come with a 304 stainless steel dock (ring and 
threaded quick-link) to support a cable hanger. The 
dual-hinge locking lid uses a Buna-N/Nitril o-ring for a 
watertight seal. The black triangle warning label on 
the lid can be marked for well identification. 
 
Junction Box  
The Junction Box provides a water-resistant enclosure 
for electrically connecting the transducer cable to the 
users system via a terminal strip. The enclosure also 
provides convenient location for terminating the vent 
tube on vented gage transducers. The enclosure can 
be ordered with either a vent filter or an aneroid 
bellows. The enclosure is constructed of 
polycarbonate with a clear top incorporating a 
neoprene seal. The junction box is rated IP66 and 
measures 9.45” L x 6.30” W x 4.72” H. Mounting 
screws are provided. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Identification Tags 
Identification Tags are available to attach to the 
transducer cable to provide easy identification in the 
field. User-specified information is laser engraved 
onto the 1.0" square tag, which is constructed of 304 
stainless steel. 
 
Cable Splice Kit  
The Cable Splice Kit provides a waterproof connection 
to extend or repair Pressure Systems submersible 
cables. In many cases, the cable splice kit is a more 
economical alternative for repairing damaged cable. 
The kit includes all necessary items to electrically 
connect and insulate the conductors, couple the vent 
tubes, and seal the 316 stainless steel housing to 
either polyurethane and ETFE cable. Assembly 
instructions are also included.  
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Accessories  
 
REPLACEABLE AND INTERCHANGEABLE NOSE CAPS   

 Male NPT Nose Cap  
The Male NPT Pressure Nose Cap offers the best 
alternative for  installing the transducer on a pipe. This 
single-piece nose cap incorporates a 1/4”-18 or a 1/2”-
14 MNPT fitting on the front for connection. The male 
NPT nose cap is constructed of stainless steel or 
titanium, as required. 

 

CORROSION PROTECTION 
 
KPSI Transducers are available with optional wetted 
materials to maintain compatibility with a variety of 
caustic liquid media. Stainless steel or titanium 
construction, Viton® seals, and polyurethane or ETFE 
cable permit the transducers to operate in most liquid 
environments. In the event galvanic corrosion is 
anticipated, PSI offers two self-sloughing sacrificial 
anodes that attach to 1.0" diameter transducers. 

 
Submersible transducers having 1.0" diameter 
housings are shipped with replaceable nose caps 
of the requested variety at no additional cost 
when ordered. The nose caps screw on to the 
front of the transducer housing via a 7/8”-20 
UNEF thread with an o-ring seal. Spare or 
alternative nose caps may be ordered separately. 
 
Open-face Nose Cap 
The Open-face Nose Cap offers the best 
resistance to clogging. This single-piece nose 
cap provides maximum exposure of the sensing 
diaphragm to the liquid media through a 
protective perforated screen on the front. The 
open-face nose cap is constructed from molded 
Delrin®. 
 
 
 
 
 
 
Ported Nose Cap 
The Ported Nose Cap offers the best protection 
against damage to the sensing diaphragm. This 
single-piece nose cap allows the liquid media to 
enter through 6ea 1/8” holes around the outside 
and includes a #8-32 UNC-2B threaded hole on 
the front. The closed-face nose cap is 
constructed of molded Delrin®. 
 
 
 
 
 
 
 
Piezometer Nose Cap 
The Piezometer Nose Cap offers the best 
alternative for burying the transducer in the 
ground without risk to the sensing diaphragm. 
This two-piece nose cap allows the liquid media 
to enter through a permeable 40 micron centered 
stainless steel mesh filter at the front of the cap. 
The piezometer nose cap is constructed of 
Delrin®. 
 
 

 

 
Body Clamp Anode 
The Body Clamp Anode is a 2.2 in (5.6 cm) diameter 
zinc sphere of which the two halves bolt on to the 
transducer housing. The anode weighs approximately 
13 oz (370 g). 
 
 
 
 
 
 
 
 
Nose Extension Anode 
The Nose Extension Anode is a 5.25 in (13.34 cm) 
long by 1.0" diameter zinc cylinder that attaches to a 
closed-face nose cap via an 8-32 threaded hole in the 
front of the nose cap. The anode weighs 
approximately 15 oz (417 g) and is shipped with an 
attached stainless steel closed-face nose cap. 
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Accessories  
 
MOISTURE PROTECTION  DIGITAL DISPLAYS 

  
Two solutions are offered to provide protection 
against moisture incursion on transducers with 
vented gage reference pressure format. The 
choice of which solution to utilize depends on 
the ability to provide periodic maintenance and 
the accuracy required for level measurement.  
 
Vent Filter 
Vent Filters provide the highest accuracy 
capability and utilize indicating desiccant to 
prevent moisture from entering the vent tube and 
damaging transducers with vented gage 
reference pressure format. The desiccant will 
turn from blue to pink when exposed to moisture 
indicating the need for maintenance. All vented 
gage transducers are shipped with our 
SuperDry™ Vent Filter.  This latest vent filter 
design prevents moisture from entering the vent 
tube for at least one year without 
maintenance, at no additional cost.  Spare 
filters may be ordered. The vent filters are 6.0 in 
(15.3 cm) long with a 0.75" diameter. 
 
 
 
 
 
 
Aneroid Bellows 
The Aneroid Bellows is a maintenance-free 
alternative to desiccant filters for moisture 
protection on vented gage transducers. Made of 
flexible neoprene material attached to a 
polycarbonate mounting bracket, the bellows 
fluctuates with changes in atmospheric pressure 
maintaining a constant barometric reference. 
Note that the use of the bellows results in a 
closed reference pressure system subject to 
zero shift errors induced by changing 
temperatures of up to 0.003 psi/ºC. The bellows 
is not recommended for use with accuracy 
requirements of ±0.25% FS or better, nor for 
ranges < 2 psi.. 
 

 

 
Pressure Systems offers two types of Display Meters to 
provide a visual readout of a single KPSI transducer 
having mA or VDC output. Both varieties utilize a red 
0.54” LED display with 4 active characters to indicate a 
numeric range of -1999 to 9999. The units operate from 
VAC power and provide a 24 VDC supply for power to 
the transducer.  
 
The Model 3019 Digital Readouts provide a 
sophisticated display of the transducer output with six 
14-segment LED’s for display of true alphanumeric 
characters; the last two used for process descriptors. 
These readouts offer programmable input configuration, 
isolated transducer power supply, selectable 2-point 
scaling or up to 17-point linearization, optional 4-20 mA 
retransmission, and two or four optional 10-amp SPDT 
alarm contacts for control. The 3019 has a NEMA 4X 
front panel with a polycarbonate bezel and a 1/8 DIN 
aluminum housing measuring 1.9375" H x 3.75 "W x 
6.5" D. 
 
The Model 3620 Pump Controllers provide a more 
rugged package specifically designed to operate 
external pumps via two 10-amp SPDT alarm contacts. 
The 3620 provides front panel scaling, operates from -20 
to 70ºC, and uses 120 or 240 VAC.  The NEMA 4X rated 
enclosure can be surface or panel mounted and 
measures 3.2" H x 5.5" W x 2.7" D. 

Model 3019 Digital Readout Model 3620 Pump Controller 
6 digit 14 segment 0.54"red LED 4 digit7 segment 0.54" red LED 

NEMA 4X front panel NEMA 4X enclosure 
Polycarbonate bezel, 1/8 DIN 

aluminum housing 
Surface or panel mountable 

polycarbonate housing 
Programmable mA or VDC input 

configuration 
Fixed mA or VDC input 

configuration 
Isolated 24 VDC@100 A power 

supply 
Regulated 24 VDC@25A power 

supply 
0 to 70ºC operation -20 to 70ºC operation 

20 bit A/D resolution 16 bit A/D resolution 

90 to 140 VAC, 50/60 Hz power Selectable 120/240 VAC, 50/60 
Hz power 

Plug-in terminal block electrical 
connections 

Screw clamp terminal electrical 
connections 

Selectable flashing display and/or 
horn alarm notification Flashing display alarm notification

Optional 2ea or 4ea 10 amp, 250 
VAC SPDT contacts 

Standard 2 or optional 3ea 10 
amp, 250 VAC SPDT contacts 

Optional 4-20 mA retransmission N/A 



 - 6 -

Accessories  
 

EXPEDITE SHIPMENT SERVICE TRANSDUCER OUTPUT  
 

Standard lead times for many of Pressure 
Systems’ line of KPSI Level and Pressure 
Transducers are 5 working days. At a premium, 
PSI offers an Expedite Shipment Service in order 
to ship transducers within 1-4 working days. This 
service includes requirements for custom 
pressure ranges within the limits of the relevant 
transducer models as well as custom cable 
lengths. Expedite shipment service is available 
on most models. Consult our Customer Service 
staff for availability. 
 
  

REFERENCE PRESSURE FORMAT 

 

A variety of electrical Transducer Output signals are 
available to facilitate interfacing to almost any system. 
The most popular output signal is 4-20 mA, which is 
transmitted over two wires along with power for the 
transducer. Transducers with this output are typically 
referred to as transmitters and interface with almost 
any data logger or PLC 
 
Amplified voltage output is also commonplace 
requiring three wires for power and output signal. 
Most common is 0-5 VDC, but the full-scale voltage 
output can be factory-adjusted to as much as 2.5 VDC 
less than the anticipated excitation voltage supply. 
Specify the voltage range required when ordering 
VDC output transducers. 
 

ELECTRICAL CONNECTION 
 

Two basic Electrical Connection options are offered to 
facilitate submerged use in different environments. 
  
The standard connection is a submersible cable exit 
using a factory molded polyurethane seal to the 
transducer housing. This provides the best water 
ingress protection. As an option, a compressed gland 
seal is offered to facilitate field attachment but 
requires considerable care in assembly to insure 
water-proof integrity. 
 
An optional ½”-14 male NPT conduit fitting can also 
be specified for a more rugged and protected 
connection. This configuration also employs the 
standard molded cable seal or the optional gland 
cable seal. 
  

TEMPERATURE SENSE OUTPUT 

 
 

KPSI Transducers are available in three different 
Reference Pressure Formats to meet varying 
requirements. The format indicates whether the 
sensor is referenced to atmospheric pressure 
(vented gage), a hard vacuum (absolute), or a 
simulated atmospheric pressure (sealed gage).  
 
Vented gage reference is usually used in lower 
full-scale range transducers where the sensor 
must track changes in atmosphere to maintain 
stated accuracy. Care must be taken to employ 
appropriate moisture protection to prevent 
humidity from entering the transducer via the vent 
tube.  
 
Sealed gage and absolute reference is typically 
used when the full-scale range is above 700 ft 
(210 m) H2O. Changes in atmospheric pressure 
have negligible impact on the accuracy of 
transducers at that range and moisture protection 
is not a concern since no vent tube is required. 
Sealed gage units are absolute units that are 
electrically adjusted to simulate reference to the 
atmospheric pressure at site of the installation. 
Base elevation with respect to sea level of the 
site must therefore be specified when ordering 
sealed gage transducers. Consult our Technical 
Support staff if you need assistance in choosing 
the reference pressure format. 
 

 
 

 

 

 

As an option, a precision silicon temperature sensor 
can be installed within the transducer to provide a 
separate 4-20 mA temperature measurement output 
over the range of -20 to 60ºC. The accuracy of the 
temperature measurement is ±4ºC. 
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WETTED MATERIALS  

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

Optional Wetted Materials are offered for both the 
transducer and the cable to enable compatibility 
with a wide range of liquid media. 
 

Transducer Housing Assemblies 
The transducer assemblies are most commonly 
made from 316 stainless steel, which offers good 
compatibility for most water and hydrocarbon 
liquid applications. Alternatively, the transducer 
assembly can be made from titanium, which 
offers superior compatibility to salt water and 
chemical liquid applications. 
 

Cable Seals 
The molded cable seal is KPSI’s standard 
offering and provides a very reliable injection 
molded polyurethane seal. The gland cable seal 
is primarily used for ETFE cable and incorporates 
a compressed Viton® gland. 
 

Transducer Cable 
The jacket on our transducer cable is typically 
constructed from polyurethane, which provides 
excellent general-purpose use and reliability with 
good flexibility and economy. For liquid media 
such as hydrocarbons and other chemicals, 
ETFE can be specified providing excellent 
compatibility and maintaining all the features of 
the polyurethane though somewhat less flexible 
and more expensive. 
 

Consult our Technical Support staff for the 
material best suited for the anticipated media. 
 

 

LIGHTNING PROTECTION)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Lightning Protection is designed to protect KPSI 
Level and Pressure Transducers from damaging 
surge voltage and current. The protection is 
offered for 2-wire 4-20 mA output as well as 3-
wire VDC and digital output configurations. This 
circuit is capable of protecting against fast rising 
voltage transients as well as current surges 
associated with lightning discharges. The 
protectors are a multi-stage design, with a solid-
state section that intercepts the leading edge of 
the surge within nanoseconds. The second stage 
of the design contains a gas discharge tube 
which crowbars up to 20,000 ampere currents to 
ground. The tube remains in the crowbar state 
until the surge has passed, then automatically 
resets the line to normal operation without the 
need to reset a circuit breaker. Each circuit 
consists of two parts. One  is  housed  integral  to  

 

the  transducer via a factory-installed extension to the 
end of the housing while the other is installed by the 
user between the transducer wiring and the system. 
External line protection must be used at all times to 
ensure lifetime warranty coverage. The protectors are 
FM/UL/CUL Intrinsic Safety rated for use in hazardous 
environments when used with an appropriate Intrinsic 
Safety barrier. The transducer carries a lifetime 
warranty for damage due to lightning or voltage 
spikes when this 2-part option is properly installed.  It is 
not warranted against continuous over voltage. This 
option is not available for the Series 300DS.    
 

Note: For 4-20 mA output transducers the supply 
voltage must be at least 15 VDC when Lightning 
Protection is installed. Lightning Protection is available 
as an option on all new units. 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

EXTERNAL LINE PROTECTOR 
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Order Information  
 
Installation Hardware 
PN: 42-01-66181  Anti-Snag Cone for 1.0” diameter for use with molded cable seal 
PN: 42-01-64134   Anti-Snag Cone for 1.0” diameter for use with gland cable seal 
PN: 42-01-64136  Anti-Snag Cone for 0.75” diameter for use with gland cable seal 
PN: 12-90-0931  Cable Hanger 
PN: 49-06-00PC  Mounting Clamp 
PN: 840  Junction Box with Vent Filter 
PN: 845  Junction Box with Aneroid Bellows 
PN: 36-05-1540T79  Identification Tags 
PN: 830  Cable Splice Kit 
PN: 861-2A  2" vented locking well cap with dock 
PN: 861-2B  2" vented locking well cap 
PN: 861-2C  2" well dock 
PN: 861-4A  4" vented locking well cap with dock 
PN: 861-4B  4" vented locking well cap 
PN: 861-4C  4" well dock 
   
Replaceable/Interchangeable Nose Caps 
PN: 42-30-6659  Open-face Nose Cap 
PN: 42-01-1314A  Closed-face Nose Cap 
PN: 42-30-6676S  Piezometer Nose Cap 
PN: 42-01-64154  Stainless Steel 1/4”-18 Male NPT Nose Cap 
PN: 42-01-64154T   Titanium 1/4”-18 Male NPT Nose Cap 
PN: 42-02-64180  Stainless Steel 1/2”- 14 Male NPT Nose Cap 
PN: 42-02-64180T  Titanium 1/2”-14 Male NPT Nose Cap 
   
Corrosion Protection 
PN: 820  Body Clamp Anode 
PN: 825  Nose Extension Anode 
   
Moisture Protection 
PN: 810  Vent Filter 
PN: 815  Aneroid Bellows 
   
Digital Displays 
PN: D3019-2-420  Digital Readout, two SPDT 10A control relays, 4-20 retransmission 
PN: D3019-4  Digital Readout, four SPDT 10A control relays 
PN: D3019-4-420  Digital Readout, four SPDT 10A control relays, 4-20 retransmission 
PN: D3620  Digital Readout, NEMA 4X rated, two SPDT 10A control relays 
PN: D3621  Digital Readout, NEMA 4X rated, three SPDT 10A control relays 
   
Lightning Protection 
PN: 809  External line protector 
   
   
 

No. 0409 
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Applies to: Model UDAP  
and Model UDAS 

  Series Fan-Type 
Unit Heaters 

Form I-UDA (Version B)
Obsoletes Form I-UDA (Version A)

Installation / Operation

WARNING:
FIRE OR EXPLOSION HAZARD
Failure to follow safety warnings exactly could result in serious injury, death, or 
property damage.
Be sure to read and understand the installation, operation, and service instructions in 
this manual.
Improper installation, adjustment, alteration, service, or maintenance can cause 
serious injury, death, or property damage. 
 —

of this or any other appliance.
 — WHAT TO DO IF YOU SMELL GAS

Do not try to light any appliance.

the gas supplier’s instructions.

 —
or the gas supplier. 
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HAZARD INTENSITY LEVELS
1. DANGER: Failure to comply will result in severe personal 

injury or death and/or property damage.
2. WARNING: Failure to comply could result in severe personal 

injury or death and/or property damage. 
3. CAUTION: Failure to comply could result in minor personal 

injury and/or property damage. 

WARNING

dust, in atmospheres containing chlorinated or halogenated 

1.0 General 1.1 
There are warning labels on the unit and throughout this manual. For your safety, read 

1. General ....................................................... 2-4
 ............................ 2

1.2 General Installation Information .................... 3
1.3 Warranty .......................................................... 4
1.4 Installation Codes ........................................... 4

2. Unit Heater Location .................................. 4-6
2.1 Heater Throw  .................................................. 4
2.2 Location Recommendations .......................... 5

3. Uncrating and Preparation ........................ 6-7
3.1 Uncrating and Inspecting ............................... 6
3.2 Preparing for Installation ............................... 6

4. Clearances and Dimensions  .................... 7-9
4.1 Clearances ....................................................... 7
4.2 Dimensions ..................................................... 8

5. Hanging the Heater ................................ 10-11
5.1 Weights .......................................................... 10
5.2 Lifting and Suspending ................................ 10

6. Mechanical ............................................. 11-16
6.1 Gas Piping and Pressures ............................11

Models UDAP and  
UDAP-CV ........................................................ 16

7. Electrical Supply and Wiring ................ 16-22
7.1 General .......................................................... 16
7.2 Supply Wiring ................................................ 17
7.3 24V Control Wiring Connections ................. 17
7.4 Wiring Diagrams ........................................... 18
7.5 Electrical Operating Components ............... 21

8. Controls and Operation ......................... 22-26
8.1 Thermostat .................................................... 22
8.2 DDC Controls, Options D10 and D14 .......... 23
8.3 Ignition System ............................................. 24

9. Commissioning and Startup ................. 27-28
9.1 Check the installation prior to startup: ....... 27
9.2 Heater Startup: .............................................. 27
9.3 Check installation after startup: .................. 28

10. Maintenance and Service .................... 29-36
10.1 Maintenance Schedule ............................... 30
10.2 Maintenance Procedures ........................... 31

 ......................................... 36
APPENDIX ....................................................... 38
Index ................................................................ 39
INSTALLATION RECORD  .............................. 40
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1.2.1 
-
-

-
tions or to be used in sleeping quarters. 
Models UDAP 150, 175, 200, 225, 250, 300, 350, and 400 and UDAS 150, 175, 200, 

-

installation site. 

1.2.2 Venting Manual
Installation requires both this manual AND

BOTH this manual 
and the correct 
venting manual 
are REQUIRED for 
installation of this 
heater.

1.2 General 
Installation 
Information

Model
Form No. Venting Manual and Heater 

UDAP Form I-UD-V-PV,  
Standard Power Vent Installation 

Label with a RED SQUARE 

UDAP-CV Form I-UD-V-CV,  

(Model UDAP heater must be 
equipped with Option AV6.) 

Label with a BLUE TRIANGLE

UDAS Form I-UD-V-SC,  

either 
 

Label with a GREEN CIRCLE

Both this installation manual and the appropriate venting manual are shipped 

installation. 
only to the models listed.

Model

WARNING
Should overheating occur, or the gas supply control system 

WARNING

water.
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Special Installations 
(Aircraft Hangars/
Repair Garages/ 
Parking Garages)

1.3 Warranty

Warranty is void if ...

California Warning 

Massachusetts 

1.0 General 
(cont’d)

1.4 Installation 
Codes

-

requirements. 

-

-

MUST 

shipped in the literature bag along with this manual, the warranty form, and any other 

FIGURE 1 - Throw for 
Fan Models UDAP and 
UDAS

2.0 Unit Heater 
Location

2.1 Heater Throw 
to determine where to suspend the heater. 

NOTE: 
-
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WARNING
If touched, the vent pipe and internal heater surfaces that are 

be maintained for best results.

2.2 Location Recommendations

H
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5  ft 6 14 30 -21° 7 16 40 -20° 45 -16° 20 57 -14° 20 10 22 65 -14°

7 13 26 16 37 -34° 10 42 12 22 54 -25° 11 21 56 12 23 63 -24°

10 ft 6 11 22 -52° 15 33 -43° 10 17 -37° 12 22 52 -32° 12 20 52 -36° 13 24 60 -30°

12 ft - - - - 12 27 -55° 10 16 34 -46° 12 21 11 47 -44° 14 23 57 -36°

14 ft - - - - - - - - 14 -56° 12 44 -46° 11 17 42 -51° 14 22 53 -43°

16 ft - - - - - - - - - - - - 11 17 -54° 10 14 34 13 20 47 -50°

- - - - - - - - - - - - - - - - - - - - 11 17 40 -57°
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13 24 73 -26° 15 -22° 16 30 -20° 14 27 -24° 16 -21° 15 -24° 17 31 105 -20° 34 113 -17°

10 ft 14 24 -32° 17 -27° 17 31 -25° 15 27 -30° 17 30 -26° 16 32 103 -25° 20 35 110 -21°

12 ft 14 24 64 -32° 31 -30° 16 27 -35° 30 -31° 17 -34° 32 -30° 21 36 -25°

14 ft 14 22 -45° -37° 30 -34° 16 26 73 -41° 30 -36° 17 27 -40° 20 32 -34° 23 35 105

16 ft 13 20 53 -51° 27 74 -42° 16 24 67 -47° -41° 17 25 74 -45° 21 31 23 35 101 -33°

11 17 44 17 26 74 -44° 14 22 60 -53° 27 72 -46° 16 24 66 -51° 20 30 -43° 23 35 -37°
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1.5 M 4.3 -21° 2.1 12.2 -20° 2.4 5.5 -16° 2.7 6.1 17.4 -14° 2.7 6.1 3.0 6.7 -14°

2.4 M 2.1 4.0 2.7 11.3 -34° 3.0 5.5 3.7 6.7 16.5 -25° 3.4 6.4 17.1 3.7 7.0 -24°

3.0 M 3.4 6.7 -52° 2.7 4.6 10.0 -43° 3.0 5.2 -37° 3.7 6.7 -32° 3.7 6.1 -36° 4.0 7.3 -30°

3.7 M - - - - 2.4 3.7 -55° 3.0 10.4 -46° 3.7 6.4 14.6 3.4 14.3 -44° 4.3 7.0 17.4 -36°

4.3 M - - - - - - - - 2.7 4.3 -56° 3.7 13.4 -46° 3.4 5.2 -51° 4.3 6.7 16.1 -43°

- - - - - - - - - - - - 3.4 5.2 11.6 -54° 3.0 4.3 10.4 4.0 6.1 14.3 -50°

5.5 M - - - - - - - - - - - - - - - - - - - - 3.4 5.2 12.2 -57°
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2.4 M 4.0 7.3 22.3 -26° 4.6 27.4 -22° -20° 4.3 26.2 -24° -21° 4.6 -24° 5.2 32.0 -20° 5.5 11.3 34.4 -17°

3.0 M 4.3 7.3 21.0 -32° 5.2 26.6 -27° 5.2 27.7 -25° 4.6 25.0 -30° 5.2 27.4 -26° 27.1 5.5 31.4 -25° 6.1 10.7 33.5 -21°

3.7 M 4.3 7.3 5.5 25.6 -32° 5.5 -30° -35° 5.5 26.5 -31° 5.2 -34° -30° 6.4 11.0 -25°

4.3 M 4.3 6.7 -45° 5.5 24.1 -37° 25.6 -34° 22.3 -41° 5.5 25.3 -36° 5.2 24.4 -40° 6.1 -34° 7.0 10.7 32.0

4.0 6.1 16.2 -51° 5.5 22.6 -42° 24.1 7.3 20.4 -47° -41° 5.2 7.6 22.6 -45° 6.4 27.4 7.0 10.7 -33°

5.5 M 3.4 5.2 13.4 5.2 20.7 22.6 -44° 4.3 6.7 -53° 5.5 -46° 7.3 20.1 -51° 6.1 -43° 7.0 10.7 -37°

NOTE: Venting 

affect location. 
Consult the Venting 
Manual for this heater 

determination.
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Chlorine -  
applies to location 
of Model UDAS 
heater with regard to 

-

of the area. 

water spray, rain, or dripping water. 

-

2.0 Unit Heater 
Location 
(cont’d)

2.2 Location 
Recommendations 
(cont’d)

3.0 Uncrating and 
Preparation

3.1 Uncrating and Inspecting

® Distributor. 
-

®

installation site. 

High Altitude Kit, Option DJ20 or DJ21 

3.2 Preparing for 
Installation

-

and manpower. 
-

3.2.1 Field-Installed 
Parts

Model UDAS P/N 203311, and three seal-
ing washers, P/N 61658

Models UDAP and UDAS

stepdown transformer, 
the heater is suspended. -

Other shipped separate items

the installation site.
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4.0 Clearances 
and 
Dimensions 

Clearances
Top Flue Connector Access Panel Non-Access Side Bottom* Rear**

mm mm mm mm mm mm

30 - 125 1 25 6 152 457 1 25 1 25 457
150 - 400 4 102 6 152 457 2 51 1 25 457

4.1 Clearances

-

FIGURE 2 - 
Installing High 
Altitude Pressure 

(1830M) elevation

Gas valve adjustment 
for high altitude can 

heater is operating; 
see Paragraph 6.1.

Instructions for Changing Pressure Switch

Pressure Switch

Model UDAP
30 45 60 75 100 125 150 175 200 225 250 300 350 400

201160
0.35 0.45 0.35 1.05

Purple Purple
Model UDAP-CV with Option AV6 for Common Venting

30 45 60 75 100

0.60 0.45 0.55 0.50
Orange

Model UDAS
30 45 60 75 100 125 150 175 200 225 250 300 350 400

201160
0.60 0.50 0.40 0.35 1.05

Orange Purple

.
Paragraph 6.1. 

-
FIGURE 2.

Option CD 2, 3, or 4 unit is shown in FIGURE 3.

FIGURE 3 - 
With Optional  

 
Dimension “U”  

and UDAS

Options CD2 and CD4 Option CD3
mm mm

30, 45 314
60, 75 15
100, 125 321 556
150, 175, 200 11-1/2 505
225, 250 14-1/2
300, 350, 400 470 32
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FIGURE 4 - Model UDAP, Power Vented Fan Model

Model UDAP Dimensions (inches ± 1/16)
A B C D E F G H J K M N P Q R

30, 45 10 13-13/16 26 5-3/16 6-1/2 2-11/16 11/16 4-5/16 13
60 13 13-13/16 27 6-1/2 5-1/2 11/16 4-5/16 13 10-1/2

75 13 13-13/16 6-1/2 5-1/2 11/16 4-5/16 13 10-1/2

100 21 13-13/16 14-1/2 6-1/2 11/16 4-5/16 13 10-1/2
125 21 13-13/16 14-1/2 6-1/2 11/16 4-5/16 13 10-1/2
150, 175, 200 16 23 42 5-7/16 6-1/2 25-11/16 22-3/16

225, 250 22 23 42 13-1/16 6-1/2 25-11/16 22-3/16
300, 350, 400 41 30 23 42 17-1/16 11-13/16 7-5/16 27-11/16 22-3/16 16-3/16

Model UDAP Dimensions (mm ± 2)
A B C D E F G H J K M N P Q R

30, 45 676 254 351 660 132 165 441 17 110 330 243

60 676 330 351 200 165 140 441 17 110 330 267

75 676 330 351 702 200 165 140 441 17 110 330 267

100 676 533 351 727 165 222 441 17 110 330 267

125 676 533 351 746 165 222 441 17 110 330 267

150, 175, 200 511 406 1067 216 210 165 652 35 564 416

225, 250 664 1067 332 224 165 652 35 564

300, 350, 400 1041 762 1067 433 300 703 35 564 411

4.0 Clearances and Dimensions (cont’d)
4.2 Dimensions
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Model UDAS Dimensions (inches ± 1/16)
A B C D E F G H J K M N P Q R S T

30, 45 10 13-13/16 26 5-3/16 6-1/2 2-11/16 11/16 4-5/16 13 2-15/16 2-15/16

60 13 13-13/16 27 6-1/2 5-1/2 11/16 4-5/16 13 10-1/2 3-1/4 2-15/16

75 13 13-13/16 6-1/2 5-1/2 11/16 4-5/16 13 10-1/2 3-1/4 2-15/16

100 21 13-13/16 14-1/2 6-1/2 11/16 4-5/16 13 10-1/2 2-15/16

125 21 13-13/16 14-1/2 6-1/2 11/16 4-5/16 13 10-1/2 2-15/16

150, 175, 200 16 23 42 5-7/16 6-1/2 25-11/16 22-3/16

225, 250 22 23 42 13-1/16 6-1/2 25-11/16 22-3/16

300, 350, 400 41 30 23 42 17-1/16 11-13/16 7-5/16 27-11/16 22-3/16 16-3/16

Model UDAS Dimensions (mm ± 2)
A B C D E F G H J K M N P Q R S T

30, 45 676 254 351 660 132 165 441 17 110 330 243 75 75

60 676 330 351 200 165 140 441 17 110 330 267 75

75 676 330 351 702 200 165 140 441 17 110 330 267 75

100 676 533 351 727 165 222 441 17 110 330 267 117 75

125 676 533 351 746 165 222 441 17 110 330 267 117 75

150, 175, 200 511 406 1067 216 210 165 652 35 564 416 105 211

225, 250 664 1067 332 224 165 652 35 564 141 211

300, 350, 400 1041 762 1067 433 300 703 35 564 411 230 217
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WARNINGS

Suspend the heater only from the threaded nut retainers or with 
a manufacturer provided kit. Do NOT suspend from the heater 

5.0 Hanging the 
Heater

5.2 Lifting and Suspending

Model UDAS - 
a Model UDAS, any unused suspension points on the control side of the heater 

shipped in the bag with the heater. (See FIGURE 6.)

5.1 Weights

Model UDAP
30 45 60 75 100 125 150 175, 200 225 250 300 350 400

lbs 54 67 72 101 172 203 215 306

24 27 30 33 44 46 122 133

Model UDAS
30 45 60 75 100 125 150 175, 200 225 250 300 350 400

lbs 55 60 73 102 173 204 216 270 307

25 27 31 33 44 46 122 134

FIGURE 6 - Model 
UDAS - Plug the 
unused suspension 
points on the control 
side of the heater with 
the three 1/2” long 
screws, P/N 203311, 
and the three sealing 
washers, P/N 61658. 
Find the screws 
and washers in the 

inside the heater.

WARNING

5.2.1 Two-Point or Four-Point Suspension

NOTE: Four-point suspension is 
when installing an optional downturn nozzle. See Dimensions in Paragraph 

4.2 and the illustration in FIGURE 7A. 
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FIGURE 7B - Swivel 
Connectors to Suspend 
the Heater from 1” 
Pipe, Option CK8 (2-pt) 
or CK10 (4-pt)

Be sure the 
threaded swivel 
connectors 
are locked to 
the heater as 
illustrated.

5.2.2 Hanger Kits, Option CK8, CK10, and CK22

FIGURE 7B.) 

FIGURE 8 - Suspending 
the Heater using 
Option CK22, Ceiling 
Suspension Kit (no 
hanger rods)

Recommended 
maximum hanger 
rod length is  
6 feet (1.8M).

Allows the 

installed one 
inch from the 
ceiling.

FIGURE 7A - 
Suspending the 
Heater with Rods from 
the Threaded Nut 
Retainers (either two or 
four point suspension)

Be sure the threaded hanger rods are 
locked to the heater as illustrated. 
Length of threaded rod extending into 
the heater MUST NOT exceed 1/2” 
(13mm).

FIGURE 8.)

6.0 Mechanical
6.1 Gas Piping and 

Pressures

6.1.1 Gas Supply and Connections
WARNING

psi, 3.5 kPa, or 14 inches water column. Supply pressure greater than 1/2 

external to the unit.
WARNING: PRESSURE TESTING SUPPLY PIPING 

Test Pressures Below 1/2 PSI: 
heater. 
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not rely on the heater to support the gas pipe.

 
-

tem, as shown in FIGURE 9
is required. 

WARNING

AN OPEN FLAME. Failure to comply could result in personal 
injury, property damage or death. 

Capacity of Piping

Length Diameter of Pipe
of 

Pipe Propane Propane Propane Propane Propane Propane
20' 56 116 350 214 730 445 1100 671 2100

30' 73 45 152 174 360 543 1650 1007

40' 63 130 245 500 305 760 464 1450

50' 56 34 115 70 215 131 440 670 1270 775

60' 50 31 105 64 400 244 610 372 1105 674

70' 46 110 370 226 560 342 1050 641

43 26 55 170 104 350 214 530 323 604

40 24 51 160 320 567

100' 23 150 305 460 531

125' 34 21 72 44 130 275 410 250 476

150' 31 64 120 73 250 153 232 710 433

175' 17 36 110 67 225 137 350 214 650

200' 26 16 55 34 100 61 210 320 610 372

Gas 
Supply 
Line

6.0 Mechanical 
(cont’d)

6.1 Gas Piping and Pressures (cont’d)
6.1.1 Gas Supply and Connections (cont’d)

Gas Connection (inches) 
Natural Propane

30, 45, 60, 75, 100, 125, 150, 175, 200 1/2 1/2
225, 250, 300, 350, 400 3/4 3/4
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FIGURE 9 - Gas 
connection is at 
the pipe nipple that 
extends outside the 

 
Illustration shows 

same.

6.1.2 Valve Outlet 
or 
Setting

-

WARNING
Valve outlet gas pressure must never exceed 3.5” w.c. for natural 
gas and 10” w.c. for propane gas. 

For Natural Gas:

-

For Propane Gas: 

pressure must

immediately or at some future time. If natural gas supply pressure is too high, install a 

Instructions
NOTE: 

1) FIGURE 10 -

Check Valve Outlet 

done after heater is 
operating)

NOTE: Gas Conversion 

for changing from 
propane gas to natural 
gas or natural gas to 
propane gas. A factory-

FIGURE 10 - Top View of Valves showing Outlet Pressure Tap and Adjustment Locations
Single-Stage 
Valve  
(two styles)

1/8” Outlet 
Pressure Tap

Adjust Outlet 
Pressure

Inlet 
Pressure Tap

Two-Stage Valve

Adjust High  
Fire Outlet 

Pressure 

Adjust Low 
Fire Outlet 
Pressure 

Inlet 
Pressure 

Tap 1/8” Outlet  
Pressure Tap

1/8” Outlet 
Pressure TapInlet Pressure Tap

Adjust Outlet Pressure
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2. FIGURE 10, page 13). Turn 

3. Single-Stage and Two-Stage High Fire

Two-Stage Low Fire

4. Turn up the thermostat. (NOTE: On Model UDAS, depress and hold the door 

Outlet Pressure 
Adjustment for High 
Altitude Operation

Instructions for High Altitude Derate 
1. 

This adjustment 

after the heater is in 
operation. High altitude 
adjustment is included 
in the startup Steps.

NOTE: 

a high altitude pressure 

Paragraph 3.2.1.

Altitude

Feet Meters Single-Stage and Two-Stage 
Low Fire

Single-Stage and Two-Stage 
Low Fire

0-2000 0-610 3.5 10.0 5.0
2001-3000 3.1 1.6 4.4
3001-4000 3.0 1.5 4.2
4001-5000 1221-1525 1.5 4.1
5001-6000 2.7 1.4 7.7
6001-7000 2.6 1.3 7.4 3.7

2136-2440 2.5 1.3 7.1 3.5
2441-2745 2.4 1.2 6.7 3.4
2746-3045 2.3 1.2 6.7 3.4

Altitude

Feet Meters Single-Stage and Two-Stage 
Low Fire

Single-Stage and Two-Stage 
Low Fire

0-2000 0-610 3.5 10.0 5.0
2001-4500 611-1373 1.5 4.1

6.0 Mechanical 
(cont’d)

6.1 Gas Piping 
and Pressures 
(cont’d)

2)

pressure.

6.1.2 Valve Outlet 

Setting (cont’d)

and heat exchanger failure.
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High Altitude 
Capacity Changes 

5.

and 4 repeated.
6.

Input 
Thermal Output Minimum 

Input Input 
Thermal Output Minimum 

Input Input 
Thermal Output Minimum 

Input Input 
Thermal Output Minimum 

Input 

Feet Meters

0-2000 0-610 30000 24600 30000 45000 37350 45000 60000 42000 75000 62250 52500

2001-3000 23124 42300 42300 56400 70500

3001-4000 27600 22632 27600 41400 34362 41400 55200 57270

4001-5000 1221-1525 27000 22140 27000 40500 33615 40500 54000 67500 56025 47250

5001-6000 26400 26400 66000 46200

6001-7000 21156 32121 51600 36120 64500 53535 45150

2136-2440 25200 20664 25200 31374 50400 63000 44100

2441-2745 24600 20172 24600 30627 34440 61500 51045 43050

2746-3045 24000 24000 36000 36000 33600 60000 42000

Feet Meters

0-2000 0-610 105000 73500 120000 150000 124500 105000 175000 145250 122500

2001-3000 141000 117030 164500 136535 115150

3001-4000 67620 110400 114540 161000 133630 112700

4001-5000 1221-1525 66150 75600 135000 112050 157500 130725 110250

5001-6000 77616 105600 132000 154000

6001-7000 63210 103200 72240 107070 150500 105350

2136-2440 61740 70560 126000 147000 122010

2441-2745 72324 60270 123000 143500 100450

2746-3045 70560 67200 120000 140000 116200

Feet Meters

0-2000 0-610 200000 166000 140000 225000 157500 250000 207500 175000 300000 210000

2001-3000 156040 131600 211500 175545 235000 164500 234060

3001-4000 152720 207000 230000 161000 276000

4001-5000 1221-1525 126000 202500 141750 225000 157500 270000 224100

5001-6000 176000 123200 164340 220000 154000 264000

6001-7000 172000 142760 120400 160605 135450 215000 150500 214140

2136-2440 117600 132300 210000 174300 147000 252000 176400

2441-2745 164000 136120 153135 205000 170150 143500 246000 172200

2746-3045 160000 112000 126000 200000 166000 140000 240000

Feet Meters

0-2000 0-610 350000 245000 400000 332000

2001-3000 273070 230300 376000 263200

3001-4000 322000 267260 225400 305440 257600

4001-5000 1221-1525 315000 261450 220500 360000 252000

5001-6000 255640 215600 352000 246400

6001-7000 301000 210700 344000

2136-2440 244020 336000 235200

2441-2745 272240

2746-3045 232400 320000 265600 224000

Input 
Thermal Output Minimum 

Input Input 
Thermal Output Minimum 

Input Input 
Thermal Output Minimum 

Input Input 
Thermal Output Minimum 

Input 

Feet Meters

0-2000 0-610 30000 24600 30000 45000 37350 45000 60000 42000 75000 62250 52500

2001-4500 611-1373 27000 22140 27000 40500 33615 40500 54000 67500 56025 47250

Feet Meters
0-2000 0-610 105000 73500 120000 150000 124500 105000 175000 145250 122500

2001-4500 611-1373 66150 75600 135000 113400 157500 132300 110250

Feet Meters
0-2000 0-610 200000 166000 140000 225000 157500 250000 207500 175000 300000 210000

2001-4500 611-1373 151200 126000 202500 170100 141750 225000 157500 270000

Feet Meters
0-2000 0-610 350000 245000 400000 332000

2001-4500 611-1373 315000 264600 220500 360000 302400 252000
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:  
A space whose volume is 

1000 BTUH of the installed 
appliance input rating

Heater Located in 
a 
applies to Model UDAP 
and Model UDAP-CV

6.2 Models UDAP and UDAP-CV

-

Under ALL conditions,

WARNING
Model  UDAP  and  UDAP-CV  power-vented  unit  heaters  are  

unit is installed and are not designed for connection to outside 

Levels, page 2. 
Do not

FIGURE 11
in Items 1, 2, and 3 below.

(Note: For Model 
UDAS, see 
Venting Manual 

FIGURE 11. 
2. Air from outside through duct

FIGURE 11. 
3. Air direct from outside

(3) in FIGURE 11.
NOTE: 

6.0 Mechanical 
(cont’d)

7.1 General

CAUTION: If any of the original wire as supplied with the appliance must 

e 2. 

7.0 Electrical 
Supply and 
Wiring

CAUTION: Route 
wires so that they do 

wrapper or venter 
housing.
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FIGURE 12 - Supply 
Wiring Connections at  
the Circuit Board (DSI 
Integrated Control 
Module)

Supply Wiring 
Connections

NOTE:
board is polarity 

Terminal L1. 

FIGURE 13 -
7.3 24V Control 

Wiring 
Connections

7.2 Supply Wiring

.

-
-

ing the transformer to the heater.
FIGURE 13). Model UDAS 

-

FIGURE 12 -

wire. 

FIGURE 13 - Terminal 
Strip for 24-volt wiring 
is on the outside rear of 
the heater.

NOTE: The size of heater 

terminal strip. Some sizes 

strip. 
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7.0 Electrical 
Supply and 
Wiring (cont’d)

FIGURE 14A - Typical Wiring Diagram for Model UDAP or Model UDAS, 
Single Stage

WD# 185139 REV #4
UDAP & UDAS SERIES

AG1-CL1 or CL22

VENTER

FAN MOTOR

PRESSURE SWITCH

SPARK GAP

GREEN LED

FIELD CONTROL WIRING

150'
250'
350'

75'
125'
175'

#18 GA. WIRE
#16 GA. WIRE
#14 GA. WIRE

TOTAL WIRE
LENGTH

DISTANCE FROM
UNIT TO CONTROL

MIN. RECOMMENDED
WIRE GUAGE

LED

Y Y

WIRE CONNECTOR

FIELD WIRING
OPTIONAL FACTORY

FACTORY WIRING

DSI CONTROL

FAST FLASH

1 FLASH

2 FLASH

3 FLASH

4 FLASH

STEADY OFF

LED FLASH CODES

NORMAL OPERATION CALL FOR HEAT

IN LOCKOUT FROM FAILED IGNITIONS OR FLAME LOSSES

PRESSURE SWITCH DOES NOT CLOSE WITHIN 30 SECONDS

LIMIT SWITCH OR ROLLOUT SWITCH OPEN

PRESSURE SWITCH IS CLOSED BEFORE VENTER IS ENERGIZED

INTERNAL CONTROL FAULT OR NO POWER

YELLOW LED

FLAME SENSEDSTEADY ON

SLOW FLASH WEAK FLAME

UNDESIRED FLAME (VALVE OPEN & NO CALL FOR HEAT)FAST FLASH

IND BK

NEUTRAL W

MOTOR

LED
OKFLAME

GY

NEUTRAL

BK W

LIMIT CONTROL
R R

R R

FLAME ROLLOUT

R

BR

FLAME

ELECTRODE

FLAME GROUND

P1-8

P1-3

P1-6

P1-5

P1-7

P1-9

BK

W

GAS VALVE

BL BR P1-2

P1-4BL

Y

BK

BR

R

L1 NEUTRAL NEUTRAL L1COMSEC

SYSTEM TRANSFORMER

EAC/BLO

WIRING

OF VENTER ENERGIZED

BK

C

R

W

G

Y

R

W1

R

Y

PR

P3-4

P3-3

P3-2

NORMAL OPERATION NO CALL FOR HEATSTEADY ON

G

G

G

G

GRD
SCREW

LINE/1/60

CAPACITOR
(SEE NOTE #6)

CAPACITOR
(SEE NOTE #7)

SPARK
TRANSFORMER

G

(MODELS 30-125 ONLY)

P3-5

P3-1

WIRING CODE
BLACK - BK
BROWN - BR
RED - R
ORANGE - O
YELLOW - Y
GREEN - G
BLUE - BL
PURPLE - PR
WHITE - W

Y

W

(UDAS ONLY)
R

DOOR INTERLOCK

R

W

G

RC

R
R

W2

G

W1

W1

G

W2

OPERATING SEQUENCE
1.  SET THERMOSTAT AT LOWEST SETTING, (FAN SWITCH 

2.  TURN ON MANUAL GAS VALVE.
3.  TURN ON POWER TO UNIT.
4.  SET THERMOSTAT AT DESIRED SETTING.
5.  THERMOSTAT CALLS FOR HEAT, ENERGIZING THE VENTER MOTOR.
6.  VENTER PRESSURE SWITCH CLOSES, FIRING UNIT AT FULL RATE.
7.  BURNER FLAME IS SENSED, AND IN 30 SECONDS THE FAN
    MOTOR IS ENERGIZED.
8.  IF THE FLAME IS EXTINGUISHED DURING MAIN BURNER OPERATION,
    THE INTEGRATED CONTROL SYSTEM CLOSES THE MAIN VALVE AND
    MUST BE RESET BY INTERRUPTING POWER TO THE CONTROL CIRCUIT
    (SEE LIGHTING INSTRUCTIONS).

NOTES
 1. THE FOLLOWING CONTROLS ARE FIELD INSTALLED OPTIONS: THERMOSTAT
 2. DOTTED WIRING INSTALLED BY OTHERS.
 3. CAUTION:  IF ANY OF THE ORIGINAL WIRING AS SUPPLIED WITH THE
    APPLIANCE MUST BE REPLACED, IT MUST BE REPLACED WITH WIRING MATERIAL
    HAVING A TEMPERATURE RATING OF AT LEAST 105° C. EXCEPT FOR SENSOR
    LEAD WIRE, FLAME ROLLOUT AND LIMIT WIRING WHICH MUST BE 150° C.
 4. USE 18 GA. WIRE FOR ALL WIRING ON THE UNIT.
 5. LINE AND FAN MOTOR BRANCH WIRE SIZES SHOULD BE OF A SIZE TO PREVENT
    VOLTAGE DROPS BEYOND 5% OF SUPPLY LINE VOLTAGE.
 6. CAPACITOR IS REMOTE MOUNTED AND INCLUDED ONLY ON 115V MODELS 
    150-400 AND 208/230V MODELS 100-400.
 7. CAPACITOR IS REMOTE MOUNTED AND INCLUDED ONLY ON MODELS 150 - 400.

9.  SET FAN SWITCH AT "ON" POSITION FOR CONTINUOUS FAN OPERATION.

    AT "AUTO" POSITION.

 8. VERIFY JUMPER ON CL22 THERMOSTAT TERMINALS R TO RC.
 9. FAN SWITCH OR LOW STAGE OF CL22 THERMOSTAT ENERGIZES THE BLOWER MOTOR.
10. HIGH STAGE OF CL22 THERMOSTAT INITIATES A CALL FOR HEAT.

7.4 Wiring Diagrams



Form I-UDA, P/N 195673 R19, Page 19

FIGURE 14B - Typical Wiring Diagram for Model UDAP or Model UDAS, Two Stage Gas Valve or 
Recirculation

WD# 185244  REV #2
AG2-CL22

UDAP & UDAS SERIES

VENTER

FAN MOTOR

PRESSURE SWITCH

SPARK GAP

GREEN LED

                  NOTES
 1. THE FOLLOWING CONTROLS ARE FIELD INSTALLED OPTIONS: THERMOSTAT
 2. DOTTED WIRING INSTALLED BY OTHERS.
 3. CAUTION:  IF ANY OF THE ORIGINAL WIRING AS SUPPLIED WITH THE
    APPLIANCE MUST BE REPLACED, IT MUST BE REPLACED WITH WIRING MATERIAL
    HAVING A TEMPERATURE RATING OF AT LEAST 105° C. EXCEPT FOR SENSOR
    LEAD WIRE, FLAME ROLLOUT AND LIMIT WIRING WHICH MUST BE 150° C.
 4. USE 18 GA. WIRE FOR ALL WIRING ON THE UNIT.
 5. LINE AND FAN MOTOR BRANCH WIRE SIZES SHOULD BE OF A SIZE TO PREVENT
    VOLTAGE DROPS BEYOND 5% OF SUPPLY LINE VOLTAGE.

FIELD CONTROL WIRING

150'
250'
350'

75'
125'
175'

#18 GA. WIRE
#16 GA. WIRE
#14 GA. WIRE

TOTAL WIRE
LENGTH

DISTANCE FROM
UNIT TO CONTROL

MIN. RECOMMENDED
WIRE GUAGE

LED

Y Y

WIRE NUT

FIELD WIRING
OPTIONAL FACTORY

FACTORY WIRING

DSI CONTROL

FAST FLASH

1 FLASH

2 FLASH

3 FLASH

4 FLASH

STEADY OFF

LED FLASH CODES

NORMAL OPERATION CALL FOR HEAT

IN LOCKOUT FROM FAILED IGNITIONS OR FLAME LOSSES

PRESSURE SWITCH DOES NOT CLOSE WITHIN 30 SECONDS

LIMIT SWITCH OR ROLLOUT SWITCH OPEN

PRESSURE SWITCH IS CLOSED BEFORE VENTER IS ENERGIZED

INTERNAL CONTROL FAULT OR NO POWER

YELLOW LED

FLAME SENSEDSTEADY ON

SLOW FLASH WEAK FLAME

UNDESIRED FLAME (VALVE OPEN & NO CALL FOR HEAT)FAST FLASH

IND
BK

NEUTRAL W

MOTOR

LED
OKFLAME

GY

NEUTRAL

BK W

LIMIT CONTROL
R R

R R

FLAME ROLLOUT

R

BR

FLAME

ELECTRODE

FLAME
GROUND

P1-8

P1-3

P1-6

P1-5

P1-7

P1-9

BK

W

Y

BK

BR

R

L1 NEUTRAL NEUTRAL L1COMSEC

SYSTEM TRANSFORMER

EAC/BLO

WIRING

OF VENTER ENERGIZED

BK

C

R

W

G

Y

R

W1

R

Y

PR

P3-4

P3-3

P3-2

NORMAL OPERATION NO CALL FOR HEATSTEADY ON

G

G

G

G

GRD
SCREW

LINE/1/6030 VA

CAPACITOR
(SEE NOTE #6)

CAPACITOR
(SEE NOTE #7)

SPARK
TRANSFORMER

G

(MODELS 30-125 ONLY)

P3-5

P3-1

WIRING CODE
BLACK - BK
BROWN - BR
RED - R
ORANGE - O
YELLOW - Y
GREEN - G
BLUE - BL
PURPLE - PR
WHITE - W

 6. CAPACITOR IS REMOTE MOUNTED AND INCLUDED ONLY ON 115V MODELS
    150-400 AND 208/230V MODELS 100-400.
 7. CAPACITOR IS REMOTE MOUNTED AND INCLUDED ONLY ON MODELS 150 - 400.

Y

W2

O

P1-4

P1-2 W

HI

GAS VALVE

HONEYWELL
TWO STAGE

C

MV

BR

BL

O

RC

W2

W1

R

G

 8. VERIFY JUMPER ON THERMOSTAT TERMINALS R TO RC.

           OPERATING SEQUENCE
 1. SET THERMOSTAT AT LOWEST SETTING, FAN SWITCH

 2. TURN ON MANUAL GAS VALVE.
 3. TURN ON POWER TO UNIT.
 4. SET THERMOSTAT AT DESIRED SETTING.
 5. LOW STAGE OF THERMOSTAT CALLS FOR HEAT, ENERGIZING THE VENTER MOTOR.
 6. VENTER PRESSURE SWITCH CLOSES, FIRING UNIT AT LOW RATE.
 7. BURNER FLAME IS SENSED, AND IN 30 SECONDS THE FAN
    MOTOR IS ENERGIZED.

10. IF THE FLAME IS EXTINGUISHED DURING MAIN BURNER OPERATION,
    THE INTEGRATED CONTROL SYSTEM CLOSES THE MAIN VALVE AND
    MUST BE RESET BY INTERRUPTING POWER TO THE CONTROL CIRCUIT
    (SEE LIGHTING INSTRUCTIONS).

 9. SET FAN SWITCH AT "ON" POSITION FOR CONTINUOUS FAN OPERATION.
 8. HIGH STAGE OF THERMOSTAT CALLS FOR HEAT, FIRING UNIT AT FULL RATE.

    AT "AUTO" POSITION.
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7.5.1 
-

FIGURE 18, page 30.)

-
-

-

for Model UDAS heaters.

7.5 Electrical 
Operating 
Components

Pressure Switch 
Settings

DANGER

Levels, page 2.

Model 
UDAP

Startup 
Cold Hot Setpoint OFF Setpoint 

ON
Color

Switch 
P/N

Model 
UDAS

Startup 
Cold Hot

Setpoint 
OFF

Setpoint 
ON

Color
Switch 

P/NNegative Pressure (" w.c.) Differential Pressure (" w.c.)

30 1.0 0.4 0.6 30 1.0 0.65 Yellow
45 1.0 0.4 0.6 45 1.1 0.65 Yellow
60 1.0 0.5 0.7 Orange 60 1.1 0.65 Yellow
75 1.0 0.5 0.7 Orange 75 1.1 0.65 Yellow

100 0.7 0.5 0.7 Orange 100 0.7 0.55 0.7
125 0.6 0.4 0.6 125 0.6 0.45 0.6

150, 175 0.7 0.4 0.6 150, 175 0.6 0.40 0.6
200, 225 2.2 1.5 1.1 1.3 200, 225 2.2 1.5 1.10 1.3
250, 300 2.3 1.6 1.1 1.3 250, 300 2.3 1.6 1.10 1.3
350, 400 2.6 1.1 1.6 350, 400 2.6 1.10 1.6

Model UDAP-CV 
with Opt AV6

Startup Cold Hot
Setpoint 

OFF
Setpoint 

ON
Color

Switch  
P/NNegative Pressure (" w.c.)

30 1.1 0.65 Yellow
45 1.1 0.50 0.7 Orange
60 0.60
75 1.0 0.60
100 0.7 0.55 0.7

7.5.2 Limit Control -

FIGURE 18, page 30.)

CAUTION: The auto reset limit control will continue to shut down the 

7.0 Electrical 
Supply and 
Wiring (cont’d)
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8.0 Controls and 
Operation

8.1 Thermostat

-

IMPORTANT: 

Unit Mounted Thermostat, Option CM3 - 

-
-

FIGURE 18, page 30.)

DANGER

7.5.3 Door Switch - 
Model UDAS only

FIGURE 18, page 30.) 
-

FIGURE 18, page 30.)

WARNING
The operating valve is the prime safety shutoff. All gas supply 

7.5.4 Gas Valve

7.5.5 Fan Motor

NOTE: -
-

7.5.6 Venter Motor -
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8.2 DDC Controls, 
Options D10 and 
D14

FIGURE 15A - 
DDC Control with 
Transformer and 
Relays is Mounted on 
a Specially Designed 
Bracket in the Control 
Compartment

Multiple Heater Control, Option CL31 and Option CL32 - If the heater was ordered 

-

installation and wiring. 

FIGURE 15A.

-

Option D10
Option D14

optional downturn nozzle. See FIGURE 15B
with Option D10 and dimensions for mounting it on the nozzle side.

Before installing the 

the holes in the side 
panel as illustrated. 

Mount the sensor on the nozzle side. 

FIGURE 15B - 
Recommended 
Location for Mounting 
the Sensor is on 
the Side Panel of a 

(Option CD 2, 3, or 4)

8.0 Controls and 
Operation 
(cont’d)

8.1 Thermostat 
(cont’d)
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1) Call for Heat

2) Prepurge - 

-

ignition trial period.
3) Ignition Trial Period - 

4) Fan/Blower On Delay

5) Steady Heat

-
8.3 Ignition System

Control Status - Green LED Codes
 ..........

Fast Flash ...........
1 Flash ................

2 Flashes ............

3 Flashes ............
4 Flashes ............

motor is energized
Steady OFF ........

Flame Status - Yellow LED Codes
 .......Flame is sensed

Slow Flash .......

Fast Flash ........

FIGURE 16 – 

LED Lights

on Model UDAP.

Normal Heat  
Cycle Operating 

lights on Model UDAP.
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6) Post Purge

7) Fan/Blower Off Delay - The fan/blower motor is de-energized after a fan/blower off 

Interrupted Thermostat Call for Heat

period and de-energize all outputs.

Ignition Retry

initiates another trial for ignition.

trial for ignition.

Limit Switch Operation -

returning to normal operation.

Pressure Switch

open.)

-

-

Functions 

8.3 Ignition System 
(cont’d)

8.0 Controls and 
Operation 
(cont’d)
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Undesired Flame 

Gas Valve Relay Fault 

-
ent.

-

Soft Lockout

Hard Lockout

Power Interruption
Lockout

Fault Modes 

Continuous Fan 
Operation
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9.0 Commissioning 
and Startup

Paragraph 2.2.

trapped air. See Paragraph 6.1.

earth ground.

WARNINGS

causing property damage, personal injury, or loss of life. 

WHAT TO DO IF YOU SMELL GAS
 Do not try to light any appliance.

explosion.

appliance and to replace any part of the control system and any 

9.1 Check the installation prior to startup:

9.2 Heater Startup:
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1. Set thermostat at lowest setting.

FIGURE 17.)

If you smell gas, STOP! and follow the steps in the WARNINGS printed 

NOTE:

fan motor is energized.
-

TO TURN OFF GAS TO THE APPLIANCE
1) Set thermostat to lowest setting

FIGURE 17 - Gas Valve

9.3 Check 
installation after 
startup:

Vent System Testing Procedure 

-
ing system(s) is not in operation.
1. 
2. 

3. 

4. 

5. 

6. 

Top View

ON/OFF Switch
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DANGER

controlled . However, if the installation does not permit the 

not occur. The result is 
a poisonous gas that can cause death. 

the outside atmosphere. FAILURE TO PROVIDE PROPER VENTING WILL RESULT 
IN A HEALTH HAZARD WHICH COULD CAUSE SERIOUS PERSONAL INJURY OR 
DEATH.

SUPPLY OF COMBUSTION AIR TO ANY HEATER. Model UDAP units installed in a 

in Paragraph 6.2 of this heater installation manual. MAINTAIN THE VENT OR VENT/
COMBUSTION AIR SYSTEM IN STRUCTURALLY SOUND AND PROPER OPERATING 
CONDITION. 

 
 

smooth ignition.

heater. 

10.0 Maintenance 
and Service

WARNING

Levels, page 2. 

-

an area where an unusual amount of dust or soot or other impurities are present in the 

on the heater.

This heater is equipped with a T 2® burner. 

9.0 Commissioning 
and Startup 
(cont’d)

9.3 Check 
installation after 
startup (cont’d)
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FIGURE 18 - Location of Controls

10.1 Maintenance 
Schedule

Maintenance Schedule
annually (See FIGURE 18 and Paragraphs 10.2.1 - 10.2.14.):

motor.

needed.

openings. Replace any parts that do not appear sound.

parts.
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10.2 Maintenance 
Procedures

10.2.1 Heat 
Exchanger 
Maintenance

This heater has a T 2®

NOTE

10.2.2 Burner 
Maintenance

CAUTION: Use of eye protection is recommended.

Burner Removal 
Instructions (Refer to 
FIGURE 19.)

1. 
union. 

2.
3.
4.
5. Disconnect and Move the Gas Train 

assembly to the right.

disengage the burner from the supports on the left. Then rotate the open end 

FIGURE 19 - Burner 
Removal (UDAP 
illustrated; same 

UDAP and UDAS)
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Inspect and Clean the 
Burner

NOTE:
burner assembly.

removed)

Re-Install the Burner Instructions to Re-Install the Burner (Refer to FIGURE 19)

assembly into position. Align the supports on the left side with the slots in the 

must 

4. Attach the Gas Train

5.
6.

7.

10.2.3 

10.2.4 Ignition System  - See FIGURE 20. The module moni-

FIGURE 20 - DSI 
Integrated Control 
Module (Circuit Board) Only 

part is a Type 
ATC or ATO 3 
amp fuse (Color 
Code Violet),  
P/N 201685
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FIGURE 21 - Ignitor 
Spark 

Gap measurement

Ignitor - FIGURE 18

FIGURE 21.

Ignitor

CAUTION: Due to high voltage on the spark wire and electrode, 

Flame Sensor FIGURE 18 Flame Sensor

10.2.5 Fan Motor, Fan 
Blades, and Guard

blades.

and table in FIGURE 22. 

until the assembly is positioned properly.

10.0 Maintenance 
and Service 
(cont’d)

10.2 Maintenance 
Procedures 
(cont’d)

10.2.4 Ignition System (cont’d)

UDAP/UDAS A = Fan Spacing Setscrew 
 Standard Wire Fan Guard 

with .5” (13mm) Spacing
Option AZ8 Wire Fan Guard 
with .334” (8.5mm) Spacing 

30 25 mm 25 mm
45 14 mm 27 mm

45-LN
60 44 mm
75 54 mm
100 60 mm 60 mm 120125 54 mm
150 60 mm

130

175 54 mm
200 41 mm

225/250/300 51 mm
350
400 35 mm

AFan 
Blade

Sizes 
30-250

Motor

Setscrew

A

Sizes 
300-400

Motor

Fan 
Blade

Setscrew
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FIGURE 23 - Venter 
Wheel Position on 
Shaft

10.2.6 Venter Motor 
and Wheel 

Replacement Instructions

10.2.7 Operating Gas 
Valve WARNING

The operating valve is the prime safety shutoff. All gas supply 

-

Instructions:
FIGURE 24, 

page 34.

7.
8.

9.

operation. 

1.
2.

4.

5.

assembly from the heater.
6. 

FIGURE 23.
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10.2.8 
Pressure Switch

See FIGURE 18

NOTE -

FIGURE 18, page 30.

10.2.9 Limit 
Control

NOTE: Operational 
pressure settings and 

pressure settings are in 
Paragraph 6.1.

-
ing. 
operation. 

10.2.10 Flame Rollout 

only

For location, see  
FIGURE 18, page 30.

If the compartment appears normal, reset by depressing the red button on the 
-

If there is damage to the control compartment, repairs must be made before 

-
partment with the toggle on the rear of the heater.

high

10.2.11. Door Switch - 
UDAS only FIGURE 18, page 30.

FIGURE 24 - Pressure 
Tap for Checking Gas 
Flow Shutoff

10.0 Maintenance 
and Service 
(cont’d)

10.2 Maintenance 
Procedures 
(cont’d)

10.2.7 Operating Gas Valve (cont’d)

Single-Stage Valves

1/8” Outlet 
Pressure Tap

1/8” Outlet 
Pressure Tap

Two -Stage Valve 
1/8” Outlet 

Pressure Tap
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10.2.12 Transformer See FIGURE 18

-

10.2.14 Vent or Vent/

System

10.2.13 Disconnect 
Switch - UDAS only

10.3 
Check the Lights on 
the DSI Integrated 
Control Module 
(Circuit Board) 

Control Status - Green LED Codes
 

Fast Flash .
1 Flash ......
2 Flashes ..
3 Flashes ..
4 Flashes ....
Steady OFF 
Flame Status - Yellow LED Codes

 ..Flame is sensed
Slow Flash ..
Fast Flash ...

IMPORTANT: 
a multimeter to troubleshoot 

-

readings due to the ignition 

DSI Integrated Control Module (Circuit 
Board) Trial 

Trial for Ignition
Call for Heat

Is there a
spark across gap at

ignitor?

Does gas
ignite?

Is there minimum
flame current at the

flame sensor?

Is there
minimum flame current

at the control
module?

Replace control
module.

Check connections to flame
sensor and/or moisture in the

burner assembly.

Is the flame
sensor corroded? Clean flame

sensor.

Is the sensor
located in flame

correctly?

Replace flame
sesnsor.

Reposition
flame sensor.

Is gas
flowing?

Is the ignitor
position correct in the

gas flow?

Check gas pressure
 and supply voltage.

 If either are low,
 correct and repeat

startup.

Reposition
spark ignitor.

Is there
24VAC at the gas

valve?

Is there 24VAC
from gas valve output on

control module to
chassis?

Check wiring and
connections to

gas valve.

Replace
ignition
control
module.

Replace gas
valve.

Is there
spark voltage at

control?

Check high
voltage wire
continuity.

Is there 24V P1-2
to power control?

Replace
control
module.

Check wiring
and/or 24VAC

transformer output.

YES NO

YES NO

YES NO

YES

NO

YES

NO

YES

NO

YES NO

YES

NO NO

YES

YES NO

YES

NO

YES

NO
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PROBLEM PROBABLE CAUSE REMEDY
Venter motor will not 
start 

1. 1. 
2. 2.
3. 3. 
4 4.
5 5.
6. 6. 

Burner will not light 1. 1.
2. Air in the gas line. 2. 
3. 3. 

propane. 

4. 4.

b) Transformer failure.:

h) Unit not properly grounded.
phased (L1 to hot lead L2 to neutral).

i) 

5. 5. 

6. 6.
properly vented.

7. 7. 
8. 8.

9. 9.

b) Flame sensor grounded.

propane. 

Burner cycle on and 
off

1. 1.
propane. 

2. 2.
3. 3. 
4. 4. 

5. 5.

6. 6.
7. Flame sensor grounded. 7.

8. 8.
9. 9.
10. 10.

General 
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No heat (Heater Op-
erating)

1. 1. 
2. 2.
3. 3. 

Fan or venter motor 
will not run

1. 1.
2. 2.
3. 3.

Fan or venter motor 
turns on and off while 

1. 1. 

Fan or venter motor 
cuts out on overload

1. 1. 
2. 2. 
3. 3.
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APPENDIX

(Data applies to both Models UDAP and UDAS unless noted otherwise.)

150 175 200 225 250 300 350 400
150,000 175,000 200,000 225,000 250,000 300,000 350,000 400,000

51.2 73.2 102.5 117.1

 A
124,500 145,250 166,000 207,500 332,000

36.4 42.5 54.7

B
1/2 1/2 1/2 3/4 3/4 3/4 3/4 3/4

Propane 1/2 1/2 1/2 3/4 3/4 3/4 3/4 3/4
C 5 5 5 5 5 6 6 6

C UDAS only 6 6 6 6 6 6 6 6
1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

4.6 7.5 7.5 10.7 10.7 10.7

D E

 Standard 115V 15 15 15 15 15 20 20 20
15 15 15 15 15 15 15 15

747 747
60 60 60 60 60 60 60 60

Air Volume
2242 2562 3202 5123

M3/minute 54.4 63.5 72.5 145.1
ft2 2.6 2.6 2.6 3.5 3.5
M2 0.2 0.2 0.2 0.3 0.3 0.5 0.5 0.5

FPM 752 1003
M/minute 267 306 250 244 326

E
Standard Open 1/6 1/6 1/6 1/4 1/4 1/2 1/2 1/2

1/4 1/4 1/4 1/4 1/4 1/2 1/2 1/2
1050 1050 1050 1050 1050 1050 1050 1050

20 20 24 24 24
51 52 53 56 56 61 62

(Data applies to both Models UDAP and UDAS unless noted otherwise.)

30 45 60 75 100 125
30,000 45,000 60,000 75,000 105,000 120,000

13.2 17.6 22.0 35.2

 A
24,600 37,350 62,250

7.2 11.0 14.6 25.6

B
1/2 1/2 1/2 1/2 1/2 1/2

Propane 1/2 1/2 1/2 1/2 1/2 1/2
C 4 4 4 4 4 4

C UDAS only 4 4 4 4 4 4
1.0 1.0 1.0 1.0 1.0 1.0

2.4 2.4 3.3 5.1

D E

 Standard 115V 15 15 15 15 15 15
15 15 15 15 15 15

155 155 217 276 354
50 55 60 60 60 60

Air Volume
456 1345 1537

M3/minute 27.5 36.7
ft2 1.0 1.0 1.2 1.2 2.0 2.0
M2 0.1 0.1 0.1 0.1 0.2 0.2

FPM 475 656 616 770 763
M/minute 145 200 245

Fan E
Standard Open 0.0 0.0 0.0 0.1 1/30 1/20

1/4 1/4
1550 1550 1550 1550 1050 1050
10 10 12 12 16 16
40 40 40 54 55

A

B 

C

D

E
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(800) 695-1901
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APPLIES TO: Venting Requirements  
for Indoor, Power Vent  

Model UDAP and Model UDBP

Form I-UD-V-PV (Version D)
Obsoletes Form I-UD-V-PV (Version C)

General

WARNING
Each heater requires its own individual vent pipe run and 
vent cap. Manifolding of vent runs can cause recirculation 
of combustion products into the building. Failure to comply 
could result in severe personal injury or death and/or 
property damage.

WARNING

agency installing this heater is responsible for the 
installation. 

This manual applies only to venting instructions and must be used with the installation 
manual. Both manuals are shipped with the heater. If either manual is missing, contact 
your distributor before beginning installation. The instructions in this manual apply to 
fan type Model UDAP and blower type Model UDBP.
Verify that the label near the vent outlet on the heater matches the label illustrated 
below. (Label P/N is 201214; color is red.)

POWER
VENT

201214

Rear View - Model UDAP

CAUTION: Model UDAP and UDBP unit heaters should not be used 
in an application where the heated space temperature is below 
50°F (10°C).  Operating under low ambient conditions may cause 
condensate to form in the heat exchanger.
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1.0 Venting 
Requirements

and Equipment. Local requirements supersede national requirements.

-
tions.
When an existing appliance is removed or replaced in a venting system, verify that the 
venting system is properly sized to vent the new appliance. An improperly sized vent-
ing system may result in the formation of condensate, leakage, and/or spillage.
Do not vent into an existing gravity vent or chimney.

Requirements and instructions vary depending on whether the installation is 
residential or commercial/industrial. Select and follow the venting instructions 
that apply to the installation only. All sizes of Model UDAP and Model UDBP unit 

Utility 

are attached to, or part of, a structure that contains space for family living quarters. 
They are not intended to be the primary source of heat in residential applications or to 
be used in sleeping quarters. 

Is the Installation Residential or Commercial/Industrial?
Select and follow the venting instructions that apply. Do not mix any instructions or 
requirements. 

Residential Installation Venting Requirements and 
Instructions (begins on page 3)

Commercial/Industrial Installation Venting Requirements and 
Instructions (begins on page 6)

General ..................................................................................................................1
1.0 Venting Requirements ....................................................................................2
2.0 Venting Requirements and Instructions - Residential Installation ........ 3-5

2.1 Type of Vent Pipe Required for Vent Run ...................................3
2.2 Vent Pipe Diameter and Vent Length .........................................3
2.3 Venter (Flue) Outlet Diameter ....................................................3
2.4 Vent System Sealing ..................................................................3
2.5 Vent System Support ..................................................................4

 .............................................................................4
 ...............................4

3.0 Venting Requirements and Instructions - Commercial/Industrial  ......... 6-9
3.1 Type of Vent Pipe Required for Vent Run ...................................6
3.2 Vent Pipe Diameter and Length  ................................................6
3.3 Venter (Flue) Outlet ....................................................................7
3.4 Vent System Sealing ..................................................................7
3.5 Vent System Support ..................................................................7

 ............................................................................7
3.7 Vent Terminal ..............................................................................7

ADDENDUM  ...................................................................................................10-11
Section A - Instructions for Attaching Double-Wall Vent Pipe  

(Type-B)  ...................................................................................10
 

Vent Pipe on a Reznor® Model UDAP or UDBP Heater ...........11

Table of 
Contents



Form I-UD-V-PV, P/N 195675R11, Page 3

2.0 Venting Requirements and Instructions - Residential Installation

residential installation of a Model UDAP. Some venting requirements will vary, however, depending on whether the vent 
is horizontal or vertical. 
Read and follow all of the requirements and instructions in Paragraphs 2.1 through 2.7.

Residential Installation 
Only Model UDAP 30, 45, 60, 75, 100, 125 

2.1 Type of Vent 
Pipe Required 
for Vent Run

Type of Pipe for Standard Horizontal Vent (Category III)

Type of Pipe for Standard Vertical Vent (Category III)

TABLE 1 - Vent Pipe Diameter and Maximum Vent Length for a Heater  
with either a Horizontal or Vertical Vent

UDAP 
Size

Vent Pipe 
Diameter

Maximum 
Vent Length

Equivalent Straight 
Length for 90° Elbow

Equivalent Straight 
Length for 45° Elbow

Field-supplied taper type 
reducer required at the 

venter outletinches mm feet M feet M feet M

30 3 76 20 6.1 3 1.5 0.5
4 102 10 3.0 2 0.6 1 0.3 None

45 3 76 20 6.1 3 1.5 0.5
4 102 10 3.0 2 0.6 1 0.3 None

60 3 76 30 4 1.2 2 0.6
4 102 15 4.6 2 0.6 1 0.3 None

75 4 102 30 4 1.2 2 0.6 None
100 4 102 40 12.2 5 1.5 2.5 0.8 None
125 4 102 40 12.2 5 1.5 2.5 0.8 None

2.2 Vent Pipe 
Diameter and 
Vent Length

Vent pipe diameters and maximum vent lengths are shown in TABLE 1. Minimum vent 
length is 3 feet (1M). Add all straight sections and equivalent lengths for elbows. The 
total must not exceed the Maximum Vent Length listed. Use only one diameter of vent 
pipe on an installation. 

2.3 Venter (Flue) 
Outlet Diameter

Depending on the size of vent pipe (either 3 or 4 inch) as determined in Paragraph 2.2, 

TABLE 2 - 
Venter Outlet 
Diameter

UDAP 30 45 60 75 100 125
Outlet 
Diameter

inches mm inches mm inches mm inches mm inches mm inches mm
4 102 4 102 4 102 4 102 4 102 4 102

2.4 Vent System 
Sealing
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Residential Installation 
Only Model UDAP Sizes 30, 45, 60, 75, 100, 125 

TABLE 3 - Horizontal Vent 
Terminal Clearances
A Reznor®

required. Maintain a clearance of 6 to 
12 inches (152-305mm) from the wall 
to the vent terminal cap for stability 
under wind conditions. 
Products of combustion can cause 
discoloration of some building 

masonry materials. Applying a clear 
silicone sealant that is normally 
used to protect concrete driveways 
can protect masonry materials. If 
discoloration is an esthetic problem, 
relocate the vent or install a vertical 
vent. 

2.7 Vent Terminal 
(Type of Pipe 
and Vent Cap)

the vent with a Reznor®

nuisance problems or unsafe conditions. The vent cap must be the same size as the 
vent pipe.
See TABLE 3 and FIGURE 1 for requirements of a horizontal vent terminal. See FIG-
URE 2, for requirements of vertical vent termination. 

Structure
Minimum Clearances for Vent 
Termination Location (all 

Forced air inlet within 10 ft (3.1M)

appliance 6 ft (1.8M)

Door, window, or gravity air inlet 
(any building opening) 

4 ft (1.2M) horizontally
4 ft (1.2M) below
1 ft (305mm) above

Electric meter, gas meter*, gas 
regulator*, U.S. - 4 ft (1.2M) horizontally

Gas regulator *
6 ft (1.8M)
7 ft (2.1M) above

Grade (ground level) 1 ft (305mm) above**
 *Do not terminate the vent directly above a gas meter or service 
regulator. 

(152mm) higher than anticipated snow depth.

On units with long vent runs (over 50% of maximum vent length allowed) or 
installed in low ambient conditions (below 50°F), it is recommended that vent 

in the vent pipe from entering the unit. The drip leg should be inspected and 
cleaned out periodically during the heating season.
Any length of single-wall vent pipe exposed to cold air or run through an unheated area 
or an area with an ambient temperature of 50°F or less, must be insulated along its 
entire length

must be pitched down toward the terminal 
end
horizontal vent run. Failure to pitch the vent run properly may damage the heater due 
to condensate running back into the unit. 

length may result in condensate forming in the vent pipe. 

2.6 Condensation

2.0 Venting Requirements and Instructions - Residential Installation (cont’d)

pipe in accordance with the requirements of the pipe manufacturer. 
Do not rely on the heater for support of either horizontal or vertical pipes. Use non-
combustible supports on vent pipe.

2.5 Vent System 
Support
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Residential Installation 
Only Model UDAP Sizes 30, 45, 60, 75, 100, 125 

FIGURE 1 - Horizontal Vent Terminal - Residential Installation 
(NOTE: Read all measurements; drawing is not proportional.)

FIGURE 2 - 
Vertical Vent 
Terminal - 
Residential 
Installation
(NOTE: Read all 
measurements; 
drawing is not 
proportional.)
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3.0 Venting 
Requirements 
and 
Instructions 
- Commercial/
Industrial 
Installation 

3.1 Type of Vent Pipe Required for Vent Run
A commercial/industrial installation may have either a horizontal or a vertical vent run 
using one of the types of vent pipe listed. 

Horizontal 
Vent Run appliance, OR 

Appropriately sealed 26-gauge or heavier galvanized steel 
or equivalent single-wall pipe

Vertical 
Vent Run appliance, OR 

Appropriately sealed 26-gauge or heavier galvanized steel 
or equivalent single-wall pipe, OR
If at least 75% of the equivalent length of the vent run is 
vertical - Double-wall (Type B) vent pipe

3.2 Vent Pipe 
Diameter and 
Length 

TABLE 4 - Vent Pipe Diameter and Length for Horizontal and Vertical Vents

Vent pipe diameters and maximum vent lengths in TABLE 4 apply to both Horizontal 
and Vertical vents. Add all straight sections and equivalent lengths for elbows. The 
total combined length must not exceed the Maximum Vent Length. Minimum vent 
length is 3 feet (1M). Use only one diameter of vent pipe on an installation.

UDAP 
and 

UDBP

Vent Pipe 
Diameter

Maximum 
Vent Length

Equivalent Straight 
Length for 90° Elbow

Equivalent Straight 
Length for 45° Elbow

Field-supplied taper type 
connection required at the 

venter outletinches mm feet M feet M feet M

30
3 76 20 6.1 3 1.5 0.5

4 102 10 3 2 0.6 1 0.3 None

45
3 76 20 6.1 3 1.5 0.5

4 102 10 3 2 0.6 1 0.3 None

60
3 76 30 4 1.2 2 0.6

4 102 15 4.6 2 0.6 1 0.3 None 

75 4 102 30 4 1.2 2 0.6 None

100 4 102 40 12.2 5 1.5 2.5 0.8 None

125 4 102 40 12.2 5 1.5 2.5 0.8 None

150 5 127 35 10.7 5 1.5 2.5 0.8 None

175 5 127 35 10.7 5 1.5 2.5 0.8 None

200 5 127 50 15.2 5 1.5 2.5 0.8 None

225 5 127 50 15.2 5 1.5 2.5 0.8 None

250 5 127 50 15.2 5 1.5 2.5 0.8 None

300 6 152 50 15.2 5 1.5 2.5 0.8 None

350
6 152 50 15.2 7 2.1 3.5 1.1 None

7 178 50 15.2 4.5 1.4 2.25 0.7

400
6 152 50 15.2 8 2.4 4 1.2 None

7 178 50 15.2 5 1.5 2.5 0.8

Commercial/Industrial Installation 
Models UDAP and UDBP - ALL Sizes 
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3.3 Venter (Flue) 
Outlet

Venter Outlet Attachment Requirements:
Depending on the size of vent pipe as determined in Paragraph 3.2, attach either the 

NOTE: If attaching double-wall pipe to the heater, follow instructions in Addendum, Section A, pages 10-11.

Commercial/Industrial Installation 
Models UDAP and UDBP - ALL Sizes 

TABLE 5 - 
Venter Outlet 
Size

UDAP or UDBP 30 45 60 75 100 125 150 175 200 225 250 300 350 400
Outlet 
Diameter 

inches 4 4 4 4 4 4 5 5 5 5 5 6 6 6
mm 102 102 102 102 102 102 127 127 127 127 127 152 152 152

3.4 Vent System 
Sealing Paragraph 3.1, page 6). 

wall vent pipe inside the building with aluminum tape or silicone sealant.

the illustrated instructions in Addendum Section A, pages 10-11.

Support horizontal runs every six feet (1.8M). 

with the requirements of the pipe manufacturer. 
Support vertical single-wall pipe in accordance with accepted industry practice. 
Do not rely on the heater for support of either horizontal or vertical pipes. Use non-
combustible supports on vent pipe.

3.5 Vent System 
Support

3.6 Condensation 
length may result in condensate forming in the vent pipe. 
On units with long vent runs (over 50% of maximum vent length allowed) or 
installed in low ambient conditions (below 50°F), it is recommended that vent 

in the vent pipe from entering the unit. The drip leg should be inspected and 
cleaned out periodically during the heating season. 
On all Model Sizes, any length of single-wall vent pipe exposed to cold air or run 
through an unheated area or an area with an ambient temperature of 50°F or less 
must be insulated along its entire length -

must be pitched down toward the terminal 
end
vent run. Failure to pitch vent run properly may damage the heater due to condensate 
running back into the unit. 

The vent terminal pipe must be double-wall (Type B). Terminate the vent with a Reznor® 

unsafe conditions. The vent cap must be the same size as the vent pipe.
See TABLE 6 and FIGURE 3 for requirements of a horizontal vent terminal. See FIG-
URE 4 for requirements of a vertical vent termination. 

3.7 Vent Terminal
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3.7 Vent Terminal (cont’d)

Commercial/Industrial Installation 
Models UDAP and UDBP - ALL Sizes 

FIGURE 3 - Horizontal Vent Terminal - Commercial/Industrial Installation  
(NOTE: Read all measurements; drawing is not proportional.)

TABLE 6 - Horizontal Vent 
Terminal Clearances
A Reznor®

required. Maintain a clearance of 6 to 
12 inches (152-305mm) from the wall 
to the vent terminal cap for stability 
under wind conditions. 
Products of combustion can cause 
discoloration of some building 

materials. Applying a clear silicone 
sealant that is normally used to 
protect concrete driveways can protect 
masonry materials. If discoloration is 
an esthetic problem, relocate the vent 
or install a vertical vent. 

Structure
Minimum Clearances for Vent 
Termination Location (all 

Forced air inlet within 10 ft (3.1M)

appliance 6 ft (1.8M)

Door, window, or gravity air inlet 
(any building opening) 

4 ft (1.2M) horizontally
4 ft (1.2M) below
1 ft (305mm) above

Electric meter, gas meter*, gas 
regulator*, U.S. - 4 ft (1.2M) horizontally

Gas regulator *
6 ft (1.8M)
7 ft (2.1M) above

Grade (ground level) 1 ft (305mm) above**
 *Do not terminate the vent directly above a gas meter or service 
regulator. 

(152mm) higher than anticipated snow depth.

3. Venting Requirements and Instructions - Commercial/Industrial Installation 
- applies to ALL Sizes of Models UDAP and UDBP (cont’d) 
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Commercial/Industrial Installation 
Models UDAP and UDBP - ALL Sizes 

FIGURE 4 - Vertical Vent Terminal - Commercial/Industrial  
(NOTE: Read all measurements; drawing is not proportional.)
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ADDENDUM 
Section A - 
Instructions for 
Attaching Double-
Wall Vent Pipe  
(Type-B) 

FIGURE 5 - Attaching 
Double-Wall (Type B) 
Pipe to Single-Wall 
Pipe

Figure 5 - STEP 1
On the single-wall pipe, where 
illustrated, place a continual 1/4 
inch bead of silicone sealant 
around the circumference. Do 
STEP 2 immediately following 
STEP 1.

Figure 5 - STEP 2
Insert the single-wall pipe into 
the inner pipe of the double-
wall pipe until the bead of 
sealant contacts the inner pipe 
creating a sealed joint. 

Figure 5 - STEP 3
Spaced equally around 

the double-wall pipe, drill 
three small holes below the 
sealant ring. Insert 3/4 inch 

long sheetmetal screws 
to secure the joint. Do not 

over tighten screws.

FIGURE 6 - Attaching Double-Wall (Type B) Pipe to a Vent Cap

Figure 6 - STEP 1

Place a continual 3/8” bead 
of silicone sealant around 
the circumference of the 
vent cap collar. This will 
prevent any water inside 
the vent cap from running 
down the double-wall pipe. 
Do STEP 2 immediately 
following STEP 1.

Figure 6 - STEP 2

Secure the vent cap to 
the double wall pipe by 
drilling and inserting 
a 3/4” long sheetmetal 
screw into the vent cap 
collar. Do not over tighten 
screw.

Insert the collar on the vent 
cap inside the inner wall of 
the double-wall pipe. Insert 
as far as possible. Add 
additional silicone sealant 
to fully close any gaps 
between the vent cap and 
the double wall pipe. This 
is necessary to prevent 
water from entering the 
double wall pipe.

Figure 6 - STEP 3

Single-
Wall 
Vent 
Pipe

Single-
Wall 
Vent 
Pipe 
with 
Sealant

Double- 
Wall 
Pipe
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FIGURE 7 - 
Attaching Double-
Wall (Type-B) Vent 
Pipe to the Heater

Figure 7 - STEP 1

Place a continual 1/4” bead 
of silicone sealant around the 

circumference of the venter 
outlet collar.  

Do STEP 2 immediately after 
STEP 1.

Figure 7 - STEP 2
Slide the double-wall pipe over the collar so that 
the collar is inside the inner pipe. Push the double-
wall pipe tight to the heater cabinet. To secure the 
connection, spaced equal distance around the pipe, 
drill and insert three 3/4” long sheetmetal screws 
through the pipe and into the collar. Do not over 
tighten the screws. 

SUPPLIER NOTE: The adapters for Flex-L vent pipe illustrated in FIGURE 8 are 
not available from Reznor® or Thomas & Betts; the adapters are available from a 
Flex-L brand vent pipe distributor. These instructions are designed to assist the 
contractor who has selected to use Flex-L brand Category III vent pipe to install 
a Reznor® power vented heater with a 4” (102mm) venter outlet.

1. Attach the Adapter Pipe or Reducer to the Venter Collar
a) On the end of the adapter or reducer that attaches to the venter collar (the 

end of the adapter with the double emboss without the locking ring hole), run 
a continuous bead of high temperature silicone around the inside of the pipe. 
See FIGURE 9.

FIGURE 8 - Flex-L 

brand Vent Pipe 
Adapters

4” (102mm) diameter, 12” long Adapter Pipe, 
Flex-L® #SRARZA4, specially designed for 
attaching Flex-L brand Category III vent pipe to 
a Reznor® Model UDAP or UDBP 30, 45, 60, 75, 
100, and 125 for 4” (102mm) diameter vent pipe.

4” to 3” (102 to 76mm) diameter, 6-3/4” long 
Adapter Reducer, Flex-L #SRARZA43, specially 
designed for attaching Flex-L brand Category III 
vent pipe to a Reznor® Model UDAP or UDBP 30, 
45, and 60 for 3” (76mm) diameter vent pipe. 

ADDENDUM 
Section B -  
Instructions for 
Installing Flex-L 
brand Category 
III Vent Pipe on 
a Reznor® Model 
UDAP or UDBP 
Power-Vented 
Heater

Slide the adapter pipe or reducer over the venter 
outlet. Secure with a sheetmetal screw.

Run a continuous bead  
of high temperature  
silicone around the  
inside of the pipe.

Sheetmetal Screw

FIGURE 9 - Attach to 
Venter Outlet
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Flex-L brand elbow 
attached to the 12” 

(305mm) adapter pipe

FIGURE 10 - Extend 
vent in any direction 
above horizontal

Instructions for 
Installing Flex-L 
brand Category III 
Vent Pipe (cont’d)

FIGURE 11 - Attach 
Vent Cap

  If using a 4” (102mm) diameter, 12” (305mm) long adapter pipe - Following 

 an elbow in any direction above horizontal, or
 a straight horizontal pipe

c)
and install the vent pipe run. The length of vent must not exceed the maximum 
allowed for the heater being installed.

d) Extend the vent pipe through the wall or roof to the outdoors. An approved 

materials. Follow the requirements of the pipe and thimble manufacturer. Be 
sure to comply with local and national codes when selecting the vent terminal 

instructions and complying with all applicable codes.
3. Attach the Vent Cap (FIGURE 11)

a)  Use a Reznor®

b)  Slide the vent cap collar into the vent pipe.
c) 

the vent pipe and vent cap. Insert sheetmetal screws to secure the vent cap to 
the vent pipe.

ADDENDUM, 
Section B 
(cont’d)

b)
c)

secure the connection.
2. Run the Vent Pipe

a)  Refer to either the residential or commercial/industrial venting instructions in 
this manual for vent length requirements.

b) If using a 4” to 3” (102 to 76mm) reducer - Following the vent pipe 

pipe or an elbow in any direction above horizontal.

www.RezSpec.com
(800) 695-1901

*Trademark Notes: Reznor®,  and T 2® are registered in at least the United States. 
All other trademarks are the property of their respective owners.



























AECOM  Environment 

 
  

Appendix C 
 
Pre-Remedial Residential 
Water Conditions



Key to Residence IDs (Only Properties Referenced in SMP) 

[Refer to Table 1 – NOW Corporation Site Residential Well Analytical Results Summary] 

 

Residence ID   Current Property Reference 

G    House #1 

F    House #2 

B    House #3 

I    House #4     





AECOM  Environment 

 
  

Appendix D 
 
House #4 – Routine 
Operations of Soil Vapor 
Mitigation System
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In the meantime, please contact the NYSDEC at the toll-free number 1-888-459-8667 if any of 
the following situations arise: 

� If the exhaust fan is not operating or is making excessive, unusual noise; 
� If the liquid levels in any U-tube are even (no difference in levels); 
� If any new construction or structural changes occur that affect the footprint of the 

building or the basement or crawl space including penetrations through the slab; 
� If there is standing water or flooding observed in the basement; 
� If any new combustion appliance or exhaust system is installed; or 
� If the property is sold. 

If you are not a resident or occupant of the building, please pass along this information to your 
tenant(s). Thank you again for your cooperation. 

Respectfully submitted on behalf of NYSDEC, 

Henningson, Durham & Richardson 
Architecture and Engineering, P.C. 
In association with HDR Engineering, Inc. 

Michael P. Musso, P.E. 
Project Manager 



October 19, 2009 

Joan Picard 
2078 Route 9G 
Staatsburg, NY  12580 

RE: Routine Operations of Soil Vapor Mitigation System 
Annual Inspection Notification 

 2078 Route 9G; System ID#:  314008-NOW-001 
 Site Name:  NOW Corporation; Site Code:  314008 

Dear Property Owner: 

This letter is being sent to provide you with important information regarding the ventilation 
system that the New York State Department of Environmental Conservation (DEC) installed, 
or is responsible for maintaining, at the property referenced above.  The DEC is maintaining 
the system as part of the ongoing remediation of the NOW Corporation site.  If you have any 
questions regarding the information contained in this letter, please call Mr. Eric Hausamann at 
the DEC’s toll-free number: 888-459-8667. 

The ventilation system installed on your property draws air from beneath the building and vents 
it to the outdoor air above the roofline to prevent subslab vapors from potentially entering your 
building (see the attached schematic diagram at the end of this letter).  The primary system 
components include: 

� An electrically-powered exhaust fan mounted on the outside of 
your home/building.  The exhaust fan should operate on a 
continuous basis. 

� Vacuum gauges (“U-tubes”) attached at one or more suction 
points (pipe entering the basement floor).  The levels of the liquid 
in the U-tube(s) should be uneven as shown to the right. 

� Labels identifying the system and providing contact information. 

While the system is designed to operate continuously, there may be 
instances when the system needs to be repaired or modified.  In any of the 
following situations, please contact the DEC at the toll-free number listed 
above and on the system label: 

� If the exhaust fan is not operating or is making excessive, unusual noise; 
� If the liquid levels in any U-tube are even (no difference in levels); 
� If any new construction or structural changes occur that affect the footprint of the 

building or the basement or crawl space including penetrations through the slab; 
� If there is standing water or flooding observed in the basement; 
� If any new combustion appliance or exhaust system is installed; or 
� If the property is sold. 
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HDR has been retained by the DEC to conduct inspection and maintenance activities associated 
with your ventilation system.  A periodic inspection of the ventilation system installed on your 
property is required and will be performed by HDR or one of our subcontractors.  Please be 
advised that HDR has scheduled an interior and exterior inspection of the soil vapor mitigation 
system on November 18th, 2009. HDR will attempt to contact you by telephone a few days 
prior to the scheduled inspection as a reminder.  My contact information is provided below. 

HDR, Inc.      
Attn: Michael P. Musso, P.E.   
One Blue Hill Plaza 
Pearl River, NY 10965 
Phone: 845-735-8300 
Email: michael.musso@hdrinc.com 

HDR will attempt to coordinate interior access for the inspection, for purposes of observing 
the system fan and other equipment that may be contained within the building’s basement or 
attic.  Interior inspections are anticipated to be brief (15 – 30 minutes). 

If you are not a resident or occupant of the building, please pass along this information to your 
tenant(s) or kindly let me know who we should contact. Thank you again for your cooperation. 

Respectfully submitted on behalf of the DEC, 

Henningson, Durham & Richardson 
Architecture and Engineering, P.C. 
In association with HDR Engineering, Inc. 

Michael P. Musso, P.E. 
Project Manager 





Periodic Operations Visit Form Check box if 
new sys info

System ID: Date of Visit:

Owner Name:

System Address:

City: Zip:

Date Installed:

Telephone:

Alt. Telephone:

Performed By:

Company:

Site No:

Site Name:

Yes No

Yes No

Yes No

Yes No

Yes No

Yes No

Yes No

Date:

Yes No

Yes No

Yes No

Yes No

NoYes

Yes No

Yes No

Yes No

Yes No

Yes No

Replace fan Seal pipe Electrical Other

Describe repairs made and any proposed actions requiring a subsequent visit (if necessary):

EX
TE

R
IO

R
IN

TE
R
IO

R

Fan Operation Confirmation

Fan Model No(s).

Is Fan Operating (arrival)?

Confirmation Method

Is Fan Operating (departure)?

Requested to inspect interior system components?

If yes, when and by whom?

Structural Review

Piping, Slab & Wall

Miscellaneous

Fan #1 Fan #2 Fan #3

Notes

Change in building footprint since last inspection?

Basement occupied (>4 hrs per day)?

Heating/ventilation system modifications?

Crawlspace inspected?

Large cracks in floor or near sumps?

Wall penetrations or cracks noted?

Are system suction points sealed?

Is piping system in need of repair?

Are manometer levels equal?

Are system labels accurate and applied correctly?

Maintenance completed (check all that apply):

Periodic Operations Visit Form

Import Sys Data

314008-NOW-001 Nov 18, 2009

Current occupant of House #4 Nov 11, 2008

Paul Lenarczyk

Yu & Associates

314008

NOW Corporation

RP145

Sound

2.1

Secured metal clamps above and under the fan. No further action required.

Print Form

Export Data

Submit by Email



 

September 13, 2010  
 
Joan Picard 
2078 Route 9G 
Staatsburg, NY  12580 
 
RE: Routine Operations of Soil Vapor Mitigation System 

Annual Letter 
 2078 Route 9G; System ID: 314008-NOW-001 
 Site Name: NOW Corporation  Site Code: 314008 
 
Dear Property Owner: 
 
This letter is being sent to provide you with information regarding the ventilation system that 
the New York State Department of Environmental Conservation (DEC) installed, or is 
responsible for maintaining, at the property referenced above.  The DEC is maintaining the 
system as part of the ongoing remediation of the NOW Corporation site.  If you have any 
questions regarding the information contained in this letter, please refer to the Vapor Intrusion 
Mitigation System Owner’s Manual (Manual) that was left at the address during the last system 
inspection visit, or call Mr. Eric Hausamann at the DEC’s toll-free number: 888-459-8667. 
 
The ventilation system installed on your property draws air from beneath the building and vents 
it to the outdoor air above the roofline to prevent subslab vapors from potentially entering your 
building (see the attached schematic diagram at the end of this letter).  The primary system 
components include: 
 

• An electrically-powered exhaust fan mounted on the outside of 
your home/building.  The exhaust fan should operate on a 
continuous basis. 

• Vacuum gauges (“U-tubes”) attached at one or more suction 
points (pipe entering the basement floor).  The levels of the liquid 
in the U-tube(s) should be uneven as shown to the right. 

• Labels identifying the system and providing contact information. 
 
While the system is designed to operate continuously, it is important that 
it be inspected periodically by the building owner or occupant. There may 
be instances when the system needs to be repaired or modified. If the 
exhaust fan is not operating, the occupant should refer to the Manual for 
tips to troubleshoot the issue.   In any of the following situations, please contact the DEC at the 
toll-free number listed above and on the system label: 
 

• If the exhaust fan is not operating or is making excessive, unusual noise; 
• If the liquid levels in any U-tube are even (no difference in levels); 
• If any new construction or structural changes occur that affect the footprint of the 

building or the basement or crawl space including penetrations through the slab; 
• If there is standing water or flooding observed in the basement; 
• If any new combustion appliance or exhaust system is installed; or 

Current occupant of  
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• If the property is sold. 
 
 
HDR has been retained by the DEC to coordinate maintenance activities associated with 
ventilation systems like the one at your property.  You are responsible for periodically 
checking to see that the system is operating and informing the DEC or HDR if it is not running 
properly. In the mean time, should you have any questions about the system or the information 
included in the Manual, please feel free to contact me. My contact information is provided 
below. 
 

HDR, Inc.      
Attn: Michael P. Musso, P.E.   
One Blue Hill Plaza 
Pearl River, NY 10965 
Phone: 845-735-8300 
Email: michael.musso@hdrinc.com 

 
If you are not a resident or occupant of the building, please pass along this information to your 
tenant(s) or kindly let me know who we should contact. Thank you again for your cooperation. 
 
Respectfully submitted on behalf of the DEC, 
 
 
Henningson, Durham & Richardson 
Architecture and Engineering, P.C. 
In association with HDR Engineering, Inc. 

 
Michael P. Musso, P.E. 
Project Manager 
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Appendix E 
 
Soil Boring Logs and 
Monitoring Well Construction 
Diagrams
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Attachment 4
Well Construcl¡on D¡agram

NOW Corporation
Staatsburg, NY

I EarthTech
Bedrock Well Diagram Well No.!tW-12S/D

Proiecl: NYSDEC llWA - NOW Corporat¡on Locat¡on: Staatsburo. NY Paoe 1 of 1

Earth Tech Proiect No.: Subcontractor: Earth Tech Waler Levels

Surface Elevat¡on: 285 Ft Drilfêr: Aztêch T¡me DeDth

Top ot PVC
CasinoElevat¡on: 287.5F1

Well Permil No.: NA
Earth Tech ReD.: Dino Zack

Datum: NGVD 1988 Date of Comoletion: Mav 8.2008

Læking prolective sl¡ckup with conc.ete pad 2.85 fl

4- sleel overburden casing slìckup

lnner PVC 2" øsing slickup (deep)

2.1 fl

2.55 fi

285 ft

6.75 inches (lD)

Ground Surface

Overburden borehole diameler

Cemenl-benlonite grout from 0.0 Ít lo 15.0 ft
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Eedræk sketdiarete. 5.8 ¡nches
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17.0 fr
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Open hole from
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Appendix F 
 
Sample Checklists and Forms



Date: 

QA/QC Collected? 

1. L = Well Depth: feet D (inches) D (feet)
2. D = Riser Diameter (I.D.): feet 1-inch 0.08
3. W = Depth to Water: feet 2-inch 0.17
4. C = Column of Water in Well: feet 3-inch 0.25
5. V = Volume of Water in Well = C(3.14159)(0.5D)2(7.48) gal 4-inch 0.33
6. 3(V) = Target Purge Volume gal 6-inch 0.50

Conversion factors to determine V given C

D (inches) 1-inch 2-inch 3-inch 4-inch 6-inch
V (gal / ft) 0.041 0.163 0.37 0.65 1.5

Water Quality Readings Collected Using

Parameter Units
Time  24 hr
Water Level (0.33) feet
Volume Purged gal
Flow Rate mL/min
Turbidity (+/- 10%) NTU
Dissolved Oxygen (+/- 10%) %
Dissolved Oxygen (+/- 10%) mg/L
Eh / ORP (+/- 10) MeV

Specific Conductivity  (+/- 3%) mS/cmc

Conductivity (+/- 3%) mS/cm
pH (+/- 0.1) pH unit
Temp (+/- 0.5) C˚
Color Visual
Odor Olfactory

Comments: 

Page 1 of 1

Readings

Sample Number: 

Purging / Sampling Method: 

Monitoring Well Purging / Sampling Form

Project Name and Number: 

Monitoring Well Number: 

Samplers: 



Date: 

QA/QC Collected? 

1. L = Total Well Depth: feet D (inches) D (feet)
2. D = Riser Diameter (I.D.): feet 1-inch 0.08
3. W = Static Depth to Water (TOC): feet 2-inch 0.17
4. C = Column of Water in Casing: feet 3-inch 0.25

5. V = Volume of Water in Well = C(3.14159)(0.5D)2(7.48) gal 4-inch 0.33
6. D2 = Pump Setting Depth (ft): feet 6-inch 0.50
7. C2 = Column of water in Pump/Tubing (ft): feet
8. Tubing Volume = C2(0.005737088) gal

Conversion factors to determine V given C

D (inches) 1-inch 2-inch 3-inch 4-inch 6-inch
V (gal / ft) 0.041 0.163 0.37 0.65 1.5

Water Quality Readings Collected Using

Parameter Units
Time  24 hr
Water Level (0.33) feet
Volume Purged gal
Flow Rate mL / min
Turbidity (+/- 10%) NTU
Dissolved Oxygen (+/- 10%) %
Dissolved Oxygen (+/- 10%) mg/L
Eh / ORP (+/- 10) MeV

Specific Conductivity mS/cmc

Conductivity (+/- 3%) mS/cm
pH (+/- 0.1) pH unit
Temp (+/- 0.5) C
Color Visual
Odor Olfactory

Comments: 

* Three consecutive readings within range indicates stabilization of that parameter.

Sample Number: 

Purging / Sampling Method: 

Readings

Monitoring Well Purging/Sampling Form (Low-Flow Sampling)

Project Name and Number: 

Monitoring Well Number: 

Samplers: 













Periodic Operations Visit Form 
 

Check box if 
new sys info

System ID: Date of Visit:

Owner Name: 

System Address: 

City: Zip: 

Date Installed:

Telephone: 

Alt. Telephone: 

Performed By: 

Company: 

Site No: 

Site Name: 

Yes No

Yes No

Yes No

Yes No

Yes No

Yes No

Yes No

Date:

Yes No

Yes No

Yes No

Yes No

NoYes

Yes No

Yes No

Yes No

Yes No

Yes No

Replace fan Seal pipe Electrical Other

Describe repairs made and any proposed actions requiring a subsequent visit (if necessary):

E
X
T
E
R
IO

R
IN

T
E
R
IO

R

Fan Operation Confirmation

Fan Model No(s).

Is Fan Operating (arrival)?

Confirmation Method

Is Fan Operating (departure)?

Requested to inspect interior system components?

If yes, when and by whom?

Structural Review

Piping, Slab & Wall

Miscellaneous

Fan #1 Fan #2 Fan #3

Notes

Change in building footprint since last inspection?

Basement occupied (>4 hrs per day)?

Heating/ventilation system modifications?

Crawlspace inspected?

Large cracks in floor or near sumps?

Wall penetrations or cracks noted?

Are system suction points sealed?

Is piping system in need of repair?

Are manometer levels equal?

Are system labels accurate and applied correctly?

Maintenance completed (check all that apply):

Periodic Operations Visit Form
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Annual Site-Wide Inspection Checklist 
 
Purpose of the Checklist 
 
 The site inspection checklist provides a useful method for collecting important information 
during the annual Site-Wide Inspection.  The checklist serves as a reminder of what information 
should be gathered and provides the means of checking off information obtained and reviewed, or 
information not available or applicable.  The checklist is divided into sections as follows:   
 
I. Site Information 
II. Interviews 
III. On-site Documents & Records Verified 
IV. O&M Costs 
V. Access and Institutional Controls 
VI. General Site Conditions 
VII. Groundwater/Surface Water Remedies 
VIII. Other Remedies 
IX. Overall Observations 
 
 Some data and information identified in the checklist may or may not be available at the 
site depending on how the site is managed.  Sampling results, costs, and maintenance reports may 
be kept on-site or may be kept in the offices of the contractor or at State offices.  In cases where 
the information is not kept at the site, the item should not be checked as “not applicable,” but 
rather it should be obtained from the office or agency where it is maintained.  If this is known in 
advance, it may be possible to obtain the information before the site inspection. 
 
 The checklist may be completed and attached to the annual Site-Wide Inspection report to 
document site status.  Please note that the checklist is not meant to be completely definitive or 
restrictive; additional information may be supplemented if the reviewer deems necessary.  Also 
note that actual site conditions should be documented with photographs whenever possible. 
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Using the Checklist for Types of Remedies 
 
 The checklist has sections designed to capture information concerning the main types of 
remedies for hazardous waste sites.  These are groundwater and surface water remedies (Section 
VII of the checklist).  The primary elements and appurtenances for these remedies are listed in 
sections which can be checked off as the facility is inspected.  The opportunity is also provided to 
note site conditions, write comments on the facilities, and attach any additional pertinent 
information.  If a site includes remedies beyond these, such as soil vapor extraction or soil 
landfarming, the information should be gathered in a similar manner and attached to the checklist. 
 
Considering Operation and Maintenance Costs 
 
 Unexpectedly widely varying or unexpectedly high O&M costs may be early indicators of 
remedy problems.  For this reason, it is important to obtain a record of the original O&M cost 
estimate and of annual O&M costs during the years for which costs incurred are available.   
Section IV of the checklist provides a place for documenting annual costs and for commenting on 
unanticipated or unusually high O&M costs.  A more detailed categorization of costs may be 
attached to the checklist if available.  Examples of categories of O&M costs are listed below. 
 
Operating Labor - This includes all wages, salaries, training, overhead, and fringe benefits 
associated with the labor needed for operation of the facilities and equipment associated with the 
remedial actions.  
 
Maintenance Equipment and Materials - This includes the costs for equipment, parts, and other 
materials required to perform routine maintenance of facilities and equipment associated with a 
remedial action. 
 
Maintenance Labor - This includes the costs for labor required to perform routine maintenance of 
facilities and for equipment associated with a remedial action. 
 
Auxiliary Materials and Energy - This includes items such as chemicals and utilities which can 
include electricity, telephone, natural gas, water, and fuel.  Auxiliary materials include other 
expendable materials such as chemicals used during plant operations. 
 
Purchased Services - This includes items such as sampling costs, laboratory fees, and other 
professional services for which the need can be predicted. 
 
Administrative Costs - This includes all costs associated with administration of O&M not included 
under other categories, such as labor overhead. 
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Insurance, Taxes and Licenses - This includes items such as liability and sudden and accidental 
insurance, real estate taxes on purchased land or right-of-way, licensing fees for certain 
technologies, and permit renewal and reporting costs. 
 
Other Costs - This includes all other items which do not fit into any of the above categories. 
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Please note that “O&M” is referred to throughout this checklist.  At sites where Long-Term 
Response Actions are in progress, O&M activities may be referred to as “system operations” since 
these sites are not considered to be in the O&M phase while being remediated under the Superfund 
program. 
 

Annual Site-Wide Inspection Checklist 
 
“N/A” refers to “not applicable.” 
 

I.  SITE INFORMATION 

Site name: Date of inspection: 

Location and Region: Site ID: 

Agency, office, or company leading the annual 
review: 

Weather/temperature: 

Remedy Includes:  (Check all that apply) 
 Monitored natural attenuation 
 Access controls    
 Institutional controls  
 Groundwater containment   
 Groundwater pump and treatment 
 Surface water collection and treatment 
 Other______________________________________________________________________ 

_____________________________________________________________________________ 

Attachments:  Inspection team roster attached   Site map attached 

II.  INTERVIEWS  (Check all that apply) 

1.  O&M site manager ____________________________      ______________________      ____________ 
Name    Title   Date 

     Interviewed  at site   at office   by phone    Phone no.  ______________ 
     Problems, suggestions;  Report attached ________________________________________________ 
     __________________________________________________________________________________ 
 

2.  O&M staff ____________________________      ______________________      ____________ 
Name    Title   Date 

     Interviewed  at site   at office   by phone    Phone no.  ______________ 
     Problems, suggestions;  Report attached _______________________________________________ 
     __________________________________________________________________________________ 
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3. Local regulatory authorities and response agencies (i.e., State and Tribal offices, emergency response 
office, police department, office of public health or environmental health, zoning office, recorder of 
deeds, or other city and county offices, etc.)  Fill in all that apply. 

 
Agency ____________________________ 
Contact ____________________________      __________________      ________      ____________ 

Name    Title         Date Phone no. 
Problems; suggestions;  Report attached  _______________________________________________ 
__________________________________________________________________________________ 

 
Agency ____________________________ 
Contact ____________________________      __________________      ________      ____________ 

Name    Title         Date Phone no. 
Problems; suggestions;  Report attached  _______________________________________________ 
__________________________________________________________________________________ 

 
Agency ____________________________ 
Contact ____________________________      __________________      ________      ____________ 

Name    Title         Date Phone no. 
Problems; suggestions;  Report attached  _______________________________________________ 
__________________________________________________________________________________ 

 
Agency ____________________________ 
Contact ____________________________      __________________      ________      ____________ 

Name    Title         Date Phone no. 
Problems; suggestions;  Report attached  _______________________________________________ 
__________________________________________________________________________________ 

 

4. Other interviews (optional)   Report attached. 

 

 

 

 

 

 

 

 

 



  

 
6

 

III.  ON-SITE DOCUMENTS & RECORDS VERIFIED  (Check all that apply) 

1. O&M Documents 
 O&M manual    Readily available  Up to date  N/A 
 As-built drawings    Readily available  Up to date  N/A 
 Maintenance logs    Readily available  Up to date  N/A 

Remarks__________________________________________________________________________ 
____________________________________________________________________ 

2. Site-Specific Health and Safety Plan   Readily available  Up to date  N/A 
 Contingency plan/emergency response plan  Readily available  Up to date  N/A 

Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

3. O&M and OSHA Training Records  Readily available  Up to date  N/A 
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

4. Permits and Service Agreements 
 Air discharge permit    Readily available  Up to date  N/A 
 Effluent discharge    Readily available  Up to date  N/A 
 Waste disposal, POTW   Readily available  Up to date  N/A 
 Other permits_____________________  Readily available  Up to date  N/A 

Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

5. Gas Generation Records   Readily available  Up to date  N/A 
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

6. Settlement Monument Records   Readily available  Up to date  N/A 
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

7. Groundwater Monitoring Records  Readily available  Up to date  N/A 
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

8. Leachate Extraction Records   Readily available  Up to date  N/A 
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

9. Discharge Compliance Records  
 Air      Readily available  Up to date  N/A 
 Water (effluent)    Readily available  Up to date  N/A 

Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

10. Daily Access/Security Logs   Readily available  Up to date  N/A 
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

 



  

 
7

 

IV.  O&M COSTS 

1. O&M Organization 
 State in-house    Contractor for State 
 PRP in-house    Contractor for PRP 
 Federal Facility in-house  Contractor for Federal Facility 
 Other__________________________________________________________________________ 
_________________________________________________________________________________ 

2. O&M Cost Records  
 Readily available  Up to date 
 Funding mechanism/agreement in place 

Original O&M cost estimate____________________  Breakdown attached 
 

Total annual cost by year for review period if available 
 

From__________ To__________      __________________  Breakdown attached 
Date  Date  Total cost 

From__________ To__________      __________________  Breakdown attached 
Date  Date  Total cost 

From__________ To__________      __________________  Breakdown attached 
Date  Date  Total cost 

From__________ To__________      __________________  Breakdown attached 
Date  Date  Total cost 

From__________ To__________      __________________  Breakdown attached 
Date  Date  Total cost 

 

3. Unanticipated or Unusually High O&M Costs During Review Period 
Describe costs and reasons:  __________________________________________________________ 
_________________________________________________________________________________ 
_________________________________________________________________________________ 
_________________________________________________________________________________ 
_________________________________________________________________________________ 
_________________________________________________________________________________ 

V.  ACCESS AND INSTITUTIONAL CONTROLS    Applicable    N/A 

A.  Fencing 

1. Fencing damaged  Location shown on site map  Gates secured   N/A 
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

B.  Other Access Restrictions 

1. Signs and other security measures  Location shown on site map  N/A 
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 
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C.  Institutional Controls (ICs) 

1. Implementation and enforcement 
Site conditions imply ICs not properly implemented    Yes    No  N/A 
Site conditions imply ICs not being fully enforced    Yes    No  N/A 

 
Type of monitoring (e.g., self-reporting, drive by) _________________________________________ 
Frequency  ________________________________________________________________________ 
Responsible party/agency  ____________________________________________________________ 
Contact ____________________________      __________________      ________      ____________ 

Name    Title         Date Phone no. 
 

Reporting is up-to-date        Yes    No  N/A 
Reports are verified by the lead agency      Yes    No  N/A 

 
Specific requirements in deed or decision documents have been met  Yes    No  N/A 
Violations have been reported       Yes    No  N/A 
Other problems or suggestions:  Report attached  
_________________________________________________________________________________ 
_________________________________________________________________________________ 
_________________________________________________________________________________ 
_________________________________________________________________________________ 

2. Adequacy   ICs are adequate   ICs are inadequate   N/A 
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 
_________________________________________________________________________________ 

D.  General 

1. Vandalism/trespassing  Location shown on site map  No vandalism evident 
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

2. Land use changes on site  N/A 
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

3. Land use changes off site  N/A 
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

VI.  GENERAL SITE CONDITIONS 

A.  Roads      Applicable     N/A 

1. Roads damaged   Location shown on site map  Roads adequate  N/A 
Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 
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B.  Other Site Conditions 

Remarks ______________________________________________________________ 
____________________________________________________________________   
____________________________________________________________________  
____________________________________________________________________   
____________________________________________________________________ 
____________________________________________________________________ 

 

VII.  GROUNDWATER/SURFACE WATER REMEDIES     Applicable        N/A 

A.  Groundwater Extraction Wells, Pumps, and Pipelines   Applicable  N/A 

1. Pumps, Wellhead Plumbing, and Electrical 
 Good condition  All required wells properly operating  Needs Maintenance  N/A 

Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 
_________________________________________________________________________________ 

2. Extraction System Pipelines, Valves, Valve Boxes, and Other Appurtenances 
 Good condition  Needs Maintenance 

Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

3. Spare Parts and Equipment 
 Readily available  Good condition  Requires upgrade  Needs to be provided 

Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

B.  Surface Water Collection Structures, Pumps, and Pipelines  Applicable  N/A 

1. Collection Structures, Pumps, and Electrical 
 Good condition  Needs Maintenance  

Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

2. Surface Water Collection System Pipelines, Valves, Valve Boxes, and Other Appurtenances 
 Good condition  Needs Maintenance 

Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

3. Spare Parts and Equipment 
 Readily available  Good condition  Requires upgrade  Needs to be provided 

Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 
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C.  Treatment System   Applicable  N/A 

1. Treatment Train (Check components that apply) 
 Metals removal   Oil/water separation   Bioremediation 
 Air stripping    Carbon adsorbers 
 Filters_________________________________________________________________________ 
 Additive (e.g., chelation agent, flocculent)_____________________________________________ 
 Others_________________________________________________________________________ 
 Good condition   Needs Maintenance  
 Sampling ports properly marked and functional 
 Sampling/maintenance log displayed and up to date 
 Equipment properly identified 
 Quantity of groundwater treated annually________________________ 
 Quantity of surface water treated annually________________________ 

Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

2. Electrical Enclosures and Panels (properly rated and functional) 
 N/A   Good condition  Needs Maintenance  

Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

3. Tanks, Vaults, Storage Vessels 
 N/A   Good condition  Proper secondary containment  Needs Maintenance 

Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

4. Discharge Structure and Appurtenances 
 N/A   Good condition  Needs Maintenance  

Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

5. Treatment Building(s) 
 N/A   Good condition (esp. roof and doorways)   Needs repair 
 Chemicals and equipment properly stored 

Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

6. Monitoring Wells (pump and treatment remedy) 
 Properly secured/locked  Functioning  Routinely sampled  Good condition 
 All required wells located  Needs Maintenance            N/A 

Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

D. Monitoring Data 

1. Monitoring Data 
 Is routinely submitted on time    Is of acceptable quality  

2. Monitoring data suggests: 
 Groundwater plume is effectively contained  Contaminant concentrations are declining  
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E.  Monitored Natural Attenuation 

1. Monitoring Wells (natural attenuation remedy) 
 Properly secured/locked   Functioning  Routinely sampled  Good condition 
 All required wells located  Needs Maintenance    N/A 

Remarks__________________________________________________________________________ 
_________________________________________________________________________________ 

VIII.  OTHER REMEDIES 

If there are remedies applied at the site which are not covered above, attach an inspection sheet describing 
the physical nature and condition of any facility associated with the remedy.  An example would be soil 
vapor extraction. 

IX.  OVERALL OBSERVATIONS 

A. Implementation of the Remedy 

Describe issues and observations relating to whether the remedy is effective and functioning as designed.  
Begin with a brief statement of what the remedy is to accomplish (i.e., to contain contaminant plume, 
minimize infiltration and gas emission, etc.). 
____________________________________________________________________ 
____________________________________________________________________ 
____________________________________________________________________ 
____________________________________________________________________ 
____________________________________________________________________ 
____________________________________________________________________ 
____________________________________________________________________ 
____________________________________________________________________ 
____________________________________________________________________ 
____________________________________________________________________ 

 B. Adequacy of O&M 

Describe issues and observations related to the implementation and scope of O&M procedures.  In 
particular, discuss their relationship to the current and long-term protectiveness of the remedy. 
____________________________________________________________________ 
____________________________________________________________________ 
____________________________________________________________________ 
____________________________________________________________________ 
____________________________________________________________________ 
____________________________________________________________________ 
____________________________________________________________________ 
____________________________________________________________________ 
____________________________________________________________________ 
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C. Early Indicators of Potential Remedy Problems 

Describe issues and observations such as unexpected changes in the cost or scope of O&M or a high 
frequency of unscheduled repairs that suggest that the protectiveness of the remedy may be compromised 
in the future.    
____________________________________________________________________ 
____________________________________________________________________ 
____________________________________________________________________ 
____________________________________________________________________ 
____________________________________________________________________ 
____________________________________________________________________ 
____________________________________________________________________ 
____________________________________________________________________ 
____________________________________________________________________ 

D. Opportunities for Optimization 

Describe possible opportunities for optimization in monitoring tasks or the operation of the remedy. 
____________________________________________________________________ 
____________________________________________________________________ 
____________________________________________________________________ 
____________________________________________________________________ 
____________________________________________________________________ 
____________________________________________________________________ 
____________________________________________________________________ 
____________________________________________________________________ 
____________________________________________________________________ 



AECOM  Environment 
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Analytes/
Parameters

(units)
Quantity treated, per day Monitor gallons
pH 6.5 to 8.5 standard units

Oil and Grease 15 mg/L
Total Cyanide 10 µg/L
TDS 1000 mg/L
TSS 50 mg/L

Aluminum, Total Monitor µg/L
Arsenic, Total 100 µg/L
Barium, Total Monitor µg/L
Chromium 400 µg/L
Copper 24 µg/L
Iron 600 µg/L
Mercury 0.8 µg/L
Manganese Monitor µg/L
Nickel 200 µg/L
Zinc 150 µg/L

1,1,1-Trichloroethane 10 µg/L
1,1,2-Trichloroethane 1.2 µg/L
1,1-Dichloroethane 10 µg/L
1,1-Dichloroethene 0.5 µg/L
1,2-Dichloroethane 1.6 µg/L
Benzene 1.4 µg/L
Chlorobenzene 10 µg/L
Chloroethane 10 µg/L
cis -1,2-Dichloroethene 5 µg/L
Ethylbenzene 10 µg/L
o-Xylene 5 µg/L
m,p-Xylene 10 µg/L
Tetrachloroethene 1.4 µg/L
Toluene 10 µg/L
trans -1,2-Dichloroethene 5 µg/L
Trichloroethene 6 µg/L
Vinyl Chloride 0.6 µg/L

Effluent

TDS - Total Dissolved Solids
TSS - Total Suspended Solids
mg/L - Milligrams per Liter
µg/L - Micrograms per Liter

Notes:

Appendix G
Effluent Limitations
NOW Corporation Site

Town of Clinton, New York

Limitations
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