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UNDER EMULSIFIED ZERO-VALENT IRON TECHNICAL DEMONSTRATION PLAN FOR

SITE 45 MCRD PARRIS ISLAND SC
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U S EPA REGION IV



From: Llamas.Lila@epamail.epa.gov
To: charles.cook2@navy.mil; llamas.lila@epa.gov; Sladic, Mark; timothy.j.harrington@usmc.mil;

mmcrae@TechLawInc.com; AmickMS@dhec.sc.gov; darrel.pittman@usmc.mil; Kelly.Taylor2@ch2m.com;
GerryAM@dhec.sc.gov

Cc: Su.Chunming@epamail.epa.gov
Subject: Dr. Su"s Request for Continued Monitoring at Site 45 EZVI Study Location
Date: Friday, February 20, 2009 4:19:09 PM
Attachments: Continued Monitoring by Chunming Su.doc

EZVI Tech Demo Plan TR0173 FINAL.pdf
Importance: High

Hi Folks,

As we know, Dr. Chunming Su has requested permission to continue
monitoring under the EZVI Tech Demo Plan (Plan) as approved.  We have a
request from the state to clarify which wells are going to be sampled in
the continued post-injection sampling events being requested.  Good
Question !

So I called Dr. Su to get the answer.  He explained that in March they
will be conducting the last of the previously scheduled post-injection
well samples and soil cores (as seen in Figure 3-8 of the attached
approved Plan.)  Previously, they were sampling different wells at
different times, but since this is the last official trip they intend to
sample all wells at this point and repeat the soil cores for the last
time.  The Study report will be written based on this and previous data.

Dr. Su then stated that his continued monitoring would be an annual
event, and since it is annual, as opposed to the more frequent
intervals, all wells would be sampled each time he visits.  For ease of
identifying those wells, Dr. Su has provided a figure which identifies
the wells intended to be sampled (see the other attached file.)  Wells
PMW 1-6, being fully screened wells, as well as ML 1-7, being multilevel
wells, will be sampled (provided there is water in the wells at given
depths.)  I understood that there are not to be any more soil cores
planned at this time.

If there are any further questions, let me know.  Otherwise I look
forward to each of your concurrences with extending the monitoring.

Thanks,
Lila
(See attached file: Continued Monitoring by Chunming Su.doc)(See
attached file: EZVI Tech Demo Plan TR0173 FINAL.pdf)
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Chunming Su of EPA has requested permission to continue sampling the EZVI Demonstration Area under the approved study work plan in order to collect data on the long term effects of the EZVI injections.  The extended sampling event will occur once a year and will involve sampling all the wells from the study, as shown in the figure below, which corresponds to the area identified in Figure 3-8 of the EZVI Tech Demo Final Plan as approved. 
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1. INTRODUCTION 


1.1 Background 


Chlorinated solvents are present in groundwater at an overwhelming number of Department 
of Defense (DoD), Department of Energy (DoE), and related contractor sites.  A significant 
number of these sites have VOCs present as free-phase dense non-aqueous phase liquids 
(DNAPLs) that will act as a long-term source of VOCs to groundwater.  Due to the slow 
dissolution of solvents from residual or pooled DNAPL source areas, conventional treatments 
such as pump-and-treat serve solely as containment technologies and require long operational 
periods (i.e., decades or longer) to satisfy the need for protection of human health and the 
environment, incurring high operation and maintenance (O&M) costs over that period. 


Significant attention has been devoted in the past few years to research and field 
applications of source treatment technologies, as they have the potential to lower the overall cost 
and time required for remediation of contaminated aquifers.  Recently, a small-scale field pilot 
test of emulsified zero-valent iron (EZVI) was conducted under the National Aeronautics and 
Space Administration (NASA) Small Business Technology Transfer (STTR) program to assess 
the ability of this technology to treat a TCE DNAPL source zone.  The pilot test showed 
promising results as a method for significantly reducing both mass and flux from DNAPL source 
zones. However, additional field demonstration research is required to improve the EZVI 
delivery approach, clarify the relative degradation contributions of the zero-valent iron (ZVI) 
versus biodegradation promoted by the emulsifying agents (completed laboratory evaluation; 
GeoSyntec 2006), and validate the technology for widespread use for DNAPL source zone 
treatment at DoD and related private sectors sites.  NASA holds the patent for this technology 
and, as a United States Government technology, no fees for the use of EZVI will be levied on 
any federal facility. 


GeoSyntec Consultants Inc. (GeoSyntec) is conducting a technology demonstration program 
evaluating the use of EZVI, an innovative remediation technology, to remediate chlorinated 
solvent DNAPL source zones.  The field Demonstration/validation (Dem/Val) will be conducted 
at the Solid Waste Management Unit (SWMU) 45 (Site 45) – Former Morale, Welfare, and 
Recreation (MWR) Dry Cleaning Facility, Marine Corps Recruit Depot (MCRD), Parris Island, 
South Carolina (Figure 1-1).  The goal of the program is to evaluate the portion of the 
degradation that is occurring due to abiotic and biological components as well as demonstrate the 
efficacy of EZVI at a scale that is large enough to generate accurate full-scale design and cost 
information for widespread technology consideration and application at DOD and related sites.  
This Technology Demonstration Plan presents the approach and methodology for the EZVI field 
Dem/Val.  The laboratory treatability tests conducted to evaluate the biological and abiotic 
components of degradation have already been completed and are presented in the Final 
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Laboratory Treatability Report For: Emulsified Zero Valent Iron Treatment of Chlorinated 
Solvent DNAPL Source Areas (2006). 


1.2 Objectives of the Demonstration 


The objectives of the field Dem/Val are to: 


1. Evaluate the ability of the two most promising injection technologies to evenly distribute the 
EZVI in a controlled manner; 


 
2. Evaluate the ability of EZVI to significantly reduce the mass flux of dissolved-phase VOCs 


from a DNAPL source zone and to reduce the DNAPL mass in the source;  
 
3. Provide reliable technical data relevant to field-scale EZVI trials, including documenting the 


benefits of the technology in terms of expected reduction in the duration and cost of 
remediation of DNAPL sites, and develop a Guidance Manual to assist DoD managers and 
practitioners with appropriate selection and implementation of the EZVI technology; and 


 
4. Provide information to the MCRD Partnering Team for use in the Feasibility Study for Site 


45.  
 


The proposed field Dem/Val will be conducted at Solid Waste Management Unit (SWMU) 
45 (Site 45) – Former Morale, Welfare, and Recreation (MWR) Dry Cleaning Facility, Marine 
Corps Recruit Depot (MCRD), Parris Island, South Carolina.  This site has a relatively well-
characterized DNAPL source area (primarily PCE), and appropriate site conditions and a suitable 
on-site support network for execution of the Dem/Val.  The rationale for the selection of this site 
is presented in the Draft Site Selection Memorandum For: Emulsified Zero-Valent Nano-Scale 
Iron Treatment of Chlorinated Solvent DNAPL Source Areas (GeoSyntec, 2005).  


1.3 Regulatory Drivers  


The USEPA maximum contaminant level (MCL) for PCE and TCE in drinking waters is 5 
micrograms per liter (µg/L).  This concentration is considerably less than the concentrations 
present in groundwater at many sites throughout the United States.  The MCLs for vinyl chloride 
(VC) and cis-1,2-dichloroethene (cis-1,2-DCE) are 2 µg/L and 70 µg/L, respectively.  A 
significant number of sites have VOCs present as free-phase DNAPLs that will act as a long-
term source of VOCs to groundwater.  In situ technologies for treatment of these contaminants 
often focus on the groundwater plume and not the source of the contamination.  Due to the slow 
dissolution of solvents from residual or pooled DNAPL source areas, conventional treatments 
serve solely as containment technologies and require long operational periods to remove 
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significant amounts of DNAPL.  Therefore, this demonstration seeks to further improve upon a 
more cost-effective technology that can meet these regulations and remediate DNAPL source 
areas. 


1.4 Stakeholder/End-User Issues 


The demonstration will result in the deployment of an innovative in situ remediation 
technology that will allow cost-effective and expedited cleanup of DNAPL sources at sites at 
DoD and related facilities.  An evaluation of the results of the demonstration will provide critical 
information for the optimization of full-scale EZVI systems and to guide the application of this 
technology at other sites.  The demonstration will also produce reliable design, cost, and 
performance data relevant to field-scale application, including a guidance manual to facilitate the 
application of the EZVI technology at other DNAPL source sites. 


1.5 Roles and Responsibilities 


This section presents the roles and responsibilities of the various team members involved in 
this project.  This project is funded primarily by ESTCP.  The U.S EPA’s Kerr Laboratory 
(Ground Water and Ecosystems Restoration Division National Risk Management Research 
Laboratory) is providing in-kind funding in the form of drill rig support, groundwater sample 
analysis, and sampling equipment.  GeoSyntec is the Lead Principal Investigator for this project 
and is partnering with NASA and the US Navy (NFESC) to complete the technology 
demonstration.  GeoSyntec is responsible for completing all reporting requirements including 
Quarterly Reports, Final Technical Report, Cost and Performance Report and a Guidance 
Document.  GeoSyntec shall submit Quarterly Progress Reports to ESTCP as per the schedule 
shown on Figure 3-7.  GeoSyntec will submit copies of these reports, within a week of submittal 
to ESTCP, to the MCRD Partnering Team.  Drafts of all other reports will be submitted by 
GeoSyntec to ESTCP for review and comment.  Copies of the Final Reports will be provided to 
the MCRD Partnering Team within a week of submittal to ESTCP.  The schedule for reporting is 
provided on Figure 3-7 of the Demonstration Work Plan.  Suzanne O’Hara (GeoSyntec Project 
Manager) shall act as the Project Contact with the MCRD Partnering Team and Art Sanford shall 
be the MCRD Partnering Team contact.  All incidents and accidents shall be reported as per the 
Health and Safety plan provided in the Demonstration Plan and will also be reported to Art 
Sanford for communication to the rest of the MCRD Partnering Team.  Any modifications to the 
Demonstration Work Plan that are requested and/or approved by ESTCP shall be communicated 
to the MCRD Partnering Team for approval from the regulators prior to implementation. 
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2. TECHNOLOGY DESCRIPTION 


The following sections provide: an overview of the technology development and application 
(Section 2.1); previous testing of the technology (Section 2.2); key technology factors impacting 
cost and performance (Section 2.3); and a description of the potential advantages and limitations 
of the EZVI technology (Section 2.4). 


2.1 Technology Development and Application 


Significant laboratory and field research has demonstrated that zero-valent metals will 
reductively dehalogenate dissolved chlorinated solvents such as PCE and TCE to ethene.  
Permeable reactive barriers (PRBs) containing ZVI as the reactive material have been shown to 
be effective in treating plumes of dissolved chlorinated solvents.  PRB technology is passive and 
requires no energy; however, it still relies on DNAPL dissolution and transport of dissolved 
chlorinated solvents to the barrier for treatment, and therefore PRBs do little to reduce the clean 
up time for the site. 


EZVI can be used to enhance the destruction of chlorinated DNAPL in source zones by 
creating intimate contact between the DNAPL and the ZVI particles.  The EZVI is composed of 
food-grade surfactant, biodegradable oil, water, and ZVI particles (either nano- or micro-scale 
iron), which form emulsion particles (Figure 2-1).  Each emulsion particle or droplet contains 
ZVI particles in water surrounded by an oil-liquid membrane.  Since the exterior oil membrane 
of the emulsion droplet has hydrophobic properties similar to that of DNAPL, the droplets are 
miscible with DNAPL.  It is believed that as the oil emulsion droplets combine with DNAPL 
TCE, for example, the TCE is sequestered in the oil and then dissolves into the aqueous droplet 
containing ZVI that was within the oil emulsion droplet.  It is also believed that the final 
degradation by-products from the dechlorination reaction are driven by the increase in 
concentration inside the aqueous emulsion droplet to diffusion into the non-aqueous phase (oil 
and TCE) then out into the surrounding aqueous phase.  While the ZVI in the aqueous emulsion 
droplet remains reactive, the chlorinated compounds are continually degraded within the aqueous 
emulsion droplets, thus maintaining a concentration gradient across the oil membrane and 
establishing a driving force for additional TCE migration into the aqueous emulsion droplet 
where additional degradation can occur. 


The primary application of the EZVI technology is treatment of DNAPL source zones but it 
is also capable of treating dissolved-phase chemicals.  EZVI that is located near DNAPL will 
also degrade the dissolved-phase chemicals that it comes in contact with.  The reduction in 
concentration of dissolved-phase chemicals in the vicinity of the DNAPL will enhance mass 
dissolution from the DNAPL. 


 
TR0173 4 2006.06.15 
TR0173 Demo Plan_Final 







  GeoSyntec Consultant 


In addition to the abiotic degradation associated with the ZVI, the injection of EZVI 
containing vegetable oil and surfactant will result in sequestration of the chlorinated ethenes into 
the oil and biodegradation of dissolved chlorinated ethenes.  Chlorinated solvents will 
preferentially dissolve into the oil component of the EZVI thereby reducing the aqueous phase 
concentrations.  The chlorinated solvents may then be degraded by the ZVI in the EZVI.  The 
vegetable oil and surfactant can also act as electron donors to promote anaerobic biodegradation 
of the chlorinated solvents.  Abiotic degradation resulting from the ZVI in the EZVI was shown 
to be a very fast process in laboratory studies conducted at the University of Central Florida 
(Quinn et al. 2005).  If the amount of ZVI is not sufficient to completely degrade the TCE to 
ethene then the vegetable oil and surfactant can act as a slow release electron donor for 
biodegradation processes at the site (Major et al. 2002). 


Another potential benefit of EZVI over ZVI for environmental applications is that the 
hydrophobic membrane surrounding the ZVI protects it from other groundwater constituents, 
such as some inorganic compounds, that might otherwise react with the ZVI.  While the oil 
membrane of the EZVI will allow organic constituents (TCE and other ethenes) to diffuse 
through the liquid membrane and contact the ZVI, it may inhibit diffusion of other ionic 
constituents that may passivate the ZVI surface and limit their contact with the ZVI.  This 
mechanism potentially reduces the mass of ZVI required for treatment relative to unprotected 
ZVI. 


2.2 Previous Testing of the Technology  


To date, one field demonstration of EZVI has been conducted to treat a chlorinated solvent 
source zone at NASA’s Launch Complex 34 (LC34) located on the 45th Space Wing’s Cape 
Canaveral Air Force Station.  The demonstration conducted at LC34 demonstrated that the 
addition of EZVI into a source area containing free-phase DNAPL could reduce the mass flux of 
dissolved phase TCE from a DNAPL source zone, and reduce the amount of free-phase DNAPL 
mass over time.  Although the field demonstration at LC34 was successful in showing a decrease 
in TCE mass flux and TCE DNAPL mass, there were issues with the EZVI injection techniques 
and in obtaining a uniform distribution of EZVI in the areas containing DNAPL.  


2.3 Factors Affecting Cost and Performance 


Factors that can affect the cost and performance of the EZVI technology are summarized in 
Table 2-1. Factors primarily include those associated with the design and operation of the EZVI 
system (e.g. injection depth, dose and frequency of additions) and hydrogeological constraints 
that limit the ability to effectively deliver the EZVI to the target treatment area.  Aquifer 
geochemistry (DNAPL concentration and distribution, shift to a lower pH affecting complete 
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dechlorination) can also impact technology performance.  In addition, the availability of useful 
infrastructure (e.g. storage buildings, utilities) can significantly impact technology cost. 


2.4 Advantages and Limitations 


Groundwater remediation approaches at DNAPL sites have historically employed 
groundwater extraction and ex situ treatment (i.e., pump-and-treat).  Unfortunately, these 
approaches have been demonstrated to be ineffective in significantly improving groundwater 
quality, even after decades of continuous operation (National Research Council, 1994).  As a 
result, remediation technologies such as EZVI have received significant attention, as government 
and industry struggle to develop remedial approaches for source treatment that are less intrusive, 
more effective, and less costly.  The main advantages of the EZVI technology over other 
treatment technologies include: 


• Potential for lower overall costs than alternative technologies such as groundwater 
pump-and-treat with high O&M costs or thermal technologies with high capital costs; 


• An effective “one-two punch” of rapid abiotic degradation followed by the slower 
biological degradation; 


• Contaminants will be destroyed rather than transferred to another medium; and 


• Ability to treat both DNAPL source zones and dissolved-phase chemicals to contain 
plume migration. 


The main limitations of using the EZVI technology are: 


• Difficulty in effectively distributing the viscous EZVI to all areas impacted with 
DNAPL;  


• Potential to adversely impact secondary groundwater quality through mobilization of 
metals and production of sulfides or methane if excess electron donor, in the form of 
the vegetable oil, is added; and 


• Injection of EZVI may displace DNAPL away from the injection point; however, this 
limitation can be remedied by strategic placement of the injection points. 
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3. DEMONSTRATION DESIGN 


The goal of this demonstration is to evaluate how best to distribute EZVI in the subsurface 
and to evaluate the EZVI technology for in situ cleanup of DNAPL source areas.  An additional 
goal is the preparation of a guidance manual to assist DoD managers and knowledgeable 
practitioners in the design and implementation of site remediation using EZVI.   


The following sections present: 


• Performance objectives of the field Dem/Val (Section 3.1); 


• A description of the criteria and requirements used in selecting the test site (Section 
3.2); 


• A summary of the available site history and site characterization data (Section 3.3); 


• A summary of ongoing operations at the field Dem/Val site (Section 3.4); 


• A detailed description of the pre-design activities to be performed as part of the 
technology demonstration (Section 3.5); 


• The testing and evaluation approach used to conduct the technology demonstration 
(Section 3.6); 


• Sampling and analysis methods (Section 3.7); 


• A summary of the analytical laboratories that will be contracted (Section 3.8); 


• Project management and staffing (Section 3.9); 


• The project schedule (Section 3.10); and 


• USEPA research interests and contributions to the project (Section 3.11). 


3.1 Performance Objectives 


The performance objectives are provided in Table 3-1.   


3.2 Test Site Selection 


Several candidate test sites were reviewed to identify a location that was suitable for the 
field Dem/Val.  Sites were considered suitable based on: 
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1) A known PCE or TCE DNAPL source or “hot spot” that is relatively shallow (<50 ft) to 
minimize injection costs; 


2) Relatively permeable hydrogeologic conditions ranging from fine to medium sands;  


3) A regulatory environment that will allow injection of EZVI; 


4) Existing source zone characterization data, including an estimate of the boundaries and 
approximate volume of the source; 


5) Available groundwater chemistry data, including VOCs, redox conditions (dissolved 
oxygen [DO] and oxidation-reduction potential [ORP]), pH and specific conductance, 
inorganic parameters (metals, major anions and cations), and organic carbon indicators 
(e.g., total organic carbon [TOC]); 


6) Hydraulic data (e.g., pump test and water level data); 


7) Existing monitoring wells within the source area and downgradient areas for performance 
monitoring; and 


8) Reasonable site access (i.e., proximity to a major commercial airport, and ability of 
technical staff to work on site). 


Complete details of the site selection criteria and screening process are presented in the 
Draft Site Selection Memorandum For: Emulsified Zero-Valent Nano-Scale Iron Treatment of 
Chlorinated Solvent DNAPL Source Areas (GeoSyntec, 2005). 


3.3 Test Site History/Characteristics 


The field Dem/Val site selected by the screening process is Site 45 – Former MWR Dry 
Cleaning Facility (Building 193), MCRD, Parris Island, South Carolina (the “Site”).  Information 
on the test site history, geology and hydrogeology is presented in the RI/RFI for Site/SWMU 45 
report (Tetra Tech NUS, 2004a), as well as the Site/SWMU 45 RI/RFI Addendum Work Plan 
report (Tetra Tech NUS, 2004b).  The following sections of this Technology Demonstration Plan 
are taken directly from these reports and provide a summary of the Site. 


3.3.1 Test Site History 


The Site is located in the Main Post area of MCRD Parris Island, between Panama Street to 
the north, Kyushu Street to the south, and Samoa Street to the east.  The location of the pilot test 
area (PTA) at the Site is shown in Figure 3-1. 
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West of the Site are other commercial establishments including a cobbler, a tailor, and a 
coin-operated laundry facility.  Four above ground storage tanks were situated along the northern 
side of former Building 193.  The capacities of these tanks are not known.  These tanks were first 
put into place in 1988 following the removal of an underground storage system where 
hydrocarbon-cleaning solvents were previously stored.  The location and capacity of the 
underground storage system are not known.  The new storage tanks were positioned within a 
concrete catch basin used to contain any overflow during tank filling.  It was reported that on 
March 11, 1994, one of the tanks was overfilled with PCE.  An unknown amount of the 
contaminant flowed into the concrete catch basin.  The PCE overflow was not collected at that 
time, and heavy rainfall subsequently washed the contaminant onto the surrounding soil.  The 
dates of operation of former Building 193 are not known (Tetra Tech NUS, 2004b). 


3.3.2 Environmental Setting and Geology 


Four geological units are present in the area of the Site (Beaufort-Jasper County Area).  
These units from the oldest (Eocene age) to the youngest (Pleistocene age) are the Santee 
Limestone, Cooper Marl, Hawthorn Formation, and Pleistocene sands and clays.  The geology of 
the Site is presented in further detail in the RI/RFI for Site/SWMU 45 report (Tetra Tech NUS, 
2004a). 


Two primary aquifers are present within the Beaufort-Jasper County Area: the surficial 
aquifer and the Floridan Aquifer.  These aquifers are generally separated by the Hawthorn 
Formation and Cooper Marl, which act as confining units to the underlying Floridan Aquifer.  In 
the MCRD Parris Island area, the shallow, unconfined aquifer generally consists of permeable, 
fine to medium, Pleistocene age sand to a depth of 17 ft.  Surface relief is relatively low.  Thin, 
discontinuous lenses of finer-grained silty clay and clayey sand were also encountered within the 
predominantly sandy sediments.  During the RI/RFI, this layer was further divided into an upper 
(SU) and lower (SL) portion.  A 1- to 3- foot thick layer of peat was encountered below the 
shallow aquifer sediments at depths ranging from 17 to 21 ft below ground surface (bgs).  The 
peat was directly underlain by a 3- to 6-foot-thick clay unit encountered at depths ranging from 
approximately 18 to 27 ft bgs.  Beneath this peat/clay layer, the deep surficial aquifer consisted 
of unconsolidated deposits of primarily sand, clayey sand, and silty fine sand.  The water table 
was observed at depths ranging from 3 to 5 ft bgs at monitoring wells during the RI/RFI 
investigation.  Water-table elevations recorded during the RI/RFI investigation ranged from 3 to 
4.5 ft above mean sea level (amsl).  The general groundwater flow direction in the formation 
above the peat/clay layer is to the southeast.  Potentiometric maps for the upper and lower 
portions of the shallow aquifer are presented in Figures 3-2 and 3-3, respectively.  Estimates of 
the hydraulic gradient, hydraulic conductivity and groundwater velocity for the shallow aquifer 
are 0.0023 to 0.0029 ft/ft, 15.3 ft/day, and 0.15 to 0.18 ft/day, respectively.  The general 
groundwater flow direction in the formation below the peat/clay layer is to the south-southwest, 
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with a gradient of 0.0021.  During the RI/RFI, the vertical gradient between wells in a cluster 
was observed to be negligible, typically less than 0.1 ft.  The nearest surface water body is 
Ballast Creek, which lies approximately 2,000 ft south-southeast of the MWR Dry Cleaning 
Facility. 


In the Beaufort-Jasper County Area, the Floridan Aquifer system occurs near land surface, 
and confining beds vary from essentially 0 to more than 150 ft in thickness.  Two hydrogeologic 
zones within the Floridan Aquifer lie beneath the MCRD Parris Island area.  These two 
hydrogeologic units consist of a 200-foot-thick Upper Hydrogeologic Unit that contains an upper 
permeable zone and an 800-foot-thick Lower Hydrogeologic Unit that has a somewhat lower 
permeability compared to the Upper Unit.  A generalized geologic cross section of the 
subsurface geology at the Site is presented in Figure 3-4. 


3.3.3 Contaminant Distribution within the Pilot Test Area 


Based on the Site history, three locations were identified as possible sources of solvent 
contamination in the soils and groundwater.  One location is the secondary containment drain for 
the raw PCE aboveground storage tanks (located north of the tanks).  A documented spill of PCE 
and an interim soil cleanup occurred at this location in 1994.  The second location is in the rear 
(west end) of former Building 193.  Waste solvents may have been handled or accumulated in 
this area.  No documented leaks or spills occurred in this location.  The third location is within 
the northwestern corner of former Building 193, where the dry cleaning process was conducted.  
A concrete floor that would serve as secondary containment was noted in this area prior to 
building demolition.  No documented leaks or spills occurred in this area. 


PCE and its degradation products (TCE, cis-1, 2-DCE, and 1, 2-DCE and VC) were detected 
in surface and subsurface soils and groundwater above screening levels in all three identified 
potential source areas during investigation prior to June 2005.  Polycyclic aromatic hydrocarbons 
(PAHs) were detected in the soil sample locations across the Site but at relatively low 
concentrations compared to human health screening criteria.  Rather subjective analysis by 
ultraviolet light for non-aqueous phase product was conducted for soils.  The evaluation 
indicated possible trace amounts in isolated areas. However, the presence of pure product was 
not positively identified during site investigation prior to June 2005 and no further conclusions 
were developed.  Results of the field sampling and analytical program suggest that the inorganic 
constituents detected in surface soils were similar to background conditions at MCRD Parris 
Island or at levels below human health screening criteria.  Temporary and permanent monitoring 
well data indicate chlorinated VOC contamination in the surface and subsurface soil at the Site 
has impacted the groundwater (i.e., groundwater contaminant concentrations above screening 
levels) to depths ranging from the upper boundaries of the unconfined aquifer to approximately 
19 ft bgs.  Furthermore, investigations of the underlying deep aquifer found only limited VOC 
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contamination, suggesting that the contaminant plume may be contained within the surficial 
aquifer.  In other investigations (natural attenuation), elevated concentrations of some VOCs 
were detected downgradient of the "non-detect" contour depicting the current results. 


In June 2005, GeoSyntec, NASA, the United States Naval Facilities Engineering Service 
Center (NFESC), and the USEPA conducted a field investigation to collect additional 
groundwater and soil data from the Site to confirm the results of the membrane interface probe 
(MIP) logs collected during prior investigations of the source area (Tetra Tech NUS, 2004b) and 
to confirm the presence of DNAPL concentrations of PCE and/or TCE in the subsurface in the 
area of the former tanks.  Groundwater samples were collected from temporary monitoring wells 
that were installed at locations that had elevated electron capture detector signals from the 
previous MIP survey.  Groundwater samples were collected from both the upper and lower 
portions of the shallow surficial aquifer above the peat/clay layer and analyzed for VOCs.  The 
temporary well results and previous MIP measurements were used to select soil core locations.  
Soil cores were collected from ground surface to a depth of 20 ft bgs and were analyzed for 
VOCs using the methanol extraction procedure specified in Appendix B.  Results of the June 
2005 field investigation are presented in Appendix A. 


 Rresults of the June 2005 field investigation revealed PCE concentrations in soil cores that 
exceeded the maximum possible dissolved and sorbed phase PCE concentrations (based on site 
conditions), thereby indicating the presence of PCE DNAPL mass.  Furthermore, visual 
inspection of soil cores collected during the June 2005 field investigation indicated the presence 
of DNAPL, marked on the borehole logs as “sheen” (see Appendix A). 


3.4 Present Operations 


In 1998, a groundwater pump-and-treat system was installed at the Site to prevent the 
migration of groundwater contaminants until a comprehensive remedial investigation (RI) could 
take place.  The system consisted of three recovery wells, a low-profile air stripper for removal 
of VOCs, and a pumping system for discharging the treated groundwater to an adjacent sewer 
manhole for ultimate discharge to the Depot’s wastewater treatment facility.  Due to high 
maintenance requirements, the system was taken out of service in early 2000, and is currently not 
in operation (Tetra Tech NUS, 2004a; 2004b). 


3.5 Pre-Demonstration Testing and Analysis 


Pre-demonstration testing and analysis will include: 1) laboratory experiments to clarify the 
extent of the varying degradation mechanisms (completed); 2) evaluation and selection of the 
optimal method for injecting EZVI into the subsurface (completed); 3) installation of a 
groundwater monitoring network within the PTA; 4) collection of groundwater samples and soil 
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cores within the PTA to establish baseline conditions; 5) groundwater elevation monitoring in 
the areas of the test plots to characterize flow paths; and 6) application for an injection permit, if 
required.  These activities are described in the following subsections. 


3.5.1 Pre-Design Laboratory Treatability Study 


Laboratory experiments were conducted by SiREM Laboratories (a division of GeoSyntec) 
to determine the extent of DNAPL mass destruction that is due to abiotic and biological 
processes.  An improved understanding of the mechanism of degradation will allow for 
optimization of the components of the EZVI and the injection rate. 


Three sets of experiments were performed as part of the pre-design laboratory study.  These 
included: 1) nZVI activity assays; 2) treatability tests conducted in bench-scale test reactors with 
dissolved phase TCE; and 3) treatability tests conducted in bench-scale test reactors with TCE 
DNAPL.  nZVI activity assays were conducted to evaluate potential changes in the reactivity of 
the nZVI over time.  Treatability tests were conducted to evaluate the ability of different 
components of the EZVI to treat dissolved and pure phase (DNAPL) TCE.  Initial treatability 
tests were conducted using saturation concentrations of TCE (1,000 milligrams per liter [mg/L] 
of TCE dissolved in water) with EZVI, nZVI and the oil emulsion components without nZVI.  A 
set of tests was also conducted using TCE DNAPL (10 times solubility of TCE in the reactor 
bottle, present as a separate non-aqueous phase) with EZVI, nZVI and the oil emulsion 
components without nZVI.  All test treatments were constructed in triplicate sets of reactor 
bottles.  Complete details of these experiments are presented in the Final Laboratory Treatability 
Report For: Emulsified Zero Valent Iron Treatment of Chlorinated Solvent DNAPL Source 
Areas (GeoSyntec, 2005a).  In general, the following conclusions were made based on the results 
of the laboratory treatability study: 


1) Oil emulsion, nZVI and EZVI treatment of dissolved phase TCE can produce significant 
and rapid decreases in TCE concentrations in the aqueous phase; 


2) The DNAPL Treatment tests demonstrate the advantages of EZVI over oil emulsions or 
nZVI in situation where a DNAPL is present in the subsurface.  The EZVI combines the 
sequestration of the DNAPL with the degradation of the VOCs by the nZVI resulting in an 
immediate reduction in the TCE flux from the source area as well as degradation due to 
the nZVI.  The EZVI provides degradation of the TCE to ethene in a similar time frame as 
the nZVI and also provides sequestration of any potential untreated VOCs; and 


3) The EZVI provides oil that should be able to act as an electron donor to promote 
biodegradation of TCE which is not degraded by the nZVI. 
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3.5.2 Pre-Design Evaluation and Selection of Injection Methods 


A review of possible methods for injecting and distributing EZVI in the subsurface at the 
Site was conducted to identify the optimal methods for use in the field Dem/Val.  The review 
included an evaluation of data from a field evaluation of different injection methods for EZVI 
that was funded by NASA.  The work for NASA involved evaluating four different injection 
techniques (pneumatic fracturing/injection, pressure pulse injection, hydraulic 
fracturing/injection and direct injection using controlled pressures, seismic enhancement and 
directional flow) to determine which techniques are best able to distribute the EZVI within a 
shallow aquifer over a large area without damage to the structure of the emulsion.  Based on the 
results of these tests, pneumatic injection and direct injection were selected as the optimal 
technologies for the field Dem/Val. 


Pneumatic injection will often result in pneumatic fracturing in cohesive or consolidated 
media.  Pneumatic fracturing is the injection of gas at high pressure and flow in order to create 
fractures or fissures in soil or rock matrix.  Fractures or fissures occur when the pressure of 
injected gas exceeds the natural in situ stresses and the flow rate exceeds the natural permeability 
of the soils. In soil formations, pneumatic fracturing enhances the permeability by creating 
fracture networks.  The clay layers present at the may be cohesive enough that the pneumatic 
injection will create fractures in these layers.  In the sandier formations, the pneumatic injection 
will result in a suspension of the soil particles in the nitrogen stream rather than the propagation 
of fractures.  This suspension of soil particles in the injected nitrogen stream, referred to as 
fluidization, increases the size of the pore throats between particles, which can aid in the 
injection and distribution of the EZVI 


3.5.3 Installation of Monitoring Network 


A monitoring well network will be installed in and around the PTA prior to EZVI injection.  
Approval will be obtained from the South Carolina Department of Health and Environmental 
Control (SCDHEC) for the installation of monitoring wells at the Site.  The monitoring network 
for the Pneumatic Injection test plot will consist of up to five fully screened monitoring wells and 
seven multilevel monitoring wells.  The monitoring network for the direct injection test plot will 
consist of a single fully screened monitoring well.  Boreholes for the fully screened monitoring 
wells will be drilled to a maximum depth of 20 ft bgs by a licensed driller using hollow stem 
augers under the direction of a GeoSyntec project geologist.  Each fully screened well will be 
constructed using 2-inch diameter Schedule 40 polyvinyl chloride (PVC) screen (#10 slot) and 
Schedule 40 PVC riser, and will be screened from 4 to 19 ft bgs (Pneumatic Injection test plot 
wells) or from 4 to 14 ft bgs (Direct Injection test plot well).  After placement of the well screens 
and riser casings, the annular space around the casings will be filled with uniformly graded, 
rounded, clean silica sand to a depth of approximately 1.5 to 2 ft above the well screens.  The 
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height to the top of the filter pack will be frequently measured to check that the volume of sand 
placed in the wells approximates the volume required for the annulus and that no bridging of the 
filter pack has occurred.  The annular space above the sand pack will be filled with bentonite 
pellets to a depth of approximately 6 inches below ground surface (to allow for flush mount 
surface completions).  All well completion materials will be emplaced using a tremie pipe to 
minimize the risks of bridging.  . 


Boreholes for the multilevel monitoring wells will be drilled to a maximum depth of 20 ft 
bgs by a licensed driller using hollow stem augers under the direction of a GeoSyntec project 
geologist.  The multilevel wells will be constructed of 1.7-inch outside diameter (O.D.) 
continuous multichannel tubing (CMT) with seven 1 to 6-inch screened intervals positioned at 
2.5-foot intervals from 4 to 19 ft bgs.  After placement of the CMT within the borehole, the 
annular space around the CMT will be filled with alternating lifts of uniformly graded, rounded, 
clean silica sand and bentonite pellets.  A 2 ft sand layer will be positioned around each of the 
screened intervals of the CMT, and each sand layer will be separated by a 6-inch layer of 
bentonite pellets.  The depth to the top of the sand filter packs and bentonite seals will be 
measured frequently to check that the volume of sand or bentonite placed in the well 
approximates the volume required for the annulus and that no bridging of the filter packs or 
bentonite seals has occurred.  The annular space above the uppermost sand pack will be filled 
with bentonite pellets to a depth of approximately 6 inches below ground surface (to allow for 
flush mount surface completions).  Figure 3-5 depicts the typical construction details of the 
multilevel monitoring wells. 


All wells will be completed at surface with a steel, flush-mount protective casing set in a 
concrete pad.  The concrete pad for each well will extend at least 6 inches beyond the borehole 
diameter and six inches below ground surface.  The concrete pad will be constructed using 
Portland Cement mixed with water according to the manufacturer’s specifications.  Following 
well installation, each fully screened well will be equipped with a dedicated Waterra® pump 
system consisting of a Delrin® foot-valve attached to rigid 5/8-inch O.D. HDPE tubing equal in 
length to the depth of the well.  For the multilevel wells, each sample interval will be equipped 
with a dedicated Waterra® microflow pump system consisting of a stainless steel foot-valve 
attached to rigid 3/8-inch O.D. high-density polyethylene (HDPE) tubing equal in length to the 
depth of the sampling channel. 


Figure 3-6 shows the conceptual layout for the monitoring wells in and around the PTA.  
The final layout and placement of the wells will vary based on the subsurface conditions 
encountered during well installation, and other site constraints.  


Following installation, the new wells will be developed by standard surging and purging 
methods. All boring, well installation and development activities will be performed in 
accordance with the site-specific Health and Safety Plan (HASP).  Waste handling activities 
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(drill cuttings and purge water) will be coordinated by GeoSyntec personnel according to local 
and base regulations. 


3.5.4 Baseline Sampling 


Prior to EZVI injection, groundwater samples will be collected from each of the fully 
screened and multilevel monitoring wells and analyzed for baseline chemical characterization. 
Chemical analyses will include: 


• Field parameters (DO, ORP, pH, conductivity, temperature, turbidity, sulfide, ferrous 
iron); 


• VOCs (including PCE, TCE, cis-1,2-DCE, trans-1,2-dichloroethene [trans-1,2-DCE], 
1,1-dichloroethene [1,1-DCE], VC)  


• Dissolved hydrocarbon gases (DHGs) (including methane, ethane, ethene); 


• Anions (chloride, nitrate, nitrite, sulfate); 


• Volatile fatty acids (VFAs); and 


• General geochemical indicators (alkalinity, TOC, cations, dissolved metals) 


 Eight soil cores have already been collected at the Site (see Figure 3-6; borehole logs are 
provided in Appendix A) during the June 2005 Site investigation to evaluate whether there was 
sufficient VOC mass at the Site to conduct the EZVI field Dem/Val.  An additional baseline soil 
core will be collected at location SC-9 in the Pneumatic Injection test plot (see Figure 3-6) to 
complete the baseline mass evaluation.  SC-9 is located in the northern quadrant of the 
Pneumatic Injection test plot which will allow for the calculation of a DNAPL mass estimate for 
this area of the test plot.  SC-3 was used for DNAPL mass evaluation in the eastern quadrant of 
the test plot, and SC-7 and SC-8 were used for DNAPL mass evaluations in the western and 
southern quadrants, respectively.  The porosity and fraction of organic carbon of the soil will be 
measured as part of the baseline sampling event to further refine the estimates of DNAPL mass 
within the plot.  The following is a description of the coring procedures that will be used to 
collect additional soil cores during baseline and post-demonstration sampling events.  This is the 
same method that was used to collect the pre-design soil cores during the June 2005 Site 
investigation.   


The selected drilling subcontractor (direct push rig and operator will be provided by the 
USEPA) will use a Geoprobe® direct-push technique to collect baseline and post-demonstration 
core samples from the PTA.  At each coring location, the drillers will collect samples of the 
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subsurface materials continuously to 20 ft bgs.  The samples will be collected using a 4-foot long 
1.25-inch-diameter Macrocore sampling device.  This soil sampler will be used because samples 
can be collected using a special adapter which contains a 4-foot long butyrate or acetate sleeve 
rather than split spoons, which will increase sample recovery of loose sandy soil expected to be 
encountered and that is otherwise difficult to sample.  Should obstructions be encountered during 
coring, the hole will be relocated as close as possible to the first location in an attempt to 
penetrate the soil to the appropriate depth.  


Each soil core will be split into 2-foot intervals, and each interval will be sampled in its 
entirety, allowing the cores to cover the saturated and vadose zones within the investigation area.  
Field personnel will prepare a written description of the material on a boring log, and note the 
presence of any unusual staining.  The soil samples will then be extracted using the methanol 
extraction procedure specified in Appendix B. 


Soil cores will be sampled in 2-foot long sections and extracted with methanol on-site.  The 
sample will be split along its length and about 150 to 200 grams of wet soil sample will be 
placed quickly into a pre-weighed polypropylene sample container.  The sample will then be 
weighed and combined with 250 milliliters (mL) of methanol.  The bottles will be re-weighed 
and then agitated by hand for up to 10 minutes.  After shaking, the bottles will be re-weighed to 
ensure that no methanol was lost during the agitation period.  The samples will be allowed to 
settle for up to an hour.  The methanol extract will be decanted into 20 mL glass volatile organic 
analysis (VOA) vials using disposable pipettes.  The bottles will be capped, labeled, and placed 
into an ice chest and sent to a commercial laboratory for analysis.  The dry weight of each of the 
soil sample is determined gravimetrically after decanting the remaining solvent and drying the 
soil in an oven or by sending a subset of the core to the laboratory for a moisture content 
analysis.  The final concentrations of VOCs will be calculated per the dry weight of the soil.  The 
methanol extraction procedure is described further in Appendix B. 


The boreholes will be sealed with bentonite grout immediately after collection of the core 
from the final depth to prevent cross-contamination between the hydro-stratigraphic units.  An 
inventory of the amount of grout injected into each hole will be maintained and compared with 
the volume of the hole to ensure that the grout stays within the hole.  A marker will be placed at 
each sampling location after sampling has been completed and the holes have been grouted. 


All samples will be collected by GeoSyntec (or their representative) and analyzed in 
accordance with the Sampling and Analysis Plan (SAP) developed for the field Dem/Val 
(Appendix B).  Analyses for standard (e.g., VOCs, anions) and non-standard analyses (e.g., 
DHGs) will be conducted by qualified analytical laboratories.  Table 3-2 summarizes the 
parameters that will be analyzed as part of the baseline characterization and provides details of 
analytical methods, anticipated laboratories, container size and type, preservation method, and 
sample holding times. 
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3.5.5 Groundwater Elevation Monitoring 


During each of the sampling events at the Site, a set of groundwater elevations will be 
measured using a minimum of ten water table wells in the area of the test plots.  This data will be 
used to determine detailed groundwater flow directions and gradients at the time of sampling in 
order to calculate groundwater velocities over the duration of the performance monitoring.  This 
data will be used to calculate the mass flux for the baseline, post-injection, performance 
monitoring and post-demonstration sampling events. 


3.5.6 Injection Permitting 


Approval will be obtained from the SCDHEC for the injection of EZVI at the Site.  The 
Final Technology Demonstration Plan will be submitted to the SCDHEC for review and 
comment along with the injection permit application. 


3.6 Testing and Evaluation Plan 


The following sections outline the testing and evaluation plan for the field Dem/Val. 


3.6.1 Demonstration Set-Up 


Set-up of the field Dem/Val will consist of: 


• Installation of up to five 2-inch diameter fully screened monitoring wells and seven 
multilevel monitoring wells in and around the Pneumatic Injection test plot (installed 
as part of the pre-demonstration testing and analysis phase); and 


• Installation of a single 2-inch diameter fully screened monitoring well downgradient 
of the Direct Injection test plot (installed as part of the pre-demonstration testing and 
analysis phase). 


As discussed in Section 3.5, two hydraulically independent pilot test plots (Pneumatic 
Injection and Direct Injection test plots) will be constructed in the existing Site DNAPL source 
area.  Figure 3-6 shows the conceptual layout for the monitoring wells in and around the PTA.  
The final layout and placement of the wells will vary based on the subsurface conditions 
encountered during well installation, and other site constraints. 


3.6.2 Period of Operation 


The field Dem/Val is expected to require thirteen months to install and complete, as follows: 
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• Dem/Val set-up and baseline sampling – three months; and 


• EZVI injection, post-injection sampling, performance monitoring, and post-
demonstration sampling – ten months. 


Figure 3-7 provides the anticipated project implementation and performance monitoring 
schedule for the field Dem/Val. 


3.6.3 Amount/Treatment Rate of Material to be Treated 


The mass of target VOCs in each test plot was calculated using results from the June 2005 
Site investigation soil core and groundwater samples (see Appendix A), an assumed radius of 
influence (ROI) of each injection technology, and from estimates of soil porosity (sand, 0.33; 
clay/silty clay, 0.40; peat, 0.89) and bulk density (sand, 1.78 grams per cubic centimetre [g/cm3]; 
clay/silty clay, 1.59 g/cm3; peat, 0.3 g/cm3) for the various soil types present in each test plot. 


Assuming a ROI of 5 ft for the Pneumatic Injection technology, the treatment zone for the 
Pneumatic Injection test plot will be approximately 15 ft wide, 10 ft long and 12 ft in vertical 
thickness (6 to 18 ft bgs).  The estimated total mass of target VOCs in the treatment zone is 57 
kilograms (Appendix A).  Of that 57 kg, 14 kg is PCE in the sorbed and aqueous phase, 35 kg is 
PCE DNAPL, and the remaining 8 kg comprises sorbed and aqueous phases of the other VOCs 
present at the site (TCE, VC, etc.).  Groundwater is flowing through the treatment zone at an 
estimated velocity of 0.17 ft/day and the porosity of the treatment zone is estimated to be 0.38.  
The volume of groundwater flowing through the treatment zone during the field Dem/Val is 
estimated to be 11.6 cubic feet per day.  All of the treated water will remain in the subsurface at 
all times. 


Assuming a ROI of 1 ft for the Direct Injection technology, three separate treatment zones 
(corresponding to the three injection points) will be established for the Direct Injection test plot, 
with each zone measuring 2 ft in diameter and 6 ft in vertical thickness (6 to 12 ft bgs).  The 
estimated total mass of target VOCs in the treatment zones is 155 grams (Appendix A).  Of that 
155 grams, 85 grams is PCE in the sorbed and aqueous phase, 58 grams is PCE DNAPL, and the 
remaining 12 grams comprises sorbed and aqueous phases of the other VOCs present at the site 
(TCE, VC, etc.).  Groundwater is flowing through the treatment zone at an estimated velocity of 
0.17 ft/day and the porosity of the treatment zone is estimated to be 0.33.  The volume of 
groundwater flowing through the treatment zone during the field Dem/Val is estimated to be 1.3 
cubic feet per day.  All of the treated water will remain in the subsurface at all times. 
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3.6.4 Residuals Handling 


All soils and liquids generated during drilling/coring, EZVI injection, well purging and 
equipment cleaning will be containerized by the drilling or sampling personnel in approved 
Department of Transportation (DOT) drums that can be sealed, locked and transported to a 
designated storage area for characterization, as appropriate, and subsequent proper disposal by 
the Navy in accordance with applicable regulations. 


3.6.5 Operating Parameters for the Technology 


The EZVI used in the field will be the same as that used in the laboratory treatability tests.  
The EZVI will be composed of nZVI from Toda (RNIP-10DS), water, corn oil and surfactant 
(Span 85) in the following proportions by weight: 10%, 51%, 38% and 1%, respectively.  A 
maximum of 850 gal of EZVI will be injected into the Pneumatic Injection test plot and 50 gal 
will be injected into the Direct Injection test plot.  These estimates are based on the number of 
electrons available in the iron, the number of electrons needed to degrade the PCE and other 
VOCs present, as well as a safety factor.  During the pre-design laboratory treatability study, 5 
times the theoretical amount of iron was used, which resulted in 100% of the TCE being 
degraded based on chloride production.  In the DNAPL phase lab tests, only 2 times the 
theoretical amount of iron was used, which resulted in 70% of the TCE being degraded based on 
chloride production for both the nZVI and the EZVI.  For the field Dem/Val, it is proposed that a 
4 times safety factor be used.  In the calculations for volume of EZVI to be injected, a “worst 
case scenario” was assumed, in which an estimate of 49 kg of PCE was used with the remaining 
8 kg assumed to be TCE.  Based on these mass estimates, a total of 190 gal of EZVI are needed 
(EZVI 10% nZVI by weight).  Using a 4 times safety factor, the total volume of EZVI to be 
injected into the PTA is 760 gal.  The value of 850 gal was used to allow for any increases in the 
VOC mass estimate that may result from the collection of the remaining pre-demonstration core 
(SC-9).  The final amounts will be determined based on the results of the remaining core to be 
collected in the Pneumatic Injection plot (SC-9 on Figure 3-6). 


A sample of the nZVI slurry will be collected as soon as the drums of RNIP-10DS are 
opened and will be handled in the field as much as possible in the same way as the nZVI that is 
being emulsified (exposed to air if the iron that is being emulsified needs to be exposed during 
transfer and emulsification, kept under a nitrogen head, mixed with potable water, same 
temperature, etc.).  As soon as possible after the EZVI is injected at the Site, an activity assay on 
the nZVI sample will be done using the same method as that described in the Final Laboratory 
Treatability Report (GeoSyntec, 2005a).   


Two test plots will be constructed at the Site as part of the field Dem/Val (Figure 3-6).  The 
Pneumatic Injection test plot will be used to evaluate the ability of emulsified nZVI to 
significantly reduce the mass flux of dissolved phase VOCs from a DNAPL source zone and to 
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reduce the DNAPL mass in the source.  This test plot will also be used to evaluate the ability of 
the injection technology to evenly distribute the emulsified nZVI in a controlled manner.  A set 
of five injection points is planned for the Pneumatic Injection test plot, with injections occurring 
from 6 to 18 ft bgs.  The ideal injection strategy will be to inject in the outer or corner injection 
points (each a 90° injection), pushing the EZVI and potentially mobile DNAPL toward the center 
of the plot, followed by injection of EZVI in the middle of the plot (a total of 360° injection, 
comprised of four 90° injections at each depth) to help promote mixing of the DNAPL and EZVI 
as the EZVI is pushed back toward the edges of the plot.  Any potentially mobile DNAPL will 
then be pushed out into the soil around the corner injection points. 


In the Pneumatic Injection test plot, the EZVI will be injected in 1 to 2 foot vertical lifts at 
each injection point (total of 6 to 12 injections per point).  The estimates of PCE mass in the 
targeted volumes for each vertical lift will be used to calculate the total amount of EZVI mass 
required for each lift.  The greatest uncertainty in the calculation is the mass of PCE DNAPL in 
the treatment zone because of the heterogeneous distribution of DNAPL in the subsurface.  PCE 
DNAPL mass in the test plot has been estimated from the soil sampling results from the pre-
design coring (Appendix A), and will be further refined using the results of the final baseline 
core still (SC-9) to be collected, which will also be analyzed for fraction of organic carbon and 
porosity.  PCE DNAPL mass will be estimated using threshold PCE soil concentrations using the 
equation below to determine the presence of DNAPL.   


 


 
b


bdwater
t


n)  (K CC
ρ
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Where: 


Ct = maximum PCE concentration in the dissolved and adsorbed phases (mg/Kg) 


Cwater = PCE Solubility; 150 mg/L at 20°C 


ρb = bulk density of soil (g/cm3): silty clay=1.59; sand=1.78; peat=0.3 (assumed based 
on Freeze and Cherry [1979]) 


n = porosity (unitless): silty clay=0.4; sand=0.33; peat=0.89 (assumed based on Freeze 
and Cherry [1979]) 


Kd = partitioning coefficient of PCE in soil [(mg/Kg)/(mg/L)] = Kocfoc 


Koc = organic carbon partition coefficient for PCE [(mg/Kg)/(mg/L)]: silty clay= 447;  
sand=355; peat=631 (Groundwater Chemicals Desk Reference, 3rd Edition) 
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foc = fraction organic carbon (unitless): silty clay=0.005 (taken from Allen-King et al. 
[1996]); sand=0.0003 (taken from Allen-King et al. [1997]); peat=0.19 (assumed 
based on Chow et al. [2006]) 


 


For the pneumatic injections, the injection nozzle consists of a bullet-shaped nozzle which is 
threaded on both the inside and outside.  The inside drill casing is 1.5 inches in diameter and the 
outside drill casing is 3 inches in diameter.  The inside casing functions as the pathway for the 
nitrogen and the media and the outside casing supports the nozzle during installation.  For the 
pneumatic injections, a two-step injection procedure will be used.  First, the formation will be 
fluidized, followed by injection of the EZVI.  The injection nozzle is designed to inject media in 
a horizontal or planar format in a 360° circumference.  The nozzle itself is directional, so that 
each injection covers an area of 90°.  To achieve a 360° circumference, the nozzle will be rotated 
between injections four times.  The nozzle is designed to produce a high velocity so that the 
maximum acceleration of gases and media is achieved immediately before entry into the soil 
formation.  After the injection has been completed, the nozzle will be retracted an appropriate 
distance (approximately 12 to 24 inches) and the process repeated.  Nitrogen initiation and 
maintenance pressures and pump pressures will be monitored and logged during all injection 
events.  All measurements will be collected utilizing a pressure transducer and a pressure gauge 
located at the nitrogen trailer and a pressure gauge at the pump head. 


Some degree of hydraulic control may be provided if water is pumped from the fully 
screened wells at the center of the Pneumatic Injection test plot during injection to maintain an 
inward hydraulic gradient in the treatment area and to supply any water to be used for co-
injection with EZVI.  Groundwater will be extracted at approximately 5 gallon per minute if 
permission to re-inject groundwater is received from the SCDHEC. 


The Direct Injection test plot will be used to evaluate the ability of the injection technology 
to evenly distribute the EZVI in a controlled manner.  A set of three 360° injection points is 
planned for the Direct Injection test plot, with injections occurring from 6 to 12 ft bgs. 


For the direct injections, a direct push rig will be used to advance a 1.5-inch O.D. injection 
tooling to the bottom of the desired injection zone (12 ft bgs).  Once the target depth has been 
reached, an injection cap will be attached to the top of the tool string.  Grout pumps will then be 
used to inject EZVI and water (at a ratio of 1:3) into the formation at maximum pressures of 40 
pounds per square inch (psi).  Use of the injection tooling allows the EZVI to be distributed over 
1 ft intervals.  After the first injection has been completed, the tooling will be retracted a distance 
of 1 ft, and the process repeated. 
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During EZVI injection in each plot, the injection area will be monitored for surface heave 
and evidence of daylighting or blowby using a graduated heave rod and a surveyor’s transit.  
Daylighting occurs when a vertical fracture connects to the surface and a visual crack in the 
ground surface is observed.  Blowby occurs when nitrogen travels upwards along the side of the 
nozzle assembly and dissipates at ground surface adjacent to the nozzle.  In the Pneumatic 
Injection test plot, subsurface EZVI transport will be monitored by collecting soil cores around 
the injection points.  For the corner injection points, cores will be collected in radially out from 
the injection point towards the center of the plot.  For the center injection point, cores will be 
collected radially out from the injection point towards the edges of the plot.  In the Direct 
Injection test plot, cores will be collected radially out from near the injection points.  In addition, 
ORP measurements and water table mounding measurements will be conducted during injection 
activities in wells surrounding both PTAs. 


The number and location of EZVI injection points for each test plot may change based on 
the subsurface conditions encountered during injections, and other site constraints. 


Following EZVI injection, operations will primarily be limited to groundwater monitoring 
and sampling to evaluate the ability of the EZVI technology to degrade DNAPL (in the 
Pneumatic Injection test plot), and to evaluate the ability of the two injection technologies to 
provide effective distribution of the EZVI within the source zones. 


3.6.6 Experimental Design 


As noted in Section 3.6.5, two test plots will be constructed at the Site as part of the field 
Dem/Val (Figure 3-6).  A set of five injection points is planned for the Pneumatic Injection test 
plot, with injections of emulsified nZVI occurring from 6 to 18 ft bgs.  The ideal injection 
strategy will be to inject in the outer or corner injection points, pushing the EZVI and potentially 
mobile DNAPL toward the center of the plot, followed by injection of EZVI in the middle of the 
plot to help promote mixing of the DNAPL and EZVI as the EZVI is pushed back toward the 
edges of the plot.  Any potentially mobile DNAPL will then be pushed out into the soil around 
the corner injection points.  A set of three injection points is planned for the Direct Injection test 
plot, with injections of emulsified nZVI occurring from 6 to 12 ft bgs.  The number and location 
of EZVI injection points for each test plot may change based on the subsurface conditions 
encountered during injections, and other site constraints. 


The EZVI is expected to temporarily reduce the aquifer permeability, although as the oil 
degrades, the bulk of the permeability should return to pre-demonstration conditions.  The 
amount of iron that will be injected is small enough that it is unlikely that a reduction in the 
permeability will be measurable after the oil has degraded.  It is unknown how long the nZVI 
will remain active in a DNAPL source area.  The intention of the field Dem/Val is to inject a 
sufficient amount of EZVI, based on the stoichiometric requirement of the baseline mass 
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estimate and the results of the laboratory studies (Section 3.5.1) with a safety factor built in, to 
achieve the target mass destruction.  After injection, the changes in mass flux and groundwater 
concentrations will be monitored and, if the degradation of the solvent is incomplete or too slow, 
then the benefit of adding further EZVI will be evaluated. 


3.6.7 Sampling Plan 


Prior to EZVI injection, a set of groundwater samples will be collected from each of the 
fully screened and multilevel monitoring wells to determine baseline concentrations (see Section 
3.5.4).  A set of soil cores has also been collected to determine a baseline DNAPL mass estimate 
and to help delineate the source mass distribution within the PTA.  An additional core will be 
collected to further evaluate the VOC mass in the Pneumatic Injection test plot (SC-9 on Figure 
3-6).  Following injection of EZVI, a set of groundwater samples will be collected from each of 
the fully screened and multilevel monitoring wells and will be analyzed for the parameters 
initially tested during baseline sampling activities.  A set of cores will also be collected around 
the injection points within the two test plots to evaluate the distribution of the EZVI and confirm 
emulsion droplet integrity.  Depending on drill rig availability, these cores may be collected 
immediately after injection or during the post-injection or performance monitoring sampling 
events.  Long-term performance monitoring will include the collection of groundwater samples 
from select wells and depths within the multilevel wells, and will be conducted over a period of 
nine months following EZVI injection.  The proposed performance monitoring sampling 
schedule for groundwater geochemical parameters and soil core collection is provided in Table 
3-3.  A final set of post-demonstration groundwater samples will be collected from each of the 
fully screened and multilevel monitoring wells and will be analyzed for the parameters initially 
tested during baseline sampling activities. A set of post-demonstration soil cores will also be 
collected in the Pneumatic Injection test plot from locations adjacent to the baseline soil cores 
(Figure 3-8), and will be analyzed for VOC concentrations to determine a post-demonstration 
DNAPL mass estimate.  The change in mass flux will be determined using results from the 
groundwater elevation evaluation conducted during each sampling event and the groundwater 
concentration data from the multilevel wells.  Appendix B provides a SAP developed for the 
field Dem/Val.  Appendix C provides a Quality Assurance Project Plan (QAPP). 


3.6.8 Demobilization 


At the end of the field Dem/Val, all wells will be decommissioned by GeoSyntec in 
accordance with the State of South Carolina decommissioning protocols and procedures unless 
the wells are taken over by Parris Island MCRD as additional site monitoring wells. 
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3.6.9 Health and Safety Plan (HASP) 


A site-specific HASP has been developed for all on-site activities (Appendix D).  This plan 
will be used by all personnel undertaking on-site work relevant to the field Dem/Val.  A copy of 
this plan will be reviewed and signed by all personnel performing work on the field Dem/Val, 
and a copy will be kept on-site at all times. 


3.7 Selection of Analytical/Testing Methods 


The anticipated laboratory analytical methods are summarized in Table 3-2.  Where 
possible, preference will be given to USEPA or American Standard for Testing and Materials 
(ASTM) test methods. 


3.8 Selection of Analytical/Testing Laboratory 


Commercial laboratories and/or EPA laboratories will be used for groundwater analyses, as 
shown in Table 3-2. 


3.9 Management and Staffing 


Tom Krug (GeoSyntec) is the Principal Investigator and will have responsibility for the 
overall management, direction, and execution of the field Dem/Val.  Suzanne O’Hara 
(GeoSyntec) will be the Project Manager.  Dr. Jacqueline Quinn (NASA) and Dr. Nancy Ruiz 
(NFESC) will be Technical Advisors involved in engineering design and project strategy.  Art 
Sanford (NAVFAC South) is the Remedial Project Manager for the Site.  Cliff Casey (NAVFAC 
South) will provide technical support for project activities at the Site.  Mark Watling 
(GeoSyntec) will coordinate daily management of the project activities and will act as the 
Quality Assurance Officer for the field Dem/Val to ensure that all project and subcontract 
personnel utilize sampling and analysis procedures that are in accordance with the QAPP. 


3.10   Demonstration Schedule 


Figure 3-7 provides a schedule for the technology demonstration. 


3.11   EPA Research Interests and Contributions 


In addition to the work being performed by GeoSyntec, the USEPA will contribute to the 
project as outlined in Appendix E. 
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4. PERFORMANCE ASSESSMENT 


4.1 Performance Criteria 


The performance of the technology demonstration will be evaluated using the general 
performance criteria provided in Table 4-1.  Qualitative and quantitative criteria are classed as 
either primary or secondary performance assessment criteria, respectively. 


The primary criteria constitute the performance objectives (previously presented in Table 3-
1) of the technology demonstration.  As stated in Section 1.2, the objectives of the field Dem/Val 
are to evaluate the ability of the two most promising injection technologies to evenly distribute 
the EZVI in a controlled manner, and evaluate the ability of EZVI to significantly reduce the 
mass flux of dissolved-phase VOCs from a DNAPL source zone and to reduce the DNAPL mass 
in the source.  In addition, a guidance manual will be developed that will assist with the selection 
and implementation of the EZVI technology.  In general, the performance criteria will be used to 
achieve these objectives by: 


• Evaluating the ability of each technology to evenly distribute the EZVI within the 
subsurface without damaging the emulsion structure;  


• Quantifying the effect of the technology on VOC and DNAPL degradation in 
groundwater; and 


• Evaluating the level of complexity and cost for implementation of the EZVI 
technology at the field scale. 


4.2 Performance Confirmation Methods 


The success of the technology demonstration will be evaluated using the performance 
confirmation methods presented in Table 4-2. 


Analytical methods that will be used in the course of the technology demonstration are 
provided in Table 3-2.  Where possible, standard USEPA or ASTM analytical methods will be 
employed.  Measures that will be taken to ensure the reliability and accuracy of the analytical 
data are provided in Appendix C (QAPP). 


Performance monitoring and assessment will be conducted for nine months.  Groundwater 
and soil samples will be collected from both test plots for analysis of the parameters listed in 
Table 3-3.  Sampling will be conducted using sampling protocols presented in Appendix B. 


A successful technology demonstration will be one in which: 
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1. At least one of the injection technologies is able to effectively and evenly distribute 
the EZVI within the subsurface without damaging the emulsion structure; 


2. A decrease in the mass flux of dissolved chlorinated ethenes is observed for areas in 
contact with EZVI; 


3. A decrease in VOC and DNAPL mass is observed for areas in contact with EZVI; 
and 


4. The technology is simple and cost effective to implement at the field scale. 


4.3 Data Analysis, Interpretation, and Evaluation 


Prior to and following EZVI injection, groundwater samples will be collected from the fully 
screened and multilevel monitoring wells for analysis of VOCs, DHGs, anions, VFAs, and 
general water quality parameters.  Soil cores will also be collected pre- and post-EZVI injection 
to determine DNAPL mass estimates and to evaluate the distribution of the EZVI (further details 
on sample frequency are provided in Appendix B). 


These data will be used in evaluating the performance of the EZVI technology during in situ 
cleanup of DNAPL source areas, and will aid in the development of a guidance manual to assist 
with the selection and implementation of the EZVI technology. 
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5. COST ASSESSMENT 


Upon completion of the technology demonstration, the costs of the EZVI technology will 
be evaluated, reported, and presented using the methodology outlined in the Federal Remediation 
Technologies Roundtable (FRTR) Report (1998).  Cost data collected during the technology 
demonstration will be reported and evaluated as described in the following sections. 


5.1 Cost Reporting 


Costs will be tracked throughout the technology demonstration using GeoSyntec’s corporate 
management information system, which allows detailed tracking of material, labor, travel, and 
subcontractor costs by major project milestone.  At project completion, this information may be 
used to estimate the life-cycle cost for the technology. 


Start-up costs will include all activities through installation, including planning, sample 
collection, regulatory negotiations, and permitting.  Capital costs will include costs related to 
supply/equipment acquisition and any necessary modifications made to existing infrastructures.  
O&M costs will include calibration of instruments, sampling, analytical work (field and 
laboratory based, but excluding site characterization), maintenance, replacement of consumables 
(e.g., EZVI), and any waste handling and disposal.  All field activities following the final round 
of sampling will be rolled into demobilization costs.  These costs will include equipment 
decontamination and removal, well abandonment, site restoration, and any applicable disposal 
costs associated with the demobilization effort. 


The cost reporting will include a cost comparison and Life Cycle Analysis cost section that 
will include cost comparison to the most pertinent in situ treatment technology (possibly in situ 
chemical oxidation). 


5.2 Cost Analysis 


Total project cost will be summarized at the completion of the technology demonstration 
and compared to a baseline alternative technology such as pump-and-treat, for which large cost 
data sets are available.  Major cost components for the EZVI technology are likely to include: 


• Installation of the monitoring network; 


• Labor and materials required for injection and distribution of the EZVI; and 


• Performance monitoring and sample analysis. 
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6. IMPLEMENTATION ISSUES 


The field Dem/Val will comply with all applicable federal, state, and/or local laws and 
regulations.  Regulations expected to affect the field Dem/Val are listed below: 


• Occupational Safety and Health Administration (OSHA) regulations; 


• State or local wastewater discharge criteria; and 


• State or local regulations for underground injection of EZVI (and the possible re-
injection of groundwater containing chlorinated solvents). 


This demonstration is being implemented as a Treatability Study under CERCLA at an 
National Priority List (NPL) Site and is subject to the requirements of CERCLA and the 
Remediation process.  However, as an Environmental Securities Technology Certification 
Program (ESTCP) project, it is understood that GeoSyntec shall collect and report all 
information for this demonstration following ESTCP guidelines.  GeoSyntec will prepare all 
reports according to ESTCP requirements and copies of each report will be provided to the 
MCRD Partnering Team.  If the Environmental Protection Agency (EPA) requires additional 
reports or requires that the data be presented in a different format than ESTCP’s requirements, 
Art Sanford (NAVFAC South) will arrange for the MCRD Team (NAVFAC) to provide that 
data.  


6.1 Environmental Checklist 


This section describes all applicable or relevant regulatory requirements related to the 
activities discussed in Section 3.  These requirements include the acquisition of permits, 
compliance to regulations, and approval from local and state authorities to add EZVI (and the 
possible re-injection of groundwater).  Since similar projects have received authorization from 
state authorities to inject these amendments into groundwater, GeoSyntec does not anticipate that 
this will be problematic.  If groundwater is going to be re-injected at the Site, it will first be 
treated using granular activated carbon to remove any VOCs.  Extracted groundwater would be 
pumped through two granular activated carbon canisters and samples of the groundwater would 
be collected between the canisters and at the effluent end to insure complete VOC removal prior 
to re-injection.  The methods for groundwater extraction, treatment, and re-injection would be 
detailed in the permit application to the Bureau of Water for injection of EZVI and groundwater 
referenced above.  If permission is not given to re-inject the treated groundwater, potable water 
will be used. 
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6.1.1 Hazardous Material Storage 


During the field Dem/Val, hazardous materials (e.g., methanol, equipment cleaning 
supplies) will be stored on-site in a secure location.  All materials will be properly stored and 
labeled with the appropriate labeling and placards as required by RCRA and DOT.  A material 
safety data sheet (MSDS) for each hazardous compound will be kept on-site in a location readily 
accessible to all on-site personnel. 


6.1.2 Air Discharge 


It is not anticipated that wastes will be discharged to the atmosphere. 


6.1.3 Wastewater Discharge 


No activities planned for the field Dem/Val will generate hazardous wastewater other than 
groundwater sampling activities.  All fluids generated during well installation, purging and 
equipment cleaning will be containerized by the drilling or sampling personnel in approved DOT 
drums that can be sealed, locked and transported to a designated storage area for 
characterization, as appropriate, and subsequent proper disposal by the Navy in accordance with 
applicable regulations.  Groundwater samples submitted to an off-site lab for analysis will be 
managed according to the laboratory’s established disposal protocols. 


6.1.4 Waste Storage, Treatment, and Disposal 


All soils generated during drilling and coring will be containerized by the drilling personnel 
in approved DOT drums that can be sealed, locked and transported to a designated storage area 
for characterization, as appropriate, and subsequent proper disposal by the Navy in accordance 
with applicable regulations.  No other residuals will be generated during the field Dem/Val, other 
than common, non-hazardous trash associated with groundwater monitoring, which will be 
packaged and disposed of according to MCRD protocols. 


6.2 Other Regulatory Issues 


GeoSyntec and its partners NASA and NFESC will work together to successfully transition 
the EZVI technology to both federal and non-federal sectors.  NFESC intends to promote the 
technology throughout the DoD Tri-services, the FRTR, the Remediation Technologies 
Development Forum (RTDF) and the Interstate Technology Regulatory Council (ITRC) 
Permeable Reactive Barriers (PRB) workgroups.  Technology demonstration information may 
also be used in Naval Facilities Engineering Command (NAVFAC) technology transfer 
initiatives such as the Remedial Innovative Technology Seminar and training programs including 
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the Navy’s Advanced Environmental Restoration course. Articles will be submitted to the 
Society of American Military Engineers magazine, the Navy’s environmental magazine 
(Currents), the Air Forces’ pollution prevention newsletter (PRO-ACT), and on-line publications 
of the USEPA Technology Innovation Office (Techdirect and Groundwater Currents).  
Information will be distributed at the following conferences: the Tri-Service Environmental 
Technology Workshop; the Federal Facilities Environmental Conference; the Navy Water and 
Wastewater Naval Environmental Protection Support Services (NEPSS) Technical Meeting; the 
Navy Water Program Managers’ Meeting; the Navy Pollution Prevention Conference. 
Presentations, posters, and papers will also be submitted to these conferences to enhance the 
awareness of this technology.  Information about the technology demonstration will be posted on 
the web pages of project team members, and cross-linked to other applicable web sites. 


In addition to internal DoD efforts, GeoSyntec will market the technology to non-federal 
defense contractor facilities through the ITRC PRB team, to make them aware of the potential to 
use the technology to reduce environmental risk and liability.  GeoSyntec has a strong track 
record in this regard, having actively advocated the use of other innovative technologies being 
developed through Strategic Environmental Research and Development Program (SERDP) and 
Environmental Security Technology Certification Program (ESTCP) projects (e.g., 
bioaugmentation, chemical oxidation, and perchlorate bioremediation). 


6.3 End-User Issues 


Potential end-users of this technology include responsible parties for contaminated sites 
where PCE and TCE DNAPLs are present in groundwater.  End-users will have an interest in the 
technology because it can potentially treat groundwater in situ at an overall cost much less than 
for conventional pump-and-treat remediation approaches.  End-users and other stakeholders may 
have concerns regarding: 1) the effectiveness of the technology in reducing concentrations of 
target compounds below appropriate criteria; and 2) potential negative impacts of the EZVI on 
water quality downgradient of the treatment zone. In addition, key end-user issues include: 


• The volume of EZVI required; and 


• The distance the EZVI migrates away from the injection point. 


The technology demonstration will address each of these issues. 
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8. POINTS OF CONTACT 


A summary of contact information for key personnel associated with the technology 
demonstration is presented in Table 8-1. 
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TABLE 2-1:  FACTORS AFFECTING COST AND PERFORMANCE OF THE EMULSIFIED ZERO-VALENT IRON TECHNOLOGY
                        Emulsified Zero-Valent Iron Treatment of Chlorinated Solvent DNAPL Source Areas


 Specific Performance Factors
DNAPL mass and distribution - benefits of EZVI technology diminishes at sites where 
less DNAPL is present. Greater area of DNAPL distribution may require more injection 
points.


 
Depth to source zone - some injection costs will increase as the depth to the target 
treatment zone increases, but other costs, such as EZVI costs, will remain similar.


Concentration of other organic and inorganic constituents - for the biological 
component of degradation, dehalorespiration of PCE/TCE can be inhibited in the presence 
of chloroform and 1,1,1-TCA.   Large amounts of other ionic consituents may react with 
the ZVI reducing the reactivity of the EZVI.


pH - for the biological component of degradation, microbial enzyme activity is sensitive to
pH.  However, the majority of enzymes are effective at or near neutral conditions, such as 
those typically encountered in groundwater.  


Hydraulic conductivity - EZVI may be more readily distributed in permeable media.


Geological heterogeneity -  high heterogeneity limits the uniform distribution of EZVI 
within the target treatment area.


Cost of EZVI components - costs for nano-ZVI represent a significant portion of the 
application costs.  Alternate ZVI material, such as micro-ZVI, could reduce costs 
significantly.


Frequency and dose - lower dose and frequency of EZVI injection will reduce cost of 
technology.  Therefore, the better characterized the soure is,  the greater the success with 
targeting the source area with appropriate concentrations of EZVI.


Ability of the injection method to distribute EZVI - the further the injection method 
can distribute EZVI from the injection point, fhe fewer number of injection points required
to treat a given area.  Fewer injection points will reduce costs for application.


Available 
Infrastructure


Available infrastructure - the availability of infrastructure (e.g., existing groundwater 
injection or monitoring wells, storage buildings, and utilities) can reduce the cost of 
technology implementation.  


Hydrogeologic 
Conditions


Aquifer 
Geochemistry


EZVI Injection
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TABLE 3-1:  PERFORMANCE OBJECTIVES
                        Emulsified Zero-Valent Iron Treatment of Chlorinated Solvent DNAPL Source Areas


 
Actual Performance


Objective Met?
(to be completed following 


demonstration )
1) Ability to inject EZVI without 
damaging emulsion structure


Injection technologies will be able to deliver 
the EZVI within the source zone in a way 
that will not damage the emulsion


2) Ability to evenly distribute EZVI in 
controlled manner over an optimum 
radius of influence


Injection technologies will be able to deliver 
the EZVI within the source zone in a way 
that will allow some control of the direction 
of EZVI injection so as to evenly distribute 
the EZVI over the injection interval


3) Implementability EZVI will be relatively easy to handle and 
inject in the field with proper operator 
training


4) Reduction in mass flux of dissolved 
VOCs in downgradient monitoring 
wells in the Pneumatic Injection test 
plot; degradation will also be 
evaluated in the adjacent Direct 
Injection test plot, but this is 
secondary


>75% decrease in mass flux of dissolved 
chlorinated ethenes based on groundwater 
samples from multilevel wells over the 
baseline condition for areas in contact with 
EZVI


5) Reduction in the total VOC and 
DNAPL mass in the Pneumatic 
Injection test plot


>75% decrease in VOC and DNAPL mass in 
the Pneumatic Injection test plot over 
baseline conditions based on groundwater 
samples and post-demonstration core 
samples for areas in contact with EZVI


6) Radius of Influence (ROI) For the Pneumatic Injection technology a 
ROI >5ft; for the Direct Injection technology
a ROI of >1 ft


Quantitative


Type of 
Performance 


Objective
Primary Performance Criteria Expected Performance


Qualitative
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TABLE 3-2:  SUMMARY OF SAMPLE HANDLING AND LABORATORY ANALYTICAL DETAILS
                        Emulsified Zero-Valent Iron Treatment of Chlorinated Solvent DNAPL Source Areas


Parameter Analytical Method Method Analytical Quantitation Sample Preservative Holding
Number Laboratory Limit Container Time


Field Parameters (DO, ORP, pH, 
conductivity, temperature, sulfide, 
ferrous iron)


Multiprobe System,     
Field Kits


Field NA Varies NA NA NA


VOCs (PCE, TCE, cis-1,2-DCE, 
trans-1,2-DCE, 1,1-DCE, vinyl 
chloride)


Gas Chromatography 
/Mass Spectrometry


EPA 8260B EPA/STL 0.02 to 0.2 µg/L 3 x 40 mL VOA sulfuric acid to 
pH<2, cool to 4°C


14 days


Dissolved Hydrocarbon Gases 
(methane, ethane, ethene)


Gas Chromatography/ 
Flame Ionizing Detector


RSK-175 or  EPA 
8015B


EPA/STL 10 µg/L 3 x 40 mL VOA sulfuric acid to 
pH<2, cool to 4°C


7 days


Anions (chloride, nitrate, nitrite, 
sulfate)


Ion Chromatography,   
Colorimetry


EPA 300.0, 353.2, 
310.1


EPA/STL 0.01 to 0.05 
mg/L


30 or 120 mL 
plastic


cool to 4oC 2 to 28 days


VFAs Gas Chromatography/ 
Flame Ionizing Detector


EPA 8015-Mod STL 0.097 to 1.6 
mg/L


3 x 40 mL VOA cool to 4°C 14 days


Alkalinity Colorimetry EPA 310.1 EPA/STL 1 mg/L 125 mL plastic cool to 4°C 14 days


TOC Combustion or Oxidation EPA 415.1 EPA/STL 1 mg/L 125 mL plastic sulfuric acid to 
pH<2, cool to 4°C


28 days


Cations/Dissolved Metals Inductively-Coupled 
Plasma


EPA 6010B EPA/STL 0.9 to 300 µg/L 60 or 500 mL 
plastic


nitric acid to pH<2, 
cool to 4°C


21 days


VOCs (PCE, TCE, cis-1,2-DCE, 
trans-1,2-DCE, 1,1-DCE, vinyl 
chloride)


Gas Chromatography 
/Mass Spectrometry


Mod. EPA 8260B(a) EPA/STL 0.02 to 0.2 µg/L 3 x 40 mL VOA sulfuric acid to 
pH<2, cool to 4°C


14 days


EZVI Visual/Microscopic NA EPA/STL NA Butyrate or 
acetate sleeve


cool to 4°C 14 days


foc Walkley Black Walkley Black STL 500 mg/kg 250 ml plastic cool to 4°C 28 days


Porosity Water Pycnometer/Drive-
Cylinder


ASTM D854, 
ASTM D2937


STL TBD TBD TBD TBD


Notes:
NA - Not Applicable
STL - Severn Trent Laboratories, Inc.
EPA - EPA GWERD National Risk Management Research Laboratory, Ada, OK
(a) - Samples will be extracted using methanol on site.  See Appendix B for the detailed extraction procedure
TBD - To be determined


G
R
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TABLE 3-3:  ANTICIPATED PERFORMANCE MONITORING GROUNDWATER AND SOIL SAMPLING SCHEDULE
                        Emulsified Zero-Valent Iron Treatment of Chlorinated Solvent DNAPL Source Areas


Analyte Specific Parameter Frequency Rationale/Use
of Interest


Field Parameters DO, ORP, pH, conductivity, 
temperature, sulfide, ferrous iron


Monthly (bi-monthly 
after 2 months)


Primarily to monitor significant shifts in redox conditions


VOCs PCE, TCE, cis-1,2-DCE, trans-1,2-
DCE, 1,1-DCE, VC


Monthly (bi-monthly 
after 2 months)


VOC degradation and mass flux


DHGs methane, ethane, ethene Monthly (bi-monthly 
after 2 months)


VOC degradation and extent of methanogenesis, electron 
balances


Anions chloride, nitrate, nitrite, sulfate Monthly (bi-monthly 
after 2 months)


general groundwater geochemistry, sulfate and nitrate reduction


Alkalinity Bicarbonate Monthly (bi-monthly 
after 2 months)


Monitor major shifts in buffering


Organic VFAs, TOC Monthly (bi-monthly 
after 2 months)


Evaluate electron donor concentrations, monitor degradation of 
vegetable oil, quantify the presence of organic matter in 
groundwater


Cations/Dissolved Metals Various Monthly (bi-monthly 
after 2 months)


Monitor the occurrence of Fe and Mn reduction


VOCs PCE, TCE, cis-1,2-DCE, trans-1,2-
DCE, 1,1-DCE, VC


TBD Determine DNAPL mass estimate


EZVI EZVI TBD Evaluate EZVI distribution, confirm emulsion droplet integrity


foc and porosity foc and porosity TBD Confirm assumed values used to estimate PCE DNAPL mass


Notes:
TBD - To be determined based on drill rig availability
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                        Emulsified Zero-Valent Iron Treatment of Chlorinated Solvent DNAPL Source Areas


Performance Criteria Description of Criteria
1) Ability to inject EZVI without damaging 
emulsion structure


Injection technologies will be able to deliver the EZVI within the source zone in a way 
that will not damage the emulsion


2) Ability to evenly distribute EZVI in 
controlled manner over an optimum radius of 
influence


Injection technologies will be able to deliver the EZVI within the source zone in a way 
that will allow some control of the direction of EZVI injection so as to evenly distribute 
the EZVI over the injection interval


3) Implementability The level of complexity for implementing the the EZVI technology in the field and 
degree of training required


4) Reduction in mass flux of dissolved VOCs in 
downgradient monitoring wells in the Pneumatic 
Injection test plot; degradation will also be 
evaluated in the adjacent Direct Injection test 
plot, but this is secondary


>75% decrease in mass flux of dissolved chlorinated ethenes based on groundwater 
samples from multilevel wells over the baseline condition for areas in contact with EZVI


5) Reduction in the total VOC and DNAPL 
mass in the Pneumatic Injection test plot


>75% decrease in VOC and DNAPL mass in the Pneumatic Injection test plot over 
baseline conditions based on groundwater samples and post-demonstration core samples 
for areas in contact with EZVI


6) Radius of Influence (ROI) Radius of influence of the injection technology.  For the Pneumatic Injection technology 
a ROI >5ft; for the Direct Injection technology a ROI of >1 ft


7) Versatility Technology can be applied in a variety of geological and hydrogeological settings where 
DNAPL source areas are present


8) Duration of Remediation Reduction of total VOC and DNAPL concentrations can be achieved within a short time 
frame (i.e., <9 months)


8) Scale-up Contraints Technology can be implemented at full scale at larger sites based on performance data 
from small scale demonstration


TABLE 4-1:  PERFORMANCE CRITERIA
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TABLE 4-2:  EXPECTED PERFORMANCE CONFIRMATION METHODS
                        Emulsified Zero-Valent Iron Treatment of Chlorinated Solvent DNAPL Source Areas


Performance 
Confirmation 


Method
Primary Criteria (Qualitative)
1) Ability to inject EZVI without 
damaging emulsion structure


Injection technologies will be able to deliver the 
EZVI within the source zone in a way that will not 
damage the emulsion


Groundwater sampling of 
performance monitoring wells and 
collection of soil cores


2) Ability to evenly distribute EZVI in 
controlled manner over an optimum 
radius of influence


Injection technologies will be able to deliver the 
EZVI within the source zone in a way that will allow 
some control of the direction of EZVI injection so as 
to evenly distribute the EZVI over the injection 
interval


Groundwater sampling of 
performance monitoring wells and 
collection of soil cores


3) Implementability EZVI will be relatively easy to handle and inject in 
the field with proper operator training


Experience from demonstration 
operation


Primary Criteria (Quantitative)
4) Reduction in mass flux of dissolved 
VOCs in downgradient monitoring wells 
in the Pneumatic Injection test plot; 
degradation will also be evaluated in the 
adjacent Direct Injection test plot, but 
this is secondary


>75% decrease in mass flux of dissolved chlorinated 
ethenes based on groundwater samples from 
multilevel wells over the baseline condition for areas 
in contact with EZVI


Groundwater sampling of 
performance monitoring wells and 
collection of soil cores


5) Reduction in the total VOC and 
DNAPL mass in the Pneumatic Injection 
test plot


>75% decrease in VOC and DNAPL mass in the 
Pneumatic Injection test plot over baseline 
conditions based on groundwater samples and post-
demonstration core samples for areas in contact with 
EZVI


Groundwater sampling of 
performance monitoring wells and 
collection of soil cores


6) Radius of Influence (ROI) For the Pneumatic Injection technology a ROI >5ft; 
for the Direct Injection technology a ROI of >1 ft


Groundwater sampling of 
performance monitoring wells and 
collection of soil cores


Secondary Criteria (Qualitative)
7) Versatility Technology can be applied in a variety of geological 


and hydrogeological settings where DNAPL source 
areas are present


Experience from demonstration 
operation


8) Duration of Remediation Reduction of total VOC and DNAPL concentrations 
can be achieved within a short time frame (i.e., <9 
months)


Groundwater sampling of 
performance monitoring wells over 
time


8) Scale-up Contraints Technology can be implemented at full scale at 
larger sites based on performance data from small 
scale demonstration


Groundwater modeling based on 
actual site data over an extended 
area


Performance Criteria Expected Performance Metric
 (pre demo)
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                        Emulsified Zero-Valent Iron Treatment of Chlorinated Solvent DNAPL Source Areas


Point of Contact Organization Phone/Fax/E-mail Role in Project


Tom Krug GeoSyntec Consultants
(519) 822-2230 Ext. 242


Fax (519) 822-3151
tkrug@geosyntec.com


Principal Investigator


Suzanne O'Hara GeoSyntec Consultants
(519) 822-2230 Ext. 234


Fax:  (519) 822-3151
sohara@geosyntec.com


Project Manager


Mark Watling GeoSyntec Consultants
(519) 822-2230 Ext. 316


Fax (519) 822-3151
mwatling@geosyntec.com


Field Study Leader, QA/QC 
Officer


Dr. Jacqueline Quinn NASA
(321) 867-8410


Fax (321) 867-9161
Jacqueline.W.Quinn@nasa.gov


Technical Advisor


Dr. Robert Puls
US. EPA, National Risk 
Management Research 


Laboratory


(580) 436-8543
Fax (580) 436-8525
puls.robert@epa.gov


Technical Advisor


Dr. Chunming Su
US. EPA, National Risk 
Management Research 


Laboratory


(580) 436-8638
Fax (580) 436-8703


Su.Chunming@epamail.epa.gov
Technical Advisor/Chemist


Dr. Nancy Ruiz NFESC
(805) 982-1155


Fax (805) 982-4304
nancy.ruiz@navy.mil


Technical Advisor


Timothy J. Harrington


MCRD, Parris Island, SC, 
Deputy Natural Resources 
& Environmental Affairs 


Officer,


(843) 228-3423
Fax (843) 228-3566


timothy.j.harrington@usmc.mil


 Installation Restoration 
Program Manager


Art Sanford NAVFAC South
(843) 820-7482


Fax (843) 820-7465
art.Sanford@navy.mil


NAVFAC South RPM


Cliff Casey NAVFAC South
(843) 820-5561


Fax (843) 820-7465
cliff.casey@navy.mil


NAVFAC South Technical 
Support


Don Hargrove SCDHEC
(803) 896-4033


Fax (803) 896-4002
hargrodc@dhec.sc.gov


SCDHEC Representative


Jerry Stamps SCDHEC
(803) 896-4285


Fax (803) 896-4002
stampsjm@dhec.sc.gov


SCDHEC Representative


Lila Llamas USEPA, Region 4
(404) 562-9969


Fax  (404)-562-8518
Koroma-Llamas.Lila@epamail.epa.gov


US EPA Region 4


TABLE 8-1:   LIST OF CONTACTS
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Figure: 1-1


Site 45 Location at MCRD,
Parris Island, South Carolina


ESTCP Demonstration Plan, EZVI Treatment
of Chlorinated Solvent DNAPL Source Areas
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Nov. 2005 GEOSYNTEC 
CONSULTANTS


Figure: 2-1


Schematic and Photo of Emulsion Droplet Structure
of the Emulsified Zero-Valent Iron


ESTCP Demonstration Plan, EZVI Treatment of
Chlorinated Solvent DNAPL Source Areas
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Figure: 3-2


Potentiometric Map of the Upper Surficial Aquifer
ESTCP Demonstration Plan, EZVI Treatment of


Chlorinated Solvent DNAPL Source Areas


Up
pe


r A
qu


ife
r.a


i


PTA Location


Source: NAVFAC South


June 17, 2003 feet







Nov. 2005 GEOSYNTEC 
CONSULTANTS


Figure: 3-3


Potentiometric Map of the Lower Surficial Aquifer
ESTCP Demonstration Plan, EZVI Treatment of


Chlorinated Solvent DNAPL Source Areas
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Figure: 3-4


Generalized Geologic Cross Section
ESTCP Demonstration Plan, EZVI Treatment of


Chlorinated Solvent DNAPL Source Areas
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Figure: 3-5 


Typical Multilevel Well Construction Detail
ESTCP Demonstration Plan, EZVI Treatment of


Chlorinated Solvent DNAPL Source Areas
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FIGURE 3-7:  DEMONSTRATION SCHEDULE
                         ESTCP Demonstration Plan, Emulsified ZeroValent Iron Treatment of DNAPL Source Zones
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APPENDIX A 
 


JUNE 2005 SITE INVESTIGATION DATA 
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TABLE A-1
Groundwater VOC Concentrations from Temporary Wells


Parris Island, South Carolina


GeoSyntec Consultants


Location Depth of Sample Date Sampled Duplicate Tetrachloroethene Trichloroethene cis-1,2-Dichloroethene Vinyl chloride
(ft) (µg/L) (µg/L) (µg/L) (µg/L)


AW-2 12-Jun-05 -- 428 352 1900 28.1 J
MW-08SU 12-Jun-05 -- 18500 5390 2740 200 U
MW-22SU 12-Jun-05 -- 200 U 204 10300 3080


TW-1 8 11-Jun-05 -- 8410 28700 68400 13300
15 11-Jun-05 -- 114 338 104 7.5
20 11-Jun-05 -- 2.51 6.78 12.6 6.13


TW-2 8 12-Jun-05 -- 52500 37500 28700 1960
15 12-Jun-05 -- 71400 2620 555 J 1000 U
20 12-Jun-05 -- 6720 131 100 U 100 U


TW-3 8 12-Jun-05 -- 61.8 0.914 J 85.3 17
15 12-Jun-05 -- 19.4 0.787 J 43.7 1.66
15 12-Jun-05 Field Duplicate 20.8 0.718 J 50.2 2.17


TW-4 8 12-Jun-05 -- 11900 6700 5590 200 U
15 12-Jun-05 -- 8750 440 200 U 3.41
19 12-Jun-05 -- 180 35.9 29.3 11.3


Notes:


"J" - estimated concentration
"U" - not detected (reported at detection limit)


ft - feet
µg/L - micrograms per liter


Table A-1 - temp well GW VOC concentrations.xls
Last Updated: 3/28/2006







TABLE A-2
VOC Concentrations from Soil Samples


Parris Island, South Carolina


GeoSyntec Consultants


Location Sample Depth Date Sampled Duplicate Dominant Ct Tetrachloroethene Trichloroethene trans-1,2-Dichloroethene cis-1,2-DCE Vinyl chloride
(ft) Lithology (µg/kg) (µg/kg) (µg/kg) (µg/kg) (µg/kg) (µg/kg)


SC-1 4-6 13-Jun-05 -- sand  43,784 6,100 890 310 U 810 610 U
6-8 13-Jun-05 -- silty sand 43,784 140,000 4,200 2400 U 2400 U 4800 U
6-8 13-Jun-05 Field Duplicate silty sand 43,784 130,000 3,900 2400 U 2400 U 4800 U


10-12 13-Jun-05 -- sand  43,784 7,700 750 340 U 340 U 690 U
12-14 13-Jun-05 -- sand  43,784 330 U 330 U 330 U 330 U 650 U
14-16 13-Jun-05 -- sand  43,784 320 U 320 U 320 U 320 U 630 U
16-18 13-Jun-05 -- sand and clay 191,890 300 U 300 U 300 U 300 U 600 U
18-20 13-Jun-05 -- peat 18,428,500 1300 U 1300 U 1300 U 1300 U 2600 U


SC-2 4-6 13-Jun-05 -- sand 43,784 290 U 290 U 290 U 290 U 590 U
6-8 13-Jun-05 -- silty sand 43,784 1200 U 1200 U 1200 U 1200 U 2500 U


8-10 13-Jun-05 -- silty clay 372,986 350 U 350 U 350 U 350 U 700 U
10-12 13-Jun-05 -- silty clay 372,986 340 U 340 U 340 U 340 U 690 U
12-14 13-Jun-05 -- silty sand 43,784 350 U 350 U 350 U 350 U 700 U
14-16 13-Jun-05 -- sand 43,784 340 U 340 U 340 U 340 U 690 U
16-18 13-Jun-05 -- sand 43,784 400 U 400 U 400 U 400 U 810 U
18-20 13-Jun-05 -- peat 18,428,500 670 U 670 U 670 U 670 U 1300 U
18-20 13-Jun-05 Field Duplicate peat 18,428,500 670 U 670 U 670 U 670 U 1300 U


SC-3 4-6 13-Jun-05 -- sand 43,784 70,000 2,500 2,100 49,000 2900 U
6-8 13-Jun-05 -- sand 43,784 320 1,300 1,100 17,000 3,300


8-10 13-Jun-05 -- silty clay 372,986 13,000 1,500 370 11,000 700
10-12 13-Jun-05 -- sand 43,784 310 U 310 U 310 U 2,700 610 U
12-14 13-Jun-05 -- sand 43,784 1,300 880 320 U 320 U 650 U
14-16 13-Jun-05 -- sand 43,784 330 U 330 U 330 U 330 U 670 U
16-18 13-Jun-05 -- sand (high organics) 43,784 1,300 560 U 560 U 560 U 1100 U
16-18 13-Jun-05 Field Duplicate sand (high organics) 43,784 1,100 560 U 560 U 560 U 1100 U
18-20 13-Jun-05 -- peat 18,428,500 870 U 870 U 870 U 870 U 1700 U


SC-4 4-6 13-Jun-05 -- sand 43,784 310 U 310 U 310 U 1,300 620 U
6-8 13-Jun-05 -- sand 43,784 300 U 300 U 300 U 8,600 730


8-10 13-Jun-05 -- silty clay 372,986 21,000 5,300 340 U 3,600 690 U
10-12 13-Jun-05 -- sand 43,784 8,800 2,500 330 U 1,100 660 U
10-12 15-Jun-05 Field Duplicate sand 43,784 7,500 2,200 330 U 1000 660 U
12-14 13-Jun-05 -- silty sand 43,784 330 U 330 U 330 U 330 U 660 U
14-16 13-Jun-05 -- silty sand 43,784 330 U 330 U 330 U 330 U 670 U
16-18 13-Jun-05 -- clay 372,986 1300 U 1300 U 1300 U 1300 U 2700 U
18-20 13-Jun-05 -- peat 18,428,500 770 U 770 U 770 U 770 U 1500 U


Table A-2 - soil data with calculations.xls 
Last Updated: 3/28/2006
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TABLE A-2
VOC Concentrations from Soil Samples


Parris Island, South Carolina


GeoSyntec Consultants


Location Sample Depth Date Sampled Duplicate Dominant Ct Tetrachloroethene Trichloroethene trans-1,2-Dichloroethene cis-1,2-DCE Vinyl chloride
(ft) Lithology (µg/kg) (µg/kg) (µg/kg) (µg/kg) (µg/kg) (µg/kg)


SC-5 4-6 14-Jun-05 -- sand 43,784 300 U 300 U 300 U 1,800 600 U
6-8 14-Jun-05 -- sand 43,784 310 U 310 U 310 U 1,400 610 U


8-10 14-Jun-05 -- silty clay 372,986 310 U 310 U 310 U 310 U 620 U
10-12 14-Jun-05 -- sand 43,784 340 U 340 U 340 U 340 U 690 U
12-14 14-Jun-05 -- sand 43,784 330 U 330 U 330 U 330 U 660 U
14-16 14-Jun-05 -- sand 43,784 330 U 330 U 330 U 330 U 660 U
16-18 14-Jun-05 -- silty sand 43,784 420 U 420 U 420 U 420 U 830 U
18-20 14-Jun-05 -- peat 18,428,500 1300 U 1300 U 1300 U 1300 U 2700 U


SC-6 4-6 14-Jun-05 -- sand 43,784 300 U 300 U 300 U 300 U 600 U
6-8 14-Jun-05 -- silty sand 43,784 310 U 310 U 310 U 1,700 810


8-10 14-Jun-05 -- clay 372,986 9,700 5,500 350 U 6,200 870
10-12 14-Jun-05 -- sand 43,784 12,000 5,300 320 U 3,400 640 U
12-14 14-Jun-05 -- sand 43,784 2,600 500 330 U 330 U 670 U
14-16 14-Jun-05 -- sand 43,784 510 330 U 330 U 330 U 660 U
16-18 14-Jun-05 -- silty clay 372,986 840 U 840 U 840 U 840 U 1700 U
18-20 14-Jun-05 -- peat 18,428,500 1400 U 1400 U 1400 U 1400 U 2800 U


SC-7 4-6 15-Jun-05 -- sand 43,784 610,000 90,000 16000 U 17,000 32000 U
6-8 15-Jun-05 -- sand 43,784 1,500,000 85,000 30000 U 30000 U 61000 U


8-10 15-Jun-05 -- clay 372,986 1,700,000 45,000 34000 U 34000 U 69000 U
10-12 15-Jun-05 -- silty clay 372,986 190,000 7,200 5900 U 5900 U 12000 U
12-14 15-Jun-05 -- sand 43,784 11,000,000 410000 U 410000 U 410000 U 820000 U
14-16 15-Jun-05 -- sand 43,784 120,000 3300 U 3300 U 3300 U 6700 U
18-20 15-Jun-05 -- peat 18,428,500 340,000 6100 U 6100 U 6100 U 12000 U


SC-8 4-6 15-Jun-05 -- silty sand 43,784 1200 U 1200 U 1200 U 32,000 2400 U
6-8 15-Jun-05 -- sand 43,784 2,500 17,000 460 22,000 700 U


8-10 15-Jun-05 -- clay 372,986 6,700 27,000 750 25,000 1400 U
8-10 15-Jun-05 Field Duplicate clay 372,986 6,400 28,000 720 25,000 1400 U


10-12 15-Jun-05 -- silty clay 372,986 24,000 12,000 320 U 3,900 640 U
12-14 15-Jun-05 -- sand 43,784 110,000 2,100 1700 U 1700 U 3400 U
14-16 15-Jun-05 -- sand 43,784 47,000 2,100 1300 U 1300 U 2700 U
16-18 15-Jun-05 -- sand 43,784 5,800 820 720 U 720 U 1400 U
18-20 15-Jun-05 -- peat 18,428,500 1900 U 1900 U 1900 U 1900 U 3700 U


Notes:
a - Groundwater Chemicals Desk Reference, 3rd Edition


µg/kg - micrograms per kilogram b - taken from Allen-King et al. (1996)
"U" - not detected (reported at detection limit) c - taken from Allen-King et al. (1997)
Ct - maximum PCE concentration in the dissolved and adsorbed phases (mg/Kg) d - assumed based on Chow et al. (2006)
Cwater - PCE Solubility; 150 mg/L at 20°C


ρ b - bulk density of soil (g/cm3): silty clay=1.59; sand=1.78; peat=0.3 (assumed based on Freeze and Cherry [1979])
n - porosity (unitless): silty clay=0.4; sand= 0.33; peat=0.89 (assumed based on Freeze and Cherry [1979])
Kd - partitioning coefficient of PCE in soil [(mg/Kg)/(mg/L)] = Kocfoc


Koc - organic carbon partition coefficient for PCE [(mg/Kg)/(mg/L)]: silty clay= 447a; sand = 355a; peat = 631a


foc - fraction organic carbon (unitless): silty clay=0.005b; sand=0.0003c; peat=0.19d


PCE concentration > than maximum dissolved and sorbed concentration; presence of DNAPL


ft - feet


b


bdwater
t


n)  (K C
C


ρ
ρ +


=


Table A-2 - soil data with calculations.xls 
Last Updated: 3/28/2006
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TABLE A-3
Estimated Mass of Target VOCs in Pneumatic Injection and Direct Injection Test Plots


Parris Island, South Carolina


GeoSyntec Consultants


Media VOC Pneumatic Injection Test Plot Direct Injection Test Plot
Sorbed/Dissolved DNAPL VOC Total VOC Sorbed/Dissolved DNAPL VOC Total VOC


VOC Mass Mass Mass VOC Mass Mass Mass
(g) (g) (g) (g) (g) (g)


Soil Tetrachloroethene 13,922.0 34,495.7 48,417.8 78.2 58.1 136.3
Trichloroethene 2,019.9 0.0 2,019.9 5.6 0.0 5.6
cis-1,2-DCE 1,869.5 0.0 1,869.5 0.0 0.0 0.0
Vinyl Chloride 3,271.9 0.0 3,271.9 0.0 0.0 0.0


Groundwater Tetrachloroethene 449.8 0.0 449.8 6.3 0.0 6.3
Trichloroethene 224.0 0.0 224.0 3.5 0.0 3.5
cis-1,2-DCE 316.4 0.0 316.4 3.0 0.0 3.0
Vinyl Chloride 52.9 0.0 52.9 0.0 0.0 0.0
Total 22,126.6 34,495.7 56,622.3 96.6 58.1 154.7


Notes:
g - grams


Table A-3 - total VOC mass calculations
Last Updated: 6/12/2006
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1. INTRODUCTION 


GeoSyntec Consultants, Inc. (GeoSyntec) has prepared this Sampling and Analysis Plan 
(SAP) for the Environmental Security Technology Certification Program (ESTCP) to evaluate 
the use of emulsified zero-valent iron (EZVI), an innovative remediation technology, to 
remediate chlorinated solvent dense non-aqueous phase liquid (DNAPL) source zones.  The field 
demonstration will be conducted at the Solid Waste Management Unit (SWMU) 45 (Site 45) – 
Former Morale, Welfare, and Recreation (MWR) Dry Cleaning Facility, Marine Corps Recruit 
Depot (MCRD), Parris Island, South Carolina (the “Site”).  Baseline characterization and 
performance monitoring events are planned for July 2006 through June 2007, and will be 
conducted to meet the following field demonstration objectives:  


1. Evaluate the ability of the two most promising injection technologies to evenly distribute the 
emulsified zero-valent iron (EZVI) in a controlled manner; 


 
2. Evaluate the ability of EZVI to significantly reduce the mass flux of dissolved-phase volatile 


organic compounds (VOCs) from a dense non-aqueous phase liquid (DNAPL) source zone 
and to reduce the DNAPL mass in the source; and 


 
3. Provide reliable technical data relevant to field-scale EZVI trials, including documenting the 


benefits of the technology in terms of expected reduction in the duration and cost of 
remediation of DNAPL sites, and develop a Guidance Manual to assist Department of 
Defense (DoD) managers and practitioners with appropriate selection and implementation of 
the EZVI technology. 


 
Specifically the sampling and monitoring results will be used to: 


• Assess the starting aquifer geochemical conditions prior to EZVI injection; 


• Determine a baseline DNAPL mass estimate and to help delineate the source mass 
distribution within the Pneumatic Injection test plot; 


• Evaluate EZVI distribution and confirm emulsion droplet integrity within the Pneumatic 
Injection and Direct Injection test plots; 


• Determine a post-demonstration DNAPL mass estimate within the Pneumatic Injection 
test plot; and 


• Assess the change in dissolved phase VOC mass flux within the Pneumatic Injection test 
plot following EZVI injection. 
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This SAP presents:  


• The scope of work to be conducted to satisfy the project objectives, including a 
discussion of the rationale (Section 2),  


• The methods for sample collection (Section 3); 


• The methods for sample analysis (Section 4); 


• Experimental controls (Section 5); 


• Data quality parameters (Section 6); 


• Calibration procedures (Section 7); and 


• Data quality indicators (Section 8). 
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2. SCOPE OF WORK 


This section describes the scope of work for the sampling and analysis to be conducted as 
part of the field demonstration of EZVI treatment of chlorinated solvent DNAPL source areas, 
identifies the data required to meet the objectives listed in Section 1, and presents the schedule to 
collect the required data. 


2.1 Soil Sampling Program 


Eight soil cores have already been collected at the Site during the pre-design investigation to 
evaluate whether there was sufficient VOC mass at the Site to conduct the EZVI field 
demonstration.  Additional cores for baseline, post-injection and post-demonstration evaluation 
will be collected from the test plots using continuous coring techniques. 


 
Samples will be collected from the Pneumatic Injection test plot to: 


 
• Determine baseline and post-demonstration DNAPL mass estimate and to help delineate 


the source mass distribution within the test plot; and 


• Evaluate EZVI distribution within the test plot and confirm emulsion droplet integrity. 


 Samples will be collected from the Direct Injection test plot to 
 
• Evaluate EZVI distribution within the test plot and confirm emulsion droplet integrity. 


2.2 Well Monitoring Program 


Two types of wells will be installed as part of the field demonstration: (1) fully screened 
monitoring wells; and (2) multilevel monitoring wells.  Each type of well installed within the 
pilot test area (PTA) will serve a different purpose.  The purpose of each type of well is listed 
below.  


The fully screened monitoring wells will be used to: 
 
• Collect groundwater samples within and around the Pneumatic Injection and Direct 


Injection test plots to monitor performance of the technology. 
 
The multilevel monitoring wells will be used to: 
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• Collect depth specific groundwater samples around the Pneumatic Injection test plot to 
monitor performance of the technology. 


 
Examples of the forms to be completed during boring, well installation and development 


activities are contained in Attachment 1. 


2.3 Sampling Program 


Groundwater samples will be collected from each of the fully screened and multilevel 
monitoring wells to establish baseline concentrations and to assess pre- and post-demonstration 
performance of the EZVI technology.  Soil cores will also be collected to determine baseline and 
post-demonstration DNAPL mass estimates within the Pneumatic Injection test plot, and to 
assess EZVI distribution and confirm emulsion droplet integrity within both test plots.  Table B-
1 lists the parameters that will be analyzed for each type of sample.  The rationale for analysis of 
each of these parameters is summarized below. 


Dissolved Oxygen (DO), Oxidation Reduction Potential (ORP), pH, Conductivity, 
Temperature, Turbidity, Sulfide, and Ferrous Iron - will be measured during well purging to 
assess the redox conditions in the groundwater.  The redox conditions reflect the general types of 
microbial activity that may be occurring in the subsurface (e.g., aerobic oxidation, nitrate-, iron-, 
or sulfate-reduction, acetogenesis, methanogenesis).  Additionally, these measurements will 
assist in the interpretation of general groundwater geochemistry. 


 Volatile Organic Compounds (VOCs) - Groundwater and soil samples will be analyzed for 
VOCs to assess dissolved phase mass flux, determine DNAPL mass estimates, identify active 
degradation pathways, and assess the extent of degradation. The main VOCs that will be 
analyzed include Tetrachloroethene (PCE), Trichloroethene (TCE), cis-1,2-Dichloroethene (cis-
1,2-DCE) and Vinyl Chloride (VC). 


Dissolved Hydrocarbon Gases (DHGs) - Groundwater samples will be analyzed for DHGs 
(methane, ethane, and ethene) to assess whether the degradation processes, if occurring, are 
proceeding to completion, and to identify the distribution of these compounds relative to the 
distribution of VOCs.  For example, ethene is known to be the major end product of the 
anaerobic dechlorination of TCE via cis-1,2-DCE, and VC.  Methane is produced by the 
metabolism of a wide range of organic substrates by methanogenic bacteria, a group of 
microorganisms that have been implicated in the biodegradation of chlorinated solvents.  
Therefore, groundwater samples are typically analyzed for methane to assess the presence and 
activity of methanogenic bacteria. 


Volatile Fatty Acids (VFAs) - Groundwater samples will be analyzed for VFAs to evaluate 
electron donor concentrations and to monitor degradation of the vegetable oil. 
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Inorganic Parameters - Groundwater samples will be analyzed for selected inorganic 
parameters (anions, alkalinity, cations, dissolved metals) to assist in the interpretation of general 
groundwater geochemistry.   


Total Organic Carbon (TOC) – Groundwater samples will be analyzed for TOC to quantify 
the presence of organic matter in the groundwater. 


Emulsified Zero-Valent Iron (EZVI) – Soil cores will be analyzed for EZVI to assess the 
distribution of EZVI and confirm emulsion droplet integrity within both test plots. 


Fraction of Organic Carbon (foc) and Porosity – The remaining baseline soil core will be 
analyzed for foc and porosity to confirm the assumed values used to estimate PCE DNAPL mass. 
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3. SAMPLE COLLECTION METHODS 


This section describes the schedule and procedures for measuring water levels and collecting 
and analyzing the groundwater and soil core samples.  Examples of the forms to be completed 
during the water level measurements and groundwater and soil core sampling activities are 
contained in Attachment 1.  All data collection activities described in this section will be 
conducted in accordance with the site-specific Health and Safety Plan (Appendix D). 


3.1 Sampling Schedule 


The sampling schedule for the field demonstration will take place in four phases.  The four 
phases, in order of occurrence, are: 


1. Baseline sampling;  


2. Post-injection sampling; 


3. Performance monitoring; and 


4. Post-demonstration sampling. 


Prior to EZVI injection, a set of groundwater samples will be collected from each of the 
fully screened and multilevel monitoring wells to determine baseline concentrations.  As noted in 
Section 2.1, eight soil cores have already been collected at the Site during the pre-design 
investigation to evaluate whether there was sufficient VOC mass at the Site to conduct the EZVI 
field demonstration.  During the baseline sampling phase, an additional pre-demonstration core 
(SC-9) will be collected to further evaluate the VOC mass in the Pneumatic Injection test plot.  
Following injection of EZVI, a set of groundwater samples will be collected from each of the 
fully screened and multilevel monitoring wells and will be analyzed for the parameters initially 
tested during baseline sampling activities.  A set of cores will also be collected around the 
injection points within the two test plots to evaluate the distribution of the EZVI and confirm 
emulsion droplet integrity.  Depending on drill rig availability, these cores may be collected 
immediately after injection or during the post-injection or performance monitoring sampling 
events.  Long-term performance monitoring will include the collection of groundwater samples 
from select wells and depths within the multilevel wells, and will be conducted over a period of 
nine months following EZVI injection.  The proposed performance monitoring sampling 
schedule for groundwater geochemical parameters and soil core collection is provided in Table 
B-1.  A final set of post-demonstration groundwater samples will be collected from each of the 
fully screened and multilevel monitoring wells and will be analyzed for the parameters initially 
tested during baseline sampling activities.  A set of post-demonstration soil cores will also be 
collected in the Pneumatic Injection test plot from locations adjacent to the baseline soil cores, 
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and will be analyzed for VOC concentrations to determine a post-demonstration DNAPL mass 
estimate.  The change in mass flux will be determined using results from the groundwater 
elevation evaluation conducted during each sampling event and the groundwater concentration 
data from the multilevel wells. 


3.2 Water Level Measurement 


During each of the sampling events at the Site, a set of groundwater elevations will be 
measured using a minimum of ten water table wells in the area of the test plots.  This data will be 
used to determine detailed groundwater flow directions and gradients at the time of sampling in 
order to calculate groundwater velocities over the duration of the performance monitoring.  This 
data will be used to calculate the mass flux for the baseline, post-injection, performance 
monitoring and post-demonstration sampling events.  The procedure for measuring water levels 
is contained in Attachment 2. 


3.3 Procedures for Purging Fully Screened Monitoring Wells 


Prior to collecting groundwater samples for chemical analysis, the stagnant water in the well 
casing will be evacuated (“purged”) to allow sampling of groundwater that is representative of 
aquifer conditions.  All fully screened monitoring wells will be purged using dedicated Waterra® 
pumps.  Attachment 3 contains information on the Waterra® pumps, including specifications and 
the results of studies conducted to evaluate potential sampling biases associated with this 
systems.  These studies indicate that the Waterra® pumps collect very reliable groundwater 
samples and are appropriate for use during the field demonstration. 


The Waterra® pump system consists of a Delrin® foot-valve attached to rigid, 5/8-inch 
outside diameter (O.D.), high-density polyethylene (HDPE) tubing equal in length to the depth of 
the well.  Oscillation of the tubing, together with the action of the foot valve, forces water to the 
ground surface (i.e., inertial pump).  The entire pump assembly can be dedicated to the well, 
reducing the potential for cross-contamination between wells. 


The Waterra® pumps will be placed at the mid-point of the well screen, and pumped at a 
rate of < 1 gallons per minute (gpm).  The water level in the well will be measured immediately 
before purging starts and periodically during purging.  The DO, ORP, pH, temperature, 
conductivity, turbidity, and the total volume of water withdrawn from the well will be recorded 
using the field forms provided in Attachment 1. 
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3.4 Procedures for Purging Multilevel Wells 


Prior to collecting groundwater samples for chemical analysis, the stagnant water in the 
multilevel well sampling channel will be evacuated (“purged”) to allow sampling of groundwater 
that is representative of aquifer conditions.  All multilevel well sampling channels will be purged 
using an above ground peristaltic pump connected to the dedicated Waterra® microflow pump.  
A purge rate of <0.25 gpm will be used to ensure that representative water is collected. 


The Waterra® microflow pump system consists of a stainless steel foot-valve attached to 
rigid 3/8-inch O.D., HDPE tubing equal in length to the depth of the sampling channel.  
Oscillation of the tubing, together with the action of the foot valve, forces water to the ground 
surface (i.e., inertial pump).  The entire pump assembly can be dedicated to the sampling 
channel, reducing the potential for cross-contamination between sampling channels and between 
wells. 


The Waterra® microflow pump foot-valve will be placed at the bottom of the sampling 
channel (adjacent to the sample port screen) during purging and pumped at a rate of <0.25 gpm.  
The DO, ORP, pH, temperature, conductivity, turbidity, and the total volume of water withdrawn 
from the sampling channel will be recorded using the field forms provided in Attachment 1. 


3.5 Procedures for Measurement of Field Parameters 


Groundwater DO, ORP, pH, temperature, conductivity, turbidity and volumetric flow rate 
will be continuously measured during well purging. The DO, ORP, pH, temperature, 
conductivity, and turbidity measurements will be made by placing electrodes into a flow-through 
chamber (flow cell) and pumping a continuous flow of groundwater across them, allowing the 
chamber to overflow into a larger container beneath.  Turbulence in the chamber will be 
minimized to the extent possible.  Values will be recorded following each well (or sample 
channel) purge volume.  Three to five volumes will be purged prior to sampling.  Measurements 
of sulfide and ferrous iron will be made using field kits provided by the USEPA. 


3.6 Groundwater Sample Collection and Preservation Procedures 


All fully screened monitoring wells will be sampled using dedicated Waterra® pumps.  The 
pumping rate during groundwater sample collection from the fully screened monitoring wells 
will be <1 gpm.  To collect groundwater samples from the multilevel wells, the peristaltic pump 
used during sampling channel purging will be disconnected and the Waterra® microflow pump 
system will be used.  The pumping rate during groundwater sample collection from the 
multilevel wells will be <0.25 gpm.  Groundwater samples collected for laboratory analysis will 
be transferred directly from the pump tubing into the sample containers provided by the 
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laboratory performing the analyses.  Groundwater samples will not be collected until ORP 
measurements of the purged water have stabilized to within about 10% of the previous reading. 


Sample containers (40-milliliter [mL] glass volatile organic analysis [VOA] vials) for VOCs 
and DHGs will contain concentrated sulfuric acid (pre-added to sample vials by the laboratory to 
produce a sample pH <2) and filled with minimal turbulence and with zero headspace in the 
container.  As a VOC preservative, sulfuric acid extends the holding time of the samples from 7 
to 14 days and inhibits microbial degradation of the VOCs.  Sample containers (40 mL VOA 
glass vials) for the analysis of VFAs will not be preserved.  A minimum of two containers will 
be filled for each of VOC, DHG and VFA samples. 


Samples for dissolved metals will be pumped through a disposable in-line filter (0.45 µm 
nominal pore size) prior to being collected in the sample container.  All metals samples will be 
collected in HDPE containers and preserved using concentrated nitric acid (added to sample 
containers by the laboratory) to a pH of <2. 


All TOC samples will be collected in HDPE containers and preserved using sulfuric acid 
(added to sample containers by the laboratory) to a pH of <2. 


No preservatives will be added to samples collected for all other parameters.  Samples for 
anions, alkalinity, and cations will be collected using HDPE sample containers. 


After the samples have been collected, all non-dedicated sampling equipment that will be re-
used will be cleaned using the procedures contained in Attachment 2. 


3.7 Soil Sample Collection and Preservation Procedures 


The following is a description of the coring procedures that will be used to collect soil cores 
for baseline and post-demonstration evaluation.  The method is a modified version of ASTM 
D4547-91 (1997), and is the same method that was used to collect soil cores during the pre-
design investigation. 


The selected drilling subcontractor (direct push rig and operator will be provided by the 
United States Environmental Protection Agency [USEPA]) will use a Geoprobe® direct-push 
technique to collect baseline and post-demonstration core samples from the PTA.  At each coring 
location, the drillers will collect samples of the subsurface materials continuously to 20 feet 
below ground surface (ft bgs).  The samples will be collected using a 4-foot long 1.25-inch-
diameter Macrocore sampling device.  This soil sampler will be used because samples can be 
collected using a special adapter which contains a 4-foot long butyrate or acetate sleeve rather 
than split spoons, which will increase sample recovery of loose sandy soil expected to be 
encountered and that is otherwise difficult to sample.  Should obstructions be encountered during 
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coring, the hole will be relocated as close as possible to the first location in an attempt to 
penetrate the soil to the appropriate depth.  


Soil cores will be sampled in 2-foot long sections.  After the sleeve has been driven the 
required distance, it will be brought to the surface and the soil sample will be examined and 
characterized for lithology and the presence of EZVI.  Samples to be analyzed for foc and 
porosity will be placed into polypropylene sample containers for shipment to the laboratory.  For 
samples used to characterize EZVI distribution, the samples will be left in the butyrate or acetate 
sleeves and the sleeves capped and taped for shipment to the laboratory.  The containers and/or 
sleeves will be marked with the location and depth at which the samples were collected (as 
described in Section 3.8). 


For samples to be analyzed for VOCs using the methanol extraction prodecure, the sample 
will be split along its length and about 150 to 200 grams of wet soil sample will be placed 
quickly into a pre-weighed 500 mL polypropylene or glass sample container.  The remaining 
portion of the core will be placed into a separate container for moisture content measurements.  
The containers will be marked with the location and depth at which the sample was collected (as 
described in Section 3.8), and will be stored in a cooler on ice at 4°C until the extraction 
procedure can be performed as described below. 


Extreme care will be taken to minimize the disturbance of the soil sample so that loss of 
volatile components will be minimal.  Nitrile gloves will be worn by field personnel whenever 
handling sample cores or tared sample containers.  A modification of EPA SW846-Method 5035 
will be used to procure the cored samples in the field.  Method 5035 lists different procedures for 
processing samples that are expected to contain low concentrations (0.5 to 200 µg/kg) or high 
concentrations (>200 µg/kg) of VOCs.  Procedures for high levels of VOCs are to be used in the 
field because those procedures will facilitate the processing of large-volume sample cores 
collected during soil sampling activities. 


Two sample collection options and corresponding sample purging procedures are described 
in Method 5035; however, the procedure chosen for this study will be based on collecting 
approximately 150 to 200 grams of wet soil sample in a pre-weighed bottle that contains 250 mL 
of methanol.  A modification of this method will be used in the study, as described by the 
following procedure: 


 
• The 150 to 200 g wet soil sample will be collected and placed in a pre-weighed 500 mL 


polypropylene or glass container.  After capping, the container will be reweighed to 
determine the wet weight of the soil.  The container then will be filled with 250 mL of 
reagent grade methanol.  The container will be weighed a third time to determine the 
weight of the methanol added. 
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• After the container is filled with methanol and the soil sample, it will be agitated by hand 
for approximately 10 minutes. 


 
• After shaking, the container will re-weighed to ensure that no methanol was lost during 


the agitation period.  The container will then be placed upright and suspended soil matter 
will be allowed to settle for approximately 15 to 30 minutes. 


 
• Methanol extract will be decanted into 20 mL glass VOA vials using disposable pipettes.  


The vials will then be capped and labeled as described in Section 3.8, and stored in a 
cooler on ice at 4°C until they are shipped on ice to the analytical laboratory. 


 
• The dry weight of each of the soil samples is determined gravimetrically after decanting 


the remaining solvent and drying the soil in an oven or by sending a subset of the core to 
the laboratory for a moisture content analysis.  The final concentrations of VOCs will be 
calculated per the dry weight of the soil. 


 


The analytical portion of Method 5035 describes a closed-system purge-and-trap process for 
use on solid media such as soils, sediments, and solid waste.  The purge-and-trap system consists 
of a unit that automatically adds water, surrogates, and internals standards to a vial containing 
the sample.  Then the process purges the VOCs using an inert gas stream while agitating the 
contents of the vial, and finally traps the released VOCs for subsequent desorption into a gas 
chromatograph (GC).  The methanol extract samples will be analyzed for VOCs according to the 
parameters summarized in Table B-2.  Laboratory instruments will be calibrated for VOCs listed 
under EPA Method 601 and 602.  Samples will be analyzed as soon as is practical and within the 
designated holding time from collection (14 days).  No samples will be analyzed outside of the 
designated 14 day holding time. 


The boreholes will be sealed with bentonite grout immediately after collection of the core 
from the final depth to prevent cross-contamination between the hydro-stratigraphic units.  An 
inventory of the amount of grout injected into each hole will be maintained and compared with 
the volume of the hole to ensure that the grout stays within the hole.  A marker will be placed at 
each sampling location after sampling has been completed and the holes have been grouted. 


3.8 Sample Labelling, Storage, Packaging and Transportation Procedures 


Sample identifiers (IDs) will consist of the sample location name and depth (if applicable).  
Indelible ink pens will be used to label sample containers. In addition to the sample ID, all 
samples will be labeled with the following information: 
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• Project name; 


• Name or initials of individual collecting the sample; 


• Date and time of sample collection; 


• Analysis to be performed; and 


• Preservation chemical (if used). 


 


All groundwater and soil samples will be placed in a sample cooler immediately following 
collection and stored on ice in accordance with the sample handling and custody procedures (see 
Attachment 2). 
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4. SAMPLE ANALYSIS 


4.1 Analytical Laboratory Methods 


Table B-2 identifies the laboratory analytical methods that will be conducted for the 
groundwater and soil samples, and the associated standard quantitation limits and holding times.  
Laboratory reports will include results of all sample and quality assurance/quality control 
(QA/QC) analyses conducted, including any laboratory QC sample analyses (e.g., method 
blanks, spikes, surrogates). 
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5. EXPERIMENTAL CONTROLS 


5.1 Field QA/QC Controls 


Field QA/QC samples consisting of trip blanks, matrix spike/matrix spike duplicate 
(MS/MSD) samples, and field duplicate samples will be collected to monitor sampling and 
laboratory analytical performance with respect to groundwater samples.  


Trip Blanks:  Trip blanks are sample bottles containing analyte-free, de-ionized water 
prepared at the contract laboratory, and stored and shipped with the samples.  The trip blanks 
will not be opened in the field.  Care will be taken to ensure that the trip blank and sample bottles 
originate from the same shipment of bottles from the laboratory.  Information obtained from the 
trip blank analyses will be used to determine whether, and to what extent, sample handling and 
analysis has introduced positive bias to the sample results.  One trip blank consisting of clean 
water in the respective sample container will accompany each cooler of samples submitted to the 
laboratory for analysis. 


MS/MSD: Samples for MS/MSD analyses will be collected by field personnel, prepared by 
laboratory personnel, and analyzed to evaluate the effects of the sample matrix on the analytical 
results (i.e., assess bias).  For the MS/MSD sample, three times the regular sample volume will 
be collected using the same sampling procedures for regular samples to ensure adequate sample 
volume for MS/MSD analyses.  One MS/MSD sample set will be collected per 20 investigative 
samples submitted for laboratory analysis of VOCs. 


Field Duplicates: Field duplicates are co-located samples (collected at the same time from 
the same location using the same sampling procedure) that will be analyzed to evaluate the 
precision of the sampling and analysis system.  Field duplicate samples submitted for laboratory 
analyses will be submitted without indication of which investigative sample the duplicate 
represents (i.e., blindly).  Field duplicates will be analyzed for all parameters.  Field duplicates 
will be collected and analyzed at a frequency of one field duplicate for every twenty field 
samples, or for each sampling round. 


5.2 Other Controls 


Field audits of groundwater and soil sampling protocols will be performed to ensure that 
procedures outlined in this SAP are followed.  The audits will include observation of sampling 
procedures, and review of chain-of-custody documentation and sample results.  These audits will 
be conducted by the QA/QC Officer (Mark Watling), or his designee, at the Site within the first 
month of initiating field activities.  Following this period, daily audits of field activities and 
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documentation will be conducted via telephone during field activities.  A QA/QC checklist 
(Attachment 1 in Appendix C) will be used to monitor field QA/QC procedures. 


Sampling system failures shall be reported by the field personnel directly to the Field Study 
Leader-QA/QC Officer (Mark Watling) to specify the type of response action required, the 
method to evaluate effectiveness of the response action, and the methods for documenting the 
failure and response action implemented.  The Field Leader-QA/QC Officer will review the 
cause of the failure and determine whether a future change to the sampling method is required. 
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6. DATA QUALITY PARAMETERS 


Data quality objectives (DQOs) are based on the need to monitor the primary data quality 
indicators (DQIs): precision, bias, accuracy, representativeness, completeness, and comparability 
(often referred to as PARCC criteria). 


 
• Precision is a measure of agreement among replicate measurements of the same 


property under prescribed similar conditions. 
  
• Accuracy is the closeness of an individual measurement to the true value. This 


includes a combination of random error (precision) and systematic error (bias) 
components that result from sampling and analytical operations. 


  
• Representativeness is the degree to which sample data accurately and precisely 


represent a characteristic of a population parameter at a sampling point. 
  


• Completeness is a measure of the amount of the valid data obtained from the 
measurement system compared to the amount that should have been collected. 


 
• Comparability is the confidence with which two data sets can contribute to a common 


analysis and interpretation. 
 


Precision and bias will be measured by analysis of the field and laboratory QC samples 
described in Appendix C and comparison of statistics calculated using these results to the 
acceptance criteria specified.  Completeness will be calculated and compared to the acceptance 
criteria.  The representativeness and comparability of the sample results shall be assured through 
the design of the sampling procedures.  In addition, required method detection limits (MDLs) 
have been established to ensure that a meaningful comparison of the concentration data to 
performance standards can be completed. 
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7. CALIBRATION PROCEDURES, QUALITY CONTROL CHECKS, AND 
CORRECTIVE ACTION 


7.1 Calibration Procedures 


All instruments will be calibrated as required by the standard USEPA methods or the 
instrument manufacturer’s directions.  Calibration verification will be conducted at least once per 
day or for each analytical run. All field equipment will be calibrated prior to use.  Calibration 
checks using known standard solutions of the analyte of interest will be run as necessary during 
the day and at the end of each sampling session. 


7.1.1 Field Parameters 


At the beginning of each day when measurements will be conducted, the field meters will be 
calibrated according to the manufacturer’s instructions.  Calibrations will be re-checked at the 
end of the day.  All instrument calibration information will be recorded in the field records. The 
pH meter will be re-calibrated if the calibration drifts by ± 0.5 pH units.  The conductivity, DO, 
ORP, and/or turbidity meters will be re-calibrated if the calibration drifts by greater than 20% of 
the standard concentration.  


The meters will be calibrated using a minimum of two-point calibration technique in 
accordance with the manufacturer’s instructions. Commercially prepared standard solutions will 
be selected. 


7.2 Waste Management 


All soils and fluids generated during coring, EZVI injection, and well purging and 
equipment cleaning will be containerized by the sampling personnel in approved Department of 
Transportation (DOT) drums that can be sealed, locked and transported to a designated storage 
area for characterization, as appropriate, and subsequent proper disposal by the Navy in 
accordance with applicable regulations. 


Solid waste such as unusable sampling equipment, gloves, and tubing will be packaged and 
disposed of according to MCRD protocols. 
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7.3 Data Management 


7.3.1 Data Recording 


Data generation will be initiated in the field as personnel complete field forms. The field 
forms will include observations about weather conditions at the Site at the time of sample 
collection, the results of field measurements and analyses, equipment calibration information, the 
volume of water removed from the well, the depth of the pump intake, pumping rate, depth-to-
water measurements prior to and at the completion of purging and sampling, date and time of 
purging and sampling, and the identification and order of samples collected.  Examples of field 
forms to be used during execution of this SAP are contained in Attachment 1. 


These forms shall be transmitted daily to the Field Study Leader-QA/QC Officer, who shall 
review the forms for clarity, completeness, and conformity with the SAP.  The Field Study 
Leader-QA/QC Officer and field personnel shall communicate on a sufficient frequency in order 
to review the activities planned and to ensure the completion of the intended scope of work.  The 
field forms shall be filled out as part of the project record. 


7.3.2 Data Reduction 


Data reduction will be minimal and will consist primarily of tabulating analytical data and 
field measurement results into electronic spreadsheets or databases.  Electronic data transfer 
from the laboratory, where possible, will be utilized to minimize data transcription error. 


7.3.3 Data Validation 


Data validation is the process of evaluating data and accepting or rejecting it on the basis of 
the data quality objectives.  The Quality Assurance Project Plan (QAPP; Appendix C) outlines 
the data validation procedures that will be completed on the data collected. 


7.3.4 Data Reporting 


The final report from the field demonstration will be the Technical Report, which will 
include a description of the experimental methods, observations of note, and the results from all 
chemical analyses in tabulated format.  The assigned responsible parties will validate all 
analytical data, and the original data sheets will be retained with the project records.  As 
appropriate, validated data will be archived using spreadsheet and/or database formats. The data 
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will be stored in a spreadsheet file for further evaluation and calculations.  In addition to the 
above items, the Technical Report will include the identification of outliers, details regarding the 
corrective actions taken, and a discussion of any necessary deviation from the protocols 
established in the referenced methods.  Data will also be uploaded to the Naval Facilities 
Engineering Service Center (NFESC) database for MCRD, Parris Island, South Carolina that is 
managed by Tetra Tech, Inc. 
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8. DATA QUALITY INDICATORS 


DQIs for the field demonstration will be based on the analysis of samples collected and 
analyzed as outlined in Appendix C, the QAPP. 


 
Field QC will consist of sample duplicates collected at a frequency of one field duplicate for 


every twenty field samples, or for each sampling round.  One trip blank consisting of clean water 
in the respective sample container will be included for QC purposes with each cooler of samples 
submitted to the lab for analysis.  A completeness goal of 80% has been set for all of the critical 
parameters.  Because of the number of sampling events, and the number of samples collected 
during each sampling event, a completeness of 80% will allow attainment of project objectives. 
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TABLE B-1:  ANTICIPATED PERFORMANCE MONITORING GROUNDWATER AND SOIL SAMPLING SCHEDULE
                        Emulsified Zero-Valent Iron Treatment of Chlorinated Solvent DNAPL Source Areas


Analyte Specific Parameter Frequency Rationale/Use
of Interest


Field Parameters DO, ORP, pH, temperature, 
conductivity, turbidity, sulfide, 


ferrous iron


Monthly (bi-monthly 
after 2 months)


Primarily to monitor significant shifts in redox conditions


VOCs PCE, TCE, cis-1,2-DCE, trans-1,2-
DCE, 1,1-DCE, VC


Monthly (bi-monthly 
after 2 months)


VOC degradation and mass flux


DHGs methane, ethane, ethene Monthly (bi-monthly 
after 2 months)


VOC degradation and extent of methanogenesis, electron 
balances


Anions chloride, nitrate, nitrite, sulfate Monthly (bi-monthly 
after 2 months)


general groundwater geochemistry, sulfate and nitrate reduction


Alkalinity Bicarbonate Monthly (bi-monthly 
after 2 months)


Monitor major shifts in buffering


Organic VFAs, TOC Monthly (bi-monthly 
after 2 months)


Evaluate electron donor concentrations, monitor degradation of 
vegetable oil, quantify the presence of organic matter in 
groundwater


Cations/Dissolved Metals Various Monthly (bi-monthly 
after 2 months)


Monitor the occurrence of Fe and Mn reduction


VOCs PCE, TCE, cis-1,2-DCE, trans-1,2-
DCE, 1,1-DCE, VC


TBD Determine DNAPL mass estimate


EZVI EZVI TBD Evaluate EZVI distribution, confirm emulsion droplet integrity


foc and porosity foc and porosity TBD Confirm assumed values used to estimate PCE DNAPL mass


Notes:
TBD - To be determined based on drill rig availability
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TABLE B-2:  SUMMARY OF SAMPLE HANDLING AND LABORATORY ANALYTICAL DETAILS
                        Emulsified Zero-Valent Iron Treatment of Chlorinated Solvent DNAPL Source Areas


Parameter Analytical Method Method Analytical Quantitation Sample Preservative Holding
Number Laboratory Limit Container Time


Field Parameters (DO, ORP, pH, 
temperature, conductivity, 
turbidity, sulfide, ferrous iron)


Multiprobe System,     
Field Kits


Field NA Varies NA NA NA


VOCs (PCE, TCE, cis-1,2-DCE, 
trans-1,2-DCE, 1,1-DCE, vinyl 
chloride)


Gas Chromatography 
/Mass Spectrometry


EPA 8260B EPA/STL 0.02 to 0.2 µg/L 3 x 40 mL VOA sulfuric acid to 
pH<2, cool to 4°C


14 days


Dissolved Hydrocarbon Gases 
(methane, ethane, ethene)


Gas Chromatography/ 
Flame Ionizing Detector


RSK-175 or  EPA 
8015B


EPA/STL 10 µg/L 3 x 40 mL VOA sulfuric acid to 
pH<2, cool to 4°C


7 days


Anions (chloride, nitrate, nitrite, 
sulfate)


Ion Chromatography,   
Colorimetry


EPA 300.0, 353.2, 
310.1


EPA/STL 0.01 to 0.05 
mg/L


30 or 120 mL 
plastic


cool to 4oC 2 to 28 days


VFAs Gas Chromatography/ 
Flame Ionizing Detector


EPA 8015-Mod STL 0.097 to 1.6 
mg/L


3 x 40 mL VOA cool to 4°C 14 days


Alkalinity Colorimetry EPA 310.1 EPA/STL 1 mg/L 125 mL plastic cool to 4°C 14 days


TOC Combustion or Oxidation EPA 415.1 EPA/STL 1 mg/L 125 mL plastic sulfuric acid to 
pH<2, cool to 4°C


28 days


Cations/Dissolved Metals Inductively-Coupled 
Plasma


EPA 6010B EPA/STL 0.9 to 300 µg/L 60 or 500 mL 
plastic


nitric acid to pH<2, 
cool to 4°C


21 days


VOCs (PCE, TCE, cis-1,2-DCE, 
trans-1,2-DCE, 1,1-DCE, vinyl 
chloride)


Gas Chromatography 
/Mass Spectrometry


Mod. EPA 8260B(a) EPA/STL 0.02 to 0.2 µg/L 3 x 40 mL VOA sulfuric acid to 
pH<2, cool to 4°C


14 days


EZVI Visual/Microscopic NA EPA/STL NA Butyrate or 
acetate sleeve


cool to 4°C 14 days


foc Walkley Black Walkley Black STL 500 mg/kg 250 ml plastic cool to 4°C 28 days


Porosity Water Pycnometer/Drive-
Cylinder


ASTM D854, 
ASTM D2937


STL TBD TBD TBD TBD


Notes:
NA - Not Applicable
STL - Severn Trent Laboratories, Inc.
EPA - EPA GWERD National Risk Management Research Laboratory, Ada, OK
(a) - Samples will be extracted using methanol on site
TBD - To be determined
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ATTACHMENT 1 


EXAMPLE FIELD FORMS 







GEOSYNTEC CONSULTANTS


160 Research Lane, Suite 206
Guelph, Ontario, Canada N1G 5B2
(519)822-2230  Fax (519)822-3151


 CORRECTIVE ACTION FORM


Project Name


Project Number


Date


Initiator's Name & Title


Recorded By


Problem Description


Reviewed and Implemented by:


	 Project Manager


	 QA Manager


	 QA Officer


Page	 of 


Corrective Action
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532 Great Road
Acton, Massachusetts,  01720


(978)263-9588  Fax (978)263-9594


130 Research Lane, Suite 2
Guelph, Ontario, Canada   N1G 5G3
(519) 822-2230  Fax (519) 822-3151







GEOSYNTEC CONSULTANTS


130 Research Lane, Suite 2
Guelph, Ontario, Canada N1G 5G3
(519)822-2230  Fax (519)822-3151


MONITORING WELL DEVELOPMENT
PURGING & SAMPLING RECORDS


Well ID:


Project Name:


Project Number:


Date:


Recorded By:


Sample ID:


Duplicate ID:


Weather:


Well Diameter:


Total Depth of Well:


Initial Depth to Water:	 	 Time:


Casing Volume:


Depth to Water After Purging:	 	 Time:


Method of Purging:


Method of Sampling:
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samples
collected


time 
collected


container
type


container
size


preservativecontainer 
lot no.


Notes: (well condition, nearby activities or changes in land use, odors, problems, deviations from plan, etc.)


time temp. pH D.O. ORPintake
depth


pumping
rate


commentscumulative
volume


specific
conductance


°F / °C (units) (mg / L) (mV)ft / m gpm / Lpm odour, colour, sediment, load, well
condition, presence of product


litres / gallons (µS / cm)
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130 Research Lane, Suite 2
Guelph, Ontario, Canada N1G 5G3
(519)822-2230  Fax (519)822-3151


WATER LEVEL DATA


Project Name:


Project Number:


Date: 


Field Personnel:


Recorded By:


Weather:


Well ID Time
1st 2nd 3rd


comments
odour, color, sediment load, well
condition, presence of product


depth to water (metres / feet)


Measuring Instrument:																				                         


	 Steel Tape


	 Electric Sounder


	 Other - Type


	 Instrument Serial Number:


q


q
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Notes: All Water Level  Measurements taken to the top of the PVC well unless otherwise noted







GEOSYNTEC CONSULTANTS


130 Research Lane, Suite 2
Guelph, Ontario, Canada N1G 5G3
(519)822-2230  Fax (519)822-3151


METER CALIBRATION REPORT
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Meter Summary 


pH Meter / Probe:	 Model:


DO Meter / Probe:	 Model:


ORP Meter / Probe:	 Model:


Conductivity Meter / Probe:	 Model:


Turbidity Meter / Probe:	 Model:


Project Name:


Project Number:


Field Personnel:


Recorded By:


Weather:


Date: 


Primary Activities:


	 	 	 	 	 						Page             of


Start of Sampling Event Calibration Completed at:	 	 	 	 				                             (time)


End of Sampling Event Calibration Check Completed at:                                                                        (time)


pH calibration


pH 4.0 pH 7.0 pH 10.0


Start Day temp. (°C)


instrument reading


should read/calibrated to


End Day temp. (°C)


instrument reading


buffer solution


dissolved oxygen calibration 100% 0%


Start Day temp. (°C)


instrument reading


should read/calibrated to


End Day temp. (°C)


instrument reading


ORP calibration Zobell solution
(+231 mv Zobell reads:)


(µS / cm) °C


Start Day temp. (°C)


instrument reading


should read/calibrated to


End Day temp. (°C)


instrument reading
Turbidity calibration Standard (NTU)


Start Day instrument reading


End Day instrument reading


specific conductance calibration


Calibration Std_________(µS / cm)


Calibration standard


Start Day temp. (°C)


instrument reading


should read/calibrated to


End Day temp. (°C)


instrument reading


Comments: (rental, condition, problems)


	 	 	 	 	 																			


1 1


°C


Zobell
Solution
(mv)


°F


-5


270


23


0


263.5


32


5


257


41


10


250.5


50


15


244


59


20


237.5


68


25


231


77


30


244.5


86


35


218


95


40


211.5


104


45


205


113
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DRUM TRACKING


Project Name


Project Number


Date


Field Personnel


Recorded By


Comments


Drum 
Number


Accum.
Date


Waste Type Date GeoSytnec
Sample Analyzed


Waste
Classification


Date of
Transfer


Depth 
Interval


Corresponding
GeoSyntec
Sample #
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130 Research Lane, Suite 2
Guelph, Ontario, Canada N1G 5G3
(519)822-2230  Fax (519)822-3151


WELL CONSTRUCTION 


Well ID


Project Name


Project Number


Permit Number


Installation Date(s)


Drilling Method


Borehole Diameter


Drilling Contractor


Driller


Drilling Fluid


Fluid Loss During Drilling	 	   Litres/Gallons


Materials Used
Riser Pipe:	 Diameter	 	 cm/inches
	 	 Construction	 	


Bottom End Cap:


PVC
Stainless Steel
Other


Site Location


Field Personnel


Recorded By


+_


above ground protective casing
flush mount protective casing
other


Slotted Area:	 Length	 	 	 ft/m	 	 	 	 		
	 	 Diameter	 	 cm/inches
	 	 Slot Size	  	 	 cm/inches
	 	 Construction	 	


PVC
Stainless Steel
Other


schedule


Protective 
Casing:	 Length	 	 	 ft/m	 	 	 	 		
	 	 Diameter	 	 cm/inches
	 	 Construction	 	 Cast Aluminum


Cast Steel
Other


Male 
PVC
Stainless Steel
Other


Silt Trap Used


Female Slip


Top Cap: Male 
PVC
Stainless Steel
Other


Female


Casing 
Installation:


Yes No 


Sandpack:


Coarse Sand:      bags of	 	 kg/lb per bag	 Size
Fine Sand:           bags of	 	 kg/lb per bag	 Size


Seal:
Bentonite Pellets:      bags of      kg/lb per bag	     Type
Bentonite Slurry:       bags of      kg/lb per bag	     Type


Grout:


Concrete Pad:


Cement:        bags of      kg/lb per bag       Type
Bentonite:      bags of      kg/lb per bag       Type


Slip J Plug


backfill
grout
density of grout


stick up	 	 inches/cm


metres / feet*


metres / feet*


metres / feet*
metres / feet*
metres / feet*


metres / feet*


metres / feet*


Measuring Point is Top of Well Casing
Unless Otherwise Noted


* Depth Below Ground Surface


ground surface elevation
surveyed estimated


concrete pad cm/in diameter
cm/in thickness
cm/in stick up


bentonite slurry
bentonite pellets


drilled hole cm/in diameter


well casing cm/in diameter


well screen cm/in diameter
slot


gravel pack
sand pack
formation collapse


schedule


Cement:        bags of      kg/lb per bag       Type


	 Length	 	 	 metres/feet	 	 	 		
	 	 Diameter	 	 cm/inches
	 	 Material
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SAMPLE/CORE LOG OF BORING


Borehole ID


Project Name


Project Number


Site Location


Drilling Contractor


Driller


Drilling Method


Field Personnel


Recorded By


Drilling Started (time/date)


Drilling Completed


Total Depth Drilled	 m/ft      Hole diameter         cm/in


Sampling Interval	 m/ft


Type of Sample/Coring Device


Ground Surface Elevation	          m


Drilling Fluid Used


Decontamination Method


Hammer Weight	 	      Hammer Drop                cm/inches


Page


surveyed estimated


of
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Sample/Core Depth
(mt/ft below ground surface)


Unified
Soils
Class.


Core 
Recovery


m/ft


Sample
Number


Time/Hydraulic
Pressure of


Blows/      cm/in


Sample/Core
Description


From To
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HEALTH & SAFETY AIR 
QUALITY MONITORING
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FIELD CHECK LIST


Project Name


Project Number


Site Contact


Phone Number


Site History Field Forms
Site map Daily Field Report/Project Field Activity Logbook


Borehole logs Meter Calibration Report


Well Construction Details Sample/Core Log of Boring


Water sampling and purging records Soil Head Space Measurements


Well Construction


Supplies
Well Inspection


Permanent markers
Water Level Data


Pens, pencils, ruler, note book
Corrective Action Forms


Packing tape
Incident Report


Calculator
Pump Recovery Test


Lighter
Groundwater Extraction and Treatment


Camera (if digital -disks, battery charger)
Monitoring Well Development/Purging & Sampling Records


Laboratory Chain of Custody Forms


Personal Protective Equipment
Courier Way Bills (Fed-Ex Acct. # 2327-8603-5)


Hard hat


Safety boots


Work gloves Decontamination Supplies


Disposable gloves deionized water garbage bags


Safety glasses distilled water squirt bottles


Hearing protection alconox methanol


Cellular phone (office contact list) paper towels 10% nitric acid


Fire resistent coveralls


other PPE (ie. tyvek suits) Soil Sample Supplies Water Sample Supplies


Map to nearest medical facility mason jars waterra tubing


Site Safety Equipment


tin foil valves foot 


First Aid Kit


saran wrap buckets


Fire Exinguisher


waste disposal (ie.drums) flow through cell/beakers


HASP


zip lock bags field filters


LEL meter


blue ice waste disposal (ie. drum)


zip lock bags


Monitoring Equipment


blue ice


Water level meter


Laboratory Samples


PID (Span Gas)


Parameters Bottles Preservative


FID (Standards)


ORP electrode meter (Std. Solutions)


DO meter (2 Std. Solutions)


pH meter (3 Std. Solutions (4,7,10))


Specific Conductance Meter (Std. Solutions)


Thermometer


Container for Std. Solutions (ie. Paper cups)


Bailer


Tools


Are equipment blanks required?      	 Yes       No


Well Cracking Devices


Are field duplicates required?          	 Yes       No


Site Specific Keys


Is a trip blank required?                   	 Yes       No


Locks


Bolt Cutters


Project Specific Notes:


Tool Box


Flash Light


OSHA - Regulations for Construction Projects


3


3


3


3
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HEALTH & SAFETY 
TAILGATE MEETING


Division/Subsidiary


Date


Customer


Specific Location


Type Work


Chemicals Used


Time


Phone (      ) Paramedic Phone (       )


Address


Facility


Job Number


Name Printed


Name Printed


Meeting Conducted By


Supervisor


Signature


Protective Clothing / Equipment


Chemical Hazards


Physical Hazards


Emergency Procedures


Hospital / Clinic


Hospital Address


Special Equipment


Other


Safety Topics Presented


Attendees


Signature


Manager
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DAILY FIELD REPORT


Project Name:


Project Number:


Field Personnel:


Recorded By:


Weather:


Date: 


Primary Activities:


Time Description of activities - 	 location of work, work performed, equipment & 
	 personnel used, incidental information
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INCIDENT REPORT


Project Name


Project Number


Date 


Site Health & 
Safety Officer


Type of Incident:


Location of Incident:


Specific Job at Time of Incident:


Summary of What Occured:


Level of Protection Worn at Time of Incident:


Actions Taken to Correct Situation (PPE, etc .):


Medical Care Administered:


Employee Signature:	 	 Date:


Site Health & Safety Officer Signature:	 	 			Date:


Employee Name


Company


Job Title
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ATTACHMENT 2 


STANDARD FIELD PROCEDURES 
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Attachment 2 – Standard Field Procedures 
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EQUIPMENT DECONTAMINATION PROCEDURES 


This document describes the procedures to be followed during the cleaning of non-
disposable drilling, sampling, and other field equipment.  All drilling and sampling equipment 
shall be cleaned prior to arrival at the Site.  Equipment will be free of petroleum oils and greases 
and any other substances that may compromise the chemical integrity of the subsurface or the 
samples that will be collected.  All equipment will be stored in a clean location after cleaning.  
Where practicable, smaller pieces of equipment, such as split-barrel samplers, probes and 
beakers, will be either wrapped in aluminum foil or sealed in a plastic bag following cleaning.  
Fluids generated during equipment decontamination shall be containerized in approved DOT 
drums that can be sealed and locked for later disposal.  Care shall be taken to ensure that the 
fluids do not flow overland into nearby surface water bodies, sewer systems, or ditches. 


1. Drilling Equipment 


Drilling equipment will be cleaned in a specified centralized cleaning area prior to initial 
use, between boreholes, and at the completion of drilling activities.  The following items will be 
thoroughly steam-cleaned to remove foreign material: 


 
• back of drill rig; 
• drill casing, bits, and rods; 
• shovels and other tools that contacted subsurface materials; and 
• any other down-hole equipment. 


2. Field Sampling Equipment 


Non-dedicated sampling equipment (e.g., split-barrel samplers, sub sampling equipment, 
peristaltic pump, beakers) will be manually cleaned prior to initial use, after each use, and at the 
completion of sampling activities according to the following procedure. 


 
• Manually scrub with a phosphate-free (e.g., Alconox™) soap solution. 
• Rinse with distilled water. 
• Rinse with reagent-grade isopropanol. 
• Rinse thoroughly with distilled water. 
• Allow equipment to air dry. 


3. Field Probes 


The probes that are used for field measurements (e.g., DO, ORP, pH, temperature, 
conductivity, turbidity) will be cleaned before initial use and after each use by rinsing the probes 
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thoroughly with distilled water.  The probes will be stored between uses in a beaker of clean 
distilled water.  At the end of the day, the probes will be cleaned according to the following 
procedure: 


 
• Rinse thoroughly with distilled water. 
• Blot dry with a clean paper towel. 
• Store according to manufacturers’ instructions. 


4. Water Level Tapes 


The water level tape will be cleaned prior to initial use, after each use, and at the completion 
of measuring activities.  If the water level tape is used to collect water level measurements, the 
probe and approximately 3 feet of the tape will be cleaned.  If the water level tape is used to 
plumb the bottom of a well, the entire length of tape that contacted water or other materials in the 
well will be cleaned.  Cleaning of the water level tape will be completed using the procedures 
described above for sampling equipment cleaning. 
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SAMPLE DESIGNATION, CUSTODY AND HANDLING PROCEDURES 


This document describes the procedures to be followed for sample designation, handling, 
custody, and documentation. 


1. Sample Designation 


The laboratory will provide sample containers having a pre-printed self-adhesive, non-
removable label affixed to each sample container.  Sample labels will contain the following 
information: 


 
• Sample ID; 
• Project name; 
• Name or initials of individual collecting the sample; 
• Date and time of sample collection 
• Analysis to be performed; and 
• Preservation chemical (if used). 
 


All samples will be submitted blindly (i.e, without the sample location or depth included in 
the sample ID) to the laboratory.  Blind submission will ensure that previous analytical results 
cannot be used by the laboratory to influence the results of any future analyses.  If samples are 
likely to contain high concentrations of VOCs or other analytes, the samples will be identified on 
the chain-of custody forms. 


Field duplicate or replicate samples will require special procedures for sample designation to 
ensure that they will be submitted blindly to the laboratory.  The sample location or depth will 
not be included in the sample ID and the time of collection will be fictitious.  Both the fictitious 
and actual information will be documented in the field records. 


2. Sample Handling and Storage 


Each sample will be sealed in a separate plastic bag following collection.  Samples will then 
be stored in an insulated cooler containing ice packs or ice sealed in a plastic bag.  Samples 
selected for laboratory analysis will be transferred to insulated coolers for overnight shipment to 
the laboratory.  Each cooler will be packed in a manner that will prevent damage to sample 
containers during shipment and will contain a sufficient amount of ice or ice packs to ensure that 
the temperature is maintained between approximately 0ºC and 4ºC.  A chain-of-custody form 
(discussed below) will accompany each cooler. 
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3. Sample Custody and Documentation 


Chain-of-custody forms will be used to trace the possession and handling of all samples, 
from their collection, through analysis, until their final disposition.  These forms will document 
the names of the relinquishing and receiving parties, the time and date of the transfer of custody, 
and the reason for the transfer of custody.  One chain-of-custody form will accompany each 
cooler shipped to the laboratory.  The form will be placed in a sealed plastic bag inside the 
cooler.  A custody seal will be placed on each cooler after packing and prior to shipment.  
Shipping of samples to the laboratory will be accomplished by Federal Express, or equivalent, 
overnight service.  Samples will remain in the custody of the sampling team until custody is 
relinquished to the courier service that will transfer the samples to the laboratory.  Each sample 
shipment will be tracked via the courier waybill number to ensure that prompt delivery of the 
shipment to the laboratory has occurred. 


Upon receipt by the Sample Custodian for the laboratory, the Sample Custodian will note on 
the form whether the custody seal is intact, the cooler temperature, the presence of air bubbles in 
any of the groundwater samples submitted for VOCs analysis, any damaged sample containers or 
discrepancies between the sample label and information on the form, and sign and date the form.  
A copy of the chain-of-custody form will then be transmitted to the Field Study Leader-QA/QC 
Officer for their records and so that proper action can be taken, if necessary. 
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WATER LEVEL MEASUREMENT PROCEDURE 


This document describes the procedures to measure water levels in monitoring wells. 


All water level measurements will be obtained using a battery-operated water level tape 
marked at 0.01 foot intervals, at a minimum.  The probe used to measure water levels consists of 
a stainless steel electrode with a circuit-insulating gap.  The circuit is completed when the probe 
contacts water and a buzzer is activated.  The procedure used for measuring water levels is 
provided below. 


 
• Clean the water level tape according to the standard operation procedure (see Equipment 


Decontamination Procedures). 


• Switch on and lower the weighted electric tape slowly into the well until the buzzer indicates 
a closed circuit. 


• Note the length of tape that corresponds to the top of the well casing (i.e., reference point 
marked on casing). 


• In the field records, record the resultant value to the nearest 0.01 of a foot as the water level 
below the top of the casing. 


• Repeat the measurement to verify the initial measurement. 
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ATTACHMENT 3 


WATERRA® PUMPING SYSTEM INFORMATION 
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1. PURPOSE AND SCOPE OF THE PLAN 


GeoSyntec Consultants, Inc. (GeoSyntec) has prepared this Quality Assurance Project Plan 
(QAPP) for the Environmental Security Technology Certification Program (ESTCP) to evaluate 
the use of emulsified zero-valent iron (EZVI), an innovative remediation technology, to 
remediate chlorinated solvent dense non-aqueous phase liquid (DNAPL) source zones.  The field 
demonstration will be conducted at the Solid Waste Management Unit (SWMU) 45 (Site 45) – 
Former Morale, Welfare, and Recreation (MWR) Dry Cleaning Facility, Marine Corps Recruit 
Depot (MCRD), Parris Island, South Carolina (the “Site”).  Baseline characterization and 
performance monitoring events are planned for July 2006 through June 2007, and will be 
conducted to meet the following field demonstration objectives:  


1. Evaluate the ability of the two most promising injection technologies to evenly distribute the 
EZVI in a controlled manner; 


 
2. Evaluate the ability of EZVI to significantly reduce the mass flux of dissolved-phase volatile 


organic compounds (VOCs) from a DNAPL source zone and to reduce the DNAPL mass in 
the source; and 


 
3. Provide reliable technical data relevant to field-scale EZVI trials, including documenting the 


benefits of the technology in terms of expected reduction in the duration and cost of 
remediation of DNAPL sites, and develop a Guidance Manual to assist Department of 
Defense (DoD) managers and practitioners with appropriate selection and implementation of 
the EZVI technology. 


 
The following sections describe the Quality Assurance (QA) procedures that will serve to 


ensure that the integrity of collected data is not compromised, and specify the QA 
responsibilities. 


The QAPP is produced to document how QA and quality control (QC) activities will be 
implemented during the life cycle of a project.  The QAPP will dictate how QA/QC procedures 
for sampling and analysis of groundwater and soil will be implemented. 
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2. QUALITY ASSURANCE RESPONSIBILITIES 


Staff from GeoSyntec and the Site will perform routine field sampling and analyses. The 
project team will consist of a Project Manager, Field Study Leader, QA/QC Officer, Project 
Technical Staff, and Analytical Laboratories.  Their responsibilities are outlined in the following 
sections. 


2.1 Project Manager 


The primary function of the Project Manager will be to ensure that all of the activities 
planned are consistent with the overall strategy of the project, appropriate resources (human, 
technological) are employed, the scope, schedule and budget for activities are set consistent with 
project requirements, and progress on project activities is occurring at the appropriate rate to 
meet the scheduling and budget requirements.  Suzanne O’Hara of GeoSyntec will perform the 
duties of the Project Manager. 


2.2 Field Study Leader 


The Field Study Leader will be responsible for scheduling and coordinating all project and 
field activities, in accordance with the scope and budget of the project. Duties will include:  
 


• Verifying all field records for accuracy; 


• Ensuring that all personnel have a good understanding of the objectives of the 
program, an understanding of their respective roles relative to one another, and an 
appreciation of the importance of the roles to the overall success of the program; 


• Procuring subcontracted services such as analytical laboratories, and coordinating 
communication between the project team members and these subcontractors; 


• Scheduling and coordinating analytical services; 


• Directing data management, validation and reporting; 


• Coordinating preparation of groundwater and soil monitoring reports; and 


• Routing documentation and reports to the QA/QC Officer for review and 
 approval. 


Mark Watling of GeoSyntec will act as the Field Study Leader.  Mark Watling or his 
designee will be responsible for overseeing the operation, maintenance and monitoring program 
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during the field demonstration. He will be responsible for any QC measures required for 
collection of field data. 


2.3 QA/QC Officer 


The QA/QC Officer will assure and control quality by assuring that the activities are 
implemented using a consistent, high-quality approach, the information and data collected are 
compiled accurately and effectively for all team members to access and use, tasks are conducted 
in a manner that is consistent with the project plans, a consistent format for the deliverables is 
followed, an appropriate level of scoping and review has been conducted by senior technical 
specialists, and appropriate QA/QC procedures are implemented during data collection and 
reduction and during preparation of the deliverables. 


 
Mark Watling will also perform the duties of QA/QC Officer.  He will be responsible for 


validating that all field data meet the specifications of the data quality objectives and will 
distribute validated data to the appropriate project team members. 


2.4 Project Technical Staff 


Project technical staff will perform the sampling tasks and data reduction and validation, 
under the direction of the Field Study Leader-QA/QC Officer.  


2.5 Analytical Laboratories  


Analytical laboratories to be used for each parameter are listed in Table C-1. 
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3. DATA QUALITY 


3.1 Data Quality Objectives 


Data quality objectives (DQOs) are statements that provide project specific goals that are 
required to achieve results that will accurately and representatively reflect the primary 
parameters measured in the Pilot Test Area (PTA) during the field demonstration period. 


The primary parameters that will be measured to evaluate the conditions in the PTA are 
shown in Table C-1.  To maintain consistent and quality results throughout the field 
demonstration, Data Quality Indicators (DQIs) will be used to express the various properties of 
the primary parameters.  The DQIs required are: precision, bias, accuracy, representativeness, 
completeness, and comparability (often referred to as PARCC criteria) which are listed below. 


• Precision is a measure of agreement among replicate measurements of the same 
property under prescribed similar conditions.  


• Accuracy is the closeness of an individual measurement to the true value. This 
includes a combination of random error (precision) and systematic error (bias) 
components that result from sampling and analytical operations.  


• Representativeness is the degree to which sample data accurately and precisely 
represent a characteristic of a population parameter at a sampling point.  


• Completeness is a measure of the amount of valid data obtained from the 
measurement system compared to the amount that should have been collected. 


• Comparability is the confidence with which two data sets can contribute to a common 
analysis and interpretation. 


Precision and bias will be measured by analysis of the field and laboratory QC samples 
described later in this section and comparison of statistics calculated using these results to the 
acceptance criteria specified in Section 6.  Completeness will be calculated and compared to the 
acceptance criteria (see Section 6).  The representativeness and comparability of the sample 
results shall be assured through the design of the sampling procedures as described in Section 6. 
In addition, required method detection limits (MDLs) have been established to ensure that a 
meaningful comparison of the concentration data to performance standards can be completed. 
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3.2 Sample Handling and Custody Requirements 


Sample handling and custody requirements are described in detail in the Sampling Analysis 
Plan (SAP) located in Appendix B. 


3.3 Field QA/QC Requirements 


QA/QC samples consisting of trip blanks, matrix spike/matrix spike duplicate (MS/MSD) 
samples, and duplicate samples will be collected to monitor the precision and bias resulting from 
sampling and laboratory analyses with respect to soil and groundwater samples collected from 
the Site.  The QA/QC requirements are discussed in detail in the SAP (Appendix B).  A QA/QC 
checklist (Attachment 1) will be used to monitor field QA/QC procedures. 


3.4 Laboratory QA/QC Requirements 


Table C-1 identifies the laboratory analytical methods that will be conducted for the 
groundwater and soil samples and the associated standard quantitation limits and holding times. 
Laboratory reports will include results of all sample and QA/QC sample analyses conducted, 
including any laboratory QC sample analyses (e.g., method blanks, spikes, surrogates).  A 
QA/QC checklist (Attachment 1) will be used to monitor laboratory QA/QC procedures. 


3.5 Equipment Maintenance and Decontamination 


All sampling and field equipment shall receive routine testing, inspection and maintenance 
checks to minimize equipment breakdown.  Routine daily maintenance to be conducted in the 
field is listed below. 


• Remove surface dirt and debris from the exposed surfaces of all equipment. 


• Store equipment away from the elements. 


• Inspect equipment and instruments for possible problems daily, including cracked or 
clogged lines or tubing, weak batteries, and worn pump heads. 


• Charge any equipment battery packs when not in use. 


Spare and replacement parts will be stored in the field to minimize down time.  These will 
include: 


• Appropriately sized batteries; 
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• Extra sample containers and preservatives; 


• Spare parts for pumps and water level tapes; 


• Extra probes for field parameter measurements; 


• Extra coolers and packing materials; and 


• Additional supply of health and safety equipment. 


Cleaning of non-dedicated and non-disposable field sampling and measuring equipment and 
personal protective equipment (PPE) will be performed to minimize the potential for cross-
contamination between sample locations and samples, and to minimize the potential for exposure 
of workers to Site-related chemicals.  All sampling devices and reusable PPE will be 
decontaminated immediately after each use with a direct application of a soapy water solution 
(i.e. Alconox), followed by a rinse with distilled water.  Expended decontamination fluids are to 
be containerized for proper disposal. Protective gloves will be discarded following each 
sampling event.   
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4. ANALYTICAL CHECKS 


4.1 Calibration Procedures and Frequency 


All field equipment will be calibrated prior to use. Calibration checks using known standard 
solutions of the analyte of interest will be run as necessary during the day and at the end of each 
sampling session according to the manufacturers’ instructions. 


4.2 Data Recording 


Data generation will be initiated in the field, as personnel complete field forms. The field 
forms will include observations about weather conditions at the Site at the time of sample 
collection, the results of field measurements and analyses, and equipment calibration and 
identification information. The volume of water removed from the well, the depth of the pump 
intake, pumping rate, depth-to-water measurements prior to and at the completion of purging and 
sampling (for the fully screened monitoring wells), the results of the field measurements, date 
and time of purging and sampling, and the identification and order of samples collected will be 
recorded in the field records.  


These forms shall be transmitted daily to the Field Study Leader-QA/QC Officer, who shall 
review the forms for clarity, completeness, and conformity with the SAP.  The Field Study 
Leader-QA/QC Officer and field personnel shall communicate on a sufficient frequency in order 
to review the activities planned and to ensure the completion of the intended scope of work.  The 
field forms shall be filled out as part of the project record. 


4.3 Data Reduction 


Data reduction will be minimal and will consist primarily of tabulating analytical data and 
field measurement results into electronic spreadsheets or databases.  Electronic data transfer 
from the laboratory, where possible, will be utilized to minimize data transcription error. 


4.4 Data Validation 


Data validation is the process of evaluating data and accepting or rejecting it on the basis of 
the DQOs shown in Table C-2.  The data quality criteria outlined in Section 6 will be used for 
making these decisions.  Validation procedures will include the following: 
 


• Ensuring close adherence to the specified sampling, protocol, and analysis 
procedures; 
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• Ensuring the use of properly calibrated and maintained equipment and 
analytical instrumentation; and 


  
• Examining the precision, accuracy, and other QC aspects of the data generated 


during the project. 
 


The data will be validated using EPA data qualifiers for organic and inorganic data (EPA, 
540-R-01-008 and 540/R-99-008).  Records of all data will be maintained, including those 
judged to be outliers or of spurious value.  The persons validating the data will have sufficient 
knowledge of the data collection objectives to identify questionable values. 
 


Analytical data generated in this program will be considered useful if the QC data for spiked 
and duplicate samples achieve the precision and accuracy goals stated in Table C-2, and if the 
sample is analyzed within the maximum holding time.  If the precision and accuracy goals are 
not achieved, then these data will be flagged and the impact of not meeting the QA objectives 
will be delineated. 


4.5 Data Reporting 


The final report from this field demonstration will be the Technical Report, which will 
include a description of the experimental methods, observations of note, and the results from all 
chemical analyses in tabulated format.  The assigned responsible parties will validate all 
analytical data, and the original data sheets will be retained with the project records.  As 
appropriate, validated data will be archived using spreadsheet and/or database formats. The data 
will be stored in a spreadsheet file for further evaluation and calculations.  In addition to the 
above items, the Technical Report will include the identification of outliers, details regarding the 
corrective actions taken, and a discussion of any necessary deviation from the protocols 
established in the referenced methods.  Data will also be uploaded to the Naval Facilities 
Engineering Service Center (NFESC) database for MCRD, Parris Island, South Carolina that is 
managed by Tetra Tech, Inc. 
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5. DEMONSTRATION PROCEDURES 


A complete description of the field demonstration set-up and performance monitoring is 
presented in Section 3.6 of the Technology Demonstration Plan. 


5.1 Demonstration Problems and Corrective Actions 


Sampling system failures shall be reported by the field personnel directly to the Field Study 
Leader-QA/QC Officer (Mark Watling) to specify the type of response action required, the 
method to evaluate effectiveness of the response action, and the methods for documenting the 
failure and response action implemented.  The Field Leader-QA/QC Officer will review the 
cause of the failure and determine whether a future change to the sampling method is required.  
Spare and replacement parts will be stored in the field to minimize down time. 
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6. CALCULATION OF DATA QUALITY INDICATORS 


Quantitative QA objectives for the field demonstration will be based on the analysis of 
samples collected and analyzed as outlined in Table C-2.  The QA objectives for precision, 
accuracy, method detection limit (MDL), and completeness for this test’s critical measurements 
are given in Table C-2. 


6.1 Precision 


As mentioned previously, precision quantifies the repeatability of a given measurement. 
Precision will be based on the relative percent difference (RPD) of duplicate samples. Precision 
for most laboratory measurements is estimated by calculating the RPD of laboratory duplicates 
such that, 


 


100
2/)(


(%)
21


21 x
CC
CCRPD


+
−


=  


 
 where: 
 
    RPD is relative percent difference, and  
    C1 and C2 are the result of replicate analysis. 
 


A precision goal of 20% has been set for all of the critical parameters. 


6.2 Accuracy 


Accuracy is calculated in terms of the percentage of a known amount of analyte or matrix 
spike recovered from a given matrix.  Percent recovery for an analyte is estimated by: 


 where:  
 


  %R = percent recovery 
  S = measured concentration in spiked aliquot 
  U = measured concentration in unspiked aliquot 
  Csa = actual concentration of spike added 
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Accuracy will be determined by the percentage of analyte recovered (percent recovery 
[%R]) from the matrix spikes.  Soil-phase matrix spikes for laboratory analyses will be prepared 
by injecting a known mass of a standard solution containing all of the analytes of interest into a 
groundwater sample, then analyzing the spiked sample according to the methods used for the 
groundwater samples. 


6.3 Method Detection Limit (MDL) 


The MDL for all measurements is calculated according to: 


 
 where: 


s = standard deviation of replicate analyses of matrix spikes with 
concentrations near the MDL 


 


t (n-1, 1-α = 0.99) =  Students’ t value for a one-sided, 99% confidence level and 
   a standard deviation estimate with n-1 degrees of freedom. 


6.4 Completeness 


Completeness refers to the percentage of valid data received based on completed analysis 
performed in the laboratory, and is calculated by: 


 


100  
T
V = C % ×⎟
⎠
⎞


⎜
⎝
⎛  


  
 where: 
 
  %C = percent completeness 
  V = number of measurements judged valid 
  T = total number of measurements 
 


Field QC will consist of sample duplicates collected for 5% of the samples submitted for 
analysis.  One trip blank consisting of clean water in the respective sample container will be 


s  tMDL 0.99)1,1(n ×= =−− α  
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included for QC purposes with each cooler of samples submitted to the lab for analysis.  A 
completeness goal of 80% has been set for all of the critical parameters.  Because of the number 
of sampling events, and the number of samples collected during each sampling event, a 
completeness of 80% will allow attainment of project objectives. 


6.5 Comparability 


Comparability is the degree to which one data set can be compared to another.  To ensure 
comparability, samples will be collected at specified intervals and in a similar manner, and they 
will be analyzed within required holding times by accepted methods.  All data and units used in 
reporting this study will be consistent with accepted practices for groundwater and soil analyses. 


6.6 Representativeness 


Representativeness is the degree to which a sample or group of samples is indicative of the 
population being studied.  Over the course of this study, samples will be collected in a manner 
such that they represent both the chemical composition and the physical state of the sample in the 
groundwater or soil at the time of sampling.  The sampling lines from all groundwater 
monitoring probes will be flushed with a minimum of four void volumes prior to collecting a 
sample for analysis.  The sample collection protocol will minimize contact with the atmosphere, 
thereby minimizing volatilization. 
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7. PERFORMANCE AND SYSTEM AUDITS 


7.1 Field Audits 


 Field audits of groundwater and soil sampling protocols will be performed to ensure that 
procedures outlined in the SAP are followed.  The audits will include observation of sampling 
procedures, and review of chain-of-custody documentation and sample results.  These audits will 
be conducted by the QA/QC Officer (Mark Watling), or his designee, at the Site within the first 
month of initiating field activities.  Following this period, daily audits of field activities and 
documentation will be conducted via telephone during field activities.  A QA/QC checklist 
(Attachment 1) will be used to monitor field QA/QC procedures. 


7.2 Laboratory Audits 


The contracted laboratory will perform internal performance audits.  The audits conducted 
by the contracted laboratory will be reviewed by GeoSyntec for compliance with QC objectives 
and in terms of timeliness and communications by measuring the laboratory’s performance 
against their contract requirements for each analytical report submitted to GeoSyntec. 


7.3 Response Actions 


Potential errors in field or laboratory data will be assessed through the field and laboratory 
audits (Sections 7.1 and 7.2).  If it appears that field or laboratory data are in error, the error(s) or 
potential errors will be documented and appropriate response action(s) will be taken.  Response 
actions may include one or more of the following: 


• Measurements may be repeated; 


• Calibrations may be checked and/or repeated; 


• Instrument(s) or measuring device(s) may be repaired or replaced; 


• New samples may be collected and/or samples may be re-analyzed; and  


• Prepared samples having known concentrations (e.g., spike samples or standards) 
may be submitted blindly to the laboratory for analysis. 


Appropriate response actions will be determined on a case-by-case basis.  If any project staff 
become aware of any problems, they will immediately notify the Study Leader-QA/QC Officer 
who will determine the appropriate action to correct the problem.  The Study Leader-QA/QC 
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Officer will also be responsible for directing the implementation of the response action(s), and 
documenting and communicating the problem encountered and the action taken.   
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8. QUALITY ASSURANCE REPORTS 


The QA/QC assessment and the results of audits will be summarized in the Technical 
Report.  The summary will include the following information: 


• Overall assessment of field and laboratory programs; 


• Summary of performance and system audits; 


• Summary of data validation for accuracy, precision, completeness, representativeness, 
and comparability; 


• Summary of sample tracking reports; 


• Corrective actions taken, if any; and 


• Any significant field observations noted on the field forms during the sampling 
procedures. 


Chain-of-Custody (CoC) records, related sample documentation and data validation reports 
will be reviewed on an as received basis so that data quality problems will be detected as soon as 
possible.  The Field Study Leader-QA/QC Officer will maintain the repository of all documents 
generated for this project. 
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9. DATA FORMAT 


Data generation will be initiated in the field, as personnel complete field forms.  The field 
forms will include observations about weather conditions at the Site at the time of sample 
collection, the results of field measurements and analyses, and equipment calibration and 
identification information. 


 
All data generated during the course of field activities, except those that are generated by 


automated data collection systems, will be recorded directly, promptly, and legibly in ink.  All 
data entries will be dated and signed or initialed by the person making the entry.  Any changes in 
data entries will not obscure the original entry and the reason for the change shall be noted and 
initialed.  In automated data collection systems, the individual responsible for direct data input 
shall be identified at the time of data input.  Any changes in automated data entries shall not 
obscure the original entry.  Updated entries will indicate the reason for the change, the date, and 
the person responsible for making the change. 


 
Data for this project will also include miscellaneous correspondence and laboratory 


analytical reports.  Analytical data will be obtained from the lab in both hardcopy and electronic 
data deliverable (EDD) formats (if available).  The electronic data will be checked for 
consistency with the hardcopy, in accordance with GeoSyntec procedure.  Conformance with 
established data storage protocols will then be verified for a number of data fields, including: 


• Parameter name; 


• Units; 


• Date format; 


• EPA qualifier; and 


• Analytical method. 


 
The EDD shall subsequently be translated into the standard GeoSyntec database format. 


Features of this format include data storage in a single location to minimize version conflicts, 
and a database log to record import events. 
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10. DATA STORAGE AND ARCHIVING PROCEDURES 


The database is stored in a project-specific directory.  The server on which the directory is 
located is backed up on a regular basis, with storage of backups occurring offsite.  GeoSyntec 
will use the reports as the basis for preparing the Technical Report and will archive the raw data 
for 1 year. 


 
All raw data, documentation, records, protocols, and reports generated as a result of field 


demonstration activities shall be retained.  Upon completion of the technical effort, the field 
notebooks will be archived at GeoSyntec for 1 year, or turned over to ESTCP for long-term 
archiving. 
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TABLE C-1:  SUMMARY OF SAMPLE HANDLING AND LABORATORY ANALYTICAL DETAILS
                        Emulsified Zero-Valent Iron Treatment of Chlorinated Solvent DNAPL Source Areas


Parameter Analytical Method Method Analytical Quantitation Sample Preservative Holding
Number Laboratory Limit Container Time


Field Parameters (DO, ORP, pH, 
conductivity, temperature, sulfide, 
ferrous iron)


Multiprobe System,     Field 
Kits


Field NA Varies NA NA NA


VOCs (PCE, TCE, cis-1,2-DCE, 
trans-1,2-DCE, 1,1-DCE, vinyl 
chloride)


Gas Chromatography /Mass 
Spectrometry


EPA 8260B EPA/STL 0.02 to 0.2 µg/L 3 x 40 mL VOA sulfuric acid to 
pH<2, cool to 4°C


14 days


Dissolved Hydrocarbon Gases 
(methane, ethane, ethene)


Gas Chromatography/ 
Flame Ionizing Detector


RSK-175 or  
EPA 8015B


EPA/STL 10 µg/L 3 x 40 mL VOA sulfuric acid to 
pH<2, cool to 4°C


7 days


Anions (chloride, nitrate, nitrite, 
sulfate)


Ion Chromatography,   
Colorimetry


EPA 300.0, 
353.2, 310.1


EPA/STL 0.01 to 0.05 mg/L 30 or 120 mL 
plastic


cool to 4oC 2 to 28 days


VFAs Gas Chromatography/ 
Flame Ionizing Detector


EPA 8015-
Mod


EPA/STL 0.097 to 1.6 mg/L 3 x 40 mL VOA cool to 4°C 14 days


Alkalinity Colorimetry EPA 310.1 EPA/STL 1 mg/L 125 mL plastic cool to 4°C 14 days


TOC Combustion or Oxidation EPA 415.1 EPA/STL 1 mg/L 125 mL plastic sulfuric acid to 
pH<2, cool to 4°C


28 days


Cations/Dissolved Metals Inductively-Coupled Plasma EPA 6010B EPA/STL 0.9 to 300 µg/L 60 or 500 mL 
plastic


nitric acid to pH<2, 
cool to 4°C


28 days


VOCs (PCE, TCE, cis-1,2-DCE, 
trans-1,2-DCE, 1,1-DCE, vinyl 
chloride)


Gas Chromatography /Mass 
Spectrometry


Mod. EPA 
8260B(a)


EPA/STL 0.02 to 0.2 µg/L 3 x 40 mL VOA sulfuric acid to 
pH<2, cool to 4°C


14 days


EZVI Visual/Microscopic NA EPA/STL NA Butyrate or 
acetate sleeve


cool to 4°C 14 days


foc Walkley Black Walkley Black STL 500 mg/kg 250 ml plastic cool to 4°C 28 days


Porosity Water Pycnometer/Drive-
Cylinder


ASTM D854, 
ASTM D2937


STL TBD TBD TBD TBD


Notes:
NA - Not Applicable
STL - Severn Trent Laboratories, Inc.
EPA - EPA GWERD National Risk Management Research Laboratory, Ada, OK
(a) - Samples will be extracted using methanol on site.  See Appendix B for the detailed extraction procedure
TBD - To be determined
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TABLE C-2:  QA OBJECTIVES FOR PRECISION, ACCURACY, METHOD DETECTION LIMIT, AND COMPLETENESS
                        Emulsified Zero-Valent Iron Treatment of Chlorinated Solvent DNAPL Source Areas


Parameter Method Analytical Quantitation Precision (%) Accuracy (%) Completeness (%)
Number Laboratory Limit


Field Parameters (DO, ORP, pH, 
conductivity, temperature, sulfide, 
ferrous iron)


Field NA Varies NA NA NA


VOCs (PCE, TCE, cis-1,2-DCE, 
trans-1,2-DCE, 1,1-DCE, vinyl 
chloride)


EPA 8260B EPA/STL 0.02 to 0.2 µg/L 20 80 80


Dissolved Hydrocarbon Gases 
(methane, ethane, ethene)


RSK-175 or  
EPA 8015B


EPA/STL 10 µg/L 20 80 80


Anions (chloride, nitrate, nitrite, 
sulfate)


EPA 300.0, 
353.2, 310.1


EPA/STL 0.01 to 0.05 mg/L 20 80 80


VFAs EPA 8015-
Mod


EPA/STL 0.097 to 1.6 mg/L 20 80 80


Alkalinity EPA 310.1 EPA/STL 1 mg/L 20 80 80


TOC EPA 415.1 EPA/STL 1 mg/L 20 80 80


Cations/Dissolved Metals EPA 6010B EPA/STL 0.9 to 300 µg/L 20 80 80


VOCs (PCE, TCE, cis-1,2-DCE, 
trans-1,2-DCE, 1,1-DCE, vinyl 
chloride)


Mod. EPA 
8260B(a)


EPA/STL 0.02 to 0.2 µg/L 20 80 80


EZVI NA EPA/STL NA NA NA NA


foc Walkley Black STL 500 mg/kg 20 80 80


Porosity ASTM D854, 
ASTM D2937


STL TBD 20 80 80


Notes:
NA - Not Applicable
STL - Severn Trent Laboratories, Inc.
EPA - EPA GWERD National Risk Management Research Laboratory, Ada, OK
(a) - Samples will be extracted using methanol on site.  See Appendix B for the detailed extraction procedure
TBD - To be determined
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ATTACHMENT 1 


FIELD AND LABORATORY QA/QC CHECKLIST 







TABLE 1
FIELD AND LABORATORY QA/QC CHECKLIST 


ESTCP Demonstration Plan, Emulsified Zero-Valent Iron Treatment of Chlorinated Solvent DNAPL Source Areas


GeoSyntec Consultants


SAMPLE DATE
SAMPLE LOCATION


CRITERIA
Field Sampling
   Samples collected as per protocols in SAP (Y/N)
   QA/QC samples meet frequency criteria in SAP (Y/N)


Lab Report Requirements
   Lab Name 
   Contact person and telephone number
   Date of sample analysis
   Analyses required specified
   Data qualifiers used in lab report explained (Y/N)
   Any method modifications described
   Complete tabulated conc.s & DLs provided
   Def'n of short forms & acronyms provided
   Units:
        ug/L or mg/L for liquids
        mg/kg or ug/kg per dry wt for solids


Other Lab Report Requirements
   Analyzed within holding times ( Y/N)
   Lab report number (list)
   Lab report signed and dated (name/date)
   Lab report formatted correctly 
   Method blanks specified (if applicable)
   Case Narrative provided (Y/N)
   Sample IDs consistent with C-o-C (Y/N)


Chain-of-Custody
   Project Name specified
   Project Number specified
   Sample IDs specified
   Sampling date and time specified
   Collector's name, title, affiliation specified
   Date and time of sample receipt
   Parameters indicated (specify)
   QC samples:
       Trip blanks collected
       MS/MSDs collected
       Field Duplicate collected: list sample IDs:
              Duplicate of: list sample ID
              Duplicate parameter of:  List parameter
       RPD within 20% (specify RPD)
   Number of sample containers for each test
   Preservative/filtration indicated
   Overnight delivery indicated
   Method of shipment indicated


Sample Receipt
   Custody seal intact
   Cooler temperature (<= 4C)
   Sample vials/containers intact
   No air bubbles
   Samples arrived within 7 days of date of collection


TR0173\Field & Lab QA-QC Checklist.xls
last update:  3/28/2006 6:40 PM DRAFT
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Project Health and Safety Plan (HASP) 
 


Project Name:  ESTCP EZVI 
Project Number: TR0173 
 
 


This HASP, which must be kept on site, addresses the safety and health hazards of each 
phase of site operation, including the requirements and procedures for worker 
protection.  Only the Site Health and Safety Officer (SHSO) can change or amend this 
document in agreement with the Environmental Health and Safety Coordinator (EHSC), 
Project Manager, and Principal-in-Charge.   The SHSO must initial any change made to 
the HASP at the relevant section.  Major amendments (e.g., changes in personal 
protective equipment not provided for in this plan, addition of tasks, etc.) must be 
documented by indicating the amendment date shown on this page. 
 
 


 
Prepared by: 


 
Suzanne O’Hara 


 
May 17, 2005


 
 
Reviewed by: 


SHSO 
 
Paul Nicholson 


Date 
 
May 17, 2005


 
 


EHSC 
 


Date 
 


Approved by: Suzanne O’Hara May 17, 2005
 Project Manager 


 
Tom Krug 


Date 
 
May 17, 2005


 Principal-in-Charge / Associate-in-Charge 
 


Date 


Copy Cover Sheet to: EHSC  


Brief Description of Amendment      Amendment Date 
Updated expected Sections 1, 5 ,8 and 13, Tables 1, 2, 5 and 6, and Appendices D, E, F, 
and G to reflect changes to field dates and to include Task 3 (EZVI injection) – Mark W 


03/03/06 


          
 


This HASP has been given to the following subcontractor(s) in accordance with 
OSHA 29 CFR 1910.1200 (Hazard Communication Standard): 
 


Subcontractor:   US EPA      Representative:  Robert Puls         Date: _May 17,2005    
 


Subcontractor:                         Representative:                        Date:           .
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GeoSyntec site workers must read this HASP.  A pre-entry briefing conducted by the 


SHSO must be held prior to initiating this project.  All sections of this HASP must be 


reviewed during this briefing.  Any worker not in attendance at the initial meeting must 


be trained by the SHSO on the information covered in the pre-entry briefing meeting.  


Tailgate meetings must be held at the beginning of the work shift by the SHSO to 


discuss important safety and health issues concerning tasks performed on that day.  A 


brief description of topics discussed in tailgate meetings must be documented in the 


Field Logbook.  After reading the HASP and attending a pre-entry briefing, workers 


must sign the following acknowledgment statement. 


 


I have read, understand, and agree with the information set forth in this HASP.  I have 


also attended a pre-entry briefing.  I agree to perform my work in accordance with this 


HASP. 


 


Name  Date 


             


             


             


             


             


             


             


             


             


Name  Date 
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1. SITE/TASK DESCRIPTION 


Brief description of site (including information as to current and previous site 
usage, location and approximate size of site, and a description of the tasks): 


• Site Usage: Former Dry Cleaning Facility (open field now) 


• Site Location: Site 45, Parris Island Marine Recruit Depot, Parris 
Island, SC 


• Size of Site: 1 acre 


• Expected Field Dates: June 2005 to June 2007 
 (Beginning date - ending date) 


• Tasks for this project include: 


 Drilling and well installation:  This task will include the installation of up to five
fully screened monitoring wells and seven multilevel wells using a direct push rig. 


 Groundwater and soil sample collection:  This task will include the collection of
groundwater and soil samples to be submitted for analysis of VOCs, field parameters,
DHGs, anions, and other general geochemical indicators. 


 EZVI injection:  This task will include mixing and injecting emulsified nano-scale
zero-valent iron into the test plots using pneumatic and direct injection technologies. 


       


       


       


       


       


• Description of Surrounding Property/Population: 
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North  Residential/Industrial East Residential/Industrial 


South Residential/Industrial West Residential/Industrial 


2. KEY PERSONNEL AND HEALTH AND SAFETY RESPONSIBILITIES 


 Table 1 lists project personnel and their responsibilities in regard to health and 
safety concerns on this project. 


3. WORKER TRAINING 


Table 2 documents that workers have received the appropriate training 
requirements according to the company Environmental, Health, and Safety (EH&S) 
Training Program.  A pre-entry briefing and daily tailgate meetings are also conducted 
to facilitate onsite training. 


4. SITE CONTROL         


Site control procedures must be implemented before the start of site tasks to 
control worker exposures to hazardous substances. 


4.1 Site Map          


The location of Site 45 at the MCRD is shown in Figure 1a.  A site map of the 
demonstration area at the Site is shown in Figure 1b.  The following checklist of items 
must be included on the site map upon arrive at the Site: 


• General Wind Direction 
 
 Figure 2 shows the route to the nearest emergency Medical Facility.  Changes may 
be made to these maps by the SHSO, as needed, based on site conditions.  These maps 
should be posted in the work area. 
 
4.2 Buddy System 


APPLIES TO TASK                                   
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The Buddy System is required in the task(s) indicated above.  The buddy system 
includes maintaining regular contact (see Section 4.6) with onsite GeoSyntec personnel, 
clients and/or contractors. 


In situations where task work does not require the buddy system, onsite personnel 
must have appropriate communication device(s) on his/her person(s) at all times, and 
shall maintain contact with office personnel, at a minimum, upon arriving at and 
departing from the site on a daily basis. 


4.3. Work Zones 


Three work zones must be established for each task.  The Exclusion Zone is 
defined as the area on-site where contamination is suspected and tasks are to be 
performed.  The Contamination Reduction Zone (CRZ) is defined as the area where 
equipment and workers are to be decontaminated.  The Support Zone is defined as the 
command area and serves as a storage area for supplies.  The exact location and extent 
of the work zones will be modified as necessary as site investigation information 
becomes available.  The boundaries of the Exclusion Zone, CRZ, and Support Zone 
must be marked using the following methods: 


 Warning tape  Traffic cones 
 Signs  Fence 
 Other   


4.4. Site Access 


Access to the site must be controlled using the following method: 


 Sign in/Sign out log  Guard 
 Identification badges   Other:  


4.5. Visitors 


Visitors to the site must be continually escorted in order to assure their safety since 
they may be unfamiliar with the site.  Visitors must not be allowed past the Support 
Zone unless they read, understand, sign, and meet the requirements outlined in this 
HASP. 
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4.6. Communications 


On-site communications must be conducted through the use of: 


 Verbal 
 Two-way radio  Horn 
 Cellular telephone  Siren 
 Hand signals  Other:   


Off-site communications must be conducted through the use of: 


 Cellular telephone 
 Pay phone:  Location ______________________________ 
 Other:                                                         


4.7. Safe Work Practices 


General Safe Work Practices that must be implemented during work activities at 
this site are included in Table 3. 


4.8. Inspections 


For projects lasting longer than one week, the SHSO (or his/her designee) must 
conduct weekly health and safety inspections.  The inspections must be documented 
using the Weekly Health & Safety Inspection checklist included in Appendix A.  The 
Weekly Health & Safety Inspection Checklist must be kept on file at the project site. 


5. HAZARD ANALYSIS AND MITIGATORS 


Site specific hazards must be identified (through hazard analysis) to determine the 
appropriate safety and health hazard mitigators needed to protect workers from the 
identified hazards.  Hazard analysis involves a complete review of chemical, physical, 
and biological hazards. 


5.1 Chemical Hazards 


  APPLICABLE    NOT APPLICABLE 
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Chemical hazards include existing contaminants of concern in the subsurface, 
chemicals associated with demonstration operations, and chemicals that may be 
produced as a by-product of demonstration activities. 


5.1.1 Contaminants of Concern 


A comparison has been made between previous environmental sampling results and 
EPA Primary Drinking Water Standards (for liquids) and EPA Soil Screening Levels 
(for solids) to select those contaminants that may cause health and safety concerns, 
henceforth referred to as Contaminants of Concern.  Based on this comparison, only 
contaminants that exceed 5 times these standards have been considered Contaminants of 
Concern as indicated in Table 4.  Contaminant Fact Sheets for each of the Contaminants 
of Concern for this project are provided in Appendix B. 


Information from the Contaminant Fact Sheets (e.g., flash point, water reactive, 
etc.) have been utilized in performing the chemical hazard analysis in Table 5 (e.g., fire, 
inhalation, reactivity, and skin absorption hazards).  If, based on the hazard analysis, 
chemical hazards exist, hazard mitigators must be utilized to control these hazards 
(Appendix C).  In addition, air monitoring equipment (Section 6) and personal 
protective equipment (Section 8) must also be utilized to evaluate airborne 
concentrations and protect workers. 


5.1.2 Chemicals Associated with Task Operations 


During this demonstration, various chemicals with be used as part of each task 
(e.g., bentonite and cement during well installation, nano-scale zero-valent iron during 
EZVI injection, cleaning/decontamination and sample preservation chemicals during 
sampling, etc.).  Information from the Material Safety Data Sheets (MSDSs) provided 
in Appendix G for each of these chemicals (e.g., flash point, water reactive, etc.) has 
been utilized in performing the chemical hazard analysis in Table 5.  Based on the 
hazard analysis, hazard mitigators must be utilized to control these hazards (Appendix 
C).  In addition, PPE (Section 8) must also be utilized to protect workers.  An eye wash 
station must be maintained in the work area when working with these chemicals.  
MSDSs (Appendix G) must be reviewed before working with any chemical. 


 
5.2 Physical Hazards 


  APPLICABLE    NOT APPLICABLE 







GeoSyntec Consultants 


TR0173 
Health and Safety Plan  2005.05.16 


6


Physical hazards associated with tasks to be performed (e.g., electrocution due to 
drilling, etc.) and site location (e.g., slips, trip, or falls due to rocky terrain, etc.) have 
been analyzed in Table 5.  If, based on the hazard analysis, physical hazards exist, 
hazard mitigators (Appendix C) must be implemented. 


 
5.3  Biological Hazards 


  APPLICABLE    NOT APPLICABLE 


If, based on the hazard analysis (Table 5), biological hazards exist associated with 
tasks to be performed and site location (e.g., allergic reactions to poisonous plants or 
insects indigenous to the area, etc.), hazard mitigators (Appendix C) must be 
implemented. 


6. AIR MONITORING         


6.1 Real-Time Air Monitoring 


  APPLICABLE    NOT APPLICABLE 


The types of air monitoring equipment required, initial frequency of readings, and 
action guidelines for each task are provided in Appendix D.  Action guidelines for 
contaminant vapor(s) and particulate matter are based on the hazard analysis (Section 6) 
and an analysis of any previous sampling results. Consideration is also given to vapor 
density and carcinogenicity where applicable. 


Frequency of air monitoring readings will be adjusted on site accordingly, with the 
consent of the SHSO.  Equipment must be calibrated at least before work begins each 
day and at the end of the day.  Air monitoring readings and calibration records must be 
documented in the Field Logbook. 


 
6.2 Personal/Area Air Monitoring 


  APPLICABLE    NOT APPLICABLE 


Personal/area air monitoring is required for the following contaminants of concern: 
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7. MEDICAL SURVEILLANCE   


Table 2 indicates the workers who participate in the company Medical Surveillance 
Program. 


 Yes  No Additional project-specific medical surveillance is required for 
the following contaminants of concern:  


   


   


8. PERSONAL PROTECTIVE EQUIPMENT  


  APPLICABLE    NOT APPLICABLE 


The levels of personal protection required for each task are provided in Appendix 
E.  Required equipment and types of protective clothing materials are listed, as well as 
an indication of the initial level of protection.  The level of protection may be upgraded 
or downgraded (by the SHSO) based on the action guidelines provided in Appendix D 
and on information provided in the MSDSs (Appendix G).  PPE levels must be 
indicated in the Field Logbook.  Before working with any chemical, the MSDS 
(Appendix G) must be reviewed for the applicable level of PPE. 


If respirators are worn, workers must adhere to the company’s Respiratory 
Protection Program (29 CFR §1910.134).  Table 2 provides a record of the site workers’ 
last annual fit test.  Beards (i.e., facial hair interfering with the respirator seal) are not 
allowed. 


9. DECONTAMINATION   APPLICABLE   NOT APPLICABLE 


PPE must be decontaminated as per 29 CFR §1910.120(k).  The decontamination 
procedures, equipment and decontamination solution required for each task are 
provided in Appendix F.  In an emergency, the primary concern is to prevent the loss of 
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life or severe injury to site personnel.  If immediate medical treatment is required to 
save a life, decontamination should be delayed until the victim is stabilized.  If 
decontamination can be performed without interfering with essential life-saving 
measures or first aid, or if worker has been contaminated with an extremely toxic or 
corrosive material that could cause severe injury or loss of life, decontamination must 
be performed in coordination with or prior to initial medical treatment at the scene. 


10. EMERGENCY PREPAREDNESS AND RESPONSE 


A list of contacts and telephone numbers for the applicable local off-site emergency 
responders is provided in Table 6.  The nature of the site work and contaminants of 
concern should be reviewed with the off-site responders before work begins on this 
project.  The following emergency response equipment is required for this project: 


 Fire Extinguisher:   Type A        Type B        Type C        Type ABC 


 Eyewash  
 SCBA 
 First Aid Kit 
 Shower (Note: for acids and caustics) 
 Other:  


The emergency response communication system for the site is: 


 Verbal 
 Two-way radio 
 Hand signals: Hand gripping throat =“Out of Air, Can’t Breathe” 


 Grip partner’s wrist or both hands around waist =“Leave area immediately” 
 Hands on top of head =“Need assistance” 
 Thumps up =“OK; I am all right; I understand” 
 Thumps down =“No; negative” 


 Horn 
 Siren 
 Other  


In the event that an on-site emergency develops, the procedures delineated in Table 
7 are to be followed immediately. 
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1. CONFINED SPACE ENTRY 


  APPLICABLE   NOT APPLICABLE 


The task(s) for this project involve confined-space entry.  Workers must adhere to 
the company’s Confined Space Entry Program [29 CFR §1910.120(j)]. 


2. SPILL CONTAINMENT 


  APPLICABLE   NOT APPLICABLE 


The task(s) for this project involve drum/container sampling, excavation, 
transportation, etc.    Workers must adhere to the hazard mitigator for drum handling in 
Appendix C. 


13.  HAZARD COMMUNICATION 


  APPLICABLE   NOT APPLICABLE 


The following procedures must be followed for all chemicals brought on site (i.e., 
decontamination solution, sampling preservatives, EZVI, etc.): 


• Labels on incoming primary chemical containers must not be defaced. 


• Chemical containers must be stored in appropriate storage cabinets. 


• Secondary containers and storage cabinets must be correctly and clearly labeled 
using the Hazardous Materials Identification System (HMIS). 


• Incompatible chemicals must not be stored together. 


• Workers have received training on the hazards of these chemicals as indicated 
in Table 2. 


• A Material Safety Data Sheet (MSDS) for each chemical must be included in 
Appendix G. 


When chemicals are used on site, workers must adhere to the company’s Hazard 
Communication Program (29 CFR §1910.1200). 
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Directions to Hospital:
1. Start out going WEST on PANAMA ST toward SAMOA ST., go 0.4 miles
2. Turn RIGHT onto ALASKA ST., go 0.1 miles
3. Turn LEFT onto MALECON DR., go 2.8 miles
4. Turn LEFT at the fork to continue on MALECON DR., go <0.1 miles
5. Turn RIGHT onto ramp., go <0.1 miles
6. Merge onto SC-802/RIBAUT RD., go 2.2 miles
7. Turn RIGHT onto PINCKNEY BLVD., go <0.1 miles
8. End at HOSPITAL Beaufort Primary Care Clinic: 1 Pinckney Blvd, Beaufort, SC 29902-6122, US


Total Est. Time: 14 minutes Total Est. Distance: 5.84 miles
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KKeeyy  PPeerrssoonnnneell  aanndd  HHeeaalltthh    SSaaffeettyy  RReessppoonnssiibbiilliittiieess  


Principal-in-Charge 
or Associate-in-Charge 


_Tom Krug_ 


Project Manager (PM) 
 


_Suzanne O’Hara_ 


Site Health  Safety Officer 
(SHSO) 


_Suzanne O’Hara_ 


_Mark Watling_ 


Project Personnel 
 


_Mark Watling_ 


Environmental, Health  
Safety Coordinator (EHSC) 


_Paul Nicholson_ 


_David Bertrand_ 


• Approve this HASP and 
amendments, if any. 


• Ultimately responsible 
that elements of this 
HASP are implemented. 


• Approve this HASP and 
amendments, if any. 


• Monitor the Field Logbooks 
for health and safety work 
practices employed. 


• Coordinate with SHSO so that 
emergency response 
procedures are implemented. 


• Verify corrective actions are 
implemented. 


• See to it that personnel receive 
this plan, are aware of its 
provisions, are aware of the 
potential hazards associated 
with site operations, are 
instructed in safe work 
practices, are familiar with 
emergency response 
procedures, and that this is 
documented. 


• Provide for appropriate 
monitoring, personal 
protective equipment, and 
decontamination materials. 


 


• Prepare and implement project 
(HASP) and amendments, if any, 
and report to the Project Manager 
for action if any deviations from the 
anticipated conditions exist, and 
authorize the cessation of work if 
necessary. 


• Confirm that site personnel meet the 
training and medical requirements. 


• Conduct pre-entry briefing and daily 
tailgate safety meetings. 


• Verify that all monitoring 
equipment and personal protective 
equipment is operating correctly 
according to manufacturer’s 
instructions and such equipment is 
utilized by on-site personnel.  
Calibrate or verify calibration of all 
monitoring equipment and record 
results. 


• Verify that decontamination 
procedures are being implemented. 


• Implement site emergency response 
and follow-up procedures. 


• Notify the EHSC in the event an 
emergency occurs. 


• Performs weekly inspections 


• Provide verification of 
required health and 
safety training and 
medical surveillance 
prior to arriving at the 
site. 


• Notify the SHSO of any 
special medical 
conditions (e.g., 
allergies). 


• Attend pre-entry 
briefings and daily 
tailgate safety meetings. 


• Immediately report any 
accidents and/or unsafe 
conditions to the SHSO. 


• Be familiar with and 
abide by the HASP. 


• Individuals are 
responsible for their 
own safety. 


 


• Review and audit HASP and 
amendments 


• Maintain a copy of the cover 
sheet of each completed 
HASP. 


• Notify Director of 
Environment, Health & Safety 
in the event an emergency 
occurs. 


• Assist with the 
implementation of the  
corporate health and safety 
program. 


• Consult on health and safety 
issues. 
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Table 2 


Training / Medical Surveillance / Respirator Fit Test Records 


Initial 
40-Hour  


Initial 
24-Hour
(if app.) 


Annual 
8-Hour 


Refresher 


8-Hour 
Supervisor


(if app.) 


CPR/ 
First Aid1 
(initial or 
refresher) 


Medical 
Surveillance2


Annual 
Respirator
Fit Test3 


(if app.) 


Other:4 Name EH S 
Category 


Date Date Date Date Date Date Date Date 


Suzanne O’Hara II 3/1/1999 NA 1/19/2006 4/6/2001 6/30/2005 / 
5/13/2004 


6/6/2005 NA NA 


Mark Watling I 11/25/2004 NA 1/19/2006 1/26/2005 6/25/2005 / 
6/25/2005 


11/16/2005 NA NA 


          


          


          


          


          


          


          


          


          


          


          


Footnotes: 
1 CPR Refresher: every year; First Aid Refresher: every three years. 
2 Annual Medical Surveillance for EH S Category I, Biannual Medical Surveillance for EH S Categories II  III. 
3 For EH S Categories I  II only. 
4 Could include task-specific training,  project-specific training, or project-specific medical surveillance. 
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Table 3 


General Safe Work Practices 


• Minimize contact with excavated or contaminated materials.  Do not place equipment on 
the ground.  Do not sit or kneel on potentially contaminated surfaces. 


• Smoking, eating, or drinking after entering the work zone and before decontamination must 
not be allowed.  Employees who are suspected of being under the influence of illegal drugs 
or alcohol will be removed from the site. Workers taking prescribed medication that may 
cause drowsiness should not be operating heavy equipment, and should be prohibited from 
performing tasks where Level C, B, or A personal protective equipment is required. 


• Practice good housekeeping.  Keep everything orderly and out of potentially harmful 
situations. 


• Use of contact lenses on-site must not be allowed when dictated by working conditions. 


• The following conditions must be observed when operating a motor vehicle. 


− Wearing of seat belts is mandatory 


− During periods of rain, fog, or other adverse weather conditions, the use of headlights 
is mandatory 


− A backup warning system or use of vehicle horn is mandatory when the vehicle is 
engaged in a backward motion 


− All posted traffic signs and directions from flagmen must be observed 


− Equipment and/or samples transported in vehicles must be secured from movement 


− The use of GeoSyntec acquired vehicles by non-GeoSyntec personnel is prohibited 


• In an unknown situation, always assume the worst conditions. 


• Be observant of your immediate surroundings and the surroundings of others.  It is a team 
effort to notice and warn of impending dangerous situations.  Withdrawal from a hazardous 
situation to reassess procedures is the preferred course of action. 


• Conflicting situations may arise concerning safety requirements and working conditions and 
must be addressed and resolved rapidly by the SHSO and PM to relieve any motivations or 
pressures to circumvent established safety policies. 


• Unauthorized breaches of specified safety protocol must not be allowed.  Workers unwilling 
or unable to comply with the established procedures must be discharged. 
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Table 4 


Contaminants of Concern 


Contaminant Medium1 
Maximum 


Concentration2 


EPA National 
Primary Drinking 


Standard3 


EPA Soil 
Screening Level4  


Tetrachloroethene Soil/water 12,000 µg/L 5 
   12 ingestion


   11 inhalation 


Trichloroethene Soil/water 35,000 µg/L 5 
58 ingestion 


5 inhalation 


1,2, dichloroethene Soil/water 110,000 µg/L 70 
780 ingestion 


1200 inhalation 


Vinyl Chloride Soil/water 3,000 µg/L 2 
0.3 ingestion 


0.03 inhalation 


                              


                              


                              


                              


Footnotes: 


1 Indicate type of medium (i.e. soil, water, sludge, etc.). 


2 Indicate the maximum concentration detected for the contaminant.  Indicate liquids in µg/l and solids in mg/kg. 


3 For liquids, determine if the maximum concentration detected exceeds 5 times the EPA Primary Drinking Water Standard 
for the contaminant  (Only contaminants that meet this criteria need to be entered onto the table). 


4 For solids, determine if the maximum concentration detected exceeds 5 times the EPA Soil Screening Level for the 
contaminant.  (Only contaminants that meet this criteria need to be entered onto the table). 
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Table 5   Hazard Analysis 


Tasks 


 Drilling and well installation        


 Groundwater and soil sample collection        


 EZVI injection         


              


 
    


I.  Chemical Hazards 


Fire X X X      


Inhalation (Dust) X X X      


Permanganate Handling          


Reactivity         


Skin absorption X X X      


II.  Physical Hazards 


Boating         


Chainsaw         


Cold Stress         


Compressed Gas Cylinder X X X      


Downhole Logging         


Drilling (including Indoor) X X       


Drum and Container Handling X X X      


Electrocution  X X X      


Excavation/Trenching         


Eye Injury X X X      


Fall Protection         


Flash flood         


Hand/Foot Injury X X X      


Heat Stress X X X      


Heavy Equipment X X X      


Helicopter         


Lifting Heavy  Loads X X X      


Lockout/Tagout         
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Noise X X X      


Nuclear Gauge Radiation Exposure         


Portable Power/Hand Tool X X X      


Slips, Trips, and Falls X X X      


Thoroughfares X X X      


Welding and Cutting         


Other:         


III.  Biological Hazards 


Allergic Reaction to Poisonous Plants X X X      


Bees X X X      


Dogs          


Insect/Vermin/Snake Bites X X X      


Medical Waste         


Mountain Lions         


Other:         


Instructions: For each task, place an “X” in the blank corresponding to associated hazards. 
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Table 6 


Emergency Response Contacts 


Telephone Numbers 
Name 


Office Home/Cell 


Date of Pre-Emergency 
Notification 


Fire Department - Department of Public 
Safety 


1404 Paris Ave, Port Royal, SC  


843-524-5123   


Hospital – Beaufort Primary Care Clinic:  


1 Pinckney Blvd Beaufort, SC 29902, US 
843-770-0444   


Police Department - Port Royal Police Dept 


1748 Paris Ave, Port Royal, SC  
843-986-2220   


Branch Office Manager – Tom Krug 519 822-2230 


519 835-1992 
(Cell) 


519 822-2341 
(Home) 


 


Corporate Human Resources Director - 
Mary Masty 


 


Judy Nunnally 


 
561 922-1005 


 


 


561 922-1002 


 
954 224-8415 


(Cell) 


561 482-1010 
(Home) 


 


Project Manager  - Suzanne O’Hara 519 822-2230 


519 767-0112 
(Home) 


519 827-8064 
(Cell) 


 


Principal-in-Charge - Tom Krug 519 822-2230 


519 835-1992 
(Cell) 


519 822-2341 
(Home) 
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Environmental Health  Safety Coordinator – 


Paul Nicholson 


 


David Bertrand 


 


519 822 2230 


 


519 822 2230 


 


519 837-9009 
(Home) 


 


519 888-6317 
(Home) 


519 496-4596 
(Cell) 


 


Director of Environment, Health & Safety -  
Jack C. Peng, Ph.D.. 


Cell 
(925) 788-6828 


Cell 
(925) 788-6828  


EPA (if applicable) Lila Llamas  


USEPA Region 4 
404 562-9969 770 856-5808 


(cell)  


SC Department of Health and Environmental 
Control 


Leon Fulmer – Project Manager 


803 896-4192   


Naval Facilities Engineering Command, 
Southern Division (NAVFAC South) 


Art Sanford – Remedial Project Manager 


Cliff Casey – Environmental Technical Support 


 


 


843 820-7482 


843 820-5561 


  


Commanding General Marine Corps 
Recruit Depot 


Timothy Harrington - NREAO 


843 228-3423 843 252-8067 
(Cell)  


* To be completed before site activities are initiated. 
 


WRITTEN DIRECTIONS TO HOSPITAL FROM SITE: 


1: Start out going WEST on PANAMA ST toward SAMOA ST., go 0.4 miles 
2: Turn RIGHT onto ALASKA ST., go 0.1 miles 
3: Turn LEFT onto MALECON DR., go 2.8 miles 
4: Turn LEFT at the fork to continue on MALECON DR., go <0.1 miles 
5: Turn RIGHT onto ramp, go <0.1 miles 
6: Merge onto SC-802/RIBAUT RD., go 2.2 miles 
7: Turn RIGHT onto PINCKNEY BLVD., go <0.1 miles 
8: End at HOSPITAL Beaufort Primary Care Clinic: 1 Pinckney Blvd, Beaufort, SC 29902-
6122, US 
Total Est. Time: 14 minutes Total Est. Distance: 5.84 miles 
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Table 7 


Emergency Response Procedures 


• The SHSO (or alternate) should be immediately notified via the on-site 
communication system.  The SHSO assumes control of the emergency response. 


• The SHSO notifies the PM, Principal-in-Charge, and the EHSC of the emergency.  
The EHSC must then contact the Director of Environment, Health  Safety.  If a 
GeoSyntec employee is injured, the SHSO must contact the worker’s Branch Office 
Manager immediately.  If the Branch Office Manager can not be contacted, then the 
Corporate Human Resources Department must be notified. 


• If applicable, the SHSO must notify off-site emergency responders (i.e., fire 
department, hospital, police department, etc.) and must inform the response team as 
to the nature and location of the emergency on site. 


• If applicable, the SHSO evacuates the site.  Site workers should move to their 
respective refuge stations using the evacuation routes provided on the Site Map. 


• For small fires, flames should be extinguished using the fire extinguisher.  Large fires 
should be handled by the local fire department. 


• In an unknown situation or if responding to toxic gas emergencies, appropriate PPE, 
including SCBAs, should be donned. 


• If chemicals are accidentally spilled or splashed into eyes or of skin, use eyewash 
and/or shower. 


• Before continuing site operations after an emergency involving toxic gases, the 
SHSO will don a SCBA and utilize appropriate air monitoring equipment to verify 
that the site is safe. 


• An injured worker must be decontaminated appropriately. 


• If a worker is injured, first aid will be administered by workers certified in first aid. 


• After the response, the SHSO must complete accident investigation reports obtained 
from the Branch Office Manager. 


 







Appendix A - Forms  14 June 2000 


Appendix A 


Weekly Health  Safety Inspection Checklist 


Project: _______________________________________________    Date: _______________________ 


Inspected by: ________________________________________________________________________ 


Category Observations/Corrective Actions 
(N/A, if Not Applicable) 


Pre-entry briefing records are current       


Tailgate meeting records are current       


Training/medical surveillance/respiratory protection records 
are current       


Site map is posted       


Buddy system is implemented       


Work zones are identified       


Site access is controlled       


Visitors are being escorted       


On-site/off-site communications are in working order       


Safe work practices are being implemented       


Any additional hazards incurred?       


Air monitoring equipment is in working condition       


Air monitoring records are being recorded in field logbook       


Air monitoring calibration records are being recorded in field 
logbook       


PPE storage area is neat and organized       


Standard operating procedures are being implemented       


Housekeeping at decontamination zone is appropriate       


Decontamination procedures are being implemented       


Emergency response equipment is in working condition       


Route to hospital is posted       


Confined space entry program is being implemented       


Spill containment equipment is available       


Chemical inventory is up to date       


Material safety data sheets are available       


Primary and secondary containers are properly labeled       


Housekeeping at the chemical storage area is appropriate       
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Appendix B 


Contaminant Fact Sheet Directory 


Included 
in HASP Chemical Name Synonyms Document 


Number 


 Acetone Dimethyl Ketone; Ketone propane; 2-Propanone GA971212 


 Aldrin HHDN; Octalene GA980283 


 Aniline Aminobenzene; Aniline Oil; Benzeneamine; 
Phenylainine 


GA980093 


 Arsenic Arsenic metal; Arsenia GA981097 


 Benzene Benzol; Phenyl hydride GA970125 


 Bis(2-ethylhexyl)phthalate Di(2-ethylhexyl)phthalate GA970207 


 Cadmium Cadmium metal GA970126 


 Carbon disulfide Carbon bisulfide GA970832 


 Chlorobenzene Benzene chloride; Chlorobenzyl; MCB; Phenyl 
chloride 


GA970127 


 Chloroform Methane trichloride; Trichloromethane GA970128 


 Chromic Acid Chromic anhydride; Chromium trioxide GA980758 


 Chromium Chromium metal GA970129 


 Copper Copper metal dusts; Copper metal mists GA980756 


 2,4-D Dichlorophenoxyacetic acid GA971255 


 DDT p,p-DDT; Dichlorodiphenyltrichloroethane; 1,1,1-
Trichloro-2-2-bis(p-chlorophenyl)ethane 


GA980284 


 1,2-Dichlorobenzene Ο-DCB; Orthodichlorobenzene GA970130 


 1,2-Dichloroethane Ethylene dichloride; Glycol dichloride GA970954 


 1,2-Dichloroethylene 1,2-Dichloroethene; (cis, trans, or  sym-) Acetylene 
dichloride 


GA970953 


 1,2-Dichloropropane Propylene dichloride; Dichloro-1,2-propane GA970131 


 2,4-Dinitrotoluene Dinitrotoluene; DNT; Methyldinitrobenzene GA990071 


 Endosulfan Benzoepin; Endosulphan ; Thiodan GA971257 


 Ethylbenzene Ethylbenzol; Phenylethane GA970132 


 Ethylene Dibromide EDB; 1,2-Dibromoethane, Ethylene bromide, Glycol 
dibromide 


GA980285 


 Gasoline Motor fuel; Motor spirits; Natural gasoline; Petrol GA970833 


 Hexachloroehtane Carbon hexachloride; Ethane hexachloride; 
Perchloroethane  


GA971252 
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Appendix B 


Contaminant Fact Sheet Directory 
(continued) 


Included 
in HASP Chemical Name Synonyms Document 


Number 


 Hydrochloric Acid Anhydrous hydrogen chloride; Aqueous hydrogen 
chloride; Muriatic acid 


GA980757 


 Hydrogen Sulfide Hydrosulfuric acid; Sewer gas; Sulfuretted hydrogen GA980399 


 Isophorone Isoacetophorone; 3,5,5-Trimethyl 2- cyclohexenone GA971253 


 Isopropanol Isopropyl alcohol; IPA; 2-Propanol GA970133 


 Lead (inorganic) Lead metal GA970134 


 Mercury Colloidal mercury; Metallic mercury; Quicksilver GA970135 


 Methane Fire damp; March gas; Methyl hydride GA970834 


 Methoxyclor P,p-Dimethoxydiphenyl/trichlorethane; DMDY GA971256 


 2-Methylphenol Ortho-Cresol; 2-Cresol; O-Cresylic Acid; 1-Hydroxy-
2-Methlbenzene; 2-Hydroxytoluene 


GA980091 


 Methyl ethyl ketone 2-Butanone; MEK; Methyl acetone GA970136 


 Methyl chloroform 1,1,1-Trichloroethane GA970137 


 Methylene chloride Dichloromethane; Methylene Dichloride GA970138 


 Naphthalene Naphthalin; Tar Camphor; White Tar GA970139 


 Nickel Nickel catalyst GA980759 


 Nitroaniline Para-aminonitrobenzene; 4-Nitroanline; 4-
Nitrobenzenamine; p-Nitrophenylamine, PNA 


GA980094 


 Nitrobenzene Essence of mirbane; Nitrobenzol; Oil of mirbane GA980095 


 Pentachlorophenol PCP; Penta; 2,3,4,5,6-Pentachlorophenol GA970140 


 Phenol Carbonic acid; Hydroxybenzene; 
Monohydroxybenzene; Phenol alcohol; Phenyl 
hydroxide 


GA971250 


 Phosgene Carbonyl chloride; Carbon oxychloride; Chloroformyl 
chloride 


GA990069 


 Polychlorinated biphenyls 
(54%) 


PCBs; Chlorodiphenyl GA970141 


 Silver Silver metal; Argentum GA970142 


 2,4,5-T 2,4,5-Trichlorophenoxyacetic acid GA971254 


 Tetrachloroethylene Tetrachloroethylene; Perchlorethylene; Perk GA971274 
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Appendix B 


Contaminant Fact Sheet Directory 
(continued) 


Included 
in HASP Chemical Name Synonyms Document 


Number 


 o-Toluidene 2-Methybenzeneamine; O-Aminotoluene; 1-Methyl-2-
aminobenzene; O-Methylaniline; 2-Methylaniline, 
ortho-Toluidine 


GA980096 


 Toluene Methyl benzene; Methyl benzol GA970143 


 Toluene-2,4-Diisocyanate TDI; 2,4-TDI; 2,4-Toluene diisocyanate GA990070 


 Toxaphene Chlorinated camphene GA970153 


 1,1,2-Trichloroethane Ethane trichloride; B-Trichloroethane; Vinyl 
trichloride 


GA971249 


 1,2,4-Trichlorobenzene Trichlorobenzene; 1,2,4-Trichlorobenzel GA971251 


 Trichloroethene Trichloroethylene; TCE GA970145 


 Trichlorofluoromethane Fluorotrichloromethane; Freon II GA970144 


 1,2,3-Trichloropropane Allyl trichloride, Glycerol trichorohydrin, Glyceryl 
trichlorohydrin; Trichlorohydrin 


GA980286 


 Vinyl chloride Chloroethene; VC; VCM GA970146 


 Xylene (Mixed Isomers) o-xylene; p-xylene; m-xylene GA970147 


 







GA970953 - 1,2 - DICHLOROETHYLENE 4 March 2002 


CONTAMINANT FACT SHEET - 1,2 - DICHLOROETHYLENE 
CAS Number: 540-59-0; 156-59-2; 156-60-5 Molecular Weight: 97.0 Color: Colorless  Ionization Potential (eV):  9.65 Vapor Density (Air=1):  


Synonyms: (cis, trans, or  sym-) Acetylene 
dichloride 
 


Physical State: Liquid Odor: Chloroform-like Henry’s Constant:  Vapor Pressure: 180-265 
(mmHg@20C) 


Fire Hazard  NFPA rating:  
    HMIS rating:  


Reactivity Hazard NFPA rating:  
HMIS rating:  


Health Hazard        NFPA rating: 2 
          HMIS rating: 3 


Flash Point(°F):  36-39 
LEL(%):  5.6   UEL(%):12.8 
 
Fire Extinguishing Media: 


 Dry Chemical   Foam 
 Water Spray   CO2 


 
Fire Extinguisher: 


 Class A    Class B 
 Class C    Class D 
 Class A/B/C 


Incompatibilities: Strong oxidizers; strong 
alkalis; potassium hydroxide; copper (Note: 
Usually contains inhibitors to prevent 
polmerization) 


Odor Threshold (ppm): 0.08-17 
 
IDLH (ppm): 1000 
 
 
 
    TWA STEL C 


  Source    (ppm) (ppm)  (ppm) 


  OSHA PELs 200 N/A NA 


  ACGIH TLVs 200 NA NA 


Carcinogenic:  
OSHA:  Yes  Not listed 
 
IARC:  Group 1   Group 2A 
  Group 2B  Group 3 
  Group 4   Not listed 
 
NTP:  Known   Anticipated 
  Process   Not listed 
 
ACGIH:   A1   A2 
   A3   A4 
  A5   Not listed 
 


  
Signs/Symptoms of Acute Exposure: Irritation of eyes 
& respiratory system; CNS depression. 


 
Skin Absorbable:  Yes  No 
Skin Corrosive:    Yes  No 


DOT: Flammable Liquid 


 Combustible Liquid 


DOT:  Oxidizer 


  Water Reactive 


DOT:   Poison DOT:    Corrosive 


Air Monitoring 
Type Brand/Model No. Calibration Method/Media 


 Explosimeter        
 PID MiniRAE Isobutylene 
 FID Foxboro OVA  Methane 
 Colorometric Tubes        
 Chemical Monitor    Dust Monitor        
 Collection Medium/Sampling Pump Gilian Pump/NIOSH#1003  


Protective Clothing 
Glove Type/Brand (Breakthrough >2 hrs unless noted): Viton/North       Viton/Best        Silvershield/North        4H/Safety       
 Neoprene/Mapa       Neoprene/Ans.Ed.       Neoprene/BestUltraflex        Neoprene/BestNeo.      
 PVC/Ans.Ed.       PVC/BestHustler       Nitrile/LabSafe.(27min)  Nitrile/Ans.Ed.       
 Butyl/North (31min) PVA/Ans.Ed.       Other 
Suit Type (Breakthrough >1hr unless noted):      Tyvek          Tyvek QC         Tyvek/Saranex          Tychem7500 (49min)     Tychem 9400           Tychem 10,000           Other 


Respiratory Protection 
Air Purifying  Air Supplied Only Maximum Use Concentration  (ppm):  Half mask: 1000 Full face: 1000 


Notes:        
Prepared by: Sherry Hall Date: 17 July 1997, Rev. 4 March 2002 







Tetrachloroethylene - CFS - Tetrachloroethylene 5 March 2002 


CONTAMINANT FACT SHEET – TETRACHLOROETHYLENE 
CAS Number:127-18-4 Molecular Weight:165.8 Color: Colorless to pale yellow Ionization Potential (eV):  9.32 Vapor Density (Air=1): 5.85 


Synonyms: Tetrachloroethylene; 
Perchlorethylene; Perk 


Physical State: Liquid Odor: Mild chloroform-like Henry’s Constant: NA 
{(atm ×m3)/mol} 


Vapor Pressure: 2.11 @ 22C     
(atm) 


Fire Hazard  NFPA rating: 0 
    HMIS rating: 0 


Reactivity Hazard NFPA rating: 0 
HMIS rating: 0 


Health Hazard        NFPA rating:  2 
          HMIS rating: 2 


Flash Point(°F):  Nonflammable  
LEL(%):  1.8%   UEL(%): 11.5% 
 
Fire Extinguishing Media: 


 Dry Chemical   Foam 
 Water Spray   CO2 


 
Fire Extinguisher: 


 Class A    Class B 
 Class C    Class D 
 Class A/B/C 


Incompatibilities: Strong oxiders; chemically-
active metals such as lithium, beryllium & 
barium; caustic soda; sodium hydroxide; 
potash 


Odor Threshold (ppm): 47 
 
IDLH (ppm): 150 
 
 
 
 TWA STEL C 


Source (ppm) (ppm) (ppm) 


OSHA PELs 100 NA
 200,300* 
ACGIH TLVs 25 100 NA 


*5 min. peak in any 3 hours 


Carcinogenic:  
OSHA:  Yes  X  Not listed 
 
IARC:  Group 1   X  Group 2A 
  Group 2B  Group 3 
  Group 4   Not listed 
 
NTP:   Known  X  Anticipated 
   Process   Not listed 
 
ACGIH:   A1   A2 
   X  A3   A4 
  A5   Not listed 


  Signs/Symptoms of Acute Exposure: Irritation of the 
eyes, nose, throat; nausea; flush face, neck; vertigo; 
dizziness; incorehent; headache 


 
Skin Absorbable:  Yes  No 
Skin Corrosive:    Yes   No 


DOT: Flammable Gas 


 Combustible Liquid 


DOT:  Oxidizer 


  Water Reactive 


DOT:   Poison, Harmful DOT:    Corrosive 


Air Monitoring 
Type Brand/Model No. Calibration Method/Media 


 Explosimeter Gastech GX-82 Methane 
 PID MiniRAE Isobutylene 
 FID Foxboro OVA Methane 
 Colorometric Tubes Drager/8101501(2-300 ppm) Check pump for leaks 
 Chemical Monitor    Dust Monitor NA NA 
 Collection Medium/Sampling Pump Gilian Pump/NIOSH#1003 Calibrate pump w/ media 


Protective Clothing 
Glove Type/Brand (Breakthrough >2 hrs unless noted):  Viton/North       Viton/Best        Silvershield/North        4H/Safety       
 Neoprene/Mapa 28min Neoprene/Ans.Ed.       Neoprene/BestUltraflex40min   Neoprene/BestNeo.(30min) 
 PVC/Ans.Ed.       PVC/BestHustler       Nitrile/LabSafe.       Nitrile/Ans.Ed.       
 Butyl/North        PVA/Ans.Ed.       Other 
Suit Type (Breakthrough >1hr unless noted):    Tyvek           Tyvek QC         Tyvek/Saranex         Tychem7500          Tychem 9400         Tychem10,000         Other      


Respiratory Protection 
Air Purifying   Air Supplied Only Maximum Use Concentration  (ppm):  Half mask: NA Full face: NA 


Notes:  Noncombustible liquid, but decomposes in a fire to hydrogen chloride and phosgene 
Prepared by: Sherry Hall Date: 10 October 1997, Rev. 30 January 2002 


 







Trichloroethene - CFS - Trichloroethene 16 May 2005 


CONTAMINANT FACT SHEET - TRICHLOROETHENE 
CAS Number:79-01-6 Molecular Weight:  131.4 Color: Colorless Ionization Potential (eV):  9.45 Vapor Density (Air=1):4.54 


Synonyms: Trichloroethylene; TCE Physical State: Liquid Odor: Chloroform-like Henry’s Constant: 0.50 
 


Vapor Pressure: 58 
(mmHg@20C) 


Fire Hazard  NFPA rating: 2 
    HMIS rating: 2 


Reactivity Hazard NFPA rating: 0 
HMIS rating: 0 


Health Hazard        NFPA rating: 2 
          HMIS rating: 2 


Flash Point(°F):  90   
LEL(%):  8    UEL(%): 10.5 
 
Fire Extinguishing Media: 


 Dry Chemical   Foam 
 Water Spray   CO2 


 
Fire Extinguisher: 


 Class A    Class B 
 Class C    Class D 
 Class A/B/C 


Incompatibilities: Strong caustics; alkalis; 
chemically active metals (such as barium, 
lithium, sodium, magnesium, titanium and 
beryllium 


Odor Threshold (ppm): 82 
 
IDLH (ppm): 1000 
 
 
 
 TWA STEL C 


Source (ppm) (ppm) (ppm) 


OSHA PELs 100 NA 200, 300* 


ACGIH TLVs 50 100 NA 
 
*5-Min peak in any two hours. 


Carcinogenic:  
OSHA:  Yes  Not listed 
 
IARC:  Group 1   Group 2A 
  Group 2B  Group 3 
  Group 4   Not listed 
 
NTP:  Known   Anticipated 
  Process   Not listed 
 
ACGIH:   A1   A2 
   A3   A4 
  A5   Not listed 


  
Signs/Symptoms of Acute Exposure: Irritation of eyes 
and skin; headache; vertigo; visual disturbance; 
fatigue; giddiness; tremor; sleepiness; nausea; 
vomiting; dermatitis 


 
Skin Absorbable:  Yes  No 
Skin Corrosive:    Yes  No 


DOT: Flammable Liquid 


 Combustible Liquid 


DOT:  Oxidizer 


  Water Reactive 


DOT:   Poison DOT:    Corrosive 


Air Monitoring 
Type Brand/Model No. Calibration Method/Media 


 Explosimeter Gastech GX-82 Methane 
 PID MiniRAE Isobutylene 
 FID Foxboro OVA Methane 
 Colorometric Tubes Drager/CH24401 (10-500pmm) Check pump for leaks 
 Chemical Monitor    Dust Monitor             
 Collection Medium/Sampling Pump Gilian Pump/NIOSH#1022 Calibrate pump w/ media 


Protective Clothing 
Glove Type/Brand (Breakthrough >2 hrs unless noted): Viton/North       Viton/Best        Silvershield/North        4H/Safety       
 Neoprene/Mapa       Neoprene/Ans.Ed.       Neoprene/BestUltraflex        Neoprene/BestNeo.(30min) 
 PVC/Ans.Ed.       PVC/BestHustler       Nitrile/LabSafe.       Nitrile/Ans.Ed.       
 Butyl/North       PVA/Ans.Ed.       Other 
Suit Type (Breakthrough >1hr unless noted): Tyvek             Tyvek QC            Tyvek/Saranex            Tychem7500             Tychem 9400     Other 


Respiratory Protection 
Air Purifying  Air Supplied Only Maximum Use Concentration  (ppm):  Half mask: NA Full face: NA 


Notes:        
Prepared by: Sherry Hall Date: 16 January 1997, Rev. 30 January 2002 


 







Vinyl Chloride - CFS – Vinyl Chloride 22 February 2002


CONTAMINANT FACT SHEET - VINYL CHLORIDE 
CAS Number:75-01-4 Molecular Weight:  62.5 Color: Colorless Ionization Potential (eV):  9.99 Vapor Density (Air=1):2.155 


Synonyms: Chloroethene; VC; VCM Physical State: Gas or Liquid Odor: Pleasant Henry’s Constant: 8228 
 


Vapor Pressure: 2530 
(mmHg@20C) 


Fire Hazard  NFPA rating: 4 
    HMIS rating: 4 


Reactivity Hazard NFPA rating: 2 
HMIS rating: 2 


Health Hazard        NFPA rating: 2 
          HMIS rating: 3 


Flash Point(°F):  -108.4  
LEL(%):  3.6   UEL(%): 33.0 
 
Fire Extinguishing Media: 


 Dry Chemical   Foam 
 Water Spray   CO2 


 
Fire Extinguisher: 


 Class A    Class B 
 Class C    Class D 
 Class A/B/C 


Incompatibilities: Copper; oxides; aluminum; 
peroxides; iron; steel 


Odor Threshold (ppm): 10-20 
 
IDLH (ppm): 3600 
 
 
 
 TWA STEL C 


Source (ppm) (ppm) (ppm) 


OSHA PELs 1 5* NA 


ACGIH TLVs 1 NA NA 


*Ave. not exceeding any 15 min, See 29 CFR 1910.1045 


Carcinogenic:  
OSHA:  Yes  Not listed  
 
IARC:  Group 1   Group 2A 
  Group 2B  Group 3 
  Group 4   Not listed 
 
NTP:   Known   Anticipated 
   Process   Not listed 
 
ACGIH:   A1   A2 
   A3   A4 
  A5   Not listed 


  
Signs/Symptoms of Acute Exposure: Weakness 
abdominal pain; GI bleeding; Frostbite 


 
Skin Absorbable:  Yes  No 
Skin Corrosive:    Yes  No 


DOT: Flammable Liquid 


 Combustible Liquid 


DOT:  Oxidizer 


  Water Reactive 


DOT:   Poison DOT:    Corrosive 


Air Monitoring 
Type Brand/Model No. Calibration Method/Media 


 Explosimeter             
 PID MiniRAE Isobutylene 
 FID Foxboro OVA Methane 
 Colorometric Tubes Drager/67-28061(0.25-6 ppm) Check pump for leaks 
 Chemical Monitor    Dust Monitor             
 Collection Medium/Sampling Pump Gilian Pump/NIOSH#1007 Calibrate pump w/ media 


Protective Clothing 
Glove Type/Brand (Breakthrough >2 hrs unless noted): Viton/North       Viton/Best        Silvershield/North        4H/Safety       
 Neoprene/Mapa       Neoprene/Ans.Ed.       Neoprene/BestUltraflex        Neoprene/BestNeo.(30min) 
 PVC/Ans.Ed.       PVC/BestHustler       Nitrile/LabSafe.       Nitrile/Ans.Ed.       
 Butyl/North       PVA/Ans.Ed.       Other 
Suit Type (Breakthrough >1hr unless noted): Tyvek             Tyvek QC            Tyvek/Saranex            Tychem7500             Tychem 9400     Other 


Respiratory Protection 
Air Purifying  Air Supplied Only Maximum Use Concentration  (ppm):  Half mask: NA Full face: NA 


Notes:        
Prepared by: Sherry Hall Date:  22 January 2002, Rev. 31 January 2002 
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Appendix C 


Hazard Mitigators Directory 


Included in HASP Hazards 


I. Chemical Hazards 


 Fire 


 Inhalation (Dust) 


 Permanganate Handling 


 Reactivity 


 Skin Absorption 


II. Physical Hazards 


 Boating 


 Chainsaw 


 Cold Stress 


 Compressed Gas Cylinder 


 Downhole Logging 


 Drilling (Including Indoor) 


 Drum and Container Handling  


 Electrocution 


 Excavation/Trenching 


 Eye Injury 


 Fall Protection 


 Flash Flood 


 Hand/Foot Injury 


 Heat Stress 


 Heavy Equipment 


 Helicopter 


 Lifting Heavy Loads 


 Lockout/Tagout 


 Noise 


 Nuclear Gauge Radiation Exposure 


 Portable Power/Hand Tool 


 Slips, Trips and Falls 


 Thoroughfares 


 Welding and Cutting 


 Other 


III. Biological Hazards 


 Allergic Reaction to Poisonous Plants 


 Bees 


 Dog  


 Insect/Vermin/Snake Bites 


 Medical Waste 


 Mountain Lions 


 







HAZARD MITIGATORS - FIRE 
Applies to Task:  X          X          X                                                               


Fire - HazMit.doc  Page 1 of 1 3/3/2006 


• Know fire prevention procedures, fire-fighting techniques and essential precautions 
to prevent injury.  


• Do no stop to get anything out of a building or area if evacuation is required.  JUST 
GET OUT - and assemble in the predetermined evacuation assembly points. 


• There are 3 elements to starting a fire: a fuel source, an oxygen source and a point of 
ignition. 


• Know how and when to use different types of fire extinguishers. 


• Keep all fire extinguishers in workable condition and accessible at all times.  Access 
to or visibility of extinguishers shall not be obstructed. 


• Control static electricity (e.g., ground equipment) 


• Remove only the minimum required supply of paints, solvents, or other flammables 
from storage.  At no time shall the quantity removed exceed one day’s working 
supply. 


• Do not allow combustible products of rubbish, waste or other residues to 
accumulate.  Oil soaked rags and material subject to spontaneous combustion shall 
only be stored in non-combustible containers with self-closing lids. 


• Do not store gasoline, flammable solvents, and liquids inside a building unless the 
structure has been approved for flammable storage containers.  Only OSHA-
approved storage cabinets shall be used for all flammable liquids, paints or solvents. 


• Flammable liquids shall be stored in locations that will not interfere with evacuation 
of the area in case of a fire. 


• Do not permit smoking, striking of matches, or other sources of ignition outside of 
designated “SMOKING” areas. 


• Discard cigarette butts, matches or other similar materials in non-combustible 
containers. 


 


 







 
 


HAZARD MITIGATORS – INHALATION 
Applies to Task:  X           X          X                                                         


Inhalation - HazMit.doc Page 1 of 1 3/3/2006 


• Be aware that the lungs are extremely vulnerable to chemical agents.  Even substances 
that do not directly affect the lungs may pass through lung tissue into the bloodstream, 
where they are transported to other vulnerable areas of the body. 


• Know the odor and odor threshold of the chemicals of concern.  Some toxic chemicals 
present in the atmosphere may not be detected by human senses (i.e., they may be 
odorless and colorless, and their toxic effects may not produce any immediate 
symptoms). 


• Use engineering controls to reduce dust (e.g. dust suppression techniques) and vapor 
concentrations (e.g. ventilation). 


• Wear respiratory protection as indicated by air monitoring results and/or as required by 
the Health and Safety Plan. 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 







HAZARD MITIGATORS - SKIN ABSORPTION 
Applies to Task:  X          X          X                                                        


Skin Absorption – HazMit.doc Page 1 of 1 3/3/2006 


• Be aware of chemicals of concern that can directly injure (corrode, burn, dehydrate) the 
skin or that can be absorbed into the bloodstream and subsequently transported to other 
organs from dust, liquid or vapor sources. 


• Know that skin absorption is enhanced by abrasions, cuts, heat, and moisture. 


• Do not wear contact lenses in contaminated atmospheres (since they may trap chemicals 
against the eye surface).  The eye is particularly vulnerable because airborne chemicals 
can dissolve in its moist surface and be carried to the rest of the body through the 
bloodstream (capillaries are very close to the surface of the eye). 


• Keep hands away from face. 


• Minimize contact with liquid and solid chemicals. 


• Wear protective clothing (e.g., suits and gloves) as specified by the Site Specific Health 
and Safety Plan. 


 


 


 


 


 


 


 


 







HAZARD MITIGATORS - COMPRESSED GAS CYLINDER 
Applies to Task:  X          X          X                                                        


Compressed Gas Cylinder – HazMit.doc Page 1 of 2 3/3/2006 


• Keep cylinder valve caps screwed on at all times when regulators and gauges are not 
attached to the cylinder and when the cylinder is being moved. 


• Do not use force to remove valve cap if stuck. 


• Protect cylinders from cuts and abrasions. 


• Use extreme care not to drop cylinders. 


• Secure cylinders in an upright position using chains or other approved restraints. 


• Do not use cylinders for rollers or support. 


• Do not tamper with cylinder valves or safety devices. 


• Do not lift cylinders using the protective valve caps. 


• Do not substitute oxygen for compressed air. 


• Store all oxygen cylinders at least 20 feet from all fuel gas cylinders and gasoline or 
diesel storage tanks. 


• Keep cylinders away from exposure to open flame. 


• Do not use oil or grease on oxygen cylinders or regulator connections to avoid an 
explosion. 


• All cylinders must be labeled and indicate when they have been emptied. 


• Check all valves and fittings on a cylinder for leaks with each use.  If leakage is found, 
place a tag on the cylinder indicting the defect, and report it to the SHSO. 


• Leak test all connections using soap solution where possible. 


• Be certain that the second stage of the regulator is closed, after attaching the regulator to 
the cylinder, but before opening the cylinder valve. 


 


 


 







HAZARD MITIGATORS - COMPRESSED GAS CYLINDER 
Applies to Task:  X          X          X                                                        


Compressed Gas Cylinder – HazMit.doc Page 2 of 2 3/3/2006 


• Stand to one side of the regulator gauge while you slowly open the cylinder valve 1/4 of a 
turn. 


• Keep wrench on the valve stem of an acetylene cylinder when in use. 


• Close the cylinder valve and bleed the pressure off hoses on cylinders when not in use. 


• Use a cylinder cart to transport cylinders distances greater than 2 feet. 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 







HAZARD MITIGATORS –DRILLING (INCLUDING INDOOR) 
Applies to Task:  X          X                                                                 


Drilling - HazMit.doc Page 1 of 2 5/16/2005 


• All members of the drilling crews shall be trained in the standard operating safety features 
and procedures to be utilized during operation, inspection, and maintenance of the 
equipment. 


• Wear hard hats, steel toed boots, hearing protection and safety glasses at all times when 
performing drilling operations. 


• Conduct a survey, prior to bringing drilling equipment to the job site, to identify overhead 
electrical hazards, potential subsurface hazards, and terrain hazard.  Once on site, before 
drilling equipment is moved, the travel route shall again be visually surveyed for overhead 
and terrain hazards.  Document possible hazards and communicate them to the drilling 
crew. 


• Use only drilling equipment equipped with two easily-accessible emergency shutdown 
devices, one for the operator and one for the helper.  Shutdown devices should be tested at 
the beginning of each day. 


• Do not transport drilling equipment with the mast in the upward position. 


• Extend outriggers per the manufacturer's specifications. 


• Monitor weather conditions.  Operations shall cease during electrical storms or when 
electrical storms are imminent. 


• Wearing of loose clothing (e.g., open shirts, hooded sweatshirts, etc) is not permitted. 


• Use auger guides on hard surfaces. 


• Verbally alert employees and visually ensure employees are clear from dangerous parts of 
equipment prior to starting or engaging equipment. 


• Channel the discharge of drilling fluids away from the work area to prevent the ponding of 
water. 


• Use hoists only for their designed intent.  Hoists shall not be loaded beyond their rated 
capacity.  Steps shall be taken to prevent two-blocking of hoists (the condition when the 
lower load block or hook assembly comes in contact with the upper load block, or when the 
load block comes in contact with the boom tip). 







HAZARD MITIGATORS –DRILLING (INCLUDING INDOOR) 
Applies to Task:  X          X                                                                 


Drilling - HazMit.doc Page 2 of 2 5/16/2005 


• Follow the equipment manufacturer's procedures if ropes become caught in, or objects are 
pulled into a cathead. 


• Do not run or rotate drill rods through rod slipping devices.  No more than 5 feet of drill rod 
column shall be hoisted above the top of the drill mast.  Drill rod tool joints shall not be 
made up, tightened, or loosened while the rod column is supported by a rod slipping device. 


• Control dust using dust suppression techniques. 


• Clean augers only when the rotating mechanism is in neutral and the auger is stopped. Tools 
such as long-handled shovels shall be used to remove cuttings from the auger. 


• Cap and flag open boreholes; open excavations shall be barricaded. 


• Keep all hand tools used during drilling operations clean and in good working condition. 


• Check fire extinguishers and notify all onsite personnel to their whereabouts. 


• Check cables for frays and hydraulic hoses for leaks daily. 


Indoor Drilling 


•  Conduct a survey, prior to bringing drilling equipment to the job site, to identify ceiling 
height, overhead hazards, potential subsurface hazards, terrain hazard, and building stability 
particularly during drilling activities.  Identify sources of ventilation (including open 
doorways for cross ventilation and fans to assist in air flow).  Once on site, before drilling 
equipment is moved, the travel route shall again be visually surveyed for overhead and 
terrain hazards and avenues of ventilation will be opened or turned on. 


• Notify and/or evacuate all building occupants prior to start of drilling activities. 


• All drilling rig exhaust will be redirected outdoors by tubing.  The perimeter of the outdoor 
exhaust area shall be roped off a suitable distance to allow proper ventilation of exhaust. 


• Monitor ambient oxygen percentage and carbon monoxide concentrations in the work zone, 
as well as entire indoor area, to prevent low oxygen or high carbon monoxide 
environments.  Operations shall cease and the building will be evacuated if levels become 
dangerous. 


 







HAZARD MITIGATORS – DRUM AND CONTAINER HANDLING 
Applies to Task:  X          X          X                                                         


Drum Handling - HazMit Page 1 of 2 3/3/2006 


• Only trained personnel should open drums containing unknown materials.  


• Bulging drums or containers are an indication of pressure build-up. Open all drums or 
bungs extremely slowly to determine the presence of vapors or pressure inside the drum. 
If the possibility of fire or explosion exists, a protective shield should be used and/or 
remote opening devices. Employees not directly involved with opening a container shall 
be kept a safe distance away.  


• Use only drums and containers that meet the appropriate DOT, OSHA, and EPA 
regulations. 


• Utilize drum/container handling equipment whenever possible. The equipment should 
have a sufficiently rated load capacity and should be able to operate smoothly on the 
available surface.  


• Label and identify drums and containers when moved to the staging areas to safely 
identify and classify their contents. Segregate incompatible drums. 


• Inspect the integrity of the drum container before moving. Any drum or container 
lacking integrity shall be placed within an over pack container. 


• Staging areas require adequate escape routes. Staging area should provide secondary 
containment for all moved drums. 


• Employees must be warned of the potential hazards associated with the contents of 
containers or drums prior to moving said containers or drums. 


• Organize site operation to minimize the amount of drum or container movement. Have a 
clear view of the available pathway when moving drums. If needed, an additional person 
should be available to provide guidance. 


• Never stand on drums or containers. 


• Use non-sparking tools and appropriate grounding and bonding equipment. 







HAZARD MITIGATORS – DRUM AND CONTAINER HANDLING 
Applies to Task:  X          X          X                                                         


Drum Handling - HazMit Page 2 of 2 3/3/2006 


• Appropriate fire extinguishing equipment must be onsite at all times during drum 
handling. 


• Spill control equipment shall be onsite in areas where spills ruptures or leaks may occur. 


 


 


 







HAZARD MITIGATORS - ELECTROCUTION 
Applies to Task:  X          X          X                                                       


Electrocution – HazMit.doc Page 1 of 2  3/3/2006 


• Install adequate warning signs and barriers (in plain sight) in all areas where hazardous 
electrical facilities exist.  


• Use only heavy duty electrical cords that are not subjected to excessive bending, 
stretching, or kicking.  All cords and wires shall be frequently inspected for signs of 
defects.  Damaged or frayed electrical wires, cords, and plugs shall be immediately 
replaced by a qualified electrician or other properly trained personnel.  


• Equip all portable extension cords with a non-conducting plug and/or another socket shell.  
All electrical cords shall be equipped with three-blade grounding type plugs. 


• Do not permit overloading of electrical circuits at anytime.  The replacement of fuses or 
circuit breakers with makeshift materials or over-capacity fuses is strictly prohibited. 


• A minimum clearance of 20 feet (radius) will be maintained between heavy equipment 
(i.e., drill rig) and any overhead power lines, regardless of voltage.   


• Before subsurface work, a utilities search for underground lines will occur and will be 
documented (if within 3 feet of marked underground utility, hand digging is required). 


• Installation and maintenance of electrical facilities or equipment must only be performed 
by qualified and properly authorized personnel or electrical subcontractors.  Apprentice 
personnel permitted to work on electrical equipment shall be under the supervision of a 
fully qualified electrician.  


• Follow the company Lock-out/Tag-out procedures when applicable.  Electrical equipment 
and lines shall always be considered “energized” until proven “de-energized”.  Before 
beginning work, each electrical circuit shall be inspected, tested, and where possible, 
isolated from the power source.  Extreme care shall be exercised as wires designed to 
operate at ground potential may become energized by faulty or inadequate connections. 


• Do not wear rings, watches or metallic objects that could act as conductors when working 
with electrical circuits. 


• Do not use metal ladders and uninsulated tools while working with electrical circuits and 
equipment. 


• Protect electrical wires with suitable protective conduits or devices where they are 
exposed to possible damage. 


• Connect grounding devices to a ground before contacting any conductor of a circuit.  
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When grounding devices are removed, they shall be disconnected from the circuit before 
being disconnected from ground. 


• The type of circuit shall determine the type of protective equipment required.  Rubber 
gloves, sleeves, blankets, mats, and insulated platforms shall be used as required.  
Questions regarding PPE should be directed to the SHSO. 


• Inspect all insulated protective equipment continuously for defects or damages.  Any 
defective equipment shall be replaced before using. 


• Establish and enforce testing schedules for insulation qualities for protective equipment.  
All users shall verify that equipment has been satisfactorily tested prior to use. 


• Electricians shall be familiar with the National Electrical Code; state and local electric 
codes; OSHA standards, including 29 CFR 1926, Subpart K; and applicable sections of 
the National Fire Protection Association Codes. 


• When working on energized circuits of 440 volts or higher, at least one qualified 
electrician and one other employee shall be present.  


• Use only NEC approved grounding equipment as a ground for electrical equipment.  
Metal frames on electricity-powered equipment, electrical facilities, and transmission 
equipment shall be connected to the grounding system.  Alternative grounding systems 
complying with applicable electrical codes may be used for temporary portable 
equipment. 
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• Wear appropriate eye protection according to the task at hand.  


HAZARD TYPE OF PROTECTION 


Impact Safety glasses with side shield or vented safety 
goggles 


Heat (Sparks) Vented safety goggles or safety glasses with a face 
shield 


Chemical Hooded vented safety goggles or full-face respirator 
(if mild chemicals then safety glasses with side 
shield is acceptable) 


Light Radiation Tinted/reflective safety glasses or tinted/reflective 
face shield 


Dust Hooded vented safety goggles 


• Apply anti-fog product to lens not previously treated. 


• Minimize the amount of vapor or particulate matter generated, if possible.  


• Avoid touching the face and eyes. 


• Flush eyes with water for at least 15 minutes if chemicals do get into the eyes. If 
condition persists, seek medical attention. 


• If dust or foreign objects are in your eyes, do not rub your eyes. 


• If an object becomes embedded in the eye, do not attempt to remove. Lightly bandage 
your eyes, or both eyes, if possible and immediately seek medical attention. 


• Do not wear contact lenses if chemical or dust hazard is present (e.g. decontamination or 
preservation chemicals  used during sampling). 


• Provide on-site training to workers before tasks at hand. 
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• If visitors enter area, stop work until they are properly protected.  
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• Wear protective gloves as required in the Health and Safety Plan.  Gloves should be 
chosen to suit the work being performed (e.g., chemical resistant gloves will be worn 
when handling chemicals or sampling for suspected chemicals). 


• Steel-toed/steel-shanked safety boots must be worn whenever working around heavy 
objects (or as required by the HASP).  Insulated and/or waterproof boots may also be 
warranted depending on weather conditions.  Boots should be inspected periodically for 
signs of wear (e.g., cracks in rubber or along soles) and replaced as required.  


• Durable footwear which provides adequate ankle support should be worn when working 
in rugged terrain.  


• Use proper lifting techniques to avoid dropping heavy loads on hands and feet (refer to 
lifting heavy loads hazard mitigator) 


• Be aware of moving machinery and heavy equipment in the work area and tuck away 
any loose clothing. 
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• Be able to recognize the signs, symptoms and how to treat for heat stress.  Signs, 
symptoms and treatment are listed below.  


Signs and Symptoms: 


• Mild heat stress - Decreased energy, slight loss of appetite, nausea, lightheadedness. 


• Moderate heat stress - heavy sweating, thirst, faintness, headache, confusion. 


• Severe heat stress (heat stroke) - Throbbing headache, confusion, irritability, rapid heartbeat, 
difficulty breathing, dry skin (no sweating), vomiting, diarrhea. 


Treatment:  


• Mild and Moderate heat stress - Take to cool place, drink cool (not cold) fluids, remove 
excess clothing, rest. 


• Severe heat stress - Call 911 for an ambulance and get to a cool place, remove excess clothing 
and rest. 


• Adjust work and rest schedules as needed.  Establish a work regimen that will provide 
adequate rest periods for cooling down.  This may require additional shifts of workers. 


• Provide shelter or shaded areas (77o F is best) to protect personnel during rest periods. 


• Maintain worker's body fluids at normal levels to ensure that the cardiovascular system 
functions adequately.  Daily fluid intake must equal the approximate amount of water lost 
in sweat.  Workers are encouraged to drink more than the amount required to satisfy thirst 
(recommend water and sport drinks, not coffee or soda), because thirst is not an adequate 
indicator of adequate salt and fluid replacement.   


• Remove impermeable protective garments during rest periods. 


• Do not assign other tasks to personnel during rest periods. 


• Provide cooling devices, when necessary, to aid natural body heat exchange during 
prolonged work or severe heat exposure.  Devices include field showers or hose-down 
areas and shade tents; as well as cooling jackets, vests, or suits. 
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Working around Heavy Equipment  


• Yield to heavy equipment. 


• Listen for warning signals on heavy equipment. 


• Perform a visual inspection and walk around parked heavy equipment before moving to 
assure that equipment is in good condition and that there are no personnel on the ground 
that could be injured or objects that could be damaged by vehicle movement. 


• Wear hearing protection if required. 


• Wear traffic vests for increased visibility. 


• Maintain eye contact with the heavy equipment operator when working near equipment. 


• Be aware of changes in sound of equipment which may indicate a change in direction or 
activity. 


Heavy Equipment Operators 


• Use hand rails and footholds when mounting and dismounting equipment,  


• Follow appropriate equipment startup procedures.  Brakes, steering, clutches and controls 
shall be tested. 


• Pay attention to workers on the ground who may be in the path and provide warning prior 
to moving the equipment. 


• Permit no one to ride on, or in, heavy equipment.  This includes any portion of a backhoe, 
bulldozer, forklift or the back of a pickup truck, except in locations specifically designed 
for passenger use and approved by the SHSO. 


• Keep haulage vehicles under positive control at all times while operating.  Vehicles shall 
be kept in gear when descending grades. 


• Do not use heavy equipment on slopes with steepness exceeding 3H:1V unless operations 
are consistent with manufacturer’s recommendations (if the Owner’s Manual is not with 
the equipment or does not specify slope operating procedures, see the SHSO).   
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• Operate equipment with booms, blades, buckets, beds, etc., lowered or in a stable position 
while on slopes.  Safety cables tethered to appropriate anchors shall be used for equipment 
working on steep slopes, where appropriate.  The use of cables and anchors must be 
approved by the SHSO. 


• Suspend in slings or support by hoists or jacks heavy equipment in need of repair.  The 
equipment must also be blocked or cribbed before workers are permitted to work 
underneath. Working under heavy equipment can pose a crushing hazard. 


• Shut off motors, do not allow smoking, and use proper dispensing equipment when 
refueling gasoline-operated equipment to prevent fire hazards. 


• Lower hydraulic systems (e.g., blades, rippers, etc.) to the ground, set brakes, and shut 
down equipment if malfunction occurs which impairs the ability to control a piece of 
equipment. 


• Use rollover protection and seat belts. 
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• Proper lifting techniques include: 


− Feet - Feet should be parted, with one foot alongside the object being lifted and one 
behind.  Feet should be comfortably spread to give greater stability.  The rear foot 
should be in position for the upward thrust of the lift. 


− Back - Use the sit-down position and keep the back straight, but remember that 
“straight” does not mean “vertical”.  A straight back keeps the spine, back muscles, 
and organs of the body in correct alignment.  It minimizes the compression of the 
abdomen that can cause a hernia. 


− Arms and Elbows - The load should be drawn close to the body, and the arms and 
elbows should be tucked in.  When the arms are held away from the body, they lose 
much of their strength and power.  Keeping the arms tucked in also helps keep body 
weight centered. 


− Palm - The palm grip is one of the most important elements of lifting.  The fingers 
and the hand are extended around the object to be lifted.  Use the full palm; fingers 
alone have very little power. 


− Chin - Tuck in the chin so the neck and head continue the straight back line.  Keep 
the spine straight and firm. 


− Body Weight - Position the body so its weight is centered over the feet.  This 
provides a more powerful line of thrust and assures better balance.  Start the lift with 
a thrust of the rear foot.  Shift hand positions so the object can be boosted after 
knees are bent.  Straighten knees as object is lifted or shifted to the shoulders.  To 
change direction, lift the object to a carrying position, and turn the entire body, 
including the feet.  Do not twist your body.  In repetitive work, both the person and 
the material should be positioned so that the worker will not have to twist his body 
when moving the material.  If the object is too heavy to be handled by one person, 
get help. 


• Limit continuous lifting of weights to 50 pounds or the maximum allowed by the client 
whichever is less.  Lifts of heavier weights are permitted on an interim basis.  Help shall 
be obtained for lifting of loads greater than 50 pounds or the maximum allowed by the 
client whichever is less. Mechanical equipment should be used on heavy materials when 
possible.  If mechanical assistance is not available, adequate manpower to maintain the 
50-pound limit per employee will be required. 
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• Do not lift more weight than can be handled comfortably, regardless of load weight.  If 
necessary, help should be requested to lift a load so that the lifting is comfortable. 


• Use drum dollies when moving drums or barrels. 


• Inspect objects for grease or slippery substances before they are lifted to ensure that the 
object will not slip. 


• Do not carry long, bulky or heavy objects without first verifying that the way is clear 
and that vision is unobstructed.  This ensures that other persons or objects will not be 
struck by the load. 


• Do not carry loads that cannot be seen over or around. 


• Exercise caution when lifting above the chest level. 


• Make sure workers are physically suited for the job before assigning jobs requiring 
heavy and/or frequent lifting.  A person’s lifting ability is not necessarily indicated by 
his height or weight. 


• Before lifting an object, consideration should be given to how the object will be set 
down without pinching or crushing hands or fingers.  For example, to place an object on 
a bench or table, the object should be set on the edge and pushed far enough onto the 
support so it will not fall.  The object can then be released gradually as it is set down, 
and pushed in place with the hands and body from in front of the object. 


• When two or more people are handling the same object, one should “call the signals”.  
All the persons on the lift should know who this person is and should warn him if 
anyone in the crew is about to relax his grip. 
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• Wear hearing protection in areas with constant or loud noise.  


• Know the effects of noise, including: 


− Workers being startled, annoyed, or distracted. 


− Physical damage to the ear, pain, and temporary and/or permanent hearing loss. 


− Communication interference that may increase potential hazards due to the inability 
to warn of danger and proper safety precautions to be taken. 


• Implement the company Hearing Conservation Program when noise exposures equal or 
exceed an 8-hour, time-weighed average (TWA) sound level of 85 decibels on the A-
weighed scale (dBA). 


• Utilize feasible administrative or engineering controls if workers are subjected to noise 
exceeding an 8-hour TWA sound level of 90 dBA. 


 


 


 


 


 


 


 


 


 


 


 


 


 


 







HAZARD MITIGATORS - PORTABLE POWER/HAND TOOLS 
Applies to Task:  ⌧ c        ⌧ d        ⌧ e        � f        � g        � h        � i        � j 


Portable Power/Hand Tools – HazMit.doc Page 1 of 2 3/3/2006 


• Read instruction manual for the safe operation of any portable power tool. 


• Route cords, hoses, and cables supplying power to portable power tools to prevent 
tripping hazards or contact with equipment or machinery. 


• Avoid abusing the power supply lines of portable equipment.  Excessive scraping, 
kicking, stretching, and exposure to grease and oils will damage lines or cause them 
to fail prematurely, and possibly injure the operator or fellow workers. 


• Inspect cords, hoses, and cables for wear or deterioration.  Defective power supply 
lines shall not be used. 


• Do not use electrically powered tools near flammable materials or explosive 
atmosphere, unless they are of the explosion-proof type meeting the National 
Electrical Code for potentially explosive work areas.  Employees operating the 
equipment should be aware of sparks and or metal fragments when using this 
equipment. 


• Ground-check portable electric power tools with metal cases initially and quarterly.  
At no time will electrical power equipment be operated without proper grounding.  
All electrical cords and cables, including extension cords, shall include a third wire 
ground. 


• Prohibit operations of electric tools in wet or damp areas except in unusual 
emergency circumstances.  When operation is required in wet or damp conditions, 
extreme care will be exercised to ensure effective grounding of equipment and proper 
use of protective gear. 


• Size cords adequately for length and the electrical demand of the tool.  Otherwise, 
they may cause a fire hazard. 


• Limit use of tools to the purpose for which the tool is intended (e.g., wrenches will 
not be used as hammers).  Defective tools (e.g., with mushroomed heads or split or 
defective handles) shall not be used. 


• Protect tools from corrosion damage. 
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• Keep tools free of accumulated dirt and unnecessary oil or grease.  Moving and 
adjustable parts shall be lubricated frequently to prevent wear and misalignment. 


• Replace or repair damaged or worn tools promptly.  Temporary or makeshift repairs 
are prohibited.  At the discretion of the supervisor, discard all tools that cannot be 
repaired safely.  Supervisors shall decide when to discard a tool. 


• Store tools in suitable boxes or containers.  Loose tools shall not be stored on ledges 
or where they might fall.  Tools shall be picked up when a job is completed and not 
be allowed to accumulate in the work area.  Store all tools in a safe place. 


• Do not use conducting (i.e., metal) tools around electrical facilities.  Insulated tools, 
approved for electrical work, shall be tested frequently for proper insulation. 


• Select the correct size and type of wrench for each job.  Wrench handles shall not be 
extended with a pipe or cheater because the jaws will spread. 


• Repair mushroomed punch, drift and chisel heads.  Mushroomed heads represent 
crystallized metal that will break and fly off when struck. 


• Wear eye protection at all times and ear protection when there is exposure to 
excessive noise. 
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• Wear the proper foot wear and clothing for the task at hand. 


• Pay attention to the work environment and become aware of all equipment and vehicles 
active onsite and use caution when moving about. 


• Use caution when walking on sloped areas (especially geosynthetics), particularly when 
moisture is present. Use caution when walking on soft or uneven surfaces; e.g., marsh 
areas.  Watch for icy conditions in cold weather. 


• Follow the established designated safe paths for travel and keep these areas free from 
debris.  Avoid steep or slippery slopes and paths near operation vehicles and equipment. 


• Follow good housekeeping procedures. Never assume that someone else will clean up a 
spill or put away an object. 


• Remove or clearly mark objects that pose tripping hazards. 


• Prevent water accumulation where practicable. 


• Cables and/or writing should be taped down, when possible.  Locate cables and/or wiring 
out of the commonly used areas. 


• Mark or repair any opening or hole in the floor. 


• Carry objects in a manner that allows you to see in the area you are moving in. Do not 
carry objects that are too large or bulky.  Do not carry more weight than you can balance 
and keep stable.  Understand that PPE can reduce or limit your field of vision and 
mobility. 


• Use the proper ladder for the task at hand and do not exceed the recommended height. Do 
not use the top two rungs of a ladder. Ensure a flat and stable footing for the placement of 
a ladder.  Utilize the buddy system to help secure the ladder.  When working over 6 ft., 
utilize fall prevention measures.  Obey height and weight guidelines and/or rules.   


• Use the handrail when using stairs.  Be aware of stairway blockages. 


• If conditions even slightly resemble an unsafe environment, do not make any assumptions 
that the integrity of a workplace is intact. 
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• Never jump over or into a trench or excavation. 


• Walk, do not run. 


• Maintain proper lighting so obstacles are clearly visible 
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• Obtain necessary permits to use/block public thoroughfares. 


• All care should be taken to ensure the integrity of walking and working surfaces, including 
the use of barriers, toekicks, etc. to warn personnel and the public of the potential fall and 
tripping hazards. Guardrails or barrier walls should be constructed surrounding open pits 
and trenches as appropriate. 


• When operations such as signs, signals and barricades do not provide the necessary 
protection on or adjacent to a highway or street (including a sidewalk), flagmen or other 
appropriate traffic controls shall be provided. 


• Signaling directions by flagmen shall conform to American National Standards Institute 
D6.1-1971, Manual on Uniform Traffic Control Devices for Streets and Highways. 


• Hand signaling by flagmen shall be by use of red flags at least 18 inches square or sign 
paddles, and in periods of darkness, red lights. 


• Flagmen shall be provided with and shall wear a red or orange warning garment while 
flagging. Warning garments worn at night shall be made of reflective material. 


• Barricades for protection of employees shall conform to the portions of the American 
National Standards Institute D6.1 – 1971 Manual on Uniform Traffic Control Devices for 
Street and Highways, relating to barricades.  
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• Be able to recognize and identify poisonous plants indigenous to the site location (e.g., 
poison ivy, poison oak, poison sumac) 


• Avoid or remove poisonous plants where practicable. 


• Wear appropriate protective clothing (e.g., gloves, long-sleeved shirts) as required. 


• Provide soap and water for washing exposed parts. 


• Poison oak and ivy cleaner which eaily removed the sap and reduces the risk of exposure 
are recommended for Field Personnel working in areas where these plants are prevalent. 


• Make first aid remedies available for treatment of affected skin areas. 
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• Be aware of potential hive/nest locations, which may include culverts, drainage pipes, 
junk piles, or dense shrubbery. 


• Advise the SHSO if you are allergic to bees prior to engaging in any field activities. 


• Include the following controls: 


− Do not agitate bees or disrupt their hive/nest. 


− Keep the area quiet and calm. 


− Wear light-colored clothes. 


− Avoid wearing perfumes, hair spray, or scented lotions in the wilderness. 


• If attacked: 


− Do not scream or wave arms. 


− Cover your face with your hands. 


− Run for shelter in a building or vehicle.  Do not seek shelter in water. 


− Remove stingers as quickly as possible to lessen the amount of venom entering 
the body. Remove the stinger by raking your fingernail across it.  Don’t pinch or 
pull the stinger out.  Put ice on the sting to reduce the swelling. 


• Report any stings to the SHSO and seek first aid or emergency medical care 
immediately if stung several times. 
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• Be able to recognize insects/vermin/snakes indigenous to the site location and 
habitats.  Learn the indigenous dangerous species (e.g., spiders, snakes, ticks) prior to 
entering the field and know the first aid treatments. 


• Advise the SHSO if you have allergies to any insects prior to engaging in any field 
activities. 


• Include the following preventative measures as necessary: wear light-colored 
clothing, keep clothing buttoned, tuck pant legs into socks, keep shirt tails tucked in, 
boots, hoods, netting, gloves, masks, insect repellants or other personal protection. 


• Snake bite kits are commercially available and should be carried by field personnel 
when working where poisonous snakes exist.  In the case of a snake bite, keep the 
patient calm, restrict activity and immobilize the bite area (do not elevate), and 
immediately obtain medical attention. 


• Report any bites or stings to the SHSO and seek medical attention immediately. 
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Appendix D 


Air Monitoring Equipment / Frequency of Reading / Action Guidelines Per Task 
Applies to Task:                                                    


 Explosimeter 
Brand/Model No.:    
Monitoring Frequency:  


 Oxygen Meter 
Brand/Model No.:   
Monitoring Frequency:  


 Photoionization Detector 
Brand/Model No.: 10.6 eV PID or equivalent  
Monitoring Frequency: every 15 minutes or best judgement  


Source Reading 
(% LEL) 
1 to 10 
Greater than 10 


Action 


Continue with caution. 
Stop work.  Evacuate the area.  If upon 
return, concentration still exceeds 10% 
LEL, ventilate until LEL is back to zero.  


Source Reading 
(%) 


Less than 19.5 


 


 


19.5 to 23.5 


Greater than 23.5 


Action 


Stop work.  Evacuate the area.  If upon 
return, concentration is still <19.5, 
Level B PPE must be acquired and 
worn by trained personnel. 


Continue to work with caution. 


Stop work.  Evacuate the area. 


Breathing Zone 
Reading (ppm) 


 0    to _1__     


   1       to _25__ 


Greater than  _25__  


Action 


 


Modified Level D PPE 


Confirm absence of vinyl chloride 


Stop work.  Evacuate the area.  If upon 
return levels still exceed 25, Level B 
PPE must be acquired and worn by 
trained personnel 


Note:       Note:       Note: Level C PPE is not applicable  for TCE.  If readings 
greater than 1 ppmv (using 10.6 eV PID) are observed then 
Drager tubes for vinyl chloride (VC) must be used 
periodically to confirm absence of VC.  If VC is present, stop 
work, evacuate area.  Level B must be used if levels persist.  


 Flame Ionization Detector 
Brand/Model No.:  
 
Monitoring Frequency:  
 


 Chemical Detector Tube 
Brand/Model No.:   
  
Monitoring Frequency:   
  


 Other 
Brand/Model No.:   
  
Monitoring Frequency:    
  


Breathing Zone 
Reading (ppm) 


      to ______ 


      to ______ 


Greater than  
   


Action 


 


Level D PPE 


Level C PPE 


Stop work.  Evacuate the area.  If upon 
return, levels still exceed  , Level B 
PPE must be acquired and worn by 
trained personnel. 


Breathing Zone 
Reading (ppm) 


      to ______ 


      to ______ 


Greater than  
   


Action 


 


Level D PPE 


Level C PPE 


Stop work.  Evacuate the area.  If upon 
return, levels still exceed  , Level B 
PPE must be acquired and worn by 
trained personnel. 


Breathing Zone 
Reading 


      to ______ 


      to ______ 


Greater than  
  
  


 ppm      mg/m3      Other: 


Action 


Level D PPE 


Level C PPE 


Stop work.  Evacuate the area.  If upon 
return, levels still exceed  , Level B 
PPE must be acquired and worn by 
trained personnel. 


Note:       Note:       Note:  
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Appendix E 


Personal Protective Equipment Per Task 
Applies to Task:                                                    


   Modified Level D*    Level C*    Level B* 


Equipment Material/Type Equipment Material/Type Equipment Material/Type 


 Protective clothing Long sleeve shirt 
and pants 


 Full-face air-purifying 
respirator 


Cartridge Type: 
      


 SCBA (pressure demand)       


 Outer gloves Neoprene/Nitrile  Half-mask air-
purifying respirator 


Cartridge Type: 
      


 Air-line System (pressure 
demand)       


 Outer boots        Protective clothing        Protective clothing       


 Hard hat**        Outer gloves        Outer gloves       


 Safety glasses**        Inner gloves        Inner gloves       


 Hard-toed boots**        Outer boots        Outer boots       


 Hearing protection**        Hard hat**        Hard hat**       


 Other: Full-face 
shield**        Safety glasses**        Hard-toed boots**       


 Other: Apron** Rubber  Hard-toed boots**        Hearing protection**       


 Other: Dust 
respirator**        Hearing protection**        Escape respirator**       


     Safety “tag” rope**       


* If checked, indicates initial level of PPE.  Other completed columns indicate information to upgrade/downgrade. 
** Optional as applicable 







Appendix F - Equipment Decon 1 2005.05.16 


Appendix F 


Decontamination Procedures and Equipment Directory 


Included in 
HASP Level of Protection 


 Modified Level D 


 Level C 


 Level B 
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Decontamination Procedures and Equipment 
– Modified Level D – 


Applies to Task:                                             


Decontamination Solution: Soap (Alconox®) and water 


Procedure Equipment Needed 


Station 1 Rinse off all equipment/PPE and replace gloves 
between sampling points to avoid cross 
contamination (use plastic drop cloth; deposit used 
gloves in container lined with plastic trash bag).  
Refer to the Sampling and Analysis Plan for 
equipment decontamination procedures 


Plastic drop cloth, decontamination 
solution, isopropyl alcohol, distilled 
water, extra gloves, plastic trash bags, 
various size containers, paper towels 


Station 2 If used/necessary, clean apron and/or face shield 
with decontamination solution (on plastic drop 
cloth) 


Plastic drop cloth, decontamination 
solution, distilled water, paper towels, 
containers (20 to 30 gal), long-handled 
scrub brushes 


Station 3 If used, remove apron, face shield, and dust 
respirator and deposit in container lined with 
plastic trash bag 


plastic trash bags, various size 
containers 


Station 4 If necessary, scrub safety boots with 
decontamination solution (on plastic drop cloth) 


Plastic drop cloth, decontamination 
solution, distilled water, paper towels, 
containers (20 to 30 gal), long-handled 
scrub brushes 


Station 5 Remove gloves frequently and deposit in container 
lined with plastic trash bag 


Containers (20 to 30 gal), plastic trash 
bags 
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Appendix G 


Material Safety Data Sheets Directory 


Included in HASP Chemical 


 Acetone 


 Alconox 


 Ammonia 


 Bentonite 


 Diesel Fuel Oil No. 2-D 


 n-Hexane 


 Hydrochloric Acid 


 Isobutylene Calibration Gas 


 Isopropyl Alcohol 


 KB-1 


 Methane Calibration Gas 


 Nitric Acid    


 Portland Cement 


 Sodium Permanganate 


 Sulfuric Acid 


 Unleaded Gasoline 


 Other:  Methanol 


 Other:  Nano-scale Zero Valent Iron (Toda RNIP-10DS)  


 Other:  Sorbitan Trioleate (Span 85)  
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 Other:  Corn Oil  
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Alconox ®
MATERIAL SAFETY DATA SHEET


Alconox, Inc.
30 Glenn Street. Suite 309


White Plains, NY 10603


24 Hour Emergency Number – Chem-Tel (800) 255-3924


I. IDENTIFICATION
Product Name (as appears on label) ALCONOX
CAS Registry Number: Not Applicable
Effective Date: January 1, 1999
Chemical Family: Anionic Powdered Detergent
Manufacturer Catalog Numbers for sizes 1104, 1125, 1150, 1101, 1103 and 1112


II. HAZARDOUS INGREDIENTS/IDENTITY INFORMATION
There are no hazardous ingredients in ALCONOX as defined by the OSHA Standard and Hazardous Substance List
29 CFR 1910 Subpart Z.


III. PHYSICAL/CHEMICAL CHARACTERISTICS
Boiling Point (F): Not Applicable
Vapor Pressure (mm Hg): Not Applicable
Vapor Density (AIR=1): Not Applicable
Specific Gravity (Water=1): Not Applicable
Melting Point: Not Applicable
Evaporation Rate (Butyl Acetate=1): Not Applicable
Solubility in Water: Appreciable-Soluble to 10% at ambient conditions
Appearance: White powder interspersed with cream colored flakes.


IV. FIRE AND EXPLOSION DATA
Flash Point (Method Used): None


Flammable Limits: LEL: No Data
UEL: No Data


Extinguishing Media: Water, dry chemical, CO2, foam
Special Fire fighting
Procedures:


Self-contained positive pressure breathing apparatus and protective
clothing should be worn when fighting fires involving chemicals.


Unusual Fire and Explosion
Hazards: None


V. REACTIVITY DATA
Stability: Stable
Hazardous Polymerization: Will not occur
Incompatibility (Materials to Avoid): None
Hazardous Decomposition or Byproducts: May release CO2 on burning


 0
0   0
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VI. HEALTH HAZARD DATA


Route(s) of Entry:
Inhalation? Yes
Skin? No
Ingestion? Yes


Health Hazards (Acute
and Chronic):


Inhalation of powder may prove locally irritating to mucous
membranes. Ingestion may cause discomfort and/or diarrhea. Eye
contact may prove irritating.


Carcinogenicity:
NTP? No
IARC Monographs? No
OSHA Regulated? No


Signs and Symptoms of
Exposure: Exposure may irritate mucous membranes. May cause sneezing.


Medical Conditions
Generally Aggravated
by Exposure:


Not established. Unnecessary exposure to this product or any
industrial chemical should be avoided. Respiratory conditions may
be aggravated by powder.


Emergency and First
Aid Procedures:


Eyes: Immediately flush eyes with water for at least 15 minutes.
Call a physician.
Skin: Flush with plenty of water.
Ingestion: Drink large quantities of water or milk. Do not induce
vomiting. If vomiting occurs administer fluids. See a physician for
discomfort.


VII. PRECAUTIONS FOR SAFE HANDLING AND USE
Steps to be Taken if
Material is Released or
Spilled:


Material foams profusely. Recover as much as possible and flush
remainder to sewer. Material is biodegradable.


Waste Disposal Method:
Small quantities may be disposed of in sewer. Large quantities
should be disposed of in accordance with local ordinances for
detergent products.


Precautions to be Taken
in Storing and Handling: Material should be stored in a dry area to prevent caking.


Other Precautions: No special requirements other than the good industrial hygiene and
safety practices employed with any industrial chemical.


VIII. CONTROL MEASURES
Respiratory Protection (Specify Type): Dust mask - Recommended


Ventilation:


Local Exhaust-Normal
Special-Not Required
Mechanical-Not Required
Other-Not Required


Protective Gloves: Impervious gloves are useful but not required.


Eye Protection: Goggles are recommended when handling
solutions.


Other Protective Clothing or Equipment: None
Work/Hygienic Practices: No special practices required


THE INFORMATION HEREIN IS GIVEN IN GOOD FAITH BUT NO WARRANTY IS EXPRESSED OR
IMPLIED.
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MATERIAL SAFETY
DATA SHEET


Prepared to U.S. OSHA, CMA, ANSI and Canadian WHMIS  Standards


1. PRODUCT IDENTIFICATION


CHEMICAL NAME; CLASS:  NON-FLAMMABLE GAS MIXTURE
Containing One or More of the Following Components in a Nitrogen Balance Gas:


Oxygen 0-23.5%; Isobutylene, 0.0005-0.9%


SYNONYMS:  Not Applicable
CHEMICAL FAMILY NAME:  Not Applicable
FORMULA:  Not Applicable
Document Number:  50054
Note:  The Material Safety Data Sheet is for this gas mixture supplied in cylinders with 33 cubic feet (935 liters) or less gas capacity (DOT - 39 cylinders).  This
MSDS has been developed for various gas mixtures with the composition of components within the ranges listed in Section 2 (Composition and Information on
Ingredients).  Refer to the product label for information on the actual composition of the product.


PRODUCT USE: Calibration of Monitoring and Research
Equipment


SUPPLIER/MANUFACTURER'S NAME: AIR LIQUIDE AMERICA CORPORATION
ADDRESS: 821 Chesapeake Drive


Cambridge, MD 21613
EMERGENCY PHONE: CHEMTREC: 1-800-424-9300
BUSINESS PHONE: 1-410-228-6400


General MSDS Information 1-713/868-0440
Fax on Demand: 1-800/231-1366


2. COMPOSITION and INFORMATION ON INGREDIENTS
CHEMICAL NAME CAS # mole % EXPOSURE LIMITS IN AIR


ACGIH OSHA
TLV STEL PEL STEL IDLH OTHER
ppm ppm ppm ppm ppm


Oxygen 7782-44-7 0 - 23.5% There are no specific exposure limits for Oxygen.
Isobutylene 115-11-7 0.0005 - 0.9% There are no specific exposure limits for Isobutylene.
Nitrogen 7727-37-9 Balance There are no specific exposure limits for Nitrogen.  Nitrogen is a simple


asphyxiant (SA).  Oxygen levels should be maintained above 19.5%.


NE = Not Established. C = Ceiling Limit. See Section 16 for Definitions of Terms Used.


NOTE :  All WHMIS required information is included.  It is located in appropriate sections based on the ANSI Z400.1-1993 format.
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3. HAZARD IDENTIFICATION
EMERGENCY OVERVIEW:  This product is a colorless, odorless gas.  Releases of this product may produce
oxygen-deficient atmospheres (especially in confined spaces or other poorly-ventilated environments);
individuals in such atmospheres may be asphyxiated.  Isobutylene, a component of this gas mixture, may
cause drowsiness and other central nervous system effects in high concentrations; however, due to its low
concentration in this gas mixture, this is unlikely to occur.


SYMPTOMS OF OVER-EXPOSURE BY ROUTE OF
EXPOSURE: The most significant route of over-exposure for this
product is by inhalation.
INHALATION:  Due to the small size of an individual cylinder of
this product, no unusual health effects from over-exposure to the
product are anticipated under routine circumstances of use.  The
chief health hazard associated with this gas mixture is when this
product contains less than 19.5% Oxygen and is released in a
small, poorly-ventilated area (i.e. an enclosed or confined
space).  Under this circumstance, an oxygen-deficient
environment may occur.  Individuals breathing such an
atmosphere may experience symptoms which include
headaches, ringing in ears, dizziness, drowsiness,
unconsciousness, nausea, vomiting, and depression of all the
senses.  Under some circumstances of over-exposure, death
may occur.  The effects associated with various levels of oxygen
are as follows:
CONCENTRATION OF OXYGEN OBSERVED EFFECT
12-16% Oxygen: Breathing and pulse rate


increase, muscular coor-
dination slightly disturbed.


10-14% Oxygen: Emotional upset, abnormal
fatigue, disturbed respiration.


6-10% Oxygen: Nausea, vomiting, collapse, or
loss of consciousness.


Below 6%: Convulsive movements, possible respiratory collapse, and death.


HEALTH EFFECTS OR RISKS FROM EXPOSURE: An Explanation in Lay Terms.  Over-exposure to this gas
mixture may cause the following health effects:
ACUTE:  Due to the small size of the individual cylinder of this product, no unusual health effects from exposure
to the product are anticipated under routine circumstances of use.  The most significant hazard associated with
this gas mixture when it contains less than 19.5% oxygen is the potential for exposure to oxygen-deficient
atmospheres. Symptoms of oxygen deficiency include respiratory difficulty, ringing in ears, headaches, shortness
of breath, wheezing, headache, dizziness, indigestion, nausea, unconsciousness, and death.  The skin of a victim
of over-exposure may have a blue color.  Additionally, Isobutylene, a component of this gas mixture, may cause
drowsiness or central nervous system effects in high concentrations; however, due to its low concentration in this
gas mixture, this is unlikely to occur.
CHRONIC:  There are currently no known adverse health effects associated with chronic exposure to this gas
mixture.
TARGET ORGANS:  Respiratory system.


4. FIRST-AID MEASURES
RESCUERS SHOULD NOT ATTEMPT TO RETRIEVE VICTIMS OF EXPOSURE TO THIS
PRODUCT WITHOUT ADEQUATE PERSONAL  PROTECTIVE EQUIPMENT.  At a minimum, Self-
Contained Breathing Apparatus must be worn.
No unusual health effects are anticipated after exposure to this product, due to the small cylinder size.  If any
adverse symptom develops after over-exposure to this product, remove victim(s) to fresh air as quickly as
possible.  Only trained personnel should administer supplemental oxygen and/or cardio-pulmonary resuscitation
if necessary.


HEALTH
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4. FIRST-AID MEASURES (Continued)
Victim(s) who experience any adverse effect after over-exposure to this product must be taken for medical
attention. Rescuers should be taken for medical attention if necessary.  Take a copy of the label and the MSDS
to physician or other health professional with victim(s).


5. FIRE-FIGHTING MEASURES
FLASH POINT, (method):  Not applicable.


AUTOIGNITION TEMPERATURE:  Not applicable.


FLAMMABLE LIMITS (in air by volume, %):
Lower (LEL):  Not applicable.
Upper (UEL):  Not applicable.


FIRE EXTINGUISHING MATERIALS:  Non-flammable gas
mixture.  Use extinguishing media appropriate for surrounding fire.


UNUSUAL FIRE AND EXPLOSION HAZARDS:  This gas mixture
is not flammable; however, containers, when involved in fire, may
rupture or burst in the heat of the fire.


Explosion Sensitivity to Mechanical Impact:  Not sensitive.
Explosion Sensitivity to Static Discharge:  Not sensitive.
SPECIAL FIRE-FIGHTING PROCEDURES:  Structural firefighters must wear Self-Contained Breathing
Apparatus and full protective equipment.


6. ACCIDENTAL RELEASE MEASURES
LEAK RESPONSE:  Due to the small size and content of the cylinder, an accidental release of this product
presents significantly less risk of an oxygen deficient environment and other safety hazards than a similar
release from a larger cylinder.  However, as with any chemical release, extreme caution must be used during
emergency response procedures.  In the event of a release in which the atmosphere is unknown, and in which
other chemicals are potentially involved, evacuate immediate area.  Such releases should be responded to by
trained personnel using pre-planned procedures.  Proper protective equipment should be used.  In case of a leak,
clear the affected area, protect people, and respond with trained personnel.
Allow the gas mixture to dissipate.  If necessary, monitor the surrounding area (and the original area of the
release) for oxygen. Oxygen levels must be above 19.5% before non-emergency personnel are allowed to re-
enter area.
If leaking incidentally from the cylinder, contact your supplier.


7. HANDLING and USE
WORK PRACTICES AND HYGIENE PRACTICES:  Be aware of any signs of dizziness or fatigue, especially if
work is done in a poorly-ventilated area; exposures to fatal concentrations of this product could occur without any
significant warning symptoms, due to oxygen deficiency.  Do not attempt to repair, adjust, or in any other way
modify cylinders containing this gas mixture.  If there is a malfunction or another type of operational problem,
contact nearest distributor immediately.
STORAGE AND HANDLING PRACTICES:  Cylinders should be firmly secured to prevent falling or being
knocked-over.  Cylinders must be protected from the environment, and preferably kept at room temperature
(approximately 21°C; 70°F).  Cylinders should be stored in dry, well-ventilated areas, away from sources of heat,
ignition, and direct sunlight.  Protect cylinders against physical damage.


Full and empty cylinders should be segregated.  Use a first-in, first-out inventory system to prevent full
containers from being stored for long periods of time.  These cylinders are not refillable.  WARNING!  Do not
refill DOT 39 cylinders.  To do so may cause personal injury or property damage.
SPECIAL PRECAUTIONS FOR HANDLING GAS CYLINDERS:  WARNING!  Compressed gases can present
significant safety hazards.  During cylinder use, use equipment designed for these specific cylinders. Ensure all
lines and equipment are rated for proper service pressure.
PROTECTIVE PRACTICES DURING MAINTENANCE OF CONTAMINATED EQUIPMENT:  Follow practices
indicated in Section 6 (Accidental Release Measures).  Make certain that application equipment is locked and
tagged-out safely.  Always use product in areas where adequate ventilation is provided.
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8. EXPOSURE CONTROLS - PERSONAL PROTECTION
VENTILATION AND ENGINEERING CONTROLS:  No special ventilation systems or engineering controls are
needed under normal circumstances of use.  As with all chemicals, use this product in well-ventilated areas.  If
this product is used in a poorly-ventilated area, install automatic monitoring equipment to detect the levels of
oxygen.
RESPIRATORY PROTECTION:  No special respiratory protection is required under normal circumstances of
use. Use supplied air respiratory protection if oxygen levels are below 19.5%  or unknown during emergency
response to a release of this product.  If respiratory protection is required for emergency response to this product,
follow the requirements of the Federal OSHA Respiratory Protection Standard (29 CFR 1910.134) or equivalent
State standards.
EYE PROTECTION:  Safety glasses.


HAND PROTECTION:  No special protection is needed under normal circumstances of use.


BODY PROTECTION:  No special protection is needed under normal circumstances of use.


9. PHYSICAL and CHEMICAL PROPERTIES
Unless otherwise specified, the following information is for Nitrogen, the main component of this gas
mixture.
GAS DENSITY @ 32°F (0°C) and 1 atm:  0.072 lbs/ ft3 (1.153 kg/m3)
BOILING POINT:  -195.8°C  (-320.4 °F)
FREEZING/MELTING POINT @ 10 psig  -210°C (-345.8°F)
SPECIFIC GRAVITY (air = 1) @ 70°F (21.1°C):  0.906 pH:  Not applicable.
SOLUBILITY IN WATER  vol/vol @ 32°F (0°C) and 1 atm:  0.023 MOLECULAR WEIGHT:  28.01
EVAPORATION RATE (nBuAc  = 1):  Not applicable. EXPANSION RATIO:  Not applicable.
ODOR THRESHOLD:  Not applicable. SPECIFIC VOLUME (ft3/lb):  13.8
VAPOR PRESSURE @ 70°F (21.1°C) psig:  Not applicable.
COEFFICIENT WATER/OIL DISTRIBUTION:  Not applicable.


The following information is for this gas mixture.
APPEARANCE AND COLOR:  This product is a colorless, odorless gas.
HOW TO DETECT THIS SUBSTANCE (warning properties):  There are no unusual warning properties
associated with a release of this product.


10. STABILITY and REACTIVITY
STABILITY:  Normally stable in gaseous state.


DECOMPOSITION PRODUCTS:  The thermal decomposition products of Isobutylene include carbon oxides.
The other components of this gas mixture do not decompose, per se, but can react with other compounds in the
heat of a fire.
MATERIALS WITH WHICH SUBSTANCE IS INCOMPATIBLE:  Titanium will burn in Nitrogen (the main
component of this product).  Lithium reacts slowly with Nitrogen at ambient temperatures.  A component of this
product (Isobutylene) are also incompatible with strong oxidizers (i.e. chlorine, bromine pentafluoride, oxygen
difluoride, and nitrogen trifluoride).
HAZARDOUS POLYMERIZATION:  Will not occur.


CONDITIONS TO AVOID:  Contact with incompatible materials.  Cylinders exposed to high temperatures or
direct flame can rupture or burst.


11. TOXICOLOGICAL INFORMATION
TOXICITY DATA: The following toxicology data are available for the components of this product:
NITROGEN:  There are no specific toxicology data for Nitrogen.
Nitrogen is a simple asphyxiant, which acts to displace oxygen in the
environment.


 ISOBUTYLENE:
LC50 (inhalation, rat) = 620,000  mg/kg/4 hours
LC50 (inhalation, mouse) = 415,000 mg/kg
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11. TOXICOLOGICAL INFORMATION (Continued)
SUSPECTED CANCER AGENT:  The components of this gas mixture are not found on the following lists:
FEDERAL OSHA Z LIST, NTP, CAL/OSHA, and IARC; therefore, they are not considered to be, nor suspected to
be, cancer-causing agents by these agencies.
IRRITANCY OF PRODUCT:  Not applicable.
SENSITIZATION TO THE PRODUCT:  This gas mixture is not known to cause sensitization in humans.


REPRODUCTIVE TOXICITY INFORMATION:  Listed below is information concerning the effects of this product
and its components on the human reproductive system.


Mutagenicity: No mutagenicity effects have been described for this gas mixture.
Embryotoxcity:  No embryotoxic effects have been described for this gas mixture.
Teratogenicity: No teratogenicity effects have been described for this gas mixture.
Reproductive Toxicity: No reproductive toxicity effects have been described for gas mixture.


A mutagen is a chemical which causes permanent changes to genetic material (DNA) such that the changes will
propagate through generation lines. An embryotoxin is a chemical which causes damage to a developing embryo
(i.e. within the first eight weeks of pregnancy in humans), but the damage does not propagate across
generational lines.  A teratogen is a chemical which causes damage to a developing fetus, but the damage does
not propagate across generational lines.  A reproductive toxin is any substance which interferes in any way with
the reproductive process.


MEDICAL CONDITIONS AGGRAVATED BY EXPOSURE:  Acute or chronic respiratory conditions may be
aggravated by over-exposure to the components of this product.
RECOMMENDATIONS TO PHYSICIANS:  Administer oxygen, if necessary; treat symptoms; eliminate
exposure.
BIOLOGICAL EXPOSURE  INDICES (BEIs):  Currently, Biological Exposure Indices (BEIs) are not applicable
for the components of this gas mixture.


12. ECOLOGICAL INFORMATION
ENVIRONMENTAL STABILITY:  The components of this gas mixture occur naturally in the atmosphere.  The
gas will be dissipated rapidly in well-ventilated areas.  The following environmental data are applicable to the
components of this product.
OXYGEN:  Water Solubility = 1 volume Oxygen/32 volumes water at 20°C.   Log Kow = -0.65
NITROGEN:  Water Solubility = 2.4 volumes Nitrogen/100 volumes water at 0°C.  1.6 volumes Nitrogen/100 volumes water at 20°C.


EFFECT OF MATERIAL ON PLANTS or ANIMALS:  No evidence is currently available on this product’s effects
on plant and animal life.
EFFECT OF CHEMICAL ON AQUATIC LIFE:  No evidence is currently available on this product’s effects on
aquatic life.


13. DISPOSAL CONSIDERATIONS
PREPARING WASTES FOR DISPOSAL PREPARING WASTES FOR DISPOSAL:  Waste disposal must be in
accordance with appropriate Federal, State, and local regulations.  Cylinders with undesired residual product may
be safely vented outdoors with the proper regulator.  For further information, refer to Section 16 (Other
Information).


14. TRANSPORTATION INFORMATION
THIS MATERIAL IS HAZARDOUS AS DEFINED BY 49 CFR 172.101 BY THE U.S. DEPARTMENT OF
TRANSPORTATION.
PROPER SHIPPING NAME: Compressed gases, n.o.s. (Nitrogen, Oxygen)
HAZARD CLASS NUMBER and DESCRIPTION: 2.2 (Non-Flammable Gas)
UN IDENTIFICATION NUMBER: UN 1956
PACKING GROUP: Not applicable.
DOT LABEL(S) REQUIRED: Non-Flammable Gas
NORTH AMERICAN EMERGENCY RESPONSE GUIDEBOOK NUMBER (1996):  126
MARINE POLLUTANT:  The components of this gas mixture are not classified by the DOT as Marine Pollutants
(as defined by 49 CFR 172.101, Appendix B).







NON-FLAMMABLE GAS MIXTURE MSDS - 50054 EFFECTIVE DATE: November 12, 2002
PAGE 6 OF 7


14. TRANSPORTATION INFORMATION (Continued)
SPECIAL SHIPPING INFORMATION:  Cylinders should be transported in a secure position, in a well-ventilated
vehicle.  The transportation of compressed gas cylinders in automobiles or in closed-body vehicles can present
serious safety hazards.  If transporting these cylinders in vehicles, ensure these cylinders are not exposed to
extremely high temperatures (as may occur in an enclosed vehicle on a hot day).  Additionally, the vehicle
should be well-ventilated during transportation.
Note:  DOT 39 Cylinders ship in a strong outer carton (overpack).  Pertinent shipping information goes on the
outside of the overpack.  DOT 39 Cylinders do not have transportation information on the cylinder itself.
TRANSPORT CANADA TRANSPORTATION OF DANGEROUS GOODS REGULATIONS: THIS MATERIAL IS
CONSIDERED AS DANGEROUS GOODS.  Use the above information for the preparation of Canadian
Shipments.


15. REGULATORY INFORMATION
SARA REPORTING REQUIREMENTS: This product is subject to the reporting requirements of Sections 302,
304, and 313 of Title III of the Superfund Amendments and Reauthorization Act, as follows:


COMPONENT SARA 302 SARA 304 SARA 313
Oxygen NO NO NO
Nitrogen NO NO NO
Isobutylene NO NO NO


SARA THRESHOLD PLANNING QUANTITY:  Not applicable.
TSCA INVENTORY STATUS:  The components of this gas mixture are listed on the TSCA Inventory.
CERCLA REPORTABLE QUANTITY (RQ):  Not applicable.
OTHER U.S. FEDERAL REGULATIONS:
• No component of this product is subject to the requirements of CFR 29 1910.1000 (under the 1989 PELs).
• Isobutylene is subject to the reporting requirements of Section 112(r) of the Clean Air Act.  The Threshold


Quantity for this gas is 10,000 pounds.
• The regulations of the Process Safety Management of Highly Hazardous Chemicals are not applicable (29


CFR 1910.119).
• This gas mixture does not contain any Class I or Class II ozone depleting chemicals (40 CFR Part 82).
• Nitrogen and Oxygen are not listed as Regulated Substances, per 40 CFR, Part 68, of the Risk Management


for Chemical Releases.  Isobutylene is listed under this regulation in Table 3 as Regulated Substances
(Flammable Substances), in quantities of 10,000 lbs (4,553 kg) or greater.


OTHER CANADIAN REGULATIONS:  This gas mixture is categorized as a Controlled Product, Hazard Class A,
as per the Controlled Product Regulations.


STATE REGULATORY INFORMATION:  The components of this gas mixture are covered under the following
specific State regulations:


Alaska - Designated Toxic and
Hazardous Substances:  No.


California - Permissible Exposure
Limits for Chemical Contaminants:
Nitrogen.


Florida - Substance List:  Oxygen,
Isobutylene.


Illinois - Toxic Substance List:  No.
Kansas - Section 302/313 List:  No.
Massachusetts - Substance List:


Oxygen, Isobutylene.


Michigan - Critical Materials Register:
No.


Minnesota - List of Hazardous
Substances:  No.


Missouri - Employer Information/Toxic
Substance List:  No.


New Jersey - Right to Know
Hazardous Substance List:  Oxygen,
Nitrogen, Isobutylene.


North Dakota - List of Hazardous
Chemicals, Reportable Quantities:
No.


Pennsylvania - Hazardous Substance
List:  Oxygen, Nitrogen, Isobutylene.


Rhode Island - Hazardous Substance
List:  Oxygen, Nitrogen.


Texas - Hazardous Substance List:
No.


West Virginia - Hazardous Substance
List:  No.


Wisconsin - Toxic and Hazardous
Substances: :  No.


CALIFORNIA PROPOSITION 65:  No component of this product is on the California Proposition 65 lists.
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16. OTHER INFORMATION
INFORMATION ABOUT DOT-39 NRC (Non-Refillable Cylinder) PRODUCTS


DOT 39 cylinders ship as hazardous materials when full.  Once the cylinders are relieved of pressure (empty)
they are not considered hazardous material or waste.  Residual gas in this type of cylinder is not an issue
because toxic gas mixtures are prohibited.  Calibration gas mixtures typically packaged in these cylinders are
Nonflammable n.o.s., UN 1956.  A small percentage of calibration gases packaged in DOT 39 cylinders are
flammable or oxidizing gas mixtures.
For disposal of used DOT-39 cylinders, it is acceptable to place them in a landfill if local laws permit.  Their
disposal is no different than that employed with other DOT containers such as spray paint cans, household
aerosols, or disposable cylinders of propane (for camping, torch etc.).  When feasible, we recommended
recycling for scrap metal content.  Air Liquide America will do this for any customer that wishes to return
cylinders to us prepaid.  All that is required is a phone call to make arrangements so we may anticipate arrival.
Scrapping cylinders involves some preparation before the metal dealer may accept them.  We perform this
operation as a service to valued customers who want to participate.


MIXTURES:  When two or more gases or liquefied gases are mixed, their hazardous properties may combine to
create additional, unexpected hazards.  Obtain and evaluate the safety information for each component before
you produce the mixture.  Consult an Industrial Hygienist or other trained person when you make your safety
evaluation of the end product.  Remember, gases and liquids have properties which can cause serious injury or
death.
Further information about the handling of compressed gases can be found in the following pamphlets published
by:  Compressed Gas Association Inc. (CGA), 1725 Jefferson Davis Highway, Suite 1004, Arlington, VA  22202-
4102.  Telephone: (703) 412-0900.


P-1 “Safe Handling of Compressed Gases in Containers”
AV-1 “Safe Handling and Storage of Compressed Gases”


“Handbook of Compressed Gases”
PREPARED BY: CHEMICAL SAFETY ASSOCIATES, Inc.  


9163 Chesapeake Drive, San Diego, CA 92123-1002
619/565-0302


Fax on Demand: 1-800/231-1366


This Material Safety Data Sheet is offered pursuant to OSHA’s Hazard Communication Standard, 29 CFR, 1910.1200.  Other government
regulations must be reviewed for applicability to this product.  To the best of Air Liquide America Corporation’s knowledge, the information
contained herein is reliable and accurate as of this date; however, accuracy, suitability or completeness are not guaranteed and no warranties of
any type, either express or implied, are provided.  The information contained herein relates only to this specific product.  If this product is
combined with other materials, all component properties must be considered.  Data may be changed from time to time.  Be sure to consult the
latest edition.



































































































Material Safety Data Sheet 
Methyl Alcohol, Reagent ACS, 99.8% (GC) 


ACC# 95294 


MSDS Name: Methyl Alcohol, Reagent ACS, 99.8% (GC)  
Catalog Numbers: AC423950000, AC423950010, AC423950020, AC423955000, AC9541632, 
AC423952  
Synonyms: Carbinol; Methanol; Methyl hydroxide; Monohydroxymethane; Pyroxylic spirit; Wood 
alcohol; Wood naptha; Wood spirit; Monohydroxymethane; Methyl hydrate.  
Company Identification: 
              Acros Organics N.V. 
              One Reagent Lane 
              Fair Lawn, NJ 07410 
For information in North America, call: 800-ACROS-01 
For emergencies in the US, call CHEMTREC: 800-424-9300 


 


 
Hazard Symbols: T F  
Risk Phrases: 11 23/24/25 39/23/24/25  


 
EMERGENCY OVERVIEW 


Appearance: clear, colorless. Flash Point: 11 deg C. Poison! Cannot be made non-poisonous. 
Causes eye and skin irritation. May be absorbed through intact skin. This substance has caused 
adverse reproductive and fetal effects in animals. Danger! Flammable liquid and vapor. 
Harmful if inhaled. May be fatal or cause blindness if swallowed. May cause central nervous system 
depression. May cause digestive tract irritation with nausea, vomiting, and diarrhea. Causes 
respiratory tract irritation. May cause liver, kidney and heart damage.  
Target Organs: Kidneys, heart, central nervous system, liver, eyes.  
 
 
Potential Health Effects  
Eye: Produces irritation, characterized by a burning sensation, redness, tearing, inflammation, and 
possible corneal injury. May cause painful sensitization to light.  
Skin: Causes moderate skin irritation. May be absorbed through the skin in harmful amounts. 
Prolonged and/or repeated contact may cause defatting of the skin and dermatitis.  
Ingestion: May be fatal or cause blindness if swallowed. May cause gastrointestinal irritation with 
nausea, vomiting and diarrhea. May cause systemic toxicity with acidosis. May cause central 
nervous system depression, characterized by excitement, followed by headache, dizziness, 
drowsiness, and nausea. Advanced stages may cause collapse, unconsciousness, coma and 
possible death due to respiratory failure. May cause cardiopulmonary system effects.  
Inhalation: Harmful if inhaled. May cause adverse central nervous system effects including 


Section 1 - Chemical Product and Company Identification 


Section 2 - Composition, Information on Ingredients  


CAS# Chemical Name Percent EINECS/ELINCS


67-56-1 Methyl alcohol 99+ 200-659-6


Section 3 - Hazards Identification  
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headache, convulsions, and possible death. May cause visual impairment and possible permanent 
blindness. Causes irritation of the mucous membrane.  
Chronic: Prolonged or repeated skin contact may cause dermatitis. Chronic inhalation and 
ingestion may cause effects similar to those of acute inhalation and ingestion. Chronic exposure 
may cause reproductive disorders and teratogenic effects. Laboratory experiments have resulted in 
mutagenic effects. Prolonged exposure may cause liver, kidney, and heart damage.  


 
 
Eyes: Immediately flush eyes with plenty of water for at least 15 minutes, occasionally lifting the 
upper and lower eyelids. Get medical aid immediately.  
Skin: Immediately flush skin with plenty of soap and water for at least 15 minutes while removing 
contaminated clothing and shoes. Get medical aid if irritation develops or persists. Wash clothing 
before reuse.  
Ingestion: If victim is conscious and alert, give 2-4 cupfuls of milk or water. Never give anything 
by mouth to an unconscious person. Get medical aid immediately. Induce vomiting by giving one 
teaspoon of Syrup of Ipecac.  
Inhalation: Get medical aid immediately. Remove from exposure to fresh air immediately. If 
breathing is difficult, give oxygen. Do NOT use mouth-to-mouth resuscitation. If breathing has 
ceased apply artificial respiration using oxygen and a suitable mechanical device such as a bag and 
a mask.  
Notes to Physician: Effects may be delayed. Ethanol may inhibit methanol metabolism.  


 
 
General Information: Containers can build up pressure if exposed to heat and/or fire. As in any 
fire, wear a self-contained breathing apparatus in pressure-demand, MSHA/NIOSH (approved or 
equivalent), and full protective gear. Water runoff can cause environmental damage. Dike and 
collect water used to fight fire. Vapors can travel to a source of ignition and flash back. During a 
fire, irritating and highly toxic gases may be generated by thermal decomposition or combustion. 
Flammable Liquid. Can release vapors that form explosive mixtures at temperatures above the 
flashpoint. Use water spray to keep fire-exposed containers cool. Water may be ineffective. 
Material is lighter than water and a fire may be spread by the use of water. Vapors may be heavier 
than air. They can spread along the ground and collect in low or confined areas. May be ignited by 
heat, sparks, and flame.  
Extinguishing Media: For small fires, use dry chemical, carbon dioxide, water spray or alcohol-
resistant foam. Use water spray to cool fire-exposed containers. Water may be ineffective. For 
large fires, use water spray, fog or alcohol-resistant foam. Do NOT use straight streams of water.  


 
 
General Information: Use proper personal protective equipment as indicated in Section 8.  
Spills/Leaks: Scoop up with a nonsparking tool, then place into a suitable container for disposal. 
Use water spray to disperse the gas/vapor. Remove all sources of ignition. Absorb spill using an 
absorbent, non-combustible material such as earth, sand, or vermiculite. Do not use combustible 
materials such as saw dust. Provide ventilation. A vapor suppressing foam may be used to reduce 
vapors. Water spray may reduce vapor but may not prevent ignition in closed spaces.  


Section 4 - First Aid Measures  


Section 5 - Fire Fighting Measures  


Section 6 - Accidental Release Measures  
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Handling: Wash thoroughly after handling. Remove contaminated clothing and wash before reuse. 
Ground and bond containers when transferring material. Do not breathe dust, vapor, mist, or gas. 
Do not get in eyes, on skin, or on clothing. Empty containers retain product residue, (liquid and/or 
vapor), and can be dangerous. Keep container tightly closed. Avoid contact with heat, sparks and 
flame. Do not ingest or inhale. Use only in a chemical fume hood. Do not pressurize, cut, weld, 
braze, solder, drill, grind, or expose empty containers to heat, sparks or open flames.  
Storage: Keep away from heat, sparks, and flame. Keep away from sources of ignition. Store in a 
cool, dry, well-ventilated area away from incompatible substances. Flammables-area. Keep 
containers tightly closed. Do not store in aluminum or lead containers.  


 
 
Engineering Controls: Use explosion-proof ventilation equipment. Facilities storing or utilizing 
this material should be equipped with an eyewash facility and a safety shower. Use adequate 
general or local exhaust ventilation to keep airborne concentrations below the permissible exposure
limits. Use only under a chemical fume hood.  
Exposure Limits 


 
OSHA Vacated PELs: Methyl alcohol: 200 ppm TWA; 260 mg/m3 TWA; 250 ppm STEL; 325 
mg/m3 STEL  
Personal Protective Equipment  
Eyes: Wear chemical goggles.  
Skin: Wear appropriate protective gloves to prevent skin exposure.  
Clothing: Wear appropriate protective clothing to prevent skin exposure.  
Respirators: A respiratory protection program that meets OSHA's 29 CFR §1910.134 and ANSI 
Z88.2 requirements or European Standard EN 149 must be followed whenever workplace 
conditions warrant a respirator's use.  


 
 
Physical State: Liquid  
Appearance: clear, colorless  
Odor: alcohol-like - weak odor  
pH: Not available.  
Vapor Pressure: 128 mm Hg @ 20 deg C  
Vapor Density: 1.11 (Air=1)  
Evaporation Rate:5.2 (Ether=1)  
Viscosity: 0.55 cP 20 deg C  
Boiling Point: 64.7 deg C @ 760.00mm Hg  
Freezing/Melting Point:-98 deg C  
Autoignition Temperature: 464 deg C ( 867.20 deg F)  
Flash Point: 11 deg C ( 51.80 deg F)  


Section 7 - Handling and Storage  


Section 8 - Exposure Controls, Personal Protection  


Chemical Name ACGIH NIOSH OSHA - Final PELs


Methyl alcohol
200 ppm TWA; 250 ppm 
STEL; skin - potential for 
cutaneous absorption


200 ppm TWA; 260 
mg/m3 TWA 6000 ppm 


IDLH


200 ppm TWA; 260 
mg/m3 TWA


Section 9 - Physical and Chemical Properties  
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Decomposition Temperature:Not available.  
NFPA Rating: (estimated) Health: 1; Flammability: 3; Reactivity: 0  
Explosion Limits, Lower:6.0 vol %  
Upper: 36.00 vol %  
Solubility: miscible  
Specific Gravity/Density:.7910g/cm3  
Molecular Formula:CH4O  
Molecular Weight:32.04  


 
 
Chemical Stability: Stable under normal temperatures and pressures.  
Conditions to Avoid: High temperatures, incompatible materials, ignition sources, oxidizers.  
Incompatibilities with Other Materials: Acids (mineral, non-oxidizing, e.g. hydrochloric acid, 
hydrofluoric acid, muriatic acid, phosphoric acid), acids (mineral, oxidizing, e.g. chromic acid, 
hypochlorous acid, nitric acid, sulfuric acid), acids (organic, e.g. acetic acid, benzoic acid, formic 
acid, methanoic acid, oxalic acid), azo, diazo, and hydrazines (e.g. dimethyl hydrazine, hydrazine, 
methyl hydrazine), isocyanates (e.g. methyl isocyanate), nitrides (e.g. potassium nitride, sodium 
nitride), peroxides and hydroperoxides (organic, e.g. acetyl peroxide, benzoyl peroxide, butyl 
peroxide, methyl ethyl ketone peroxide), epoxides (e.g. butyl glycidyl ether), Oxidants (such as 
barium perchlorate, bromine, chlorine, hydrogen peroxide, lead perchlorate, perchloric acid, 
sodium hypochlorite)., Active metals (such as potassium and magnesium)., acetyl bromide, alkyl 
aluminum salts, beryllium dihydride, carbontetrachloride, carbon tetrachloride + metals, 
chloroform + heat, chloroform + sodium hydroxide, cyanuric chloride, diethyl zinc, nitric acid, 
potassium-tert-butoxide, chloroform + hydroxide, water reactive substances (e.g. acetic anyhdride,
alkyl aluminum chloride, calcium carbide, ethyl dichlorosilane).  
Hazardous Decomposition Products: Carbon monoxide, irritating and toxic fumes and gases, 
carbon dioxide, formaldehyde.  
Hazardous Polymerization: Will not occur.  


 
 
RTECS#:  
CAS# 67-56-1: PC1400000  
LD50/LC50: 
CAS# 67-56-1: 
Draize test, rabbit, eye: 40 mg Moderate; 
Draize test, rabbit, eye: 100 mg/24H Moderate; 
Draize test, rabbit, skin: 20 mg/24H Moderate; 
Inhalation, rat: LC50 = 64000 ppm/4H; 
Oral, mouse: LD50 = 7300 mg/kg; 
Oral, rabbit: LD50 = 14200 mg/kg; 
Oral, rat: LD50 = 5628 mg/kg; 
Skin, rabbit: LD50 = 15800 mg/kg;  
Carcinogenicity: 
CAS# 67-56-1: Not listed by ACGIH, IARC, NIOSH, NTP, or OSHA.  
Epidemiology: Methanol has been shown to produce fetotoxicity in the embr yo or fetus of 
laboratory animals. Specific developmenta l abnormalities include cardiovascular, musculoskeletal, 
and urogenital systems.  
Teratogenicity: Effects on Newborn: Behaviorial, Oral, rat: TDLo=7500 mg/kg (female 17-19 
days after conception). Effects on Embryo or Fetus: Fetotoxicity, Inhalation, rat: TCLo=10000 


Section 10 - Stability and Reactivity  


Section 11 - Toxicological Information  
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ppm/7H (female 7-15 days after conception). Specific Developmental Abnormalities: 
Cardiovascular, Musculoskeletal, Urogenital, Inhalation, rat: TCLo=20000 ppm/7H (7-14 days after 
conception).  
Reproductive Effects: Paternal Effects: Spermatogenesis: Intraperitoneal, mouse TDLo=5 g/kg 
( male 5 days pre-mating). Fertility: Oral, rat: TDLo = 35295 mg/kg (female 1-15 days after 
conception). Paternal Effects: Testes, Epididymis, Sperm duct: Oral, rat: TDLo = 200 ppm/20H 
(male 78 weeks pre-mating).  
Neurotoxicity: No information available.  
Mutagenicity: DNA inhibition: Human Lymphocyte = 300 mmol/L. DNA damage: Oral, rat = 10 
umol/kg. Mutation in microorganisms: Mouse Lymphocyte = 7900 mg/L. Cytogenetic analysis: 
Oral, mouse = 1 gm/kg.  
Other Studies: Standard Draize Test(Skin, rabbit) = 20 mg/24H (Moderate) S tandard Draize 
Test: Administration into the eye (rabbit) = 40 mg (Moderate). Standard Draize test: 
Administration int o the eye (rabbit) = 100 mg/24H (Moderate).  


 
 
Ecotoxicity: Fish: Fathead Minnow: 29.4 g/L; 96 Hr; LC50 (unspecified) Goldfish: 250 ppm; 11 
Hr; resulted in death Rainbow trout: 8000 mg/L; 48 Hr; LC50 (unspecified) Rainbow trout: LC50 = 
13-68 mg/L; 96 Hr.; 12 degrees C Fathead Minnow: LC50 = 29400 mg/L; 96 Hr.; 25 degrees C, 
pH 7.63 Rainbow trout: LC50 = 8000 mg/L; 48 Hr.; Unspecified ria: Phytobacterium phosphoreum:
EC50 = 51,000-320,000 mg/L; 30 minutes; Microtox test No data available.  
Environmental: Dangerous to aquatic life in high concentrations. Aquatic toxicity rating: TLm 
96>1000 ppm. May be dangerous if it enters water intakes. Methyl alcohol is expected to 
biodegrade in soil and water very rapidly. This product will show high soil mobility and will be 
degraded from the ambient atmosphere by the reaction with photochemically produced hyroxyl 
radicals with an estimated half-life of 17.8 days. Bioconcentration factor for fish (golden ide) < 10. 
Based on a log Kow of -0.77, the BCF value for methanol can be estimated to be 0.2.  
Physical: No information available.  
Other: None.  


 
Chemical waste generators must determine whether a discarded chemical is classified as a 
hazardous waste. US EPA guidelines for the classification determination are listed in 40 CFR Parts 
261.3. Additionally, waste generators must consult state and local hazardous waste regulations to 
ensure complete and accurate classification.  
RCRA P-Series: None listed.  
RCRA U-Series: CAS# 67-56-1: waste number U154; (Ignitable waste).  


 


Section 12 - Ecological Information  


Section 13 - Disposal Considerations  


Section 14 - Transport Information  


US DOT IATA RID/ADR IMO
Canada 


TDG


Shipping Name: METHANOL METHANOL


Hazard Class: 3 3(6.1)


UN Number: UN1230 UN1230


Packing Group: II II


Additional Info: FLASHPOINT
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US FEDERAL 
 
TSCA  
CAS# 67-56-1 is listed on the TSCA inventory.  
Health & Safety Reporting List 
None of the chemicals are on the Health & Safety Reporting List.  
Chemical Test Rules 
None of the chemicals in this product are under a Chemical Test Rule.  
Section 12b 
None of the chemicals are listed under TSCA Section 12b.  
TSCA Significant New Use Rule 
None of the chemicals in this material have a SNUR under TSCA.  
SARA 
 
Section 302 (RQ) 
CAS# 67-56-1: final RQ = 5000 pounds (2270 kg)  
Section 302 (TPQ) 
None of the chemicals in this product have a TPQ.  
SARA Codes 
CAS # 67-56-1: acute, flammable.  
Section 313 
This material contains Methyl alcohol (CAS# 67-56-1, 99%),which is subject to the reporting 
requirements of Section 313 of SARA Title III and 40 CFR Part 373.  
Clean Air Act: 
CAS# 67-56-1 is listed as a hazardous air pollutant (HAP). This material does not contain any Class
1 Ozone depletors. This material does not contain any Class 2 Ozone depletors.  
Clean Water Act: 
None of the chemicals in this product are listed as Hazardous Substances under the CWA. None of 
the chemicals in this product are listed as Priority Pollutants under the CWA. None of the chemicals 
in this product are listed as Toxic Pollutants under the CWA.  
OSHA: 
None of the chemicals in this product are considered highly hazardous by OSHA.  
STATE 
CAS# 67-56-1 can be found on the following state right to know lists: California, New Jersey, 
Florida, Pennsylvania, Minnesota, Massachusetts.  
California No Significant Risk Level: None of the chemicals in this product are listed. 
European/International Regulations 
European Labeling in Accordance with EC Directives 
Hazard Symbols: 
T F  
Risk Phrases: 
R 11 Highly flammable.  
R 23/24/25 Toxic by inhalation, in contact with skin  
and if swallowed.  
R 39/23/24/25 Toxic : danger of very serious  
irreversible effects through inhalation, in contact  
with skin and if swallowed.  
 
Safety Phrases: 
S 16 Keep away from sources of ignition - No  


11 C


Section 15 - Regulatory Information  
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smoking.  
S 36/37 Wear suitable protective clothing and  
gloves.  
S 45 In case of accident or if you feel unwell, seek  
medical advice immediately (show the label where  
possible).  
S 7 Keep container tightly closed.  
 
WGK (Water Danger/Protection) 
CAS# 67-56-1: 1  
Canada 
CAS# 67-56-1 is listed on Canada's DSL List. CAS# 67-56-1 is listed on Canada's DSL List.  
This product has a WHMIS classification of B2, D1A, D2B.  
CAS# 67-56-1 is listed on Canada's Ingredient Disclosure List.  
Exposure Limits 
CAS# 67-56-1: OEL-ARAB Republic of Egypt:TWA 200 ppm (260 mg/m3);Ski 
n OEL-AUSTRALIA:TWA 200 ppm (260 mg/m3);STEL 250 ppm;Skin OEL-BELGIU 
M:TWA 200 ppm (262 mg/m3);STEL 250 ppm;Skin OEL-CZECHOSLOVAKIA:TWA 10 
0 mg/m3;STEL 500 mg/m3 OEL-DENMARK:TWA 200 ppm (260 mg/m3);Skin OEL- 
FINLAND:TWA 200 ppm (260 mg/m3);STEL 250 ppm;Skin OEL-FRANCE:TWA 200  
ppm (260 mg/m3);STEL 1000 ppm (1300 mg/m3) OEL-GERMANY:TWA 200 ppm (2 
60 mg/m3);Skin OEL-HUNGARY:TWA 50 mg/m3;STEL 100 mg/m3;Skin JAN9 OEL 
-JAPAN:TWA 200 ppm (260 mg/m3);Skin OEL-THE NETHERLANDS:TWA 200 ppm ( 
260 mg/m3);Skin OEL-THE PHILIPPINES:TWA 200 ppm (260 mg/m3) OEL-POLA 
ND:TWA 100 mg/m3 OEL-RUSSIA:TWA 200 ppm;STEL 5 mg/m3;Skin OEL-SWEDEN 
:TWA 200 ppm (250 mg/m3);STEL 250 ppm (350 mg/m3);Skin OEL-SWITZERLAN 
D:TWA 200 ppm (260 mg/m3);STEL 400 ppm;Skin OEL-THAILAND:TWA 200 ppm  
(260 mg/m3) OEL-TURKEY:TWA 200 ppm (260 mg/m3) OEL-UNITED KINGDOM:TW 
A 200 ppm (260 mg/m3);STEL 250 ppm;Skin OEL IN BULGARIA, COLOMBIA, JO 
RDAN, KOREA check ACGIH TLV OEL IN NEW ZEALAND, SINGAPORE, VIETNAM ch 
eck ACGI TLV  


 
MSDS Creation Date: 7/21/1999  
Revision #4 Date: 3/14/2001  
The information above is believed to be accurate and represents the best information currently available to us. However, we make 
no warranty of merchantability or any other warranty, express or implied, with respect to such information, and we assume no 
liability resulting from its use. Users should make their own investigations to determine the suitability of the information for their 
particular purposes. In no event shall Fisher be liable for any claims, losses, or damages of any third party or for lost profits or any 
special, indirect, incidental, consequential or exemplary damages, howsoever arising, even if Fisher has been advised of the 
possibility of such damages.  


Section 16 - Additional Information  
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                                  SIGMA-ALDRICH
      
                           MATERIAL SAFETY DATA SHEET
      
                                                    Date Printed: 03/03/2006
                                                    Date Updated: 01/29/2006
                                                               Version  1.5
      
      
      Section 1 - Product and Company Information
      
      Product Name                       SORBITAN TRIOLEATE
      Product Number                     S7135
      Brand                              SIGMA
      
      Company                            Sigma-Aldrich Canada, Ltd
      Address                            2149 Winston Park Drive
                                         Oakville ON L6H 6J8 CA
      Technical Phone:                   9058299500
      Emergency Phone:                   800-424-9300
      Fax:                               9058299292
      
      Section 2 - Composition/Information on Ingredient
      
      Substance Name                          CAS #                 SARA 313
      SORBITAN TRIOLEATE                      26266-58-0            No
      
      Formula         C60H108O8
      Synonyms        Arlacel 85 * Crill 5 * Emasol 430 * Emsorb 2503 *
                      Glycomul TO * Ionet S 85 * Liposorb TO * Nissan
                      nonion OP 85 * Nissan nonion OP 85R * OP 85R *
                      Protachem STO * Rheodol SP 030 * Sorbitan,
                      tri-9-octadecenoate, (Z,Z,Z)- (9CI) * Sorbitan
                      trioleate * Span 85 * TE 33
      RTECS Number:   WG2934550
      
      Section 3 - Hazards Identification
      
      EMERGENCY OVERVIEW
         Irritant.
         Irritating to skin.
      
      HMIS RATING
         HEALTH: 2
         FLAMMABILITY: 0
         REACTIVITY: 0
      
      NFPA RATING
         HEALTH: 2
         FLAMMABILITY: 0
         REACTIVITY: 0
      
      For additional information on toxicity, please refer to Section 11.
      
      Section 4 - First Aid Measures
      
      ORAL EXPOSURE
         If swallowed, wash out mouth with water provided person is
         conscious. Call a physician.
      
      INHALATION EXPOSURE
         If inhaled, remove to fresh air. If not breathing give







         artificial respiration. If breathing is difficult, give oxygen.
      
      DERMAL EXPOSURE
         In case of contact, immediately wash skin with soap and copious
         amounts of water.
      
      EYE EXPOSURE
         In case of contact, immediately flush eyes with copious amounts
         of water for at least 15 minutes.
      
      Section 5 - Fire Fighting Measures
      
      FLASH POINT
         235 ˚F   113 ˚C   Method: closed cup
      
      AUTOIGNITION TEMP
         N/A
      
      FLAMMABILITY
         N/A
      
      EXTINGUISHING MEDIA
         Suitable: Water spray. Carbon dioxide, dry chemical powder, or
         appropriate foam.
      
      FIREFIGHTING
         Protective Equipment: Wear self-contained breathing apparatus
         and protective clothing to prevent contact with skin and eyes.
         Specific Hazard(s): Emits toxic fumes under fire conditions.
      
      Section 6 - Accidental Release Measures
      
      PROCEDURE(S) OF PERSONAL PRECAUTION(S)
         Wear respirator, chemical safety goggles, rubber boots, and
         heavy rubber gloves.
      
      METHODS FOR CLEANING UP
         Absorb on sand or vermiculite and place in closed containers for
         disposal. Ventilate area and wash spill site after material
         pickup is complete.
      
      Section 7 - Handling and Storage
      
      HANDLING
         User Exposure: Do not breathe vapor. Avoid contact with eyes,
         skin, and clothing. Avoid prolonged or repeated exposure.
      
      STORAGE
         Suitable: Keep tightly closed.
      
      Section 8 - Exposure Controls / PPE
      
      ENGINEERING CONTROLS
         Mechanical exhaust required. Safety shower and eye bath.
      
      PERSONAL PROTECTIVE EQUIPMENT
         Respiratory: Use respirators and components tested and approved
         under appropriate government standards such as NIOSH (US) or CEN
         (EU). Where risk assessment shows air-purifying respirators are
         appropriate use a full-face respirator with multi-purpose
         combination (US) or type ABEK (EN 14387) respirator cartridges as
         a backup to engineering controls. If the respirator is the sole
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         means of protection, use a full-face supplied air respirator.
         Hand: Compatible chemical-resistant gloves.
         Eye: Chemical safety goggles.
      
      GENERAL HYGIENE MEASURES
         Wash thoroughly after handling.
      
      Section 9 - Physical/Chemical Properties
      
      Appearance              Physical State: Clear viscous liquid
                              Color: Very deep brown-yellow
      
      Property                Value               At Temperature or Pressure
      
      Molecular Weight        957.52 AMU
      pH                      N/A
      BP/BP Range             N/A
      MP/MP Range             N/A
      Freezing Point          N/A
      Vapor Pressure          N/A
      Vapor Density           N/A
      Saturated Vapor Conc.   N/A
      SG/Density              0.952 g/cm3
      Bulk Density            N/A
      Odor Threshold          N/A
      Volatile%               N/A
      VOC Content             N/A
      Water Content           N/A
      Solvent Content         N/A
      Evaporation Rate        N/A
      Viscosity               N/A
      Surface Tension         N/A
      Partition Coefficient   N/A
      Decomposition Temp.     N/A
      Flash Point             235 ˚F 113 ˚C       Method: closed cup
      Explosion Limits        N/A
      Flammability            N/A
      Autoignition Temp       N/A
      Refractive Index        1.476
      Optical Rotation        N/A
      Miscellaneous Data      N/A
      Solubility              N/A
      
      N/A = not available
      
      Section 10 - Stability and Reactivity
      
      STABILITY
         Stable: Stable.
         Materials to Avoid: Strong oxidizing agents.
      
      HAZARDOUS DECOMPOSITION PRODUCTS
         Hazardous Decomposition Products: Carbon monoxide, Carbon dioxide.
      
      HAZARDOUS POLYMERIZATION
         Hazardous Polymerization: Will not occur
      
      Section 11 - Toxicological Information
      
      ROUTE OF EXPOSURE
         Skin Contact: Causes skin irritation.
         Skin Absorption: May be harmful if absorbed through the skin.
      
      
      SIGMA - S7135                  www.sigma-aldrich.com          Page   3







         Eye Contact: May cause eye irritation.
         Inhalation: Material may be irritating to mucous membranes and
         upper respiratory tract. May be harmful if inhaled.
         Ingestion: May be harmful if swallowed.
      
      SIGNS AND SYMPTOMS OF EXPOSURE
         To the best of our knowledge, the chemical, physical, and
         toxicological properties have not been thoroughly investigated.
      
      IRRITATION DATA
      
         Skin
         Rabbit
         1.25 mg
         Remarks: Moderate irritation effect
      
         Eyes
         Rabbit
         2.5 mg
         Remarks: Mild irritation effect
      
      Section 12 - Ecological Information
      
      No data available.
      
      Section 13 - Disposal Considerations
      
      APPROPRIATE METHOD OF DISPOSAL OF SUBSTANCE OR PREPARATION
         Contact a licensed professional waste disposal service to dispose
         of this material. Dissolve or mix the material with a combustible
         solvent and burn in a chemical incinerator equipped with an
         afterburner and scrubber. Observe all federal, state, and local
         environmental regulations.
      
      Section 14 - Transport Information
      
      DOT
         Proper Shipping Name: None
         Non-Hazardous for Transport: This substance is
         considered to be non-hazardous for transport.
      
      IATA
         Non-Hazardous for Air Transport: Non-hazardous for air
         transport.
      
      Section 15 - Regulatory Information
      
      EU ADDITIONAL CLASSIFICATION
         Symbol of Danger: Xi
         Indication of Danger: Irritant.
         R: 38
         Risk Statements: Irritating to skin.
         S: 26
         Safety Statements: In case of contact with eyes, rinse
         immediately with plenty of water and seek medical advice.
      
      US CLASSIFICATION AND LABEL TEXT
         Indication of Danger: Irritant.
         Risk Statements: Irritating to skin.
         Safety Statements: In case of contact with eyes, rinse
         immediately with plenty of water and seek medical advice. Wear
         suitable protective clothing.
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      UNITED STATES REGULATORY INFORMATION
         SARA LISTED: No
         TSCA INVENTORY ITEM: Yes
      
      CANADA REGULATORY INFORMATION
         WHMIS Classification: This product has been classified in
         accordance with the hazard criteria of the CPR, and the MSDS
         contains all the information required by the CPR.
         DSL: Yes
         NDSL: No
      
      Section 16 - Other Information
      
      DISCLAIMER
         For R&D use only. Not for drug, household or other uses.
      
      WARRANTY
         The above information is believed to be correct but does not
         purport to be all inclusive and shall be used only as a guide. The
         information in this document is based on the present state of our
         knowledge and is applicable to the product with regard to
         appropriate safety precautions. It does not represent any
         guarantee of the properties of the product. Sigma-Aldrich Inc.,
         shall not be held liable for any damage resulting from handling or
         from contact with the above product. See reverse side of invoice
         or packing slip for additional terms and conditions of sale.
         Copyright 2006 Sigma-Aldrich Co. License granted to make unlimited
         paper copies for internal use only.
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      SIGMA - S7135                  www.sigma-aldrich.com          Page   5



















 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


REFERENCE 1 
 
 


OSHA and NIOSH Chemicals 
Requiring Air Monitoring and Medical Surveillance 







Reference I - Chem requiring air monitoring 1 14 June 2000 


OSHA and NIOSH Chemicals 
Requiring Air Monitoring and Medical Surveillance 


OSHA Regulated Chemical Regulatory 
Citation 


Requires Air 
Monitoring 


Requires Medical 
Surveillance 


2-Acetylaminoazobenzene 29 CFR 1910.1014   


Acrylonitrile (AN) 29 CFR 1910.1045   


4-Aminodiphenyl 29 CFR 1910.1011   


Arsenic 29 CFR 1910.1018   


Asbestos 29 CFR 1910.1001   


Benzene 29 CFR 1910.1028   


Benzidine 29 CFR 1910.1010   


Bloodborne Pathogens 29 CFR 1910.1030   


Cadmium 29 CFR 1910.1027   


Bis-Chloroethyl ether 29 CFR 1910.1008   


Coke Oven Emission 29 CFR 1910.1029   


Cotton Dust 29 CFR 1910.1043   


1,2-Dibromo-3-chloropropane 
(DBCP)  


29 CFR 1910.1044   


3,3-Dichlorobenzidine 29 CFR 1910.1007   


4-Dimethylaminoazobenzene 29 CFR 1910.1015   


Ethylene oxide 29 CFR 1910.1047   


Ethyleneimine 29 CFR 1910.1012   


Formaldehyde 29 CFR 1910.1048   


Lead 29 CFR 1910.1025   


Methyl chloromethyl ether 29 CFR 1910.1006   


Methylenedianline 29 CFR 1910.1050   


Alpha-Naphthylamine 29 CFR 1910.1004   


Betha-Naphthylamine 29 CFR 1910.1009   


4-Nitrobiphenyl 29 CFR 1910.1003   
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OSHA and NIOSH Chemicals 
Requiring Air Monitoring and Medical Surveillance 


(continued) 


OSHA Regulated Chemical Regulatory 
Citation 


Requires Air 
Monitoring 


Requires Medical 
Surveillance 


N-Nitrosodimethylamine 29 CFR 1910.1016   


Beta-Propiolactone 29 CFR 1910.1013   


Vinyl chloride 29 CFR 1910.1017   


 


NIOSH Recommended 
Chemical 


Recommended 
Citation 


Requires Air 
Monitoring  


Requires Medical 
Surveillance 


Mercury NIOSH 73-11024 NA  


Methyl Parathion NIOSH 77-106 NA  


Polychlorinated biphenyls 
(PCBs) 


NIOSH 77-225 NA  
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National Primary Drinking Water Regulations 


Contaminants 
MCLG1 
(mg/L)4 


MCL2 or 
TT3 


(mg/L)4 


Potential Health Effects 
from Ingestion of Water 


Sources of Contaminant in 
Drinking Water 


Inorganic Chemicals 


Antimony 0.006 0.006 Increase in blood cholesterol; 
decrease in blood glucose 


Discharge from petroleum 
refineries; fire retardants; 
ceramics; electronics; solder 


Arsenic None5 0.05 Skin damage; circulatory 
system problems; increased 
risk of cancer  


Discharge from semiconductor 
manufacturing; petroleum 
refining; wood preservatives; 
animal feed additives; 
herbicides; erosion of natural 
deposits  


Asbestos 
(fiber 10 micrometers) 


7 million 
fibers per 
Liter 


7 MFL Increased risk of developing 
benign intestinal polyps  


Decay of asbestos cement in 
water mains; erosion of natural 
deposits  


Barium 2 2 Increase in blood pressure Discharge of drilling wastes; 
discharge from metal 
refineries; erosion of natural 
deposits  


Beryllium 0.004 0.004 Intestinal lesions Discharge from metal 
refineries and coal-burning 
factories; discharge from 
electrical, aerospace, and 
defense industries  


Cadmium 0.005 0.005 Kidney damage  Corrosion of galvanized pipes; 
erosion of natural deposits; 
discharge from metal 
refineries; runoff from waste 
batteries and paints  


Chromium (total) 0.1 0.1 Some people who use water 
containing chromium well in 
excess of the MCL over many 
years could experience allergic 
dermatitis  


Discharge from steel and pulp 
mills; erosion of natural 
deposits  
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National Primary Drinking Water Regulations 
(continued) 


Contaminants 
MCLG1 
(mg/L)4 


MCL2 or 
TT3 


(mg/L)4 


Potential Health Effects 
from Ingestion of Water 


Sources of Contaminant in 
Drinking Water 


Inorganic Chemicals 
(continued) 


Copper 1.3 Action 
Level=1.3; 
TT6 


Short term exposure: 
Gastrointestinal distress.  
Long term exposure: Liver or 
kidney damage. Those with 
Wilson's Disease should 
consult their personal doctor if 
their water systems exceed the 
copper action level.  


Corrosion of household 
plumbing systems; erosion of 
natural deposits; leaching from 
wood preservatives 


Cyanide (as free 
cyanide) 


0.2 0.2 Nerve damage or thyroid 
problems  


Discharge from steel/metal 
factories; discharge from 
plastic and fertilizer factories  


Fluoride 4.0 4.0 Bone disease (pain and 
tenderness of the bones); 
Children may get mottled 
teeth.  


Water additive which promotes 
strong teeth; erosion of natural 
deposits; discharge from 
fertilizer and aluminum 
factories  


Lead zero Action 
Level=0.015; 
TT6 


Infants and children: Delays in 
physical or mental 
development. 
Adults: Kidney problems; high 
blood pressure  


Corrosion of household 
plumbing systems; erosion of 
natural deposits  


Inorganic Mercury 0.002 0.002 Kidney damage  Erosion of natural deposits; 
discharge from refineries and 
factories; runoff from landfills 
and cropland  


Nitrate (measured as 
Nitrogen) 


10 10 "Blue baby syndrome" in 
infants under six months - life 
threatening without immediate 
medical attention. 
Symptoms: Infant looks blue 
and has shortness of breath.  


Runoff from fertilizer use; 
leaching from septic tanks, 
sewage; erosion of natural 
deposits 


Selenium 0.05 0.05 Hair or fingernail loss; 
numbness in fingers or toes; 
circulatory problems  


Discharge from petroleum 
refineries; erosion of natural 
deposits; discharge from 
mines 
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National Primary Drinking Water Regulations 
(continued) 


Contaminants 
MCLG1 
(mg/L)4 


MCL2 or 
TT3 


(mg/L)4 


Potential Health Effects 
from Ingestion of Water 


Sources of Contaminant in 
Drinking Water 


Inorganic Chemicals 
(continued) 


Thallium 0.0005 0.002 Hair loss; changes in blood; 
kidney, intestine, or liver 
problems  


Leaching from ore-processing 
sites; discharge from 
electronics, glass, and 
pharmaceutical companies 


Organic Chemicals 


Acrylamide zero TT7 Nervous system or blood 
problems; increased risk of 
cancer  


Added to water during 
sewage/wastewater treatment 


Alachlor zero 0.002 Eye, liver, kidney or spleen 
problems; anemia; increased 
risk of cancer  


Runoff from herbicide used on 
row crops  


Atrazine 0.003 0.003 Cardiovascular system 
problems; reproductive 
difficulties  


Runoff from herbicide used on 
row crops 


Benzene zero 0.005 Anemia; decrease in blood 
platelets; increased risk of 
cancer  


Discharge from factories; 
leaching from gas storage 
tanks and landfills  


Benzo(a)pyrene zero 0.0002 Reproductive difficulties; 
increased risk of cancer  


Leaching from linings of water 
storage tanks and distribution 
lines  


Carbofuran 0.04 0.04 Problems with blood or 
nervous system; reproductive 
difficulties.  


Leaching of soil fumigant used 
on rice and alfalfa  


Carbon tetrachloride zero .005 Liver problems; increased risk 
of cancer  


Discharge from chemical 
plants and other industrial 
activities  


Chlordane zero 0.002 Liver or nervous system 
problems; increased risk of 
cancer  


Residue of banned termiticide 


Chlorobenzene 0.1 0.1 Liver or kidney problems  Discharger from chemical and 
agricultural chemical factories 
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National Primary Drinking Water Regulations 
(continued) 


Contaminants 
MCLG1 
(mg/L)4 


MCL2 or 
TT3 


(mg/L)4 


Potential Health Effects 
from Ingestion of Water 


Sources of Contaminant in 
Drinking Water 


Organic Chemicals 
(continued) 


2,4-D 0.07 0.07 Kidney, liver, or adrenal gland 
problems 


Runoff from herbicide used on 
row crops  


Dalapon 0.2 0.2 Minor kidney changes  Runoff from herbicide used on 
rights of way  


1,2-Dibromo-3-
chloropropane (DBCP) 


zero 0.0002 Reproductive difficulties; 
increased risk of cancer  


Runoff/leaching from soil 
fumigant used on soybeans, 
cotton, pineapples, and 
orchards  


o-Dichlorobenzene 0.6 0.6 Liver, kidney, or circulatory 
system problems  


Discharge from industrial 
chemical factories  


p-Dichlorobenzene 0.075 0.075 Anemia; liver, kidney or spleen 
damage; changes in blood 


Discharge from industrial 
chemical factories  


1,2-Dichloroethane zero 0.005 Increased risk of cancer Discharge from industrial 
chemical factories  


1-1-Dichloroethylene 0.007 0.007 Liver problems Discharge from industrial 
chemical factories  


cis-1,2-
Dichloroethylene 


0.07 0.07 Liver problems Discharge from industrial 
chemical factories  


trans-1,2-
Dichloroethylene 


0.1 0.1 Liver problems Discharge from industrial 
chemical factories  


Dichloromethane zero 0.005 Liver problems; increased risk 
of cancer 


Discharge from pharmaceutical 
and chemical factories  


1-2-Dichloropropane zero 0.005 Increased risk of cancer Discharge from industrial 
chemical factories  


Di(2-ethylhexyl)adipate 0.4 0.4 General toxic effects or 
reproductive difficulties 


Leaching from PVC plumbing 
systems; discharge from 
chemical factories  


Di(2-ethylhexyl) 
phthalate 


zero 0.006 Reproductive difficulties; liver 
problems; increased risk of 
cancer 


Discharge from rubber and 
chemical factories  
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National Primary Drinking Water Regulations 
(continued) 


Contaminants 
MCLG1 
(mg/L)4 


MCL2 or 
TT3 


(mg/L)4 


Potential Health Effects 
from Ingestion of Water 


Sources of Contaminant in 
Drinking Water 


Organic Chemicals 
(continued) 


Dinoseb 0.007 0.007 Reproductive difficulties Runoff from herbicide used on 
soybeans and vegetables  


Dioxin (2,3,7,8-TCDD) zero 0.00000003 Reproductive difficulties; 
increased risk of cancer 


Emissions from waste 
incineration and other 
combustion; discharge from 
chemical factories  


Diquat 0.02 0.02 Cataracts Runoff from herbicide use  


Endothall 0.1 0.1 Stomach and intestinal 
problems 


Runoff from herbicide use  


Endrin 0.002 0.002 Nervous system effects Residue of banned insecticide 


Epichlorohydrin zero TT7 Stomach problems; 
reproductive difficulties; 
increased risk of cancer 


Discharge from industrial 
chemical factories; added to 
water during treatment process 


Ethylbenzene 0.7 0.7 Liver or kidney problems Discharge from petroleum 
refineries 


Ethelyne dibromide zero 0.00005 Stomach problems; 
reproductive difficulties; 
increased risk of cancer 


Discharge from petroleum 
refineries  


Glyphosate 0.7 0.7 Kidney problems; reproductive 
difficulties 


Runoff from herbicide use  


Heptachlor zero 0.0004 Liver damage; increased risk 
of cancer 


Residue of banned termiticide 


Heptachlor epoxide zero 0.0002 Liver damage; increased risk 
of cancer 


Breakdown of hepatachlor  


Hexachlorobenzene zero 0.001 Liver or kidney problems; 
reproductive difficulties; 
increased risk of cancer 


Discharge from metal 
refineries and agricultural 
chemical factories  


Hexachlorocyclopenta-
diene 


0.05 0.05 Kidney or stomach problems Discharge from chemical 
factories  
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National Primary Drinking Water Regulations 
(continued) 


Contaminants 
MCLG1 
(mg/L)4 


MCL2 or 
TT3 


(mg/L)4 


Potential Health Effects 
from Ingestion of Water 


Sources of Contaminant in 
Drinking Water 


Organic Chemicals 
(continued) 


Lindane 0.0002 0.0002 Liver or kidney problems Runoff/leaching from 
insecticide used on cattle, 
lumber, gardens  


Methoxychlor 0.04 0.04 Reproductive difficulties Runoff/leaching from 
insecticide used on fruits, 
vegetables, alfalfa, livestock  


Oxamyl (Vydate) 0.2 0.2 Slight nervous system effects Runoff/leaching from 
insecticide used on apples, 
potatoes, and tomatoes  


Polychlorinated 
biphenyls (PCBs) 


zero 0.0005 Skin changes; thymus gland 
problems; immune 
deficiencies; reproductive or 
nervous system difficulties; 
increased risk of cancer 


Runoff from landfills; discharge 
of waste chemicals  


Pentachlorophenol zero 0.001 Liver or kidney problems; 
increased risk of cancer 


Discharge from wood 
preserving factories  


Picloram 0.5 0.5 Liver problems Herbicide runoff  


Simazine 0.004 0.004 Problems with blood Herbicide runoff  


Styrene 0.1 0.1 Liver, kidney, and circulatory 
problems 


Discharge from rubber and 
plastic factories; leaching from 
landfills  


Tetrachloroethylene zero 0.005 Liver problems; increased risk 
of cancer 


Discharge from factories and 
dry cleaners 


Toluene 1 1 Nervous system, kidney, or 
liver problems 


Discharge from petroleum 
factories  


Total Trihalomethanes 
(TTHMs) 


None5 0.10 Liver, kidney or central 
nervous system problems; 
increased risk of cancer 


Byproduct of drinking water 
disinfection  


Toxaphene Zero 0.003 Kidney, liver, or thyroid 
problems; increased risk of 
cancer 


Runoff/leaching from 
insecticide used on cotton and 
cattle  
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National Primary Drinking Water Regulations 
(continued) 


Contaminants 
MCLG1 
(mg/L)4 


MCL2 or 
TT3 


(mg/L)4 


Potential Health Effects 
from Ingestion of Water 


Sources of Contaminant in 
Drinking Water 


Organic Chemicals 
(continued) 


2,4,5-TP (Silvex) 0.05 0.05 Liver problems Residue of banned herbicide  


1,2,4-Trichlorobenzene 0.07 0.07 Changes in adrenal glands Discharge from textile finishing 
factories  


1,1,1-Trichloroethane 0.20 0.2 Liver, nervous system, or 
circulatory problems 


Discharge from metal 
degreasing sites and other 
factories  


1,1,2-Trichloroethane 0.003 0.005 Liver, kidney, or immune 
system problems 


Discharge from industrial 
chemical factories  


Trichloroethylene Zero 0.005 Liver problems; increased risk 
of cancer 


Discharge from petroleum 
refineries  


Vinyl chloride Zero 0.002 Increased risk of cancer Leaching from PVC pipes; 
discharge from plastic factories 


Xylenes (total) 10 10 Nervous system damage Discharge from petroleum 
factories; discharge from 
chemical factories  


Radionuclides 


Beta particles and 
photon emitters 


None5 4 millirems 
per year 


Increased risk of cancer Decay of natural and man-
made deposits  


Gross alpha particle 
activity 


none5 15 picocuries 
per Liter 
(pCi/L) 


Increased risk of cancer Erosion of natural deposits  


Radium 226 and 
Radium 228 
(combined) 


none5 5 pCi/L Increased risk of cancer Erosion of natural deposits 


Microorganisms 


Giardia lamblia zero TT8 Giardiasis, a gastroenteric 
disease 


Human and animal fecal waste 
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National Primary Drinking Water Regulations 
(continued) 


Contaminants 
MCLG1 
(mg/L)4 


MCL2 or 
TT3 


(mg/L)4 


Potential Health Effects 
from Ingestion of Water 


Sources of Contaminant in 
Drinking Water 


Microorganisms 
(continued) 


Heterotrophic plate 
count 


N/A TT8 HPC has no health effects, but 
can indicate how effective 
treatment is at controlling 
microorganisms.  


N/A  


Legionella zero TT8 Legionnaire's Disease, 
commonly known as 
pneumonia 


Found naturally in water; 
multiplies in heating systems  


Total Coliforms 
(including fecal 
coliform and E. Coli) 


zero 5.0%9 Used as an indicator that other 
potentially harmful bacteria 
may be present10  


Human and animal fecal waste


Turbidity N/A TT8 Turbidity has no health effects 
but can interfere with 
disinfection and provide a 
medium for microbial growth. It 
may indicate the presence of 
microbes.  


Soil runoff 


Viruses (enteric) zero TT8 Gastroenteric disease  Human and animal fecal waste


Table 1 
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National Secondary Drinking Water Regulations 


National Secondary Drinking Water Regulations (NSDWRs or secondary standards) are 
non-enforceable guidelines regulating contaminants that may cause cosmetic effects (such as skin 
or tooth discoloration) or aesthetic effects (such as taste, odor, or color) in drinking water. EPA 
recommends secondary standards to water systems but does not require systems to comply. 
However, states may choose to adopt them as enforceable standards. See Table 2.  


 


 Contaminant Secondary Standard  


 Aluminum 0.05 to 0.2 mg/L  


 Chloride 250 mg/L  


 Color 15 (color units)  


 Copper 1.0 mg/L  


 Corrosivity noncorrosive  


 Fluoride 2.0 mg/L  


 Foaming Agents 0.5 mg/L  


 Iron 0.3 mg/L  


 Manganese 0.05 mg/L  


 Odor 3 threshold odor number  


 PH 6.5-8.5  


 Silver 0.10 mg/L  


 Sulfate 250 mg/L  


 Total Dissolved Solids 500 mg/L  


 Zinc 5 mg/L  


 
Table 2 
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Notes 


1 Maximum Contaminant Level Goal (MCLG) - The maximum level of a contaminant in 
drinking water at which no known or anticipated adverse effect on the health effect of persons 
would occur, and which allows for an adequate margin of safety. MCLGs are non-enforceable 
public health goals.  


2 Maximum Contaminant Level (MCL) - The maximum permissible level of a contaminant in 
water which is delivered to any user of a public water system. MCLs are enforceable standards. 
The margins of safety in MCLGs ensure that exceeding the MCL slightly does not pose 
significant risk to public health.  


3 Treatment Technique - An enforceable procedure or level of technical performance which 
public water systems must follow to ensure control of a contaminant.  


4 Units are in milligrams per Liter (mg/L) unless otherwise noted.  


5 MCLGs were not established before the 1986 Amendments to the Safe Drinking Water Act. 
Therefore, there is no MCLG for this contaminant.  


6 Lead and copper are regulated in a Treatment Technique which requires systems to take tap 
water samples at sites with lead pipes or copper pipes that have lead solder and/or are served by 
lead service lines. The action level, which triggers water systems into taking treatment steps if 
exceeded in more than 10% of tap water samples, for copper is 1.3 mg/L, and for lead is 
0.015 mg/L.  


7 Each water system must certify, in writing, to the state (using third-party or manufacturer's 
certification) that when acrylamide and epichlorohydrin are used in drinking water systems, the 
combination (or product) of dose and monomer level does not exceed the levels specified, as 
follows: 


• Acrylamide = 0.05% dosed at 1 mg/L (or equivalent) 


• Epichlorohydrin = 0.01% dosed at 20 mg/L (or equivalent) 
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8 The Surface Water Treatment Rule requires systems using surface water or ground water under 
the direct influence of surface water to (1) disinfect their water, and (2) filter their water or 
meet criteria for avoiding filtration so that the following contaminants are controlled at the 
following levels:  


• Giardia lamblia: 99.9% killed/inactivated 
Viruses: 99.99% killed/inactivated  


• Legionella: No limit, but EPA believes that if Giardia and viruses are inactivated, 
Legionella will also be controlled.  


• Turbidity: At no time can turbidity (cloudiness of water) go above 5 nephelolometric 
turbidity units (NTU); systems that filter must ensure that the turbidity go no higher than 
1 NTU (0.5 NTU for conventional or direct filtration) in at least 95% of the daily 
samples in any month.  


• HPC: NO more than 500 bacterial colonies per milliliter.  


9 No more than 5.0% samples total coliform-positive in a month. (For water systems that collect 
fewer than 40 routine samples per month, no more than one sample can be total coliform-
positive). Every sample that has total coliforms must be analyzed for fecal coliforms. There 
cannot be any fecal coliforms.  


10 Fecal coliform and E. coli are bacteria whose presence indicates that the water may be 
contaminated with human animal wastes. Microbes in these wastes can cause diarrhea, cramps, 
nausea, headaches, or other symptoms.  
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Generic Soil Screening Levels (SSLs) 
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Table 1 


Generic SSLs a 
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Table 1 


Generic SSLs a 


(continued)
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Table 1 


Generic SSLs a 


(continued)
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Table 1 


Generic SSLs a 


(continued)
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Table 2 


Generic SSLs:  


Default Parameters and Assumptions
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1. EPA RESEARCH INTERESTS 


The following sections describe the EPA research interests for this demonstration. 


1.1 Processes and Mechanisms of Iron Corrosion and Mineral Formation over Time in the 
Subsurface 


Zero-valent iron (ZVI) is not thermodynamically stable in aqueous environment; it corrodes 
to form a variety of products including iron oxides/hydroxides and green rusts with or without 
the presence of dissolved chlorinated solvents. Iron corrosion proceeds via both aerobic and 
anaerobic routes and it may be dominated by the anaerobic route in the subsurface. While most 
previous field applications of ZVI to remediate chlorinated solvents have used granular iron with 
surface area values generally less than 3 m2 g-1, the proposed field study will use nano-sized ZVI 
with surface area values potentially greater than 20 m2 g-1. A few studies have attempted to 
investigate the processes and mechanisms of macro-sized iron corrosion in the subsurface 
environment; whereas, little information is available on the behavior of micro- and nano-sized 
iron in the same environment. The smaller-sized iron is expected to corrode faster in the 
subsurface; however, whether the smaller-sized iron corrodes to yield the same mineral products 
remain to be seen. 


1.2 Discrimination of Biotic and Abiotic Degradation Pathways of Chlorinated Solvents 


Chlorinated solvents can be degraded both biotically and abiotically. Biotic degradation 
involves microbial function and metabolism. Recently, two bacteria strains (Dehalococcoides 
ethenogenes strain 195 and strain BAV1) have been identified that are able to degrade PCE via 
step-vise dechlorination reaction: 


PCE   →   TCE    →    cis-DCE    →    VC    →   ethylene 


These strains have been detected in a number of sites where natural attenuation of 
chlorinated solvents seems to be evident. A question arises: are these strains present in the 
subsurface at the Parris Island site? If they are, what are their distribution and contribution to the 
degradation of the chlorinated solvents? Will the vegetable oil in the emulsified iron stimulate 
the microbial activities to sustain dechlorination after all the nano-sized iron has been used up? 


Chlorinated solvents are known to be degraded by granular ZVI via step-wise hydrogenation 
(minor pathway) and β-elimination (major pathway). It would be interesting to see if nano-sized 
iron follows the same pattern. Chlorinated solvents can also be degraded abiotically by Fe(II)-
containing minerals such as magnetite, green rust, and surface-adsorbed ferrous iron. These 
minerals are also possible corrosion products of zero-valent iron. 
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Both biotic and abiotic contributions may be operative with or without injection of the 
emulsified iron. Their relative contributions deserve detailed study. 


1.3 Long-Term Performance Monitoring of the Nano-Iron Remediation Technology 


There is a lack of information on the reactivity and longevity of the nano-iron to be injected 
into the subsurface. Data from monitoring of granular iron based permeable reactive barrier 
installed at the Elizabeth City, North Carolina site show that the iron barrier is still reactive 
nearly 10 years after installation. Nano-iron, on the other hand, is expected to last much less in 
the subsurface. There is an urgent need to fill this knowledge gap. If nano-iron remains reactive 
for only a short period of time (a few months), multiple successive injections may be needed to 
completely clean up the source area of chlorinated solvents.  Additionally, with typical ZVI, we 
have not observed transport of particulate iron in subsurface systems; it will be worthwhile to 
evaluate transport of the nano-iron downgradient of the injection points. 
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2. EPA CONTRIBUTIONS 


The following sections describe the areas in which the EPA will contribute to this 
demonstration. 


2.1 Coring 


The EPA’s Ground Water and Ecosystems Restoration Division (GWERD), National Risk 
Management Research Laboratory, located in Ada, OK, is well equipped to perform coring of 
soil and sediment. The drilling crew has worked at the Parris Island site and can continue to 
provide such support. 


2.2 Ground Water Sampling and Analysis 


As the EPA’s ground water research center, GWERD staff is routinely sent out to dozens of 
field sites to collect and analyze ground water samples. For the Parris Island site, they can collect 
ground water samples for dissolved chlorinated solvents, dissolved gas (methane, ethane, and 
ethylene), dissolved metals, anions, and dissolved organic/inorganic carbon). GWERD can also 
determine pH, Eh, alkalinity, dissolved oxygen, and ferrous iron in the field. 


2.3 Mineralogical Characterization 


GWERD is well equipped with instruments for mineralogical characterization including a 
surface area analyzer, a scanning electron microscope, an X-ray diffractometer, a differential 
thermogravimetric analysis – mass spectrometer, an infrared spectrometer, and anaerobic glove 
boxes. Core samples of sediments before and after iron injection will be collected, processed, 
and analyzed under oxygen-free conditions. Selected samples will also be analyzed using 
Mössbauer spectroscopy, X-ray absorption spectroscopy, and X-ray photoelectron spectroscopy 
to examine oxidation state of the iron and iron corrosion products. 


2.4 Stable Carbon Isotope Analysis 


Stable carbon isotopes can be useful tools for distinguishing between biotic/abiotic pathways 
of dechlorination under certain conditions. University of Oklahoma, School of Geology and 
Geophysics has been identified as a potential service provider for stable carbon isotope analysis 
for ground water samples. Professor Paul Philp and Dr. Tomasz Kuder in the school are experts 
in this area and have provided analytical services to the EPA. Both have been contacted by 
GWERD regarding EPA’s future samples. They have agreed to continue providing analytical 
support to the EPA’s research. 
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2.5 Microbiological Characterization 


Routine microbial examinations will be performed on ground water and core samples to 
identify major bacterial groups responsible for iron reducing, sulfate reducing, and 
methanogenesis. Selected ground water samples will be collected and analyzed for identification 
of dehalococcoides ethenogenes. This may involve the use of outside commercial labs. 
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Chunming Su of EPA has requested permission to continue sampling the EZVI Demonstration Area under the 
approved study work plan in order to collect data on the long term effects of the EZVI injections.  The extended 
sampling event will occur once a year and will involve sampling all the wells from the study, as shown in the 
figure below, which corresponds to the area identified in Figure 3-8 of the EZVI Tech Demo Final Plan as 
approved.  
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