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1. Introduction 

1.1 General 

This Revised Draft Corrective Measures Study Report (Revised Draft CMS Report) has 
been prepared by ARCADIS U.S. Inc. (ARCADIS) on behalf of Ashland Inc. (Ashland) 
for the Rensselaer property located at 130 South Street, Rensselaer, New York (site). 
This Revised Draft CMS Report has been prepared in accordance with the 
Administrative Order on Consent, Docket No. II RCRA-92-3008(h)-0201, between 
Ashland and the United States Environmental Protection Agency (USEPA) Region 2. 

In November 2006, a Draft Corrective Measures Study Report (URS, 2006) was 
submitted to USEPA Region 2 and New York State Department of Environmental 
Conservation (NYSDEC), hereinafter collectively referred to as the “Agencies”. The 
2006 Draft CMS Report discussed site constituents of interest (COIs), identified 
relevant exposure pathways, and evaluated alternatives to mitigate risks posed by the 
presence of COIs in soil and groundwater (see Appendix A-1). The Draft CMS Report 
presented preferred remedial alternatives for onsite and offsite areas based on the 
evaluation criteria. The remedial alternatives recommended in the 2006 Draft CMS 
Report were: 

• Institutional and engineering controls, monitored natural attenuation (MNA), source 
control via permeable treatment barrier (phytoremediation) to address onsite 
impacts. 

• Institutional and engineering controls, enhanced bioattenuation and MNA to 
address offsite impacts. 

In a comment letter dated February 26, 2007, the Agencies stated that “…the 
conditions at the site appear conducive to the preferred alternatives for the onsite and 
offsite recommendations discussed in the Draft CMS Report….”; however, the 
Agencies recommended supplemental investigation activities at the site (USEPA, 
2007). After completing supplemental investigations in 2007, Ashland asked ARCADIS 
to review the corrective measures alternative recommended in the 2006 Draft CMS 
Report to determine the appropriateness of the proposed remedial approach within the 
context of the data collected during these additional investigations.  

The review indicated that while the above-described alternatives were viable, the 
objectives of the active remedial components of the alternatives (onsite 
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phytoremediation and offsite enhanced bioattenuation) could be better achieved with 
onsite enhanced bioattenuation. The revised corrective measures alternative was 
presented to the Agencies in correspondence dated August 30, 2007. In a letter dated 
October 4, 2007, the Agencies responded that they did not object to the corrective 
measures modification. The above-mentioned 2006 Draft CMS Report and subsequent 
correspondence with the USEPA are provided on a compact disc presented as 
Appendix A. 

A Revised Draft CMS Report (2008 CMS) was prepared and presented to the 
Agencies in January 2008. That document identified, developed, and evaluated the 
corrective measure alternative presented in the August 30, 2007 letter to the Agencies. 
The 2008 CMS did not reiterate all possible remedial alternatives evaluated in the 2006 
Draft CMS Report because the 2006 Draft CMS Report comprehensively identified and 
screened viable remedial alternatives for the site, and the selected remedial alternative 
was conditionally approved by the Agencies. In addition, the revised corrective 
measures alternative proposed in the 2008 CMS for the site was similar in approach to 
the previously approved alternative. 

The 2008 CMS, however, provided a summary of the relevant background information, 
the Corrective Measures Objectives, developed and evaluated the recommended 
alternative, and provided a recommendation for remediation at the site. 

Subsequent to submittal of the 2008 CMS, USEPA indicated in a phone conversation 
with ARCADIS on April 2, 2008, followed by an email communication from USEPA on 
April 24, 2008, that the next step for the CMS was public notification. A USEPA email 
communication on July 16, 2008, indicated that the RFI would need to be presented for 
public comment as well. In review of the existing language of the 1992 Administrative 
Order on Consent (AOC), it was determined that the AOC language needed to be 
modified to address inconsistencies with current USEPA policy. The following is an 
excerpt from the AOC modification letter describing the reason for the change: 

 “. . . 1. Following each of the following events: final written approval of the final 
RCRA Facility Investigation Report, the final Corrective Measures Study, and the 
final Corrective Measures Implementation Report, EPA shall make these 
documents and any EPA summaries of these, available for public review and 
comment, as appropriate. 

As stated in the existing AOC, EPA is to provide the finalized documents for public 
comment. This approach runs counter to the current “Public Involvement Policy of 
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the U.S. Environmental Protection Agency (May 2003) which promotes “early and 
meaningful public involvement” (page 3) such as the various reports being 
completed for the Ashland site. The EPA policy goes on to state that “Whenever 
possible, Agency officials should: . . .Provide policy, program, and technical 
information to the affected public and interested parties at the earliest practicable 
times, to enable those potentially affected or interested persons to make informed 
and constructive contributions to decision making” (page 11). This implies that 
EPA policy would support making draft final documents available for public review 
and comment, before they become finalized documents, to allow parties to make 
informed decisions.”  

USEPA provisionally approved the proposed changes to the AOC in an email dated 
July 25, 2008. In a letter dated January 7, 2009, Ashland submitted a formal request to 
modify the AOC. USEPA signed the AOC modification on January 29, 2009. 

As a result of the request for resubmission of the RFI, originally provided to the 
Agencies in October 2002 and conditionally approved in a letter dated January 15, 
2003, the content of this 2008 CMS has been altered in the following manner: 

• Detailed descriptions of site history, previous investigations, geology, and 
hydrogeology, provided in the 2008 CMS, have been moved to the 2009 Revised 
Draft RFI. 

• Accompanying figures and tables are now to be found in the 2009 Revised Draft 
RFI.  

• A redline-strikeout version of the text of Appendix B of the 2008 CMS is provided in 
this submittal. 

• Minor changes in the main text of this 2009 CMS submittal have been made to 
accommodate text more appropriately found in the 2009 Revised Draft RFI. 

1.2 Background Information 

This section summarizes the site-specific background information used in development 
and evaluation of the corrective measures alternative for the site presented herein. 
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1.2.1 Site Location and Physical Setting 

The Ashland property is located at 130 South Street in the City of Rensselaer, 
Rensselaer County, New York, north of the intersection of South Street with U.S. 
Routes 9 and 20 (Columbia Turnpike). The main portion of the property, located on the 
west side of South Street, has an areal extent of approximately 4.8 acres and is 
enclosed by a six-foot high chain-link fence. The property has most recently been used 
by Ashland for a chemical distribution facility; however, these operations were 
discontinued in late 2001, the buildings and associated structures subsequently 
demolished, and the property is now vacant. A small parcel of land associated with the 
facility and formerly used as a parking lot is located on the east side of South Street. A 
further discussion of site history and site use is provided in the 2009 Revised Draft RFI.  

Land use in the areas surrounding the site is predominantly residential/commercial/light 
industrial. Figures 1 and 2 present a site location map and site plan, respectively. A site 
boundary survey prepared by a NYS licensed surveyor is provided in Appendix A-2. 

The property is bordered by CSX Transportation, Inc. (CSXT) property and rail lines to 
the west, undeveloped land to the north, South Street to the east, and Columbia 
Avenue to the south. Commercial/light industrial properties are located west of the 
CSXT rail lines and residential properties are present along the eastern side of South 
Street, east of the site. 

The facility is located on the edge of the Hudson River floodplain. The Hudson River is 
located approximately 1,650 feet northwest of the site. The northeast end of the site is 
located within the 100-year floodplain. A small unnamed creek enters the site in the 
southeast, crosses the site from east to northwest in a buried culvert then drains 
northward (still in the culvert) along the western side of the site and discharges at a 
headwall just north of the site. Most surface water drains via overland flow to storm 
drains which discharge from the facility into the creek. A small amount of surface water 
drains via overland flow to a drainage structure along the east side of the CSXT 
railroad tracks. 

1.2.2 Geology 

Geology at the site is described in detail in the 2009 Revised Draft RFI report. 
Generally, the site is overlain with several feet of fill underlain by discontinuous beds of 
alluvial fine to course-grained material interbedded with silt and clay lacustrine (lake) 
deposits. The more highly conductive coarser-grained materials are laterally and 
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vertically discontinuous with no consistent units identified across the site. These 
lacustrine and alluvial soils are underlain by shale bedrock. 

1.2.3 Hydrogeology 

Site hydrogeology is discussed in detail in the 2009 Revised Draft RFI report. 
Groundwater at the site is generally encountered at approximately 3 to 9 feet below 
ground surface (bgs) and groundwater flow is generally to the northwest. Prior to shut 
down on July 31, 2008, of a groundwater extraction system which had been located 
near the central portion of the site, there had been a localized capture zone in the 
vicinity of the pumping location. This system was shut down in advance of the 
proposed remedy implementation and in accordance with the approach outlined in a 
letter to the USEPA dated July 1, 2008. USEPA provided concurrence with the shut 
down in a letter dated August 7, 2008.  

1.2.4 Site History 

A detailed site history is presented in the 2009 Revised Draft RFI Report. A brief 
historical summary is provided below. 

From 1892 to approximately 1915, the southern portion of the site was occupied by the 
Fred Schwartz Slaughter House. Between 1909 and 1925, ownership of the site was 
transferred to Empire Size and Chemical Corporation (Empire), which may have used 
the southern area of the site for the manufacture of “Rosin Size Paste”. From 
approximately 1935 to 1944, Hercules Powder Company (Hercules), a wholesale 
chemical distributor, operated in the southern portion of the site. Ownership of the 
southern portion of the site was transferred from Hercules to Eastern Chemicals, Inc. 
(Eastern) in approximately 1944. Ashland purchased the site in 1969 and continued 
chemical distribution operations. Ashland discontinued operations at the site in 
December 2001 and from September 2003 to December 2006 the site was leased to a 
company for the storage and distribution of advertising inserts for newspapers. Since 
December 2006, the site has been unoccupied and in October 2007, Ashland 
implemented a limited decommissioning program at the former site that was finalized in 
December 2008, when all surface structures were demolished down to the concrete 
footers.  

 



 

G:\DIV 11\DOC09\OH002000NY41_001911100_CMS.doc 8 

Revised Draft 
Corrective Measures 
Study Report 
Rensselaer, New York 

 
2. Corrective Measures Objectives 

2.1 General 

This section presents the corrective measures objectives for addressing COIs in site 
media. The corrective measures objectives were first presented in the November 2006 
Draft CMS Report and remain unchanged. Ashland proposed a tiered approach for 
identifying the corrective measures objectives using short-term effectiveness goals, 
intermediate performance goals, and final cleanup goals. 

The short-term protectiveness goals are: 

• Prevent unacceptable human exposure to constituents (onsite and offsite) 
• Prevent migration of constituents (onsite) 

The intermediate performance goals proposed for the next 10 to 15 years are: 

• Protect human health and the environment (onsite and offsite) 
• Maintain plume control (onsite) 
• Return the site to a productive asset for the surrounding community (onsite) 

Final cleanup goals are: 

• Protect human health and the environment 
• Achieve cleanup objectives (onsite and offsite) 

These corrective measures objectives were developed to meet the site remedial goal 
for protection of human health and the environment. 

Media cleanup standards for onsite conditions have not been established because 
institutional (deed restrictions on water use, health and safety provisions for below 
grade excavation) and engineering controls (e.g., fencing) can be used to preclude 
exposure to these media. 
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3. Development of Corrective Measures Alternative 

3.1 General 

The components of the recommended corrective measures alternative are: 

• Onsite enhanced bioattenuation. 

• Monitored Natural Attenuation (MNA). 

• Groundwater monitoring and if necessary, evaluation of additional vapor 
monitoring, at the former Volvo Service Center. 

• Institutional and engineering controls. 

• A groundwater monitoring program. 

• Shutdown of the existing groundwater collection and treatment system. 

Onsite enhanced bioattenuation will be achieved through creation of an enhanced 
reductive dechlorination (ERD) in-situ reactive zone (IRZ). ERD, a commonly used 
remedial technology for addressing chlorinated VOCs like those observed at the site, 
employs native soil bacteria to convert the COIs to innocuous end products. The 
dechlorinating capacity of the native soil bacteria is stimulated through injection of a 
carbon substrate to support bacterial growth and respiration of electron acceptors, 
including chlorinated compounds. A number of carbon substrates can be used in ERD 
systems, including molasses, corn syrup, lactate, whey, and vegetable oils. These 
food-grade substances are typically introduced into the subsurface via injection wells to 
create a biologically active zone where dechlorinating microorganisms thrive. 

The proposed onsite enhanced bioattenuation remedy will consist of an ERD IRZ 
configured as a barrier to offsite migration of chlorinated VOCs. A soluble carbohydrate 
such as molasses will be used as a carbon substrate to create the IRZ. The barrier will 
be installed where COIs are observed near the downgradient site property boundary in 
the central and southern portions of the facility. Use of a soluble substrate will promote 
enhanced bioattenuation downgradient of the barrier due to groundwater transport of 
the substrate. Appendix B presents a memorandum regarding the technical basis for 
ERD IRZ selection, including a discussion of site conditions that make this alternative 
an appropriate remedy, and the results of predesign site data collection activities 
conducted to date in support of future ERD IRZ implementation. 
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4. Evaluation of Corrective Measures 

4.1 General 

This section presents a detailed description and evaluation of the selected corrective 
measures alternative previously identified. The alternative is first evaluated for 
compliance with four threshold criteria and then evaluated relative to five evaluation, or 
balancing, criteria. These criteria were previously presented in the 2006 Draft CMS 
Report and were used there for the evaluation of the potential corrective measures 
alternatives. 

The evaluation will first involve documentation of how the potential remedy will comply 
with the following threshold criteria which reflect the major technical components of the 
alternative: 

• Protection of human health and the environment 
• Attainment of corrective action objectives 
• Reduction of site risks by eliminating, reducing, or controlling contaminated media 
• Compliance with applicable waste management regulations 

Then the alternative and its components are evaluated relative to the following 
balancing criteria: 

• Short-term effectiveness 
• Long-term reliability and effectiveness 
• Reduction in toxicity, mobility or volume of wastes 
• Implementability 
• Cost 

4.2 Description of Criteria 

A brief description of each of the threshold and balancing criteria as presented in the 
2006 Draft CMS Report follows. 

4.2.1 Protection of Human Health and the Environment 

Corrective action remedies must be protective of human health and the environment. 
Remedies may include those measures that are needed to be protective, but are not 
directly related to media cleanup, source control, or management of wastes (e.g., 
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providing alternative drinking water supplies). During the corrective measures 
evaluation, the alternative will be evaluated as to the type of remedies that are 
appropriate for the site to meet this standard.  

4.2.2 Attainment of Corrective Measures Objectives 

Site-specific corrective action objectives offer the advantage of providing a clear goal 
against which to measure the progress of the alternative remedial strategy (USEPA, 
1993). Consequently, remedies will be required to attain these corrective action 
objectives. In addition, the potential remedy will also be evaluated as to whether it can 
achieve the corrective measures objective in an appropriate time frame. 

4.2.3 Reduction of Site Risks 

The corrective measures alternative will be evaluated in terms of its use of 
technologies that permanently and significantly reduce COI toxicity, mobility, and/or 
volume so as to reduce or eliminate, to the extent practicable, further releases of 
hazardous waste that might pose a threat to human health and the environment. 

4.2.4 Compliance with Applicable Waste Management Regulations 

The technology will be evaluated to determine, as applicable, the extent to which it will 
comply with applicable waste regulations (e.g., closure requirements, land disposal 
restrictions). 

4.2.5 Effectiveness 

This criterion evaluates the extent to which the corrective action reduces the overall 
risk to human health and environment. It also considers the degree to which the action 
provides sufficient long-term controls and reliability to prevent exposures that exceed 
levels protective of human health and the environmental receptors. Factors considered 
include performance characteristics, maintenance requirements, and expected 
durability. 

4.2.6 Implementability 

This criterion evaluates the technical and administrative factors affecting implementation 
of a corrective action and considers the availability of services and reliability of initiating 
construction and operations, prospects for implementing any additional future actions, 
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and adequacy of monitoring systems to detect failures. Technical feasibility considers the 
performance history of the technologies in direct applications or the expected 
performance for similar applications. Uncertainties associated with construction, 
operation, and performance monitoring are also considered. 

4.2.7 Cost 

Present worth costs were developed for the remedial alternative based on an 
estimated project life of 10 years. The 10-year timeframe is consistent with that 
presented in the 2006 Draft CMS Report. The estimate includes the following costs:  

• Direct capital costs, which include labor, equipment, materials, land and site 
development, buildings, services, relocation expenses, transportation, disposal and 
contractor overhead and profit necessary to install remedial systems. 

• Indirect capital costs, which include engineering, project management, permitting, 
licenses, legal fees, pilot and bench testing, startup and shakedown costs, 
inspections and contingencies required to complete installation of remedial 
systems. 

• Operation and maintenance costs, which include annual post construction costs 
such as labor, materials, utilities, equipment replacement, disposal, monitoring, 
sampling, and administration. 

The ARCADIS estimate has an expected accuracy of -30% to +50% in accordance 
with the USEPA document titled Guidance for Conducting Remedial Investigations and 
Feasibility Studies Under CERCLA (USEPA, 1988). A contingency factor has been 
included to cover unforeseen costs incurred during implementation. In accordance with 
USEPA guidance presented in OSWER Directive 9355.3-20, a 7% discount rate 
(before taxes and after inflation) is used to calculate the present-worth factor. 

4.3 Technical Description of Alternative 

Elements of the selected corrective measures alternative are discussed in detail below. 

4.3.1 Onsite Enhanced Bioattenuation 

A soluble carbon substrate (e.g. molasses) will be injected into the subsurface through 
injection wells along two lines, one near the south end of the site, and the other in the 
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central portion of the site. The injected substrate will promote the formation of two IRZ 
barriers along the downgradient side of the site. Injection will be performed on a 
periodic basis (e.g. weekly to monthly) that will be optimized based on remedial 
performance monitoring data. Enhanced bioattenuation activities will continue until 
risk-based groundwater quality criteria are achieved or it can be reasonably 
demonstrated that groundwater concentrations will decrease to risk-based criteria 
through natural mechanisms. 

The length of the conceptual barriers is based on available COI distribution data. The 
southern barrier is proposed to be approximately 160 feet long and the central barrier 
is proposed to be approximately 120 feet long. Final installed length will be dependent 
on results of a pre-design groundwater quality investigation. Additionally, the following 
conceptual IRZ design elements were developed though site testing activities 
conducted to date and ARCADIS’ collective experience implementing hundreds of 
ERD remedial systems: 

• Based on site data the biologically-active IRZ treatment zone will extend 
approximately 80 feet downgradient of the injection well galleries. 

• Molasses is a preferential organic carbon substrate for the proposed ERD remedy. 

• The estimated mobile porosities developed during injection testing will be used to 
calculate the carbon-substrate solution volume required for each injection point. 

• The injection wells for the full-scale system will be constructed similarly to the wells 
installed to facilitate pre-design injection testing, which were screened from 10 to 
20 feet below grade to intersect the vertical interval where COIs are observed. 

• Downgradient monitoring wells will be used to track IRZ performance; performance 
monitoring will focus on carbon substrate loading and production of CVOC 
degradation daughter and end products.  

• Carbon substrate injection frequency and reagent concentrations will be optimized 
based on the performance data. 

Additional detail on site testing activities conducted to date is presented in the 2009 
Revised Draft RFI report and the technical basis for ERD IRZ remedy selection is 
presented in Appendix B of this report. 
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4.3.2 Monitored Natural Attenuation 

MNA will be implemented for groundwater located downgradient of the IRZ at the time of 
installation/activation. Once installed the IRZ barrier systems will reduce or eliminate the 
flux of COIs from onsite sources to the downgradient areas. Additionally, groundwater 
transport of the soluble carbon substrate will promote COI degradation downgradient of 
the IRZ barriers and natural attenuation of COIs in downgradient areas will be enhanced 
by treated groundwater discharging from the IRZ barriers. It is believed that natural 
attenuation processes will satisfactorily address residual downgradient impacts following 
IRZ implementation. COI concentration trends will be documented by continued 
monitoring of offsite wells as part of the groundwater monitoring program. 

4.3.3 Groundwater Monitoring and, If Necessary, Evaluation of Additional Vapor Monitoring at 
the Former Volvo Service Center 

The Supplemental RFI Work Plan addressing potential soil vapor concerns at the Former 
Volvo Service Center (Service Center) located downgradient of the site was submitted to 
the USEPA on March 12, 2007. USEPA responded with conditional approval of the 
proposed Work Plan in a letter to URS dated March 22, 2007. URS updated the Work 
Plan addressing USEPA concerns in a response returned to USEPA on March 23, 2007. 
The samples were collected in April 2007 and an Offsite Indoor Air Sampling Summary 
report was submitted to USEPA by URS on May 17, 2007. The results of these 
investigations indicated that site-related VOC-containing groundwater originating from the 
Ashland site does not currently pose a vapor intrusion risk to offsite structures (including 
the Service Center) and no immediate actions are necessary to protect human health. 
These final findings were presented to the Agencies in a letter report dated July 19, 2007. 
However, results were discussed with the Agencies prior to this final report such that the 
Agencies concurred with these conclusions in a letter dated June 20, 2007. 

The IRZ barrier is designed to reduce impacts to groundwater in the downgradient 
direction, which will include the area under/near the former Volvo Service Center 
building. Future activities regarding the Service Center will comprise: 

• Groundwater monitoring near the former Volvo Service Center (i.e., IMP-3). The 
resulting data will be evaluated for changes in groundwater quality. If the 
groundwater quality remains the same or shows decreasing concentrations of site-
related COIs, additional vapor monitoring will not be needed in the building as long 
as building use does not change. If concentrations of site-related COIs show an 
increasing trend, the Agencies will be notified and an assessment made in 
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conjunction with the Agencies as to whether additional vapor monitoring will need 
to be implemented. 

• Notifying the Agencies if Ashland becomes aware of a change in use of the former 
Volvo Service Center building. If Ashland becomes aware of a property use 
change, an evaluation will be completed to determine whether the building use 
change (e.g. office use rather than a garage) could result in an exceedance of risk-
based criteria. If this were the case, Ashland would notify the Agencies and an 
assessment made in conjunction with the Agencies as to whether additional vapor 
monitoring will need to be implemented. 

4.3.4 Residential Sampling on South Street in February 2008  

As discussed in the 2009 Revised Draft RFI, the Agencies determined indoor air 
sampling was necessary at two residences on South Street. In March 2008 the 
sampling was completed, and a report was submitted to the Agencies on June 26, 
2008. In a letter dated August 14, 2008, the Agencies agreed with Ashland’s 
conclusions as presented in the June 2008 report, which called for no further action 
related to indoor air in residences on South Street. 

4.3.5 Institutional and Engineering Controls 

Institutional and engineering controls will be used to reduce the potential for exposure 
to site COIs. Institutional controls will include a deed restriction limiting future use of the 
property to industrial purposes and restricting the use of groundwater. Engineering 
controls are already in place at the site and consist of fencing at the site perimeter.  

4.3.6 Groundwater Monitoring Program 

Existing monitoring wells will be maintained and the current semiannual groundwater 
sampling program continued. Additionally, a network of onsite and offsite monitoring 
wells will be used to monitor the performance of the ERD IRZ to support operational 
decision-making for the IRZ barriers. It is anticipated that the performance monitoring 
program would be conducted on a quarterly basis initially; ongoing sampling frequency 
would be modified as necessary based on the performance results. A site-specific 
performance monitoring program will be developed as part of remedy design. 

The site-wide groundwater semiannual monitoring program will continue until risk 
based groundwater quality criteria are achieved or it can be reasonably demonstrated 
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that groundwater concentrations will decrease to risk-based criteria through natural 
mechanisms. The performance monitoring program will be conducted only during 
active operation of the IRZ barrier system.  

In the first year, the quarterly groundwater monitoring data will be evaluated to 
ascertain the establishment of a reducing environment. In the second year of quarterly 
monitoring, the effectiveness of the dechlorination will be tracked in the evidence of 
degradation products and the reduction of parent material. Once the remedy has 
reduced chlorinated volatile organic compounds (cVOCs) and the effectiveness shows 
a “flattening” trend of the degradation process, Ashland will request to alter the 
monitoring to semi-annual sampling. 

4.3.7 Shutdown of Existing Groundwater Collection and Treatment System 

Continued operation of the groundwater collection and treatment system was 
determined to potentially impede the implementation of the corrective measures 
alternative, since it is likely that the groundwater collection system would recover a 
portion of the soluble carbohydrate substrate injected used to support enhanced 
bioattenuation thereby reducing the effectiveness of the carbon substrate 
amendments.  

In addition, current concentrations of COIs in groundwater captured by the existing 
system are approaching applicable groundwater quality standards and are limited in 
areal extent, and the ERD IRZ will eliminate offsite migration of COIs. For these 
reasons and with the concurrence of USEPA (as indicated above in Section 1.2.3), the 
groundwater collection and treatment system was shut down in July 2008. 
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5. Evaluation of Alternative 

• Protection of human health and the environment.  

This alternative will provide protection of human health and the environment. 
Potential human health risks associated with site COIs will be limited due to 
implementation of institutional controls and the presence of existing engineering 
controls. A deed restriction will document health and safety measures for workers 
engaged in subsurface activities and regulate groundwater use and future site use. 
The existing site fencing and locks on the fence gates serve to restrict access to 
the site.  

This alternative will also provide protection of human health and the environment 
by controlling the offsite migration of chlorinated VOCs through implementation of 
the IRZ. 

• Attainment of corrective action objectives. 

As discussed above, the alternative will protect human health and the environment, 
which is one of the primary corrective action objectives. The ERD IRZ remedy will 
prevent migration and provide plume control for COIs in site groundwater. Site 
risks will be reduced by eliminating, reducing, or controlling contaminated media. 
This alternative will reduce risks through the reduction of COIs in groundwater. 

• Compliance with applicable waste management regulations. 

The selected in-situ remedial technology will limit the volume of waste generated. 
Any wastes generated during implementation of alternative components will be 
containerized, characterized and disposed of in accordance with applicable rules 
and regulations. 

• Effectiveness. 

This alternative will be effective in the long term due to degradation of chlorinated 
VOCs via ERD processes. ERD is a commonly-used groundwater remediation 
technology and has been demonstrated to be effective for addressing the site 
COIs. Short term effectiveness is provided by institutional controls limiting 
exposure to groundwater and soil containing COIs. For a more detailed discussion 
of ERD, see Appendix B of this report.  



 

G:\DIV 11\DOC09\OH002000NY41_001911100_CMS.doc 18 

Revised Draft 
Corrective Measures 
Study Report 
Rensselaer, New York 

• Reduction in toxicity, mobility or volume of wastes. 

This alternative will reduce the toxicity and mobility of COIs through ERD IRZ 
implementation. COI toxicity is reduced as ERD converts chlorinated VOCs to non-
chlorinated, innocuous end products. Mobility will be reduced because the IRZ 
barriers will be installed such that as groundwater travels through a barrier, 
dissolved chlorinated VOCs are degraded within the reactive zone thereby 
controlling offsite migration of chlorinated VOCs. 

In addition, ARCADIS’ experience in implementing ERD technology using 
molasses indicates that the IRZ effects extend to approximately 100-day 
groundwater travel time downgradient of the injection points. The corresponding 
IRZ established at the site may extend up to approximately 80 feet downgradient of 
the injection gallery, which would nearly extend to the former Volvo Service Center. 
Therefore, in addition to controlling offsite migrations of chlorinated VOCs, the IRZ 
may have a direct treatment effect on offsite monitoring wells. Additionally, natural 
attenuation mechanisms will reduce the concentration of COIs beyond the limits of 
the IRZ, and downgradient attenuation will be enhanced by the treated 
groundwater discharging from the IRZ barriers. 

• Implementability.  

Implementation of this alternative is technically feasible. Labor, equipment and 
materials necessary to implement ERD are readily available. Technical specialists 
for support during design and implementation of ERD are also available. ARCADIS 
has successfully implemented this technology at many sites, including sites in New 
York.  

• Cost. 

The costs associated with this alternative are presented in Table 1. The total 
estimated capital cost is $200,100. The 10-year O&M costs are estimated to be 
$905,100. The total estimated 10-year present worth cost associated with 
implementation of this alternative is $1,105,000. 
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6. Recommendations and Justification for the Recommended Corrective 
Measures Alternative 

This revised remedial approach meets the corrective measures objectives and can be 
implemented in a timely manner. This is a significant benefit as it will prevent delays 
associated with access negotiations and allow for the use of semi-automated substrate 
injection equipment, if necessary. This alternative will mitigate offsite migration of COIs 
that are the source of the downgradient plume and the plume will degrade over time 
once the offsite plume is remediated by cutting off the COIs at the site boundary. As 
documented by the recent additional offsite investigations, the area of elevated COIs in 
groundwater is limited in areal extent and not a source of vapor issues in nearby 
buildings. Additionally, the use of a soluble substrate (as opposed to emulsified oil 
substrate [EOS], which is insoluble) that will migrate with groundwater will promote 
microbial degradative capacity in a zone that extends approximately 100 days travel 
time downgradient of the IRZ barriers. 



 

G:\DIV 11\DOC09\OH002000NY41_001911100_CMS.doc 20 

Revised Draft 
Corrective Measures 
Study Report 
Rensselaer, New York 

7. Schedule 

The proposed schedule for implementation of the selected remedy includes the 
following elements and timetable: 

• Agencies formal approval of Final Draft CMS (including public comments, if any) 

• Pre-design Investigation to include direct push samples along the Central and 
Southern IRZ Barriers (1 Month). Scheduled for March 2009. 

• Pre-Design Investigation and CMI Plan(3 months) 

• Agencies review and approval of CMI (assumed to be 3 months) 

• Remedial Well Installation and Manifold Construction (6 weeks) 

• System Startup (2 week) 

The proposed schedule is conceptual and is based on the availability of contractors, 
regulatory approval, and other project-related coordination. 

Once the remedial system is in place, ARCADIS conservatively anticipates that 
reducing conditions favorable to enhanced reductive dechlorination (ERD) will be 
observed within one year of system startup. Due to groundwater velocity at the site and 
the distance between the ERD barrier and downgradient monitoring wells it may take 
up to two years to see COI concentration reductions in downgradient monitoring wells. 
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Table 1. Projected Remedial Alternative Costs, Revised Draft CMS, Ashland Inc., Rensselaer, New York

ANNUAL PRESENT 
UNIT CAPITAL O & M TOTAL VALUE

ITEM QUANTITY UNITS COST COST COST COST COST

I.   GENERAL ACTIONS/PREPARATION
     1.  Permitting 1 LS $10,000 $10,000
     2.  Institutional Controls (Deed Restriction) 1 LS $5,000 $5,000
     3.  Shutdown of Existing Groundwater Treatment System 1 LS $10,000 $10,000

          Subtotal: $25,000

II.   IRZ IMPLEMENTATION WITH MOLASSES
      1.  Predesign Geoprobe Survey and Data Analysis 1 LS $15,000 $15,000
      2.  Full Scale IRZ Injection and Monitoring Well Installation 1 LS $60,681 $61,000
      3.  Equipment for IRZ Injection 1 LS $41,300 $42,000

          Subtotal: $118,000

III.  IRZ INJECTIONS, MONITORING & REPORTING
      1.  IRZ w/ Molasses Injection - Years 1 - 2 2 Years $65,000 $130,000 $117,500
      2.  IRZ w/ Molasses Injection - Years 3 - 10 8 Years $56,600 $452,800 $295,200
      3.  Performance and Routine Monitoring & Reporting - Years 1 - 2 2 Years $49,000 $98,000 $88,600
      4.  Performance and Routine Monitoring & Reporting - Years 3 - 10 8 Years $38,000 $304,000 $198,200
      5.  Engineering Controls (Inspection and Maintenance) 10 Years $1,000 $10,000 $7,000
      6.  Monitoring of Former Volvo Garage 10 Years $2,500 $25,000 $17,600

          Subtotal: $1,019,800 $724,100

          SUBTOTAL (I, II, and III) $143,000 $1,019,800 $724,100

IV. IMPLEMENTATION COSTS

     1.  Construction Management 15% of System Subtotal $17,900
     2.  Engineering & Design 15% of System Subtotal $17,700
     3.  Cost Contingency 15% of Capital Costs $21,500
     4.  O&M Contingency 15% of O&M Costs 10 Years $153,000 $108,600
     5.  Engineering, Administration, & 10% of O&M Costs 10 Years $102,000 $72,400

          Subtotal: $57,100 $255,000 $181,000

A.  TOTAL CAPITAL COSTS $200,100
B.  TOTAL ANNUAL COSTS $1,274,800 $905,100

TOTAL CAPITAL AND ANNUAL COSTS (A + B) $1,475,000 $1,105,000

Notes:
LS = Lump Sum.
Permitting would be required for construction and molasses injection.
Handling and disposal costs based on the IDW being classified as non-hazardous waste.
All well installation and sampling assumed to be conducted in Level D PPE.

3/12/2009
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Appendix A-1 – Supporting Site-Related Documents 

  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Draft Corrective Measures Study Report (URS, 2006) 
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Imagine the result 

Mr. Michael Infurna 
Project Manager 
RCRA Program Branch 
U.S. Environmental Protection Agency, Region 2 
290 Broadway 
New York, NY  10007-1866 

Subject: 

Ashland Inc., Rensselaer, New York 
EPA I.D. No. NYD046877775 
Administrative Order on Consent Docket No. II RCRA-92-3008(h)-0201 
 
 
Dear Mr. Infurna: 

This letter provides a summary of the current status and an outline of the proposed 
approach for future activities associated with the Ashland Inc. (Ashland) site in 
Rensselaer, New York (the site). 

Current Status 

As you will recall, in November 2006 a Draft Corrective Measures Study (CMS) 
Report was submitted to the United States Environmental Protection Agency Region 
2 (USEPA).  That CMS proposed a three fold remedial approach for the site:  

1) installation of a phytoremediation barrier along the down gradient edge of the 
site property to limit further offsite VOC migration,  

2) treatment of groundwater through stimulation of in-situ biological activity to 
attenuate VOCs in offsite groundwater, and 

3) implementation of institutional and engineering controls at the site to 
eliminate potential exposure to onsite volatile organic compounds (VOCs). 

The location of the two proposed active controls are shown on the attached Figure 1.   

Comments on the CMS Report by USEPA, New York State Department of 
Environmental Conservation (NYSDEC), and New York State Department of Health 
(NYSDOH) (collectively the Agencies) were provided in a letter dated February 26, 

ARCADIS of New York, Inc. 

6723 Towpath Road 

P.O. Box 66 

Syracuse 

New York 13214-0066 

Tel 315.446.9120 

Fax 315.449.8053 

www.arcadis-us.com 

INDUSTRIAL 

Date: 

August 30, 2007 

Contact: 

George M. Thomas 

Phone: 

315.671.9166 

Email: 

George.Thomas@ 
arcadis-us.com 
 
Our ref: 

OH001000.NY41 
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2007.  The comment letter included a recommendation that Ashland complete a 
number of supplemental Resource Conservation and Recovery Act (RCRA) Facility 
Investigation (RFI) activities at the site.  In a letter dated March 12, 2007 Ashland 
provided a Supplemental RFI Work Plan to USEPA which proposed implementation 
of a number of field activities to address USEPA’s recommendations.  The 
supplemental RFI activities consisted of:  

1. Collection of indoor air, subslab vapor, and ambient air samples from a 
facility down gradient of the Ashland site (the former Volvo service center), 

2. Collection of additional groundwater samples down gradient of the offsite 
monitoring well MW-18, 

3. Collection of soil vapor samples along South Street on the up gradient side 
of the site, and  

4. Completion of a pilot study to evaluate the effectiveness of a proprietary 
combination of vegetable oils and nutrients (enhanced oil emulsion [EOS®]]) 
for in-situ degradation of chlorinated VOCs in the vicinity of monitoring well 
MW-18. 

The general location of the features referenced above is shown on the attached 
Figure 1. 

USEPA comments and conditional approval for the supplemental RFI work were 
received in a letter dated March 22, 2007, and Ashland provided a response to these 
comments in a letter dated March 23, 2007.  The first three of the four supplemental 
RFI activities listed above have been completed.  A brief summary of the results of 
the three completed investigations is provided below. 

1. The investigations at the former Volvo service center found that VOC-
impacted groundwater originating from the Ashland site does not currently 
pose a vapor intrusion risk to offsite structures and no immediate actions are 
necessary to protect human health.  These findings were presented to the 
Agencies in a letter dated July 19, 2007.  Agency concurrence with these 
conclusions was documented in a letter dated June 20, 2007. 

2. The groundwater quality investigation completed down gradient of MW-18 
indicated that VOCs were not present above applicable groundwater quality 
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standards and the extent of VOCs has been defined in this area.  These 
findings were presented to the USEPA in a letter dated June 1, 2007. 

3. The findings of the soil vapor investigation completed along South Street, as 
presented to the USEPA in a second letter dated June 1, 2007, were that: 

1) no further action was necessary to address potential vapor intrusion 
issues associated with benzene, toluene, ethylbenzene, and xylenes 
(BTEX) in this area; and  

2) resampling of two soil vapor locations (SV-1SG and SV-2S) for 
trichloroethylene (TCE) was recommended within a year of the initial 
sampling because of the concentration of TCE which was detected 
at these two soil vapor locations.  

The fourth RFI item has not been initiated due to difficulty negotiating an access 
agreement with the adjacent property owner.  The pilot study is in offsite area near 
an active rail line owned by CSX Transportation (CSX).  On March 16, 2007 Ashland 
petitioned CSX for a temporary access permit to implement the pilot study injection.  
As part of their internal review process CSX raised questions regarding the impact of 
EOS® injection on the geotechnical stability of soil underlying injection area.  Neither 
URS or the EOS® manufacturer could directly address this question as studies 
associated with soil stability and EOS® injection have not been completed.  To date 
CSX has not granted the necessary access permit. 

Review of Remedial Approach Proposed in Draft CMS 

As part of the change in consultants on this project from URS to ARCADIS/Delta, 
and to a lesser degree due to the ongoing access limitations, Ashland requested that 
a review be completed of the appropriateness of the remedial approach proposed in 
the draft CMS.  The purpose of the review was to determine if the proposed remedy 
was still the most appropriate considering the results of the recently collected 
groundwater and soil vapor data from the down gradient offsite area, and to a lesser 
extent, access limitations.  As outlined above, the two active remedial components 
proposed in the draft CMS were: 

• phytoremediation of VOCs through installation of suitable flora (e.g., trees) 
along the downgradient edge of the site; and  
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• enhanced biologic activity to promote reductive dechlorination of chlorinated 
VOCs in offsite areas using EOS® as a substrate. 

The results of the review, as outlined below, indicated that a single biological 
remedial approach similar to what was proposed in the Draft CMS, but implemented 
solely on Ashland property, would likely be the most appropriate.   

Revised Remedial Approach 

Based on a review of existing site data and experience with similar remedial 
programs implemented at other sites, ARCADIS believes that the remedial goals for 
the Rensselaer site can be accomplished through installation of an in-situ reactive 
zone (IRZ) enhanced reductive dechlorination (ERD) system in a barrier 
configuration.  It is conceptualized that the barrier would be installed near the down 
gradient site property boundary to prevent offsite migration of VOCs in the southern 
and central portions of the facility (Figure 2).  This technical opinion is based on the 
following site conditions: 

• Biologically-derived chlorinated daughter products are widely observed at the site; 

• Ethene and ethane have been observed at the site indicating that the native 
microbial community is capable of complete dechlorination of the chlorinated VOCs 
present at the site; and 

• Geochemical parameters observed at the site indicate that the aquifer is currently 
anaerobic. 

The ERD system would entail injection of carbon-donor compounds such as lactate, 
molasses, or cheese whey into the subsurface through injection wells.  The carbon 
donor substrate stimulates the native microbial population to degrade VOCs as they 
migrate through the barrier. 

This revised remedial approach meets the objectives of the remedial approach 
presented in the Draft CMS with the added advantage that the remedy 
implementation will be carried out on Ashland property.  This is a significant benefit 
as it will prevent delays associated with access negotiations and allow for the use of 
semi-automated substrate injection equipment, if necessary.  The revised approach 
will stop offsite migration of impacts that are the source of the down gradient plume, 
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which will degrade over time once the source is removed.  As documented by the 
recent additional offsite investigations, the area of elevated vinyl chloride 
concentrations in groundwater are limited in aerial extent and not a source of vapor 
issues in nearby buildings.  Additionally, the use of a soluble substrate (as opposed 
to EOS, which is insoluble) that will migrate with groundwater will promote microbial 
degradative capacity in a zone that extends approximately 100 days travel time 
downgradient of the IRZ barrier. 

Injection of bio-enhancing substrates were previously conducted through direct-push 
techniques at this site to complete the pilot study in the MW-19 area.  This is 
promising, but Arcadis believes that additional field data is needed to verify that the 
aquifer will support routine fluid injections through permanent injection wells that are 
required for the ERD IRZ.  The additional testing proposed is outlined below. 

Tracer Testing 

ARCADIS proposes to implement a tracer injection test in the area of MW-19 and the 
areas northeast of MW-19, on Ashland property between CSX tracks and the 
Ashland buildings.  The purpose of these activities would be to:  

• Determine the capacity of the targeted geological unit to accept injection fluids, 

• Determine the radial distance that the injection fluid travels as a function of 
injection volume, and 

• Confirm groundwater flow direction. 

Work activities will consist of installation of injection and observation wells in the test 
areas as necessary, injection of water amended with a fluorescent and/or non-
reactive salt tracer, recording injection-related parameters such as flow rate and well 
head pressure, and collection of groundwater samples for on-site assessment and 
submission to an analytical laboratory.  A typical approach for tracer testing is 
included as Attachment 1. 

Schedule 

As you are aware, the revised CMS is due for submission to USEPA in late 
November 2007.  To meet this submittal timeline, ARCADIS proposes to initiate the 
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additional testing at the site within the next several weeks and to use the resultant 
information in the development of the revised CMS. We anticipate that the field and 
analytical program will require approximately eight weeks to complete. I will plan on 
contacting you in the near future to discuss the approach outlined in this letter and to 
answer questions you may have and to seek out potential meeting dates to further 
discuss this approach at the site in person; but in the meantime, please feel free to 
contact me or Jim Vondracek of Ashland if you have any questions or comments.    

Sincerely, 

ARCADIS of New York, Inc. 
 
 
 
George M. Thomas 
Principal Geologist 
 
Attachments 

Copies: 

James E. Vondracek, P.E., Ashland Inc. 
A Czuhanich, NYSDEC  
C Bethoney, NYSDOH 
Mr. Kevin Boland, CSX Transportation Environmental 
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Attachment 1 

Tracer Injection Test Description 
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Tracer Injection Test Description 

INTRODUCTION 

The objective of this document is to describe the technical basis for and typical elements of tracer injection 
tests used for in situ reactive zone (IRZ) design. Site-specific procedures will depend on project 
objectives, geologic conditions, and appropriate state and federal regulations and standards. 

OVERVIEW 

Tracer injection tests are performed to verify and determine the following parameters: 

(1) Mobile porosity of the unconsolidated groundwater zone; 

(2) Local groundwater velocity;  

(3) Volume of fluid required to reach the design injected radius of influence (ROI); 

(4) Frequency of injections required to ensure continued treatment within the injection zone; and 

(5) Connectivity of the injection well to downgradient observation points. 

Qualitative analysis of the ROI will be achieved by injecting a tracer dye until it is visually detected in 
nearby observation wells placed at a distance representative of the targeted ROI. Quantitative analysis for 
connectivity and localized velocity calculations will be achieved by continuous monitoring of the tracer at 
downgradient observation wells.  

WELL NETWORK AND CONSTRUCTION 

The well network for a tracer injection test should include one injection well and at least two observation 
wells. The observation wells are located at the target ROI from the injection well. If possible, one 
observation well should be located sidegradient and one downgradient of the injection well.  

All injection test wells should be screened across the interval of the aquifer where treatment is desired. 
The ideal screen length should be between 5 and 15 feet long. Nested wells with different screen intervals 
should be considered if the aquifer thickness is large and geological units of very different hydraulic 
conductivities are present at different depths of the aquifer.  

The injection well should be constructed using stainless steel wire-wrapped screen. The stainless steel 
wire-wrapped screen provides adequate mechanical strength and optimum open area for injected fluid 
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flow. The screen and casing materials for the observation wells should be selected based primarily on 
water quality.  

INJECTION SOLUTION 

The injection test consists of a forced gradient injection into a well to push the tracer to the desired radius, 
followed by a natural gradient advective flow test to assess local groundwater flow velocity. The estimated 
solution volume required to transport tracer to the target observation wells during injection is calculated 
using the equation below.   

 

 

Where: 

rinj = radius of injection  

Vinj = volume of injection (cubic feet) 

h = the height of the well screen 

θm = the mobile porosity (percentage of interconnected pore spaces providing flow) of formation 

The mobile porosity used in the pre-test volume calculations is an estimated value. The actual injection 
solution volume may vary based on the site-specific formation mobile porosity. The tracer solution volume 
prepared in the field should be greater than that calculated using the above equation in case the actual 
mobile porosity is greater than the initial estimate. 

INJECTION IMPLEMENTATION 

Injection pressure and flow rate that can be sustained during injection should be estimated prior to the 
injection test. Either down-hole pressure transducer or pressure gauges installed at the wellhead should 
be employed to monitor the injection pressure. It is important to avoid excess injection pressure to build up 
in the injection well. Excessive injection pressure may result in hydraulic fracturing of the formation and 
un-controlled propagation of the injected fluid. 

MONITORING 

The monitoring plan established for the injection test consists of three sampling periods: 

minjinj hrV θπ ×××= 2
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• Baseline sampling; 

• Injection event sampling; and 

• Post-breakthrough sampling. 

Baseline sampling includes one round of sampling from the injection and observation wells for visual 
observation or lab analysis of the tracer. The baseline sampling event will be conducted a few days prior 
to the injection test. Background tracer levels will be established using the baseline samples. In the event 
that high background tracer concentration is detected, tracer concentration in the injection solution will be 
increased accordingly to overcome background interference.  

Monitoring during injection includes sampling from observation wells for visual indications of dye. 
Groundwater samples will be collected periodically until breakthrough of dye is observed in all observation 
wells.  

Post-breakthrough monitoring can be implemented if determination of the local groundwater flow velocity 
is desirable. To determine flow velocity the downgradient monitoring wells are routinely sampled after 
completion of the test and groundwater samples submitted for tracer analysis.  The sampling is continued 
until the tracer is detected in the down gradient monitoring wells.  The travel time between the wells under 
natural gradient, distance between wells, and distance that tracer was injected under forced gradient are 
used to determine groundwater flow velocity. 
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Appendix B - Technical Basis for Enhanced Reductive Dechlorination Remedy 

The purpose of this Appendix to the 2009 Revised Draft Corrective Measures Study 
Report (Revised CMS) is to present the technical basis for a proposed enhanced 
reductive dechlorination (ERD) remedy for the Ashland Rensselaer site located at 
130 South Street in Rensselaer, New York (the site). 

This Appendix provides a description of the proposed remedy and the technical basis 
for its application. Supporting information including a discussion of the geology, 
hydrogeology, and constituent of interest (COI) at the site is provided in the 2009 
Revised Draft Resource Conservation and Recovery Act (RCRA) Facility 
Investigation (RFI) Report.  

Description of Proposed Remedy 

An enhanced reductive dechlorination (ERD) remedy was proposed to address 
affected groundwater in a letter to the USEPA dated August 30, 2007. The proposed 
remedy was based on ARCADIS’ review of historical interpretation of site conditions 
described in the November 2006 Draft CMS report submitted to the United States 
Environmental Protection Agency (USEPA) Region 2.  

As part of the transition of consultants on this project from URS to ARCADIS/Delta, 
and to a lesser degree due to access limitations hindering implementation of the 
offsite portion of the remedy proposed in the 2006 Draft CMS, Ashland requested 
that ARCADIS review the remedial approach proposed in the Revised CMS. The 
purpose of the review was to determine the appropriateness of the proposed remedy 
considering the results of groundwater and soil vapor data collected in April 2007 
from the downgradient offsite area showing that offsite migration was limited in 
extent. Based on the review of current site conditions, an enhanced biological 
remedial approach similar to what was proposed in the 2006 Draft CMS, but 
implemented solely on Ashland property, was deemed feasible and appropriate to 
address affected groundwater. As stated above, the proposed modification in 
remedial approach was presented to the USEPA in the August 30, 2007 letter. 

ERD Technology Description 

ERD consists of the injection of a soluble carbon substrate (e.g., molasses) into the 
subsurface to create a biologically active in-situ reactive zone (IRZ). The carbon 
source is injected to promote the subsequent consumption of electron acceptors (i.e., 
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oxygen, nitrate, ferric iron, manganese, sulfate, and carbon dioxide) by native 
bacteria within the aquifer matrix. The result is a highly reducing environment where 
the native microbial populations use chlorinated volatile organic compounds 
(CVOCs) as electron acceptors coupled with the uptake of the introduced carbon. 

The carbon substrate acts as a food source for native soil bacteria that are capable 
of breaking down (dechlorinating) chlorinated volatile organics such as PCE and 
1,1,1-TCA as part of their metabolic processes. The reaction sequences of reductive 
dechlorination of PCE and 1,1,1-TCA are shown in the following: 

PCE  TCE  cis-1,2-DCE  VC  Ethene / Ethane 

1,1,1-TCA  1,1-DCA  Chloroethane  Ethane 

Observation of a sequential increase and then a decrease in the concentrations of 
the daughter products is characteristic of groundwater systems where reductive 
dechlorination is occurring. Moreover, the early stages of the reaction sequences 
may occur under less reducing conditions whereas all stages will occur under 
sulfate-reducing and methanogenic (methane-producing) conditions. 
Methanogenesis is typically the target for an engineered treatment environment with 
the goal of complete reductive dechlorination of all constituents to ethane/ethene. 

Technical Basis for Remedy Selection 

ARCADIS’ review of site conditions and analysis of field testing results indicates that 
the site is appropriate for implementation of an ERD remedy. The site-specific 
evaluation considered a number of parameters related to the nature of the target 
constituents of interest (COIs) and the subsurface environment, including the 
following: 

• Whether the COIs are amenable to ERD treatment; 

• Assessment of groundwater chemistry and biogeochemistry to determine 
whether the groundwater environment is supportive of the ERD process and 
enhanced microbially mediated degradation; and 

• The capacity of the aquifer to accommodate fluid injection and distribution, 
thereby making soluble substrate injection feasible. 
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As presented in the 2009 Revised Draft RFI, the primary site COIs are CVOCs 
including PCE, TCE, cis-1,2 DCE, VC, and 1,1,1-TCA, which are amenable to ERD. 
Groundwater chemistry and aquifer injection hydraulics are discussed below. 

Groundwater Chemistry 

The primary constituents identified in groundwater include a mixture of CVOCs and 
some limited petroleum hydrocarbon-related compounds. Review of historical and 
recently-collected groundwater analytical data indicate that naturally occurring 
microbial activity and degradation is occurring at the site and more simply that the 
reducing conditions necessary to achieve reductive dechlorination have already been 
established in site groundwater. It is likely that the presence of the petroleum 
hydrocarbon-related aromatic compounds such as benzene and toluene may serve 
as sources of organic carbon where co-mingled with CVOCs, supporting the ongoing 
natural degradation observed in groundwater at the site. A summary of volatile 
organic compounds (VOCs) and ethane, ethane, methane (collectively light gases), 
and total organic carbon (TOC) data collected between 2005 and 2007 is presented 
on Tables B-1 and B-2, respectively. The following observations can be summarized 
from the data: 

• Biologically-derived chlorinated daughter and final products, such as 1,1-DCA, 
cis-1,2-DCE, VC, ethene, and ethane are widely observed at the site, further 
supportive of the fact that the native microbial community is capable of complete 
dechlorination of the CVOCs present at the site; and 

• Methane has been detected in onsite and offsite monitoring wells, indicating 
highly reducing conditions in the aquifer.  

Aquifer Hydraulics/Aquifer Ability to Accommodate Fluid Injection 

Based on the previous interpretations of site lithology and geologic conditions, it was 
anticipated that the affected aquifer would likely accept injected fluids. However, site 
testing was required to determine the sustainable rate of fluid accommodation and 
the resulting distribution of reagents within the aquifer. ARCADIS conducted tracer 
injection tests in October 2007 near monitoring wells MW-19 and PZ-7 located 
between the CSXT tracks and the then existing Ashland buildings. The purposes of 
these tests were to:  
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• Determine the capacity of the targeted geological unit to accept injection fluids, 
including an assessment of injection pressures and flow rates; 

• Determine the radial distance that the injection fluid travels as a function of 
injection volume; and 

• Confirm aquifer properties and characteristics, such as the groundwater flow 
direction and mobile porosity of the formation (defined below), in order to 
evaluate a full-scale ERD application and support design efforts. 

Two tracer injection tests were performed at the site during the week of October 15, 
2007. A summary of the field test methodologies, data collected during the field 
testing, and analysis of that data are presented below. 

Tracer Injection Data Objectives 

One of the data objectives of the tracer injection test was to verify the mobile porosity 
of the saturated zone targeted for IRZ treatment and another was to collect the 
necessary parameters to complete ERD system design. To successfully mitigate 
migration of the dissolved-phase groundwater plumes, the proposed IRZ barriers 
discussed below would be designed such that the lateral extents of injected fluid from 
adjacent injection wells intersect or overlap each other. The injection volume required 
to achieve intersecting lateral extents is related to the radius of influence (ROI) 
calculated by the following equation: 

(1) 

where: 

ROI = radius of influence 
Vinj = volume of injection 
h = height of the well screen  
θm = mobile porosity of formation  

Mobile porosity is the percentage of interconnected pore spaces facilitating 
groundwater flow under injection conditions. It is these pore spaces that represent 
the primary pathway for groundwater (and dissolved COIs) movement. Typical values 
of mobile porosity may be assumed based on an interpretation of the lithology within 
the water-bearing zone to initially calculate or estimate the volume of injection. 

minj hROIV θπ ×××= 2
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However, for heterogeneous and often highly stratified saturated zones, which are 
present at many sites, typical values of mobile porosity do not suffice and site 
hydraulic (injection) testing, as was completed at the Rensselaer site, is used to 
determine the volume of injection fluid required to reach a target ROI. 

Fluid injection rates and pressures were observed during the injection test to assess 
the time required for injection during full-scale implementation. Furthermore, these 
data are important for evaluation of labor costs associated with remedy 
implementation, as well as to determine the logistics of injection and the necessary 
equipment required to deliver the selected reagents. 

Injection Test Methodology 

The hydraulic testing was conducted by injecting a conservative tracer into an 
injection well and monitoring the tracer in nearby observation points. The injection 
tests were performed at two locations where potential IRZ lines are proposed; at the 
southwest corner of the site near MW-19, and in the central portion of the site near 
piezometers PZ-7 and PZ-6. The injection test well network at each location 
consisted of one injection well and two observation wells. The observation wells were 
located 10 feet upgradient and sidegradient of the injection well. The well layouts are 
presented on Figures B-1 and B-2 and the injection test well construction details are 
presented in Table B-3.  

The injection test utilized a fluorescent dye (fluorescein) as the tracer. Prior to the 
initiation of tracer injection, background water samples were collected from the 
injection and observation wells to visually confirm that fluorescent dye concentration 
was negligible in site groundwater. Groundwater collected during the 
background/baseline sampling was used to prepare visual dye standards to compare 
with samples collected during the injection test. The background water samples were 
collected from the wells after purging a minimum of one well volume. As expected, 
no dye was visually observed in any of the background samples. 

A 10% Fluorescein dye was used to prepare the injection solution. Dye was added to 
the injection solution by continuously metering the 10% dye solution into a potable 
water line. The dye and water were well-mixed using a 6-element in-line (static) mixer 
prior to injection. Potable water was provided by the Rensselaer City Water 
Department through a fire hydrant near the site and a Milton Roy LMI Model AA 941 
metering pump was used for the dye dosing. The injection setup is presented in 
Figure B-3. The dye was dosed at 45 strokes per minute and 30% stroke length to 
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prepare an injection solution containing at least 40 parts per million (ppm) of 
fluorescein. This dye concentration was chosen to ensure easy visual observation of 
dye for breakthrough determination.  

Changes in water level inside the injection wells were monitored using an In-Situ 
Level TROLL 700 – 30 PSI pressure transducer. The transducer was installed at 
approximately 2 feet above the bottom of the injection wells. Water level data were 
logged every 15 seconds. Wellhead pressure was also monitored manually using a 
pressure gauge and a totalizing flow meter was used to measure the flow rates and 
the volume of solution injected. However, since the injection rates at both areas were 
below the minimum operating range (1 gallon per minute [gpm]) of the flow meter, a 
graduated 5-gallon bucket, a 250-mL graduated cylinder, and a stopwatch were used 
instead to measure injection flow rates.  

Data Collection 

Prior to tracer injection, a step injection test using clean water was performed at both 
injection wells to determine the maximum sustainable injection rates without 
generating unacceptable wellhead pressure. The step injection rates and the 
corresponding injection heads recorded by the transducer for both test areas are 
presented in the following table: 

Flow Range 

South Injection Area – IW-A1
Static depth to water(1) = 4.3 feet 

Central Injection Area – IW-B1 
Static depth to water(1) = 4.5 feet 

Injection Head(2) Injection Head(2) 
> 1 gpm; < 1.25 gpm 16.3 feet 16.0 feet 

> 0.5 gpm; < 0.75 gpm 10.0 feet 3.6 feet 
> 0.25 gpm, < 0.5 gpm 6.4 feet 1.8 feet 

~ 0.25 gpm 3.9 feet 1.1 feet 
 
Notes: 
(1) Depth to water measured from the top of wellhead fitting. 
(2) Water rise above static as measured by in-well transducer. 

 

The flow rates for dye injection were selected such that the tracer was introduced 
within the shortest period of time while not building up pressure in the injection well. 
Based on the results of the step injection tests, the selected injection rates at the 
South and Central Injection Areas were 0.25 gpm and 0.75 gpm, respectively.  
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Tracer injection was performed at the South Injection Area on October 15 and at the 
Central Injection Area on October 18. The tracer solution was injected continuously 
into injection wells IW-A1 and IW-B1. Water samples were collected from the 
observation points approximately every 30 minutes to observe dye color and 
compare to the visual dye color standards. The injection was continued until the 
strength of dye color in observation well samples reached approximately 20 – 50% of 
the injection solution color strength. Approximately 30 gallons and 350 gallons of 
tracer solution were required to achieve breakthrough at the observation wells in the 
South and Central Injection Areas, respectively.  

Wellhead pressures and water-level changes in the injection wells were also 
monitored throughout the course of the injection. No excessive wellhead pressure 
(water rise in injection well exceeding the top of casing) was recorded. Graphs 
showing the changes in hydraulic head during the tracer injection tests are included 
as Attachment B-1. 

Data Analysis 

As mentioned above, the aquifer mobile porosity represents the percentage of pore 
spaces primarily responsible for groundwater flow, which affects the volume of fluid 
required to achieve a design ROI. The value of mobile porosity is calculated using 
Equation (1), with an ROI of 10 feet and a well screen height of 10 feet. 

The Estimated aquifer mobile porosity for the South and Central Injection Areas is 
approximately 0.0013 and 0.15, respectively. It should be noted that this equation 
assumes homogeneous media across the screened aquifer interval. However, soil 
boring logs indicate the existence of geologic layers with relatively different 
permeabilities: a tight silt and clay layer in the upper part and a fine to coarse sand 
layer in the lower part of the screened interval. The sand layer is expected to be 
more conducive to fluid flow than the silt and clay layer. As a result, Equation (1) is 
modified based on the assumption that the sand layer is the major contributor to the 
aquifer mobile porosity: 

     (2) 

hsand = the thickness of the sand layer 

msandinjinj hrV θπ ×××= 2
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The average thickness of the sand layer at each test location and the aquifer mobile 
porosities calculated using both equations are presented in the following table: 

Area 

Average 
Thickness of 
Sand Layer 

Mobile 
Porosity 

Using Eqt. (2) 

Mobile 
Porosity 

Using Eqt. (1) 
Approximate 

Tracer Dilution 
South 

Injection Area 
5 feet 0.0026 0.0013 2:1 water to 

injection solution 
Central 

Injection Area 
3.5 feet 0.043 0.015 2:1 water to 

injection solution 

 
It can be seen that the mobile porosity of the South Injection Area is approximately 
an order of magnitude lower than that of the Central Injection Area. The difference 
may be a result of the highly heterogeneous geology found at the site. Although sand 
layers of a similar composition (dark gray loose fine to medium sand) are observed 
near the injection wells, the thickness of the sand layers may change significantly 
within the injection zones. The average sand layer thicknesses assumed in the 
mobile porosity calculations may not be accurate, resulting in the difference in mobile 
porosity estimates. Another contributing factor to porosity differences may be a 
function of permeability reduction associated with the 2005 Pilot Test of emulsified 
vegetable oil (EOS) in the injection area (near the 2007 tracer test South Injection 
Area). In-situ biological activities enhanced by EOS injection generated biofilms and 
gas, which may have taken up pore spaces and reduced porosity.  

Conclusions 

A comprehensive evaluation of site conditions, as well as two injection tracer tests 
were performed to assess the feasibility of ERD for in-situ remediation of site 
groundwater. Based on site COIs, groundwater chemistry, and injection hydraulics, it 
was determined that ERD is an appropriate remedy for the site and an IRZ barrier 
configuration could be implemented at the site. 

Conceptual Design 

Two IRZ barriers are proposed to mitigate further offsite migration of dissolved-phase 
chlorinated compounds. IRZ barrier lines are typically oriented perpendicular to the 
direction of groundwater flow to halt CVOC migration. As groundwater travels 
through the barrier, dissolved CVOCs are degraded within the reactive zone. The 
following figure demonstrates the concept of an IRZ barrier in controlling plume 
migration: 



 

G:\DIV 11\Ashland\Rensselaer\CM2009\CMS_Appendix B_redline_012209.docx B-9 

Revised Draft 
Corrective Measures 
Study Report 
Rensselaer, New York 

Radius of influence 

Direction of groundwater travel 

Injection well 

Length of IRZ barrier 

Plume 

Lateral extent of 
injected fluid 

 

 

 

 

 

 
 
 
The locations of the IRZ barriers proposed for the site are shown on Figures B-4 and 
B-5. The lengths of the proposed barriers are based on interpretation of available 
data from existing monitoring wells. Final design locations and the extent of these 
barriers will be confirmed through collection of groundwater-quality data along the 
property boundary using direct-push investigation techniques during a pre-design 
investigation (PDI). Validity of the proposed extents will be re-visited upon completion 
of pre-design investigation activities.  

As a rule of thumb, ERD systems using dilute carbohydrate solutions generate a 
reactive zone that by design extends approximately 100 days (groundwater travel 
time) downgradient of the injection point. From the information provided in the 2009 
Revised Draft RFI, an assessment can be made for an approximate annual flow 
velocity in the area of the site using an average hydraulic gradient of 0.02, an 
average hydraulic conductivity of 1.49 feet/day (from slug tests), and a mobile 
porosity of 0.043 (maximum from tracer injection test results) resulting in an average 
groundwater velocity of approximately 0.7 feet/day (~256 feet/year). The 
corresponding IRZ established at the site would be approximately 70 feet long. 
Therefore, in addition to controlling offsite migration of CVOCs, the IRZ is anticipated 
to have a direct treatment effect on offsite downgradient groundwater. 

Molasses is a preferential organic carbon substrate for the proposed ERD remedy. 
Based on ARCADIS’ experience implementing ERD remedies at hundreds of sites, a 
molasses/water solution injection has been proven to be highly successful in 
stimulating chlorinated compound degradation and achieving cleanup at sites with 
various geologic and geochemical conditions. With professional design, 
implementation, and monitoring, ARCADIS is confident that the proposed ERD 
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remedy with molasses injection will successfully achieve cleanup objectives. 
Therefore, a proof-of-concept ERD pilot test is not warranted at this time.  

The estimated mobile porosities developed during the injection testing will be used to 
calculate the carbon substrate solution volume required for each injection point 
based on the sand-layer thickness. The sand-layer thickness along the barrier will be 
observed during injection well installation. If it is found that the thickness of the sand 
layer is relatively uniform along the IRZ lines, the volume of fluid required for each 
injection well will generally conform to the breakthrough volumes observed during the 
tracer injection tests. 

It is anticipated that fluid injection rates for the full-scale systems will be similar to the 
injection test flow rates. Low injection rates are preferred to avoid the buildup of 
wellhead pressure, which could potentially cause uncontrolled hydraulic fracturing of 
the formation. Due to the relatively small number of injection wells, a simple 
aboveground manifold system can be constructed to facilitate simultaneous injection 
into multiple wells to reduce overall injection time. 

The injection wells for the full-scale system will be constructed similarly to the wells 
installed to facilitate injection testing (see Table B-3). Downgradient monitoring wells 
will be used to track IRZ performance. Performance monitoring will focus on carbon 
substrate loading and production of CVOC degradation daughter and end products. 
Carbon substrate injection frequency and reagent concentrations will be optimized 
based on the performance data. 

Contingency 

Ashland has discussed alternative remedial approaches as part of selection of the 
proposed remedy. However, Ashland has not formally selected a supplemental or 
contingency remedy at this time based on the following: 

• Pre-design data collected to date indicate that water-soluble reagents used to 
support enhanced reductive dechlorination (ERD) can be injected into the aquifer. 

• Site data demonstrate that complete reductive dechlorination of chlorinated 
ethenes is ongoing at the site under natural conditions, which is indicative of 
favorable site conditions for ERD success. 

• The groundwater plume appears to be stable and the site conditions and data 
collected to date indicate no immediate risk is posed by the groundwater impacts. 
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ERD remedies are not immediately effective because the remedy is based on 
stimulation and growth of anaerobic soil bacteria. Reduction of chlorinated organic 
compounds may not occur at appreciable rates during a startup "lag-period" while the 
native microbial community adapts to the carbon substrate amendment and biomass 
responsible for the dechlorination reactions grows. Additionally, the monitoring wells 
that will be used to assess performance are estimated to be 100 days to 200 days 
down gradient of the proposed injection galleries, which will result in delayed 
observation of remedy response. 

Based on this understanding, a short-term lack of COI reductions should not be 
regarded as ERD remedy failure. Performance monitoring data (on a quarterly basis) 
from at least one year of ERD system operation is required to evaluate system 
performance and facilitate system optimization. However, if the remedy has not 
beneficially affected COI concentrations within two years of startup, Ashland will 
formally evaluate supplemental or contingency remedies to mitigate offsite impacts. 
The results of this evaluation will be discussed with the Agencies and a course of 
action determined. 
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Table B-1. Select VOC Analytical Data, Revised Draft CMS, Ashland Inc., Facility, Rensselaer, New York

Location ID: NYSDEC TOGS IMP-3 IMP-3 IMP-3 IMP-3 IMP-3 IP-1 IP-1 IP-1 MW-11 MW-11 MW-11 MW-11 MW-11 MW-11
Sample Location:  1.1.1 Water Offsite Offsite Offsite Offsite Offsite Offsite Offsite Offsite Offsite Offsite Offsite Offsite Offsite Offsite

Date Collected: Guidance Values 02/28/06 05/03/06 10/05/06 04/10/08 09/16/08 02/28/06 05/03/06 10/05/06 04/14/05 05/08/06 10/04/06 04/11/07 09/24/07 04/10/08
Volatile Organics
1,1,1-Trichloroethane 5 1.0 U 2.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
1,1-Dichloroethane 5 1.0 U 2.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
1,2-Dichloroethane 0.6 45 60 15 1.0 U 5.6 1.0 U 1.0 U 1.2 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
cis-1,2-Dichloroethene 5 190 390 400 D 30 73 230 D 170 560 D 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
cis-1,3-Dichloropropene 0.4 1.0 U 2.0 U NA 1.0 U 1.0 U 1.0 U 1.0 U NA 1.0 U 1.0 U NA 1.0 U 1.0 U 1.0 U
Ethylbenzene 5 1.0 U 2.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
Tetrachloroethene 5 1.0 U 2.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
Toluene 5 2.3 2.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
Trichloroethene 5 1.0 U 2.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
Vinyl Chloride 2 43 72 34 1.0 U 6.9 94 43 160 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
Xylenes (total) 5 2.0 U 4.0 U 2.0 U* 2.0 U 2.0 U 2.0 U 2.0 U 2.0 U* 2.0 U 2.0 U 2.0 U 2.0 U 2.0 U 2.0 U
Total VOCs - - 280 530 460 30 87 J 330 220 730 ND ND ND ND ND ND

See Notes on Page 7.
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Table B-1. Select VOC Analytical Data, Revised Draft CMS, Ashland Inc., Facility, Rensselaer, New York

Location ID: NYSDEC TOGS
Sample Location:  1.1.1 Water 

Date Collected: Guidance Values
Volatile Organics
1,1,1-Trichloroethane 5
1,1-Dichloroethane 5
1,2-Dichloroethane 0.6
cis-1,2-Dichloroethene 5
cis-1,3-Dichloropropene 0.4
Ethylbenzene 5
Tetrachloroethene 5
Toluene 5
Trichloroethene 5
Vinyl Chloride 2
Xylenes (total) 5
Total VOCs - -

MW-11 MW-15 MW-15 MW-15 MW-15 MW-15 MW-15 MW-15 MW-15 MW-16 MW-16 MW-16 MW-16
Offsite Onsite Onsite Onsite Onsite Onsite Onsite Onsite Onsite Offsite Offsite Offsite Offsite

09/16/08 04/13/05 08/11/05 05/09/06 10/05/06 04/12/07 09/18/07 04/09/08 09/16/08 04/14/05 08/11/05 05/09/06 10/05/06

1.0 U 1.0 U 1.0 U [1.0 U] 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 10 U 1.0 U 1.0 U
1.0 U 1.0 U 1.0 U [1.1] 1.5 1.0 U 1.0 2.3 1.0 U 2.1 1.0 U 10 U 1.0 U 1.1
1.0 U 1.0 U 1.0 U [1.0 U] 1.0 U 1.5 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 13 2.4 7.5
1.0 U 23 2.2 [2.6] 3.7 12 1.5 13 2.7 4.6 120 840 180 D 600 D
1.0 U 1.0 U 1.0 U [1.0 U] 1.0 U NA 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 10 U 1.0 U NA
1.0 U 1.0 U 1.0 U [1.0 U] 4.4 2.4 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 10 U 1.0 U 1.0 U
1.0 U 15 1.0 U [1.0 U] 1.0 U 1.1 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 10 U 1.0 U 1.0 U
1.0 U 1.0 U 1.0 U [1.0 U] 2.6 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 10 U 1.0 U 1.0 U
1.0 U 18 1.6 [1.6] 2.9 1.6 2.9 6.5 1.6 1.0 U 8.4 26 17 33
1.0 U 12 5.4 [6.0] 2.9 * 12 2.0 12 3.4 13 1.0 U 28 4.8 * 26
2.0 U 2.0 U 2.0 U [2.0 U] 65 16 2.0 U 2.0 U 2.0 U 2.0 U 2.0 U 20 U 2.0 U 2.0 U*
ND 73 22 [25] 130 110 35 63 29 54 J 130 910 210 680

See Notes on Page 7.
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Table B-1. Select VOC Analytical Data, Revised Draft CMS, Ashland Inc., Facility, Rensselaer, New York

Location ID: NYSDEC TOGS
Sample Location:  1.1.1 Water 

Date Collected: Guidance Values
Volatile Organics
1,1,1-Trichloroethane 5
1,1-Dichloroethane 5
1,2-Dichloroethane 0.6
cis-1,2-Dichloroethene 5
cis-1,3-Dichloropropene 0.4
Ethylbenzene 5
Tetrachloroethene 5
Toluene 5
Trichloroethene 5
Vinyl Chloride 2
Xylenes (total) 5
Total VOCs - -

MW-16 MW-16 MW-16 MW-16 MW-17 MW-17 MW-17 MW-17 MW-17 MW-17 MW-17 MW-17 MW-18 MW-18
Offsite Offsite Offsite Offsite Offsite Offsite Offsite Offsite Offsite Offsite Offsite Offsite Offsite Offsite

04/12/07 09/24/07 04/10/08 09/16/08 04/14/05 02/28/06 05/03/06 10/03/06 04/10/07 09/21/07 04/10/08 09/16/08 04/14/05 02/28/06

2.0 U 5.0 U 1.0 U 5.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 10 U 1.0 U
2.0 U 5.0 U 1.0 U 5.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 10 U 1.0 U
2.0 U 6.0 1.0 U 6.8 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 49 18
300 410 150 490 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 570 470 D

2.0 U 5.0 U 1.0 U 5.0 U 1.0 U 1.0 U 1.0 U NA 1.0 U 1.0 U 1.0 U 1.0 U 10 U 1.0 U
2.0 U 5.0 U 1.0 U 5.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 10 U 1.0 U
2.0 U 5.0 U 1.0 U 5.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 10 U 1.0 U
2.0 U 5.0 U 1.0 U 5.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 10 U 1.0 U

21 5.0 U 15 42 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 10 U 1.0 U
4.2 63 1.0 U 5.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 100 100

4.0 U 10 U 2.0 U 10 U 2.0 U 2.0 U 2.0 U 2.0 U 2.0 U 2.0 U 2.0 U 2.0 U 20 U 2.0 U
330 490 170 540 J ND ND ND ND ND ND ND ND 720 600

See Notes on Page 7.
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Table B-1. Select VOC Analytical Data, Revised Draft CMS, Ashland Inc., Facility, Rensselaer, New York

Location ID: NYSDEC TOGS
Sample Location:  1.1.1 Water 

Date Collected: Guidance Values
Volatile Organics
1,1,1-Trichloroethane 5
1,1-Dichloroethane 5
1,2-Dichloroethane 0.6
cis-1,2-Dichloroethene 5
cis-1,3-Dichloropropene 0.4
Ethylbenzene 5
Tetrachloroethene 5
Toluene 5
Trichloroethene 5
Vinyl Chloride 2
Xylenes (total) 5
Total VOCs - -

MW-18 MW-18 MW-18 MW-18 MW-18 MW-18 MW-19 MW-19 MW-19 MW-19 MW-19 MW-19 MW-19
Offsite Offsite Offsite Offsite Offsite Offsite Onsite Onsite Onsite Onsite Onsite Onsite Onsite

05/03/06 10/04/06 04/12/07 09/24/07 04/10/08 09/16/08 04/13/05 08/11/05 05/10/06 10/05/06 04/12/07 09/18/07 04/09/08

2.0 U [2.0 U] 1.0 U 1.0 U 5.0 U 5.0 U 5.0 U 34 20 U 57 1.0 U 1.3 [1.0 U] 1.3 5.0 U
2.0 U [2.0 U] 1.0 U 1.0 U 5.0 U 5.0 U 5.0 U 100 150 150 160 86 [1.3] 42 36

32 [33] 15 13 5.0 U 5.0 U 5.0 U 20 U 20 U 1.0 U 1.0 U 1.0 U [1.0 U] 1.0 U 5.0 U
420 D [360] 740 D 460 D 460 420 380 1,200 1,600 4.9 3.5 100 [1.2] 100 490
2.0 U [2.0 U] NA 1.0 U 5.0 U 5.0 U 5.0 U 20 U 20 U 1.0 U NA 1.0 U [1.0 U] 1.0 U 5.0 U
2.0 U [2.0 U] 1.0 U 1.0 U 5.0 U 5.0 U 5.0 U 20 U 20 U 4.9 6.3 4.4 [1.0 U] 4.1 5.0 U
2.0 U [2.0 U] 1.0 U 1.0 U 5.0 U 5.0 U 5.0 U 82 20 U 1.0 U 1.0 U 1.0 U [1.0 U] 1.0 U 19
2.0 U [2.0 U] 1.0 U 1.0 U 5.0 U 5.0 U 5.0 U 20 U 20 U 7.7 9.9 5.9 [2.8] 4.3 5.9
2.0 U [2.0 U] 1.0 U 1.0 U 5.0 U 5.0 U 5.0 U 260 20 U 1.0 U 1.0 U 1.1 [3.7] 1.0 U 70

45 [40] 110 110 76 56 59 1,100 1,700 3.8 8.6 310 D [1.1] 310 D 230
4.0 U [4.0 U] 2.0 U 2.0 U 10 U 10 U 10 U 40 U 40 U 11 15 8.9 [2.0 U] 9.3 10 U

500 [440] 880 590 540 480 450 J 2,800 3,500 370 720 820 [14] 680 880

See Notes on Page 7.
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Table B-1. Select VOC Analytical Data, Revised Draft CMS, Ashland Inc., Facility, Rensselaer, New York

Location ID: NYSDEC TOGS
Sample Location:  1.1.1 Water 

Date Collected: Guidance Values
Volatile Organics
1,1,1-Trichloroethane 5
1,1-Dichloroethane 5
1,2-Dichloroethane 0.6
cis-1,2-Dichloroethene 5
cis-1,3-Dichloropropene 0.4
Ethylbenzene 5
Tetrachloroethene 5
Toluene 5
Trichloroethene 5
Vinyl Chloride 2
Xylenes (total) 5
Total VOCs - -

MW-19 MW-A1 MW-A1 MW-B1 MW-B1 PZ-1 PZ-1 PZ-1 PZ-1 PZ-2 PZ-2 PZ-2
Onsite Onsite Onsite Onsite Onsite Onsite Onsite Onsite Onsite Onsite Onsite Onsite

09/15/08 04/09/08 09/15/08 04/09/08 09/15/08 08/11/05 05/10/06 10/05/06 09/18/07 08/11/05 05/10/06 10/05/06

1.0 U 1.0 U 2.0 U 5.0 U 10 U [1.0 U] 20 U 10 U 50 50 U 1.0 U 1.0 U 1.0 U [1.0 U]
40 27 28 5.0 U 10 UJ [1.0 U] 110 28 260 120 17 14 1.4 [1.5]

1.0 U 1.0 U 2.0 U 70 81 [76] 20 U 10 U 10 U 50 U 3.4 4.0 2.9 [2.7]
15 230 D 360 1,000 D 1,300 [1,300 D] 6,800 D 1,900 23,000 D 5,900 150 D 3.3 1.0 U [1.0 U]

1.0 U 1.0 U 2.0 U 5.0 U 10 U [1.0 U] 20 U 10 U NA 50 U 1.0 U 1.0 U NA
1.0 U 1.0 U 2.0 U 5.0 U 10 U [1.0 U] 20 U 10 U 120 51 1.0 U 1.6 4.0 [3.9]
1.0 U 2.6 2.0 U 5.0 U 10 U [1.0 U] 180 10 U 11 50 U 60 1.0 U 1.0 U [1.0 U]
5.4 1.0 U 2.0 U 5.0 U 10 U [1.0 U] 50 32 650 260 1.0 3.9 11 [12]

1.0 U 5.0 4.0 5.0 U 10 U [1.0 U] 75 10 U 10 U 50 U 20 1.0 U 1.0 U [1.0 U]
30 240 D 360 310 270 [300 D] 3,200 790 14,000 D 2,900 250 D 4.3 1.0 U [1.0 U]
2.4 2.0 U 4.0 U 10 U 20 U [2.0 U] 40 U 22 530 * 230 4.7 7.0 18 [17]

180 J 540 780 J 1,400 1,700 J [1,500 J] 11,000 2,800 39,000 9,600 560 59 80 [86]

See Notes on Page 7.
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Table B-1. Select VOC Analytical Data, Revised Draft CMS, Ashland Inc., Facility, Rensselaer, New York

Location ID: NYSDEC TOGS
Sample Location:  1.1.1 Water 

Date Collected: Guidance Values
Volatile Organics
1,1,1-Trichloroethane 5
1,1-Dichloroethane 5
1,2-Dichloroethane 0.6
cis-1,2-Dichloroethene 5
cis-1,3-Dichloropropene 0.4
Ethylbenzene 5
Tetrachloroethene 5
Toluene 5
Trichloroethene 5
Vinyl Chloride 2
Xylenes (total) 5
Total VOCs - -

PZ-3 PZ-3 PZ-3 PZ-6 PZ-6 PZ-6 PZ-6 PZ-7
Onsite Onsite Onsite Onsite Onsite Onsite Onsite Onsite

08/11/05 05/10/06 09/21/07 02/28/06 05/03/06 10/04/06 09/14/07 09/14/07

20 U 1.0 U 10 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
27 35 33 5.7 6.5 7.2 9.6 1.0 U

20 U 1.0 U 10 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
2,900 46 1,100 130 100 110 130 22
20 U 1.0 U 10 U 1.0 U 1.0 U NA 1.0 U 1.0 U
20 U 1.0 U 10 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
340 1.0 U 10 U 1.0 U 1.0 U 1.0 U 1.0 U 4.5
20 U 1.6 10 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
200 1.0 U 10 U 34 7.2 8.0 8.4 3.8

1,500 79 570 54 20 26 30 10
40 U 2.0 U 20 U 2.0 U 2.0 U 2.0 U 2.0 U 2.0 U
5,000 250 1,800 J 230 140 150 180 40

See Notes on Page 7.
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Table B-1. Select VOC Analytical Data, Revised Draft CMS, Ashland Inc., Facility, Rensselaer, New York

Notes:
NYSDEC TOGS 1.1.1 Water Guidance Values = New York State Department of Environmental Conservation Technical and Operational Guidance Series (TOGS), 
     June 1998 and its addenda (January 1999 Errata Sheet, April 2000 Addendum, and June 2004 Addendum).
Shaded cells denote results in exceedance of criteria.
Bold results denote detections.
All results are in micrograms per Liter (ug/L), equivalent to parts per billion (ppb).
Duplicate sample results are in brackets.
NA = Not Analyzed.

Qualifier Type Lab Qualifiers Definition
Organic D Compound quantitated using a secondary dilution.
Organic J Indicates an estimated value.
Organic U The compound was analyzed for but not detected.  The associated value is the compound quantitation limit.
Organic UJ The compound was analyzed for but not detected.  The associated value is the compound quantitation limit.  Indicates an estimated value.
Organic */U* Laboratory control methods were out of range.
Organic ND None detected.
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Table B-2. Select Natural Attenuation Parameters Analytical Results, Revised Draft CMS, Ashland Inc., Rensselaer, New York

On-Site Monitoring Wells
Location ID: MW-15 MW-15 MW-15 MW-19 MW-19 MW-19 MW-19 PZ-1 PZ-1 PZ-1 PZ-2 PZ-3 PZ-3 PZ-6 PZ-6 PZ-6 PZ-7

Date Collected: Units 08/11/05 04/12/07 09/18/07 08/11/05 05/10/06 04/12/07 09/18/07 08/11/05 05/10/06 09/18/07 08/11/05 08/11/05 09/21/07 02/28/06 05/03/06 09/14/07 09/14/07
Ethane ug/L 31 38 60 290 270 NA 310 63 150 11 160 130 310 120 14 85 9.7
Ethene ug/L 0.33 U 0.67 1.9 640 950 NA 530 740 1,100 430 460 340 390 5.7 0.33 U 2.4 1.0
Methane ug/L 2,300 2,400 3,600 3,600 13,000 NA 24,000 740 4,300 1,800 1,600 1,700 19,000 1,100 1.5 1,200 280
Total Organic
Carbon ug/L 6,000 2,800 2,800 6,900 69,000 1,500

[2,800] 11,000 7,200 130,000 270,000 6,800 5,100 8,800 4,600 4,100 8,200 5,200

Off-Site Monitoring Wells
Location ID: IMP-3 IMP-3 IP-1 IP-1 MW-11 MW-16 MW-16 MW-16 MW-17 MW-17 MW-18 MW-18 MW-18 MW-18

Date Collected: Units 02/28/06 05/03/06 02/28/06 05/03/06 04/11/07 08/11/05 04/12/07 09/24/07 02/28/06 04/10/07 02/28/06 05/03/06 04/12/07 09/24/07
Ethane ug/L 12 13 76 50 0.35 U 0.59 0.68 41 0.35 U 0.35 U 70 19 40 43
Ethene ug/L 2.5 2.7 33 16 0.33 U 0.33 U 0.33 U 4.4 0.33 U 0.33 U 8.6 3.4 3.5 5.1
Methane ug/L 250 100 4,400 1,900 0.19 U 0.52 6.9 900 6.5 15 1,500 450 580 1,100
Total Organic
Carbon ug/L 2,300 1,000 3,100 3,100 1,700 1,700 1,000 U 2,100 1,000 U 1,000 U 1,800 2,000 11,000 2,000

Notes:
Bold results denote detections.
All results are in micrograms per Liter (ug/L), equivalent to parts per billion (ppb).
Duplicate sample results are in brackets.

Lab Qualifiers Definition
U The compound was analyzed for but not detected. The associated value is the compound quantitation limit.
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Table B-3. Injection Test Well Construction Details, Revised Draft CMS, Ashland Inc., Rensselaer, New York

Area Well Type Well ID Screen Material
Well Casing 

Material
Well Diameter 

(inches)
Total Depth 
(feet bgs)

Screen Length 
(feet)

Screen 
Interval

(feet bgs)

Injection Well IW-A1 Stainless steel wire-
wrapped Black steel 2 20 10 10 - 20

Monitoring Well MW-A1 PVC PVC 2 20 10 10 - 20

Monitoring Well MW-19 PVC PVC 2 18 14 3.5 - 17.5

Injection Well IW-B1 Stainless steel wire-
wrapped Black steel 2 20 10 10 - 20

Monitoring Well MW-B1 PVC PVC 2 20 10 10 - 20

Monitoring Well MW-B2 PVC PVC 2 20 10 10 - 20

Notes:
PVC = Polyvinylchloride.
bgs = below ground surface.
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APPENDIX B 
Attachment B-1 

 

Injection Test Water Head 
Changes 



10/15/2007
4:00:00  PM

10/15/2007
8:00:00  PM

10/16/2007
12:00:00  AM

10/16/2007
4:00:00  AM

10/16/2007
8:00:00  AM

16.000

18.000

20.000

22.000

24.000

26.000

28.000

30.000

32.000

IW-A1 Step Injection Test

Depth ( f t ) 

awong
Text Box
>1 gpm; <1.25 gpm

awong
Line

awong
Text Box
>0.5 gpm; <0.75 gpm

awong
Line

awong
Text Box
>0.25 gpm; <0.5 gpm

awong
Line

awong
Text Box
~0.25 gpm; 

awong
Line



10/16/2007
8:00:00  AM

10/16/2007
12:00:00  PM

10/16/2007
4:00:00  PM

10/16/2007
8:00:00  PM

14.000

16.000

18.000

20.000

22.000

IW-A1 Tracer Injection Test

Depth ( f t ) 



10/17/2007
11:00:00  AM

10/17/2007
12:00:00  PM

10/17/2007
1:00:00  PM

10/17/2007
2:00:00  PM

10/17/2007
3:00:00  PM

10.000

12.000

14.000

16.000

18.000

20.000

22.000

24.000

IW-B1 Step Injection Test

Depth ( f t ) 

awong
Text Box
~0.25 gpm

awong
Line


awong
Text Box
~0.5 gpm

awong
Line


awong
Line


awong
Text Box
>1 gpm;<1.25 gpm

awong
Text Box
~0.75 gpm

awong
Line

awong
Line



10/18/2007
6:00:00  AM

10/18/2007
8:00:00  AM

10/18/2007
10:00:00  AM

10/18/2007
12:00:00  PM

10/18/2007
2:00:00  PM

10/18/2007
4:00:00  PM

5.000

10.000

15.000

20.000

IW-B1 Tracer Injection Test

Depth ( f t ) 
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