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1.0 PROJECT DESCRIPTION 

This Treatability Study Work Plan has been prepared by Baker Environmental, Inc. (Baker) under 
the United States Department of the Navy (DON), Atlantic Division, Naval Facilities Engineering 
Command (LANTDIV) Comprehensive Long-Term Environmental Action Navy (CLEAN) Program 
for Contract Task Order 0212 for Site 69, the Rifle Range Chemical Dump, Marine Corps Base 
(MCB), Camp Lejeune, North Carolina. The treatability study is being conducted as part of the 
Remedial Investigation/Feasibility Study (RVFS) for Site 69. This document has been pre:pared in 
accordance with the requirements of the National Oil and Hazardous substances Contingency Plan 
(NCP) for remedial actions [40 Code of Federal Regulations (CFR) 300.4301. The NCP regulations 
were promulgated under Comprehensive Environmental Response, Compensation, and Liability Act 
(CERCLA), commonly referred to as Superfund, and amended by the Superfund Amendments and 
Reauthorization Act (SARA) signed into law on October 17, 1986. The USEPA’s document Guide 
for Conducting: Treatabilitv Studies Under CERCLA (USEPA, 1992) has been used as guidance for 
preparing this document. 

MCB Camp Lejeune was placed on the CERCLA National Priorities List (NPL) on October 4, 1989 
(54 Federal Register 41015, October 4, 1989). The United States Environmental Protection Agency 
(USEPA) Region IV, the North Carolina Department of Environment, Health and Natural Resources 
(NC DEHNR) and the DON then entered into a Federal Facilities Agreement (FFA) for MCE), Camp 
Lejeune. The primary purpose of the FFA is to ensure that environmental impacts associated with 
past and present activities at the MCB, Camp Lejeune are thoroughly investigated and appropriate 
CERCLA response/Resource Conservation and Recovery Act (RCRA) corrective action alternatives 
are developed and implemented as necessary to protect public health and the environment. 

Site 69 was originally included under Operable Unit (OU) No. 4. However, Site 69 has since been 
separated into its own operable unit, OU No. 14, to allow the nature and extent of groundwater 
contamination to be better defined, through additional field work and independent of work being 
performed at other sites under OU No. 4. The primary concern at Site 69 is the presence in 
groundwater of chlorinated volatile organic compounds (VOCs) such as 1,2-dichloroethene (DCE). 
A Draft FS was completed for Site 69 (Baker, October 1994) in which several groundwater 
treatment alternatives were evaluated. Of the groundwater treatment technologies evaluated, the 
innovative technology known as in-well aeration, or “in situ air stripping,” appears to offer the most 
advantages with respect to effectiveness, implementability, and cost. A Draft Final RI Report was 
completed in June 1995, which contains the most current site characterization data (Baker, June 
1995). 

1.1 Pumose and Owanization 

This Treatability Study Work Plan provides the objectives, scope, and schedule of the proposed 
treatability study activities for the UVB/KGB System Pilot-Scale Treatability Study at Site 69. The 
WB and KGB technologies are innovative in-well aeration treatment systems for contaminated 
groundwater. The technologies were developed and patented by IEG Technologies Corporation 
(IEG) of Charlotte, North Carolina. SBP Technologies, Inc. (SBP) of Gulf Breeze, Florida 
represents the sole source of the WB and KGB technologies in the United States. SBP will be 
performing the treatability study under subcontract to Baker. 
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The main objectives of the UVB/KGB treatability study are to: 

0 Determine if the technologies are effective, implementable, and economical for 
remediation and/or containment of contaminants of the shallow and upper Castle 
Hayne Aquifers at Site 69. 

0 Provide engineering parameters and other design-related information necessary to 
design and implement a full-scale WB/KGB remediation system. 

The treatability study scope of work has been developed jointly by Baker and SBP in accordance 
with USEPA’s “Guide for Conducting Treatability Studies under CERCLA” (USEPA, October 
1992). 

Sections 2.0 through 12.0 describe the treatability study technical scope of work. Sampling and 
analysis for the treatability study will be performed by three off-site laboratories. Quality Assurance 
Project Plans (QAPPs) for these laboratories are provided in Appendices A through C. Standard 
Operating Procedures (SOPS) for all field-related activities are provided in Appendix D. These 
SOPS comply with the USEPA Region IV Environmental Comuliance Branch Standard Ooerating 
Procedures and Oualitv Assurance Manual (ECBSOPOAM) Februarv. 199 1. The theory of the UVB 
system operation is provided in Appendix E, specifications for the major equipment are provided 
in Appendix F, and referenced publications in Appendix G. All on-site work will be performed in 
accordance with the site-specific Health and Safety Plan (HASP) prepared by SBP under separate 
cover. 

1.2 Site Backmound 

Site 69, the Rifle Range Chemical Dump, is located west of the New River in the area of MCB 
Camp Lejeune known as the Rifle Range (see Figure l- 1). The site is approximately 14 acres in size 
and is situated in a topographically high area (see Figure l-2). During the period 1950 to 1976, the 
area was used to dispose chemical wastes including polychlorinated biphenyls (PCBs), solvents, 
pesticides, calcium hypochlorite, high-test hypochlorite (HTH), and drums of “gas”, which possibly 
contained Chemical Warfare Material (CWM), such as “mustard gas.” The area is overgrown to the 
point that the boundary of the former dump is not readily noticeable. Three surface water bodies 
are located within a quarter mile of the site: the New River to the west, an unnamed tributary of the 
New River to the north, and Everett Creek to the south. The site area is rather secluded; however, 
training exercises are conducted throughout the surrounding area. Currently, a fence surrounds the 
site to restrict access. 

The site is underlain by silty sands from the ground surface to a depth of approximately 18 feet. 
Beneath the silty sand is a fairly continuous sandy clay, and sand and clay unit, to a depth of 
approximately 27 feet. This unit could potentially act as a retarding layer. The upper unit of the 
Castle Hayne Aquifer, which was encountered below the sand and clay retarding layer, consists of 
silty sand with shell and limestone fragments. 

In general, shallow groundwater appears to flow radially from the center portion of the site to the 
outer low lying areas, as shown in Figure l-3. As depicted in Figure l-4, groundwater in the upper 
portion of the Castle Hayne Aquifer appears to flow in a general eastern direction towards Everett 
Creek. Groundwater levels at Site 69 range from 0.34 to 3.3 feet below ground surface (bgs) for the 
perched water zone, and from 23.83 to 26.33 feet below ground surface (bgs) for the water table 
aquifer. The estimated horizontal hydraulic conductivity for the site is 1 .O x lOA cm/set and the 
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estimated vertical hydraulic conductivity for the site is 1 .O x 10 -5 cm/set. The water table gradient 
has been determined to be 0.065. 

Groundwater contamination at Site 69 primarily consists of chlorinated VOCs such as 1,2-DCE, 
TCE, and vinyl chloride. Concentrations of VOCs detected during the last three sampling rounds 
in excess of federal maximum contaminant levels (MCLs) and North Carolina Water Quality 
Standards (NCWQS) are shown in Figures 1-5 and 1-6 for the shallow and deep (Castle Hayne) 
wells, respectively. As shown in Figures l-5 and l-6, the highest levels of contamination are 
centered around monitoring wells 69-GW15 and 69-GW15IW. Monitoring well 69-GW 15IW is 
screened from 45 to 60 ft below grade. Since a deeper well does not exist near wells 69-GW15 and 
69-GW 15IW, the vertical extent of contamination is currently not defined in this area. As will be 
discussed in Section 4.2.1, installation of a 120-ft deep well, 69-GW 15DW will be required prior 
to performance of the treatability study to evaluate and monitor the vertical extent of groundwater 
contamination in the source area. 

Information about the geology, hydrogeology, site contamination, and estimated risks to human 
health is included in the Draft Final Remedial Investigation for Qnerable Unit No. 4. Marine Corns 
Base. Camn Leieune. North Carolina (Baker, June 1995). 
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2.0 TECHNOLOGY DESCRIPTIONS 

The WB (Vacuum Vaporizer Well), and the KGB (Coaxial Groundwater Ventilation) technologies 
were designed and developed by IEG GmbH of Germany as a methodology for in situ treatment of 
groundwater, and were first introduced in the U. S. in 1992. SBP has the exclusive :rights to 
distribute these technologies to BakeriMCB. 

2.1 The UVJ3 Technology 

A description of the UVB technology, as well as information on some of the UVB systems installed 
to date, are provided in the following sections. 

2.1.1 Description 

The WB is an in situ groundwater and soil remediation system which remediates volatiles and 
petroleum hydrocarbons using a combination of physical, chemical, and biological processes. The 
WB system consists of a specially adapted groundwater well that creates a circulation cell to 
transport dissolved mobile-phase hydrocarbons to a central well casing for treatment. The 
circulation cell is established by the air-lift effect in an air-lift UVB design or by a submersible 
pump in a support pump UVB design. An aboveground blower is used to create a reduced Ipressure 
(vacuum) in the treatment well. This results in an air-lift effect, which lifts the water in the well. 
The water leaves the well through an upper screen, and to make up for the loss, water enters the well 
through the lower screen, thus creating a vertical circulation cell. 

For a WB designed with a support pump, two types of flow can be induced: a standard flow where 
water enters the well through a lower screen and leaves through the upper screen; and a reverse flow 
where water enters the well through the upper screen and leaves through the lower screen. The 
standard flow configuration allows mobilization of dense non-aqueous phase liquid (DNAPL) type 
contaminants, whereas, the reverse flow configuration allows mobilization of light non-,aqueous 
phase liquid (LNAPL) type contaminants. Figure 2-1 shows schematic diagrams of the two 
configurations. The type of flow configuration used for the treatability study will be based on the 
vertical distribution of VOC contamination in the Castle Hayne Aquifer. As previously noted, the 
vertical extent of contamination is currently undefined in the vicinity of monitoring wells 69-GW 15 
and 69-GW 15IW. If significant groundwater contamination does not extend below a depth of 80 
ft, then a standard circulation, &inch UVB well will be used. However, if groundwater 
contamination extends below 80 ft and the distribution of contamination is such that significantly 
higher levels of VOCs are present in the upper Castle Hayne Aquifer (e.g., 50-60 fi) then in the 
lower portion of the aquifer (e.g., 80-90), then a 1 O-9 inch diameter reverse circulation UVB well 
will be used. In this case, the reverse circulation UVB well is recommended to ensure that the 
highest levels of contamination are captured by the treatment well. 

The treatment methodology consists of air stripping for VOCs and bioremediation for light and 
middle range fraction hydrocarbons. Stripping of VOCs is achieved by the blower, whilch pulls 
ambient air through a stripper plate submerged in the treatment well. At the same time, water 
leaving the treatment well is supplemented with dissolved oxygen to enhance in situ biodegradation 
of contaminants by native organisms. Stripped VOCs in the off-gas are typically processed in an 
aboveground granular activated carbon (GAC) unit. Gas phase bioreactorskhermal oxidizers may 
be used if appropriate instead of GAC. Additional information on the operation of the UVB system 
is provided in Section 4.3.1. 
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Two configurations of the UVB system are available: the UVB-200 @-inch diameter well); and the 
WB-400 system (16-inch diameter well). The WB-400 system is designed for conditions 
requiring a high groundwater flow rate through the system (e.g., when hydraulic conductivity 
exceeds 1 x 10-* cm/set.) or when a high air flow rate is needed due to high contaminant 
concentrations (e.g., when total VOCs exceed 10 ppm). The UVB-200 system is used when the site 
conditions require lower groundwater and air flows. A UVB-200 air lift system will be used for this 
treatability study at Site 69. 

2.1.2 UVB Installations and Case Studies 

UVB systems have been employed successfully in the United States and Europe for the remediation 
of soil and groundwater contaminated with various volatile organic compounds, including BTEX 
and TCE. Over 100 systems have been installed in Europe. Currently, there are 25 WB systems in 
operation at 18 sites in the United States. Systems installed in the United Sates are all being 
evaluated for their performance and percent reduction in contaminants. None of the 18 United States 
sites has as yet received closure because they went into operation between 1992-1994. Successful 
demonstration of the WB technology has resulted in the closure of six sites in Germany (two within 
two years of start up). 

Following are the case studies in brief of the two most recent WB installations. 

Port Hueneme Site 

In May 1994, SBP was authorized to install an in situ bioremediation system for groundwater 
remediation and chemical containment at the Naval Construction Battalion Center (NCBC) Port 
Hueneme located in Ventura County, California. Approximately 10,800 gallons of leaded gasoline 
containing the additives methyl tertiary butyl ether (MTBE) and 1,2-Dichloroethane were spilled 
in the subsurface between September 1984 and March 1985 at the Navy Exchange Gasoline Station. 
SBP designed and installed four WB systems. One was installed at the source, and three were 
installed downgradient. The three downgradient WBs were installed in a series at the edge of the 
migrating BTEX plume with overlapping zones of influence. The objective is to initiate a biocurtain 
to effectively biodegrade regulated constituents as they passively traverse the active zones. The goal 
is to reduce benzene concentrations to less than 5 ppb. The cost savings from this system over the 
pump-and-treat alternative is estimated at $2.5 million. The unit has already allowed the operators 
to avoid a fine for non-compliance of plume mitigation and chemical containment, and, if effective, 
will provide for chemical containment. 

Sweden-3 ChaDman Site 

In July 1994, as part of a multi-vendor treatability study demonstration of bioremediation 
technologies, SBP received an approval from the New York State Department of Environmental 
Conservation (NYSDEC) in collaboration with the EPA Site Program, to install a WB with an in 
situ bioreactor at the Sweden-3 Chapman Site, Sweden, New York. SBP designed and installed this 
system to demonstrate treatment of chlorinated volatile organic compounds (TCE, DCE, TCA, vinyl 
chloride, etc.) and non-chlorinated volatile organic compounds (toluene, xylenes, MEK, MIK, 
acetone, etc.) in soil and groundwater at this former drum disposal site. The objective was to 
demonstrate that concentrations of target compounds can be significantly reduced in an area 
measuring 50 ft x 50 ff around the WB system. 
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After six months of operation, results indicate that there has been a 45% reduction in total VOCs in 
15 groundwater monitoring wells surrounding the WB system. In addition, soil microbilological 
analysis has shown significant increases in TCE degraders, while soil nutrient analysis hais shown 
significant decreases in nitrate, nitrite, and ammonia. 

The original six month project has been approved for an extension of six more months following 
encouraging results. 

2.2 The KGB Technolom 

2.2.1 Description 

The KGB system is used to create a circulation cell within perched groundwater and thin aquifers 
(~15’ deep) to remove volatile organics and enhance microbiological degradation. A special 
advantage of the KGB system is its ability to effectively remediate the often highly contaIminated 
capillary fringe. Figure 2-2 shows a schematic diagram of the KGB system. A KGB system is 
operated by pumping compressed air into a pressurized air distributor located between the capillary 
fringe and the aquifer base. The air bubbles rise within the borehole filled with gravel pack and 
cause the water to flow upward via an air lift effect. Consequently, a continuous circulation of 
groundwater is established in the area surrounding the KGB well which delivers contaminated water 
for air stripping. Volatile hydrocarbons dissolved in groundwater are transferred from the aqueous 
phase to the gaseous phase in an amount relative to their gas-liquid distribution coefficients. These 
gases, and the vapors from the vadose zone, are drawn by the blower resulting in the removal of 
volatile organics. The off-gases are processed in aboveground GAC units. Gas phase 
bioreactors/thermal oxidizers may be used instead of GAC, if appropriate. 

2.2.2 KGB Installations and Case Studies 

KGB systems have been employed successfully in the United States and Europe for the remediation 
of soil and groundwater contaminated with a myriad of volatile organic compounds, including 
BTEX and TCE. Currently, there are three KGB systems in operation in the United States. These 
systems are currently being evaluated for their performance and percent reduction in contaminants. 

The most recent installation was in June 1994 at the Tyndall Air Force Base in Florida. This system 
is a modified version of the KGB for bioventing application. Petroleum hydrocarbon contaminated 
groundwater is being air stripped using the KGB. However, the off-gases are not withdr,awn for 
aboveground off-gas treatment. Instead, the gases are injected back into the vadose zone to be 
treated by means of bioventing. Preliminary results indicate that significant reduction in BTEX 
compounds has been achieved during the first six months of operation. 
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3.0 TREATABILITY STUDY OBJECTIVES 

As previously noted, the major objectives of this treatability study are to: 

0 Determine if the WB/KGB technologies are implementable, effective and 
economical for remediation and/or containment of contaminants in the shahow and 
upper Castle Hayne Aquifers at Site 69, Marine Corps Base, Camp Lejeune, NC. 

0 Provide engineering parameters related to the design and implementation of full- 
scale UVB and KGB remediation systems at Site 69. 

More specifically, during this treatability study the following questions will be answered: 

1. Can the UVB and KGB technologies be implemented on a full scale under the 
existing hydrogeologic conditions at Site 69? This question will be answered by 
determining, via tracer analysis, if a circulation zone can be established. TKithout 
a circulation cell, active remediation is not possible. 

2. How effective are the WB and KGB technologies ? The degree of effect:iveness 
will be determined from analysis of the stripped off-gases, analysis of the granular 
activated carbon (GAC) used to treat the off-gases, as well as periodic analysis of 
groundwater in monitoring wells located within and around the estimated zone of 
influence (ZOI) for each system. The GAC off-gas treatment system is designed 
to adsorb the VOCs stripped by the WB/KGB systems from groundwater. 
Consequently, the concentration of VOCs in groundwater should decrease, 
indicating that the WB/KGB technology is effective in remediating the 
groundwater at Site 69. The contaminant removal rate will depend on the 
effectiveness of the WB/KGB circulation cells (under existing hydrogeologic 
conditions) to mobilize the contaminants and transport them to the WB/KGB wells 
for air stripping. This will be determined from the amount of organics adsorbed by 
the GAC units over the treatability study duration. 

3. Is the UVB/KGB remediation technology cost-effective? The economics will be 
determined based on the ZOIs created by the WB/KGB systems. The ZOIs will 
be determined via tracer analysis. The ZOIs will determine the number and types 
of UVB/KGB systems required to treat the impacted area. The capital costs for 
these units along with the associated annual operating and maintenance costs over 
an estimated period of operation will be determined. 

The following parameters will be determined to assess the technical and economical feasibility of 
the WB and KGB technologies during the treatability study: 

0 Approximate zone of influence of the WB-200 well (from tracer study) 

l Approximate zone of influence of the KGB well (from tracer study) 

0 Cumulative water processed by the WB-200 well (from direct measurement) 

0 Cumulative water processed by the KGB well (to be estimated) 
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0 Cumulative air processed by the KGB system (from average of weekly monitoring) 

0 

0 

l 

0 

0 

Cumulative air processed by the WB-200 system (from average of weekly 
monitoring) 

Carbon breakthrough and carbon consumption for the WB-200 system (from GAC 
analysis) 

Carbon breakthrough and carbon consumption for the KGB system (from GAC 
analysis) 

Contaminants removed by the WB-200 system (from GAC, groundwater, and off- 
gas analysis) 

Contaminants removed by the KGB system (from GAC, groundwater, and off-gas 
analysis) 

Electric power consumption (pump, WB blower, KGB blower, compressor) 

Frequency and extent of maintenance requirements for each system 

Cumulative water removed by the knock-out vessels 
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4.0 TESTING PROCEDURES 

4.1 Mobilization 

Mobilization will include site preparation, site clearing, installation of utilities, installtition of 
temporary facilities, and mobilization of drilling crew and rig. 

4.1.1 Site Preparation/Site Clearing 

At this time, no site preparation/site clearing activities are envisioned for access roads to t!he site. 
The existing roads are generally accessible for the drilling rigs and 4-wheel drive vehicles.. Low- 
lying portions of the access road, which become flooded during storm events, will be improved by 
the Remedial Action Contract (RAC) contractor prior to treatability study mobilization act.ivities. 
Limited site clearing, which may include cutting small trees and removing shrubs, may be required 
to install the UVB/KGB systems and the associated monitoring wells. This activity will be 
performed by the drilling subcontractor. 

4.1.2 Installation of Utilities 

The UVB/KGB systems will be operated using permanent electricity hook-ups to be made available 
at the site. No electric power is currently available at the site; however, prior to start of the 
treatability study, a permanent power line will be installed along the site access road by the RAC 
contractor. Equipment specification sheets indicating the voltage, amperage, and phase 
requirements for the treatment system components are provided in Appendix F. 

Water.will be made available at the site via a temporary 5,000-gallon high density polyethylene 
(HDPE) water tank. A local company will be used to provide water during the treatability study. 
This water will be analyzed for VOCs by EPA Method 8260 in accordance with the ECBSOPQAM. 

4.1.3 Temporary Facilities 

Since the site is located in a remote area, no facilities or services are available on site. The following 
temporary facilities will be used during the treatability study: 

0 No trash pick-up services are available near the site. Trash will be collected in 
garbage bags and disposed of at a designated location on the Base. Mobi’lization 
of a dumpster will not be necessary. 

0 A temporary sanitary facility will be mobilized for use during the well installation 
and startup period (approximately 3-4 weeks). The facility will be installed outside 
of the fenced area so that it can be serviced periodically. 

0 No office or storage trailers will be used during the study. 

l SBP will have a mobile phone on site during the well installation and startup period. 

0 A local subcontractor will be used to receive and store field monitoring equipment, 
WB/KGB equipment, sampling equipment, and supplies. 
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4.2 Ih3line and Well Construction 

This section describes the procedures for the construction and installation of groundwater 
monitoring wells (2-inch PVC and a-inch drive points), the UVB-200 well, and the KGB well. All 
drilling activities will be performed under the direct supervision of a licensed well driller. Oversight 
will be provided by SBP. In addition, prior to drilling within the fenced area, all boreholes will be 
cleared by the Army Technical Escort Unit (TEU) and the unexploded ordnance (UXO) 
subcontractor. The TEU will screen each boring for chemical surety agents, and the UXO 
subcontractor will screen each area for buried drums and ordnance using geophysical methods. At 
a minimum, drilling activities will be performed using Level B respiratory protection (i.e., air line 
or self-contained breathing apparatus) until the water table is encountered. Once drilling is advanced 
past the water table and the TEU has cleared the hole, the level of respiratory protection will be 
downgraded as appropriate in accordance with the HASP. 

4.2.1 PVC (2-h&) Monitoring Wells for the UVB-200 

The layouts of the proposed UVB well and the 2-inch PVC UVB groundwater monitoring wells are 
shown in Figures 4-1 and 4-2, respectively. As shown in Figure 4-2, 12 monitoring wells are 
proposed in two 90” arms; one arm in an approximate downgradient (southern) direction, and one 
arm in a cross-gradient (eastern) direction. Two existing wells, 69-GW15IW and 69-GW02DW, 
will be utilized in the southern arm. Each arm will contain six wells, three shallow (approximately 
35 ft bgs), and three deep (approximately 65 ft bgs). Three such clusters (each consisting of a 
shallow and a deep well) will be located at radial distances of approximately 43 fi, 73 ft, and 128 ft 
from the UVB well in both arms, except for wells S3,l and S3,2 (Figure 4-2). Existing monitoring 
well 69GW02DW will be used for wells S3,l and S3,2, which is located approximately 130 ft from 
the UVB. These distances represent the 25% ZOI, 43% ZOI, and 75% ZOI values, respectively (see 
Section 4.3.3 for explanation of ZOI). In addition to these two arms, a shallow and deep well cluster 
will be located 43 ft west of the WB well, and another well cluster 43 ft north (upgradient) of the 
UVB, as shown in Figure 4-2. In addition, two deep and one shallow monitoring well will be 
installed in the annulus of the UVB well (two for monitoring and one for maintenance). 

All new monitoring wells will be installed immediately prior to performance of the treatability 
study, except for two wells, monitoring wells 69-GW15UW (S 1 ,I) and 69-GWi 5DW, which will 
be installed initially as part of a separate field effort. All treatability study well locations will be 
located and cleared during this initial field effort so that remobilization of the TEU and UXO 
subcontractor is not required for the treatability study. 

Since the size and type of UVB well must be determined prior to mobilization and installation of the 
WB system, an additional field effort is needed to evaluate the vertical extent of contamination near 
wells 69-GW 15 and 69-GW 15IW at Site 69. Therefore, prior to performance of the treatability 
study, a 120-ft deep, Type III well (69-GW15DW) will be installed to determine the vertical extent 
of groundwater contamination, as described below. 

A pilot hole will be drilled using 12-inch outside diameter (O.D.) hollow stem augers. Split spoon 
samples will be collected continuously to identify the clay layer which separates the surficial aquifer 
from the Castle Hayne Aquifer. It is estimated that the clay will be encountered at a depth of 
approximately 12 ft. Upon encountering the clay, a IO-inch inside diameter (I.D.) steel casing will 
be set and grouted in place. Drilling will continue using mud rotary (9 7/8-inch diameter bit) with 
split spoon samples collected at 5-R intervals. Hydropunch samples will be collected at IO-ft 
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intervals starting at a depth of 50 ft. Due to the groundwater contamination detected in intermediate 
well 69-GW 15IW, an inner casing will be set at a depth of approximately 80 ft to seal off the upper 
portion of the borehole before proceeding to the final depth so that any potential contamination will 
not be carried to deeper depths. This casing will be constructed of S-inch I.D. steel and will be 
grouted into place. The grout will be allowed to set overnight before proceeding with drilling, 
sampling, and the well installation. Following the setting of the inner casing, mud rotary drilling 
will continue with a 7 7/8-inch bit, and split spoon samples collected at 5 fi intervals. Hydropunch 
samples will continue to be collected at 10 ft intervals to the final depth of the borehole, which is 
anticipated to be 120 ft. Following completion of the drilling and sampling, a 15 foot, 2-inch I.D. 
PVC screen (O.OlO-inch slots) will be installed with 2-inch I.D. PVC threaded, flush joint riser. 

Well 69-GWUW (Sl,l) will also be installed as part of the initial field effort. Since there are 
currently no on-site wells screened in the 20-e. to 4O.ft interval, the depth of the static wat:er table 
(assumed to be 25-ft. to 35-ft.) requires verification. It is desirable to verify this depth during the 
initial field effort so that the drilling scope of work can be finalized prior to mobilization for the 
treatability study. Installation of well 69-GW15UW, designed to straddle the static water table, will 
accomplish this goal. Well 69-GWl5UW will also be a Type III well. Figure 4-3 shows 
construction details of a typical Type III monitoring well proposed for the shallow and deep UVB 
monitoring wells. 

4.2.2 KGB Monitoring Wells 

Figures 4-4 and 4-5 show a layout of the proposed KGB well and the KGB monitoring wells. A total 
of eight monitoring wells is proposed in two 90” arms (one downgradient or south and one lateral 
or east). Each arm will contain four wells, two shallow (approximately 9 ft bgs), and two deep 
(approximately 12 Et bgs). Two pairs (each consisting of a deep and a shallow well) will be located 
at radial distances of 11 ft and 16 ft from the KGB well in both arms. These represent distcmces of 
50% ZOI, and 75% ZOI, respectively (see Section 4.3.7 for explanation of ZOI). All KGB 
monitoring wells, except one shallow and one deep well, will consist of 2-inch diameter galvanized 
steel drive points with 2-ft screens. Figure 4-6 shows construction details of a typical Type II 
monitoring well proposed for one shallow and one deep KGB monitoring well. 

4.2.3 Procedures 

4.2.3.1 Drilling 

A combination of hollow-stem auger and mud rotary drilling methods will be used for drilling of 
all UVB monitoring wells as described in Section 4.2.1 for monitoring well 69-GWl5OW. All 
drilling will be performed in accordance with the USEPA Region IV ECBSOPQAM. Details on 
drilling methods and borehole logging are described in the SOPS (Appendix D). 

. 
4.2.3.2 Surface Casing 

Due to the presence of perched water (5-12 ft bgs), all drilling work beyond 12 ft bgs will require 
installation of a surface casing. A 6-inch surface casing will be used on all shallow and deep 2-inch 
PVC WI3 monitoring wells. The casing will be set to a depth of 12 ft bgs. The outside and inside 
of the casing will be grouted to within 2 ft of surface grade and allowed to dry. Once the grout has 
set, drilling will continue through the grouted casing and into the underlying aquifer. Details on 
surface casing installation are outlined in the SOPS. 

4-3 



Surface casings will not be required during installation of KGB monitoring wells. cc-2 

4.2.3.3 PVC Wells and Screen Slot Size 

The UVB monitoring wells will be 2-inch diameter SCH 40 PVC with a 6-ft slot screen at the 
bottom. The KGB monitoring wells will be 2-inch diameter SCH 40 PVC with a 1 ft slot screen at 
the bottom. The screen slot size will be designed to retain approximately 90% of the filter pack 
material. Where necessary a sediment sump (trap) will be constructed of blank PVC at the bottom 
of each screened interval. 

4.2.3.4 Filter Pack and Bentonite Seal 

The grain size of the filter pack will be specified to be between four and six times the grain size of 
the formation. The filter pack material will be graded silica sand (Colorado Silica Sand or 
equivalent). The sandpack will extend from the bottom of the screened interval to about 2 ft above 
the top of the screen section. After the filter pack is in place, bentonite seal will be placed in the 
borehole using one of the methods described in the SOPS. Seals will be 1 to 2 ft in thickness. The 
borehole annulus will be grouted with a cement-bentonite grout mix which will extend to within 
approximately 2 ft of the ground surface. Details on installation of filter pack and bentonite seals 
are outlined in the SOPS. 

4.2.3.5 Cement-Bentonite Grout 

Grout will be placed directly above the bentonite seal and will extend to within 2 ft of the ground 
surface. This will inhibit water flow through the annular space between zones of the aquifer system 
and from the ground surface. The grout will then be allowed to settle. If significant settlement of 
grout occurs, additional grout will be added to the prescribed depth of approximately 2 fi below 
ground surface prior to installation of the protective casing and the concrete pad. Procedures on 
installation of cement-bentonite grout are detailed in the SOPS. 

4.2.3.6 Protective Steel Casing; 

Casing stickup above the ground surface will be approximately 1.8 ft. A spacer will be temporarily 
installed so that the protective casing is 0.2 ft higher than the top of the well casing. Protective steel 
casing with a locking cap will be placed over the PVC stickup with the top of the casing being 
approximately 2 ft above the ground surface. Protective casing will be secured by means of a 
padlock which will be installed at the time of protective casing installation. The protective casing 
will be painted prior to installation. Well designations will be painted or permanently attached on 
‘the protective casing for all wells. 

A concrete mix consisting of approximately one part sand to two parts cement will be used for the 
concrete pad. The concrete pad will be poured into temporary forms and will be troweled so as to 
provide positive drainage away from the steel casing. Four, 4-inch steel protection posts (bollards) 
(five feet long, set 2.0 to 2.5 feet into the ground and painted day-glo orange or other high-visibility 
paint approved by LANTDIV/Baker) will be embedded into the concrete pad. The posts will be 
constructed of 3-inch ID schedule 40 steel pipe. 

/---a 
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4.2.4 WB-200 Well 

The drilling method proposed for the UVB-200 well at Site 69 is mud rotary type. Rotary clrilling 
methods are used in cases where deep penetrative work is to be conducted in unconsolidated 
sediments or shallow penetrative work is to be conducted in soft rock, tills, and other deposits 
containing boulders. Rotary drilling procedures are described in the SOPS. A boring log, based upon 
continuous or interval sampling and observed cuttings, will be prepared in accordance with the 

. standard lithologic logging procedures described in the SOPS. Figure 4-7 shows a construction 
diagram for the UVB-200 well. 

The WB-200 PVC casing will rise 2 ft above the ground surface where the vacuum line connection 
will be made to the blower. The WB casing will be fitted with two screen sections (a lower screen 
[4 ft.] and an upper screen [8 ft.]). These screens will be provided by IEG. The depth of the WB- 
200 well will be determined following installation of well 69-GW150W, as described in 
Section 4.2.1. 

As discussed earlier, a permanent surface casing will be installed to prevent migration of 
groundwater from the upper aquifer to the lower aquifer through the borehole. The WB-200 well 
will be installed through a permanent 18-inch surface casing, grouted in place to 11 ft bgs. For 
capture zone calculations (Section 4.3.3), a well depth of 62 ft deep bgs was assumed. The 
installation of the WB-200 system, including three 2-inch PVC wells (two monitoring, one 
maintenance) in the UVB annulus will require an open borehole or temporary casing of at least 16- 
inch inner diameter. 

After the WB casing stem and annulus sampling ports are set in place, the remaining annular space 
can be filled with bentonite (sealed pellets), gravel and portland/bentonite grout in the amounts 
required by the borehole size, and as described in the SOPS. A 6 ft x 6 fi concrete pad with steel 
protection poles will be constructed around the WB well, as described for the monitoring wells. 

Figure 4-8 shows details of the stripping plate, the packer, the lower screen, and the upper screen 
of the proposed WB-200 for Site 69. 

4.2.5 KGB Well 

Figure 4-9 shows a construction diagram, as well as details of the air distributor and the double cased 
screen for the KGB well. The KGB well will be 6-inch in diameter and will be installed to 11 ft bgs. 
The KGB well will be hollow stem augured using an 12-inch I.D. auger according to the standard 
drilling procedures in the SOPS. No surface casing will be required during the installation of KGB 
well. 

4.2.6 PiIot Borehoie 

The purpose of the pilot borehole is to verify that geologic conditions are favorable at the specific 
locations where installation of the WB well is proposed. The pilot borehole will provide 
information regarding the presence or absence of subsurface confining layers which could adversely 
impact the capability of the UVB to establish a vertical circulation cell between its upper and lower 
screens. This pilot hole will eliminate potential downtime and additional costs during the UVB well 
drilling. In addition, last minute changes in the WB/KGB well construction and design (e.g., well 
screen lengths, well screen spacing) can be made from the geologic data collected during this event. 
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The proposed depths and spacings of all monitoring wells, the WB well, and the KGB well may 
change depending on the data obtained from the borehole drilling/hydropunching during installation 
of well 69-GW 15DW and the pilot borehole. 

The pilot borehole will be 4 inches in diameter and will be drilled using a hollow stem auger. A 6- 
inch surface casing will be installed to 1’2 ft bgs as’previously described. Continuous split spoon 
sampling will be conducted after the surface casing to 50 ft bgs. Split spoon samples will be 
archived as described in the Sampling and Analysis Plan (SAP) in Section 6.0. 

4.2.7 Well Development 

The methods used for the purpose of monitoring well development are described in the SOPS. All 
development methods will be employed in a manner to enhance flow reversals in the filter pack 
material, The water removed in the course of well development will be handled in accordance with 
the procedures developed for handling and disposal of investigation derived wastes for the project 
(Section 8.2). The volume of water removed, method and time, and other development 
measurements will be recorded in the field logbook. In general, the method which will provide the 
highest flow velocity into and out from the filter pack will be used. This activity will be conducted 
by the drilling contractor or SBP personnel a minimum of 24 hours after well installation is 
completed. 

4.2.8 Well Identification 

A metal identification tag will be mounted on each well indicating date installed, Baker 
Environmental, drilling firm, depth of well, screen interval, and well identification number. 

i- 
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4.2.9 Drilling Equipment (Assembly, Dekontamin&dn) 

All equipment will be assembled, and tested prior to drilling. All downhole drilling equipment will 
be decontaminated between drilling locations. Equipment will be placed on plastic sheeting to 
prevent contact with the ground surface. If a truck tailgate is used as an equipment bench, it will be 
covered with plastic sheeting. Decontamination of all drilling equipment will be performed using 
high pressure steam. Decontamination water will be collected, sampled, and disposed in accordance 
with Section 8.3. 

4.3 System Desk and Oeeration 

4.3.1 General Operation of the UVFC200 

The UVB well is an in situ groundwater and soil remediation system, which remediates a range of 
organic contaminants using a combination of both physical and biological processes. The WB 
system creates a circulation cell that transports the VOCs in groundwater to a central well casing for 
treatment. The treatment methodology is primarily air stripping, and secondarily bioremediation for 
light and middle range fraction hydrocarbons. 

During operation, the water level rises inside the air tight WB well due to a reduced atmospheric 
pressure generated by a blower. Atmospheric air enters the well through a fresh air pipe connected 
to the stripping reactor, which floats on the raised groundwater level. The incoming fresh air creates 
a pressure equilibrium and forms bubbles through the groundwater as it is jetted through the pin hole 
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plate of the stripping reactor in the well casing. An “airlift” effect is produced as the bubbles rise 
and expand. The “airlift” effect will generate a standard upward flow pattern inside the remediation 
well and allow for a variable amount of water to pass into the stripping reactor. 

The groundwater elevation in the well casing is also amplified by the rising of air bubbles (‘“airlift” 
effect). The reduced pressure in the well casing accelerates the rise of bubbles by allowing for an 
increased rate of expansion. When the bubbles reach the air/water interface inside the well casing 
they burst and allow the VOC’s to be transported through the well shaft and up to the off-gas 
treatment unit. After the bubbles burst, the groundwater then falls along the walls of the well, and 
produces a significant hydraulic pressure, forcing the water horizontally into the aquifer through the 
upper screen section straddling the top of the aquifer. 

Groundwater flows into the lower part of the well to compensate for the water removal from the 
upper section. Thus, a vertical circulation pattern develops with water entering the screen in the 
lower part of the well near the bottom of the aquifer or contamination zone, and leaving through the 
upper screen segment, or the top of the aquifer. The majority of the treated groundwater leaving the 
upper screen section of the well circulates through the entire sphere of influence and returns to the 
lower screen section a number of times before exiting the circulation cell. 

4.3.2 Operational Characteristics of the UVB-200 P, 

The stripping efficiency of the UVB is based on the air to water ratio. The UVB 200 system usually 
draws in approximately 100 m3/h (58.9 cubic feet per minute (CFM)) of air, and in this case 
approximately 4 m3/h (17.6 gallons per minute (gpm)) of water are being pumped into the stripping 
reactor producing a water to air ratio of 1:25, and an approximate stripping efficiency ranging from 
90 to 99%. i 

Based on an aquifer flow rate (Q,) of 0.26 m3/h through the capture zone area (see Section. 4.3.3), 
and an internal combined flow rate (Q) of 4.0 m3/h, the WB 200 system will be able to recirculate 
93% of the influent more than once though the circulation cell. 

Assuming complete mixing, 7% of the effluent that moves downstream will have passed once 
through the stripping zone, while the remaining 93% of the effluent will have passed through the 
stripping zone at least twice. 

4.3.3 Capture Zone and Circulation Cell of the UVB-200 

The capture zone and circulation cell for the WB 200 system to be installed at Site 69 have been 
estimated using the aquifer parameters developed in the Draft Final RI Report (Baker, June 1995) 
and the equations and graphical solutions developed by Dr. Bruno Herrling of the Groundwater 
Research Group, Hydromechanic Institute, University of Karlsruhe, Germany. These equations and 
graphical solutions are provided in Appendix E. 

The estimations were based on the following assumptions and simplifications: 

0 The aquifer thickness is constant. 

0 Only confined aquifer conditions are considered in the estimations. 
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0 The aquifer structure is assumed radially homogeneous to hydraulic conductivities. .x”-% 
Horizontal layers, each with different conductivities, can be used. The hydraulic 
conductivities may be anisotropic, but each horizontal layer may have only one 
vertical and one horizontal conductivity. 

0 The local below-atmospheric pressure field near the well is neglected. 

l Density effects are neglected. 

0 The computations assume steady-state conditions. 

Based on these assumptions, the following aquifer and UVB parameters have been estimated: 

l Dar&n velocity = 6.5~10-~ rn/sec 

0 n (Porosity) = 0.3 

l I&, (Horizontal Hydraulic Conductivity) = 1.0x1 Od cm/set 

l K, (Vertical Hydraulic Conductivity) = 1 .O x 10” cm/set 

l Horizontal Hydraulic Gradient = 0.065 

l Thickness of Treatment Zone = 10.27 m (33.7 ft) .I-, 

l Height of Upper Screen = 1.83 m (6.0 I?) 

l Height of Lower Screen in Saturated Zone = 1.22 m (4.0 ft) 

l Q, Flow from Upper Zone to Lower UVB Zone = 4 m3/h (estimated) for the 
UVB-200 well 

Based on the above parameters, the upstream and downstream stagnation points, and the distances 
Bb and B, have been estimated, as shown in Figures 4- 10 and 4- 11. For standard flow UVB systems, 
distance Bb is defined as the bottom width of the capture zone, and distance B, is defined as the top 
width of the capture zone. These distances have been calculated for an upstream distance from the 
UVB well of 5H, where H is the height of saturated zone affected by the UVB. The distance 5H is 
the minimum distance required from the WB/KGB in order to eliminate any distortion effects 
caused by the circulation cell at the points where B, and B, are calculated. 

For the WB-200 treatment system, the estimated downstream and upstream stagnation point (S) 
for the circulation cell is 52 m (171 ft) from the center of the system. The stagnation point, S, 
represents the minor axis of the ZOI. The width of each circulation cell is ((Bb + B,)/2) = 111 m. 
The theoretical capture zone width for the top of the zone (BJ is 81 m, and for the bottom of the 
zone (BJ is 141 m. The major axis of the 201 is calculated as ((B,+B,)/4) = 55.6 m. 

To calculate the circulation cell capture zone and downgradient release zone dimensions, aquifer 
data are entered into a computer spreadsheet, and the variables Q / #* V and a/H are calculated. 
These variables are then used in conjunction with Dr. Herrling’s graphical solutions (Figures 4-12 

f----b 
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through 4- 17) to determine the various ratios. Table 4- 1 lists the parameters evaluated for the 
determination of the capture and circulation zones for the UVB-200. These values are inserteld in the 
spreadsheet to calculate the dimensions of the theoretical circulation cell, capture zone and release 
zone. The circulation zone of influence (ZOI) is typically estimated as 90 to 98% of the major axis. 
For this study, the ZOI was estimated as approximately 94 percent of the major axis, which is 52 m 
(171 fi). Circulation times were estimated for Site 69 using porosities (n) of 0.3, 0.35, and 0.4 as 
shown in Figure 4- 18. Using a porosity value of 0.3, UVl3 monitoring well locations were selected 
for the 25% ZOI (40-day circulation time), 43% ZOI (160-day circulation time), and 75% ZOI 
(circulation time >700 days). 

4.3.4 Maintenance Intervals and Parameters for the UVB-200 

The maintenance intervals will begin immediately after start-up and continue every two months 
thereafter until completion of the six-month study. The parameters to be checked during these 
periods are as follows: 

A. 

B. 

C. 

D. 

E. Check cables holding packer(s) check for fraying and replace as necessary. 

F. 

G. 

H. 

I. 

J. 

K. 

Measure and record height of the fresh air inlet pipe above top of UVB-HD:PE well 
head flange. 

Check direction of rotation for blower fan. Should match the arrow on the fan 
housing. 

Check for wear and tear of blower fan belt. Replace or tighten as necessary (refer 
to blower specifications Section 5 for specifics). 

Check water content in moisture knock out (remove all water after stripping, if 
necessary). To strip water in moisture knock-out, open hose bib to allow for a 
minimum of 1 hour ambient air to be drawn into knock out. 

Check cables for tightness and twisting, if necessary deflate and reset packer to 
make cables tight or untwist (inflatable packer only) 

Check packer air pressure. Add air as necessary, maintain 3.5 bars (inflatable 
packer only) 

Check air hose(s) for wear, and replace as necessary (inflatable packer only) 

Observe vacuum gauge readings, adjust sieve plate up or down, or open/close 
blower butterfly valve accordingly (2/5 blower only) to maintain desired ~vacuum 
(range 65 to 45 millibars as per manufacturer’s recommendation for proper 
operation) 

Check buoyancy of the WI3 if applicable. WB floating system should be able to 
move freely up or down. If system is not floating, the cables and air lines may be 
tangled. 

Check bearings on blower motor. Replace as necessary. 
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L. 

M. 

N. 

.O. 

P. 

Q- 

“Bird” cage should be secured to top of fresh air intake pipe. 

Record hours of operation by checking cumulative hour meter on the blower or at 
the electrical panel. 

While the blower is ON, verify that air is being pulled in through the air intake pipe, 
and through groundwater. This is done by measuring air flow through the fresh air 
intake pipe. If neither air flow, vibration or bubbling is heard, re-check items B 
through J. If problems persist, contact IEG (see Section 12 for phone numbers). If 
air is bubbling through water, vibration of the air intake pipe will be observed, and 
a vigorous bubbling action will be heard by placing the ear against the air intake 
pipe. * 

Verify proper functioning of the support pump (if applicable) by switching the 
pump ON/OFF. This procedure should cause the air intake pipe to move downward 
when the pump is turned “on”, and upward then turned “off’. 

For fixed UVB’s, place the ear to the intake pipe and this will allow one to hear 
when the pump is turned on and off. 

Remove iron and scaling build-up on upper screen section and UVB component 
parts. This may cause a significant reduction in the performance of the system. 
Moderate iron and scaling build-up is removed via high pressure water/steam 
washing. Extensive iron and scaling build-up is removed by dilute acid treatment. 

The UVB system will be removed from the well for inspection twice during the study. The 
following checks will be performed during the inspections: 

Check for iron and scaling build-up, any build-up or clogging of the screen holes should be removed. 

R. When all the parts of the UVB system are removed, the packer lines and cables 
should be checked for twisting and tightness, and corrections made if necessary 
(floating UVB system only). 

S. When a fixed or floating UVB system is removed, the well should be sounded and 
checked for sediment build-up, and any sediment covering more than 15% of the 
lower screen should be removed. 

T. In cold weather, check for frost hindering the floating of the UVB or air flow 
through the inlet for a floating or fixed UVB. If frost persists, fix the UVB at a 
point matching the start-up influent velocity until temperature rises to enable free 
floating of the system. 

4.3.5 General Operation of the KGB 

The KGB system consists of a combination of soil air venting, and in situ groundwater stripping 
(push and pull technique) technologies. Clean compressed air is pumped into a pressurized air 
distributor located between the capillary fringe and the aquifer depending on the vertical 
contaminant distribution. 
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The design of the pressurized air distributor regulates the air flow so that the air can only flow 
upward. The air bubbles rise within the well, causing water inside the well casing to flow upward 
(air-lift effect). Consequently, a continuous circulation of groundwater is generated in the area 
surrounding the remediation well, delivering new contaminants to the stripping zone. In contrast to 
other sparging methods, the clean water leaving the upper screen section of the well har; no air 
bubbles, therefore no air-water phases can impede the flow. In addition, a mass balance can be 
obtained between influent and effluent air. The KGB system needs lower pressure, less air volume, 
and thus, consumes less energy than conventional air sparging methods. Volatile hydrocarbons 
dissolved in the groundwater are transferred from the liquid to the gas phase in an amount :relative 
to their gas-liquid distribution coefficient, and are extracted from the groundwater surface via the 
double-cased screen (see Figure 4-9). Soil air from the unsaturated zone is also extracted and 
remediated. 

The stripping efficiency of the KGB is based on the air to water ratio. The KGB usually pushes in 
approximately 3.4 m3/h (2 CFM) of air, and in this case approximately 0.5 m’/h (2.2 gpm) of water 
is being pumped into the KGB well producing an air to water ratio of 6.8. 

Based on an aquifer flow rate (QJ of 0.0185 m3/h through the upstream capture zone (Section 4.3.7), 
and an internal combined flow rate (Q) of 0.5 m3/h, the KGB system will be able to recirculate 96% 
of the influent more than once though the circulation cell. 

Assuming complete mixing, 4% of the effluent that moves downstream will have passed once 
through the stripping zone, while the remaining 96% of the effluent will have passed throlugh the 
KGB well at least twice. 

4.3.6 Capture Zone and Circulation Cell of the KGB 

The capture zone and circulation cell for the KGB system to be installed at Site 69 have been 
estimated using equations and graphical solutions developed by Dr. Bruno Herrling (Appendix E). 
The estimations were based on the assumptions and simplifications listed in Section 4.3.3. Based 
on these assumptions, the following aquifer and KGB parameters were estimated: 

Darcian velocity = 6.5x10*’ m/set 
n (Porosity) = 0.3 
I(h (Horizontal Hydraulic Conductivity) = 1.0x1 OA cm/set 
K,, (Vertical Hydraulic Conductivity) = 1 .O x 1W5 cm/set 
Thickness of Treatment Zone = 2.74 m 
Height of Upper Screen = 1 m 
Height of Lower Annulus Zone = 1 m 
Q, Flow from Upper Zone to Lower Zone = 0.5 m3/h (estimated) 

For the KGB treatment system, the estimated downstream and upstream stagnation point (S) for the 
circulation cell is 11.37 m from the center of the system. The width of each circulation cell is { (Bb 
+ BJ/2) = 25.07 m, as shown in Figures 4-19 and 4-20. The capture zone width for the top of each 
zone (BJ is 16.99 m, and for the bottom of each zone (B,,) is 33.15 m. 

To calculate the circulation cell capture zone and downgradient release zone dimensions, aquifer 
data are entered into a computer spreadsheet, and the variables Q / I?* V and a/H are calculated. 
Table 4-2 lists the parameters evaluated for determination of the capture and circulation zones for 
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the KGB. These variables are then used in conjunction with Dr. Herrling’s graphical solutions 
(Figures 4- 12 through Figures 4- 17) to determine the various ratios. These values are inserted in the 
spreadsheet to calculate the dimensions of the circulation cell capture zone and release zone. For 
this study, a ZOI of 12.25 m (40 ft.) was estimated, which represents approximately 98 percent of 
the major axis ((B,,+B3/4}. Circulation times were estimated for porosities of 0.3, 0.35, and 0.4 as 
shown in Figure 4-2 1. Using a porosity value of 0.3, KGB monitoring well locations were selected 
for the 50% ZOI (20-day circulation time) and the 75% ZOI (70-day circulation time). 

-3 

4.3.7 Maintenance Intervals and Parameters for the KGB 

The maintenance intervals will begin immediately after start-up and continue every two months 
thereafter until completion of the study. The parameters to be checked during these periods are as 
follows: 

A. 

B. 

Check direction of rotation of blower fan. It should match the arrow on the fan 
using. 

Check for wear and tear of blower fan belt. Replace or tighten as necessary (refer 
to blower specifications Section 5 for specifics). 

C. 

D. 

E. 

F. 

G. 

H. 

I. 

J. Maintain air tight seals at well head and all blower and compressor connections. 

Check water content in moisture knock out (remove all water after stripping, if 
necessary). To strip water in moisture knock-out, open hose bib to allow for a 
minimum of 1 hour ambient air to be drawn into knock out. 

Check bearings on blower motor. Replace as necessary. 

Record hours of operation from blower clock. 

Maintain 2 to 3 CFM compressed air flow, as water table fluctuates flow rate will 
have to be adjusted to maintain the desired flow rate. 

Check air filter on compressor clean or replace if necessary. 

Check compressor inlet port. It should be kept free of obstructions. 

Vanes on compressor should be checked for wear by removing six bolts and an end 
plate to expose rotor and vanes for inspection. 

4.4 +Dve Tracer Test 

4.4.1 Objectives 

The dye/tracer study will use fluorescent dyes (fluorescein, eosine, and rhodamine WT) as tracers 
to realize the following objectives for both UVB and KGB systems: 

0 Ascertain that a groundwater circulation cell has been established under the given 
hydrogeologic conditions. 
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0 Determine the dimensions of groundwater circulation cell. 

0 Determine the time required after startup to establish a well-developed circulation 
cell. 

The tracer dyes are referred to as either convergent or divergent. The divergent dye moves away 
L from the UVB to the outer perimeter of the circulation zone. This dye is injected to the subsurface 

at the innermost shallow wells for a standard flow UVB. A convergent dye moves toward the UVB 
from its point of injection at the outermost deep wells within the estimated circulation zone. A dye 
tracer test has been performed at the Letterkenny Army Depot Superfund Site in Pennsylvania under 
the supervision of the U.S. Army Environmental Center at Aberdeen Proving Ground, Maryland. 
Results of the test indicate that the chlorinated VOCs should not interfere with the dyes proposed 
for this study. 

4.4.2 Monitoring Wells Included in Dye/Tracer Study 

Dye/tracer tests will be simultaneously performed in both systems (UVB and KGB). Eighteen (18) 
WI3 monitoring wells will be included to monitor the performance of the WB during the dye 
tracer test. These include the two UVB annulus wells, and the 14 monitoring wells around the 
estimated zone of influence of the WB. The spatial distribution of these twelve monitoring wells 
is described in Section 4.2. Eight (8) KGB monitoring wells will be included for dye tracer analysis 
of the KGB system. The spatial distribution of these wells is also described in Section 4.2. 

4.4.3 Procedures 

Immediately after start up of the UVB/KGB systems, two rounds of background samples will be 
collected to determine if there are any constituents in groundwater that may cause analytical or other 
problems in successfully performing the dye tracer test. A high background concentration of the 
dyes to be used in the study would represent a problem; however, such conditions are not expected. 
Eosine may be used in cases when there is interference in the emission wavelength of fluorescein. 
Immediately after the second background sample is collected, dyes will be injected. Fluorescein is 
a divergent dye which will migrate to the edge of the circulation cell. Fluorescein dye will be 
injected in the innermost shallow wells (0% ZOI well for UVB, 50% ZOI well for KGB). The time 
of arrival and dye concentration will be monitored in shallow wells (43% and 75% ZOI wells for 
UVB, 75% ZOI well for KGB). Rhodamine WI is a convergent dye which will migrate towards the 
UVB/KGB. Rhodamine WT will be injected in the deep 75% ZOI, 43% ZOI UVB and KG:B wells. 
The time of arrival, and concentration will be monitored in the deep wells (25% ZOI and tlhe UVE3 
armulus wells for UVB, 50% ZOI well for KGB). 

Following dye injection, charcoal and groundwater samples will be collected periodically as outlined 
in the SAP (Section 6.0) to determine the time of arrival and the concentration of dye in the 
monitoring wells. The procedures for the dye tracer program are based on the following guidance 
document being prepared for the USEPA Office of Research and Development, Washingtoa, D.C.: 
A Practical Manual of Groundwater Tracing with Fluorescent Dves and Particles (T. Aley and M. 
Field, In Press). 
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The proposed dye amounts to be used are: 

0 Fluorescein color index 45350 - 2 lb. per station as a 75% equivalent 
0 Eosine color index 453870 - 3 lb. per station as a 75% equivalent 
0 Rhodamine WT (no color index) - 5 lb. per station as a 20% solution 
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4.5 . . FauiDment Decontwnatlon Procedureg 

All drilling and sampling equipment will be decontaminated before use, between each sampling 
station, and at the completion of the sampling program in accordance with the EPA Region IV 
ECBSOPQAM. Decontamination standard operating procedures are provided in Appendix D. 

4.6 Progress Reporting 

Upon initiation of on-site work (mobilization) and through completion of on-site work 
(demobilization), SBP will generate a short Weekly Progress Report (i.e., 1-2 pages). One copy of 
this report will be telecopied to Baker before 5:00 pm EST on Friday of each week. An additional 
copy will be mailed to Baker via regular mail. The Progress Report will include the following 
information: 

0 Summary of the work completed that week including personnel on site 
l Schedule status 
0 Discussion of any problems encountered and how they were or will be resolved 
0 Anticipated changes in scope of work 
0 Preliminary test results ./----I 
0 Outstanding issues to be resolved 
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5.0 EQUIPMENT 

The main components of the WB and KGB systems are described in the following sections, 
respectively. Specifications for the major pieces of equipment are provided in Appendix IF. 

5.1 Blowers 

An ELEKTRO 2/.5 centrifugal blower will be provided for the WB system. A 5-horsepower (HP) 
blower is required to maintain a floating WB 200 at a vacuum of 20 inches of water. The blower 
is a three phase, 230-volt unit and is equipped with a moisture knock-out vessel built into the high 
density polyethylene blower enclosure. An ELEKTRO l/5 centrifugal blower will be provided for 
the KGB system. The blower is a three phase, 20%volt, 1 S-HP unit and is equipped with a moisture 
knock-out vessel built into the high density polyethylene blower enclosure. The off-gas (effluent 
from the moisture knock-out will be discharged to an off-gas treatment unit consisting of two drum- 
type GAC units connected in series. The concentrations of VOCs in groundwater at Site 69 do not 
require the use of explosion proof equipment (i.e., contaminant concentrations in off-gas are 
expected to be well below their lower explosive limits). 

5.2 ComDressor 

A Picolino Model VTEG compressor will be used to sparge air in the KGB well. The com.pressor 
will be used to supply 2-3 cfin of air at a pressure enough to depress the water column in the 
sparging pipe. An activated carbon air filter and a flowmeter will be attached to the compressor. 
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6.0 SAMPLING AND ANALYSIS PLAN (SAP) 

Data collected during the treatability study will be used to assess the performance of the technology, 
potential need for pre- and post-processing of the wastestream, applicable types of contaminants and 
media, the potential operating problems, and approximate capital costs. Demonstration data can also 
provide insight into long-term operating and maintenance costs as well as long-term risks. Sampling 
and analysis procedures are therefore very critical. Approved quality assurance/quality control 
measures will be stringently followed throughout this treatability study. 

This SAP provides the Field Sampling Plan (FSP) in Section 6.1 and the Field Monitoring Plan 
(FMP) in Section 6.2. This SAP applies to all sampling associated with the treatability study except 
for the sampling to be performed during and after installation of wells 69-GW15UW and 69- 
GWl5DW. The Quality Assurance Project Plan (QAPP) is provided in Section 7.0. This SAP 
follows the guidelines presented in U.S. Environmental Protection Agency’s (USEPA) Office of 
Research and Development (ORD) Risk Reduction Engineering Laboratory (RREL) Document 
“Preparation Aids for the Development of Category III: QAPP” EPA/600/8-91/005. It describes the 
methods that the subcontract laboratories will use to collect and analyze samples generated during 
this treatability study. Laboratory analysis will be performed by the following laboratories: 

0 Analysis of tracer dyes: Ozark Underground Laboratories (OUL) 
0 Volatile organic analysis: Laboratory Resources, Inc. 
l Inorganic analysis: York Analytical Laboratories (formerly ELI) 

6.1 Field Smling Plan IFSP) 

The FSP is comprised of the following components: 

0 Soil sampling (for geologic data only) 
0 Groundwater sampling for target VOCs and inorganics 
0 Groundwater sampling for dyes/tracers 
0 Sampling of GAC samplers for dyes/tracers 
0 Sampling of GAC for adsorbed VOCs 
0 Sampling of off-gases for target VOCs 

Table 6- 1 shows details of the samples to be collected under the FSP. 

6.1.1 Sampling of Subsurface Soils for Geologic Records 

Soil samples will be collected at the time of drilling of the pilot hole, monitoring wells and the UVR 
well. All soil samples collected in the field will be retained/archived for future geological reference. 
No subsurface soil sampling is proposed to determine contamination by target VOCs. Soil samples 
from continuous split spoon sampling will be collected during drilling of two deep monitoring wells 
located at a distance of 94 ft from the UVl3 and from the pilot borehole. Split spoon sampling will 
be performed from 12 ft bgs (after the surface casing) to 80 ft bgs in the two monitoring wells, and 
to 50 ft bgs in the pilot bore hole. Details about sampling equipment and logging procedures are 
described in the SOPS. 
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Samples will be numbered as 69SB-PH (14-16) where: 

69: refers to Site 69 
SB: refers to soil boring 
PH: refers to pilot borehole (UW for UVB borehole if different from pilot borehole, E22 

for the east arm deep monitoring well, S22 for the south arm deep monitoring well) 
14-16: refers to the depth, in ft bgs, where the sample was collected 

In all, 18 cores will be collected from the pilot hole, and 48 cores from each of the two monitoring 
wells. 

6.1.2 Groundwater Sampling Plan 

Groundwater samples will be collected for analysis of VOCs, inorganics, and dye/tracers, as shown 
in Table 6- 1. 

Samples for VOCs analysis will be collected using a submersible pump in a 40 ml VOA vial. Prior 
to collecting the sample, the wells will be purged as described in the SOPS. Samples will be 
collected from 12 UVB monitoring wells, 2 UVB annulus wells, and 8 KGB monitoring wells. 
Samples will be collected at time zero followed by 2, 4, and 6-month intervals. Samples will be 
stored and shipped on ice after collection. Sample results will be provided by the laboratory on a 
l-week turnaround basis. 

VOCs in groundwater monitoring wells will be analyzed according to EPA method SW846 protocol. 
The method used will be EPA 8260 which is recommended for non-chlorinated and chlorinated 
VOCs. VOCs adsorbed on granular activated carbon will be first extracted in methanol. Analysis 
of extracted VOCs will be performed by method EPA 8260. All VOCs analyses will be performed 
by Laboratory Resources, Inc., which is a NEESA-certified laboratory. Details of analytical 
procedures are outlined in Appendix B. 

Samples will be numbered as 69UVB-GW-VOC(O)-W 1,l where: 

69: refers to Site 69 
WB: refers to UVB monitoring wells (KGB for KGB monitoring wells) 
GW: refers to groundwater sample (TB for trip blank, IB for instrument blank) 
VOC: refers to sample for volatile organic analysis 
(0): refers to time zero sample (2,4,& 6 for 2 month, 4 month, and 6 month sampling 

event) 
s: refers to a well in the south arm (E for a well in the east arm, UW for a UVB 

armulus well) 
1,l: refers to the shallow 25% ROI UVB well/shallow 50% ROI KGB well (1,2 for the 

deep 25% ROI UVB well/deep 50% ROI KGB well; 2,l for the shallow 43% ROI 
UVB well/shallow 75% ROI KGB well; 2,2 for the deep 43% ROI UVB well/deep 
75% ROI KGB well; 3,l for the shallow 75% ROI UVB well; 3,2 for the deep 75% 
ROI UVB well, 0,l for the shallow UVB well, 0,2 for the deep UVB well). 
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In addition to the samples described above, groundwater samples will be collected during the first 
two weeks after startup of the UVB system. Samples will be collected from the two UVB annulus 
wells (shallow and deep) at intervals of 1 day, 1 week, and 2 weeks after startup. These samples will 
be analyzed on a 24-hour turnaround basis to help SBP/IEG assess the performance of the system 
and make any necessary changes. 

Samples will be numbered as 69UVB-GW-VOC@l)-UW 0,l where: 

69: refers to Site 69 
WB: refers to UVB monitoring wells 
GW: refers to groundwater sample 
VOC: refers to sample for volatile organic analysis 
(IN): refers to Day 1 sample (Wl and W2 for week 1 and week 2 samples, respectively) 
UW: refers to samples from the UVB annulus wells. 
0,l: for the shallow annulus well (0,2 for the deep annulus well) 

In all, 96 samples will be collected (64 for UVB, 32 for KGB) for VOCs analysis during th.e study. 

6.1.2.3 Sampling Plan for Inor- 

The inorganic analyses will be performed using standard procedures outlined in the QAPP document 
of Environmental Laboratories, Inc. in Appendix C. 

The potential for corrosion or incrustation of groundwater well casings and screens may be estimated 
by considering several parameters which characterize the inorganic groundwater quality. These 
parameters include: pH, concentrations of dissolved gases (i.e., oxygen, hydrogen sulfide, and 
carbon dioxide), total dissolved solids (IDS), total suspended solids (TSS), chloride, carbonate 
hardness, iron, and manganese. 

Potentially corrosive conditions are indicated by low pH, significant concentrations of the dissolved 
gases listed above, high total dissolved solids concentration, and high chloride concentration. 
Potentially encrusting conditions are indicated by high pH, high carbonate hardness, and significant 
levels of iron and manganese. In order to evaluate corrosion and incrustation potential at Site 69, 
SBP will analyze groundwater from two existing wells nearest to the proposed UVBKGB systems 
for inorganic quality. Samples will be collected at time zero and 6 months later. 

Parameters including pH, dissolved oxygen, and specific conductance will be measured in situ prior 
to any purging of the monitoring well. Probes will be lowered and held stationary at the midpoint 
of the screened interval. The inorganic quality parameters to be analyzed are cations (calcium, 
magnesium, potassium, sodium, and manganese), total dissolved iron, bicarbonate, sulfate, anions 
(chloride), and related parameters (pII, dissolved oxygen, specific conductance, and total dissolved 
solids). 
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‘Ihe table below shows the analytical methods, sampling requirements, and procedures. 

Parameter Sample Volume 

Dissolved Iron 2 X 250 ml plastic bottle 

Preparation and Storage 

(i) Filter with 0.45 m filter 

(ii) Preserve with nitric acid to 
below pH 2.0 

(iii) Keep cool 

Cations 

0, Mg, I% Na, K) 2 X 250 ml plastic bottle 

Chloride, sulfate, pH, 
TDS, and specific 
conductance 

Bicarbonate 

2 X 1L plastic bottle 

2 X 1L plastic bottle 

(i) Preserve with nitric acid to 
below pH 2.0 

(ii) Keep cool 

(i) Filled to the top 

(ii) Keep cool 

(i) Filled to the top 

(ii) Keep cool 

f-x 

Method Numbers: 

Bicarbonate: ASTM D513 
Total Dissolved Solids: Standard Methods 2540-Part C 

Specific Conductivity: 

Sulfate: 
Chloride: 
Dissolved Iron: 

Catons: 

Standard Methods 25 10 

Standard Methods 45OOS0, Part E 
Standard Methods 4500~Cl Part B 
EPA SW-846 Method 6010 

EPA SW-846 Method 6010 

Samples will be numbered as 69UVB-GW-GA(O)-W 1,l where: 
69: 
UVB: 
GW: 

GA: 

(0): 

s: 

1,l: 

refers to Site 69 
refers to UVB monitoring wells (KGB for KGB monitoring wells) 
refers to groundwater sample (TB for trip blank, IB for instrument blank) 
refers to sample’ for group A inorganics analysis (GB for group B, BI for 
bicarbonates, DI for dissolved iron) 
refers to time zero sample (2,4,& 6 for 2 month, 4 month, and 6 month sampling 
event) 
refers to a well in the south arm (E for a well in the east arm, UW for a UVB 
annulus well) 
refers to the shallow 25% ROI WB well/shallow 50% ROI KGB well (1,2 for the 
deep 25% ROI UVB well/deep 50% ROI KGB well; 2,l for the shallow 43% ROI 
UVB well/shallow 75% ROI KGB well; 2,2 for the deep 43% ROI UVB well/deep 
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75% ROI KGB well; 3,l for the shallow 75% ROI UVB well; 3,2 for the deep 75% 
ROI UVB well, 0,l for the shallow UVB well, 0,2 for the deep WB well) 

In all, 4 samples will be collected for inorganic water quality analysis to be performed by York 
Analytical Laboratories. 

6.1.2.4 Samplinrz Plan for Dyes in Groundwater 

Two types of sampling will be conducted as part of the dye tracer analysis: groundwater sampling; 
and GAC, or charcoal sampling. Groundwater sampling will be performed to provide information 
on dye concentrations at a particular time at the monitoring stations. The charcoal sampling will 
help to provide information on the first arrival time of the dye at a particular station. The charcoal 
sampling will also help to minimize the frequency and number of water samples required for the 
tracer test. Groundwater dye sampling is discussed below, and the GAC dye sampling is described 
in Section 6.1.2.4. 

‘? 

Following dye injection, water samples will be collected weekly over a period of 10 weeks, and then 
bi-weekly for the next 10 weeks from the WB monitoring wells. Water samples will be collected 
weekly for four weeks followed by bi-weekly for 12 weeks from the KGB monitoring wells after 
dye injection, Water samples will be collected at the same time when charcoal samples are collected, 
but analyzed for dyes only when the representative charcoal sample shows presence of dye. They 
will be collected using disposable bailers in plastic 50 ml research grade polypropylene copolymer 
Perfector Scientific vials. The bottles will be placed in the dark and refrigerated immediately after 
collection. They will be shipped on ice to OUL. 

Samples will be numbered as 69UVB-GW-FLR(Bl)-Sl,l where: 

69: refers to Site 69 
UVB: refers to UVl3 monitoring wells (KGB for KGB monitoring wells) 
GW refers to groundwater sample, (TB for trip blank, IB for instrument blank) 
FLR: refers to sample for fluorescein (RHD for rhodamine WT, ESN for eosine) 

W): refers to week one background (l32 for week two background, 1,2, . ..n for .week 1, 
2 , . . . . . n after dye injection) 

S: refers to a well in the south arm (E for a well in the east arm, UW for a WB 
annulus well) 

1,l: refers to the shallow 25% ROI WB well/shallow 50% ROI KGB well (1,2: for the 
deep 25% ROI UVB well/deep 50% ROI KGB well; 2,1 for the shallow 43% ROI 
UVB well/shallow 75% ROI KGB well; 2,2 for the deep 43% ROI UVB well/deep 
75% ROI KGB well; 3,l for the shallow 75% ROI UVB well; 3,2 for the deep 75% 
ROI UVB well, 0,l for the UVB shallow well, 0,2 for the UVB deep well) 

In all, 260 water samples will be collected for analysis of dyes. Tracer dyes (rhodamine WT and 
fluorescein) will be analyzed using spectrofluorometry methods. Both, groundwater and charcoal 
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samplers will be analyzed using this method following extraction of the dyes in an organic solvent. 
Details on dye analytical procedures are outlined in Appendix A. All dye analyses will be performed 
by OUL. 

6.1.3 Sampling of GAC Samplers for Dyes/Tracers 

The following sections describe the procedures for performing the sampling of GAC samplers for 
dyes/tracers. 

6.1.3.1 Description of the Samplers 

The charcoal samplers are packets of fiberglass screening partially filled with approximately 4.25 
grams of activated coconut charcoal. The charcoal used by the OUL is Barnebey and Sutcliffe 
coconut shell carbon, 6 to 12 mesh, catalog type AC. The samplers are typically about 4 inches long 
by two inches wide. Samplers are typically closed by heat sealing. 

6.1.3.2 Placement of Samplers 

Samplers (also called charcoal packets) are placed so as to be exposed to as much water as possible. 
The packets are attached using galvanized wire (electric fence wire is ideal); other types of 
anchoring wire can also be used, such as electrical wire with plastic insulation. Packets are attached 
so that they extend outward from the anchor rather than being flat against it. 

Charcoal packets will be lowered into monitoring wells for sampling purposes. In general, if the well 
is screened, samplers will be placed approximately in the middle of the screened interval. A weight 
will be added near the charcoal packet to insure that it will not float. The weight will be of such a 
nature that it will not affect water quality, such as glass marbles sealed into packets of fiberglass 
screen. A nylon cord will be run from the top of the well to anchor the charcoal packet and its 
weight. Placement of samplers will be adjusted based on actual field conditions. 

6.1.3.3 Pinsing of Charcoal Packets Prior to Sampling 

Charcoal packets routinely contain some fine powder which washes off rapidly when they are placed 
in water. Since such material could remain in monitoring wells, charcoal packets to be placed in such 
wells will be triple rinsed with distilled, demineralized, or reagent water known to be free of tracer 
dyes. This rinsing is typically performed by soaking. Approximately 25 packets will be placed in 
one gallon of water and soaked for at least 10 minutes. The packets will be removed from the water, 
and excess water will be shaken off the packets. This procedure will be repeated two more times 
using fresh water. Triple rinsed packets are placed in plastic bags and are placed at sampling stations 
within three days. 
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6.1.3.4 Collection and Renlacement of Samplers 

Following dye injection, charcoal samples will be collected weekly over a period of 10 weeks, and 
then bi-weekly for the next 10 weeks from the UVB monitoring wells. Charcoal samples will be 
collected weekly for four weeks followed by bi-weekly for 12 weeks from the KGB monitoring 
wells after dye injection. 

After the packets are removed from the well, they will be shaken to remove excess water. Next, the 
packet (or packets) will be placed in a plastic bag (Whirl-Pak bags are ideal). The bag will be labeled 
on the outside with a permanent type felt marker pen. The notations will include station name or 
number and the date and time of collection. Labels will not be inserted inside the sample ba.gs. New 
charcoal samplers will be placed when used charcoal packets are collected. Collected samplers will 
be kept on ice, and in the dark to minimize algal growth on the charcoal prior to analysis. The 
samplers will be shipped refrigerated by overnight express to OUL. 

Each shipment of charcoal samplers or water samples will be accompanied by a sample tracking 
sheet. These sheets (which bear the title “Samples for Fluorescence Analysis”) are provided by the 
laboratory and summarize placement and collection data. These sheets will be augmented by SBP’s 
chain-of-custody forms or any other relevant documentation. 

Samples will be numbered as 69UVB-AC-FLR(Bl)-Sl,l where: 

69: refers to Site 69 
UVB: refers to WI3 monitoring wells (KGB for KGB monitoring wells) 
AC: refers to activated carbon samplers 
s: refers to a well in the south arm (E for a well in the east arm, UW for a WB 

annulus well) 
1,l: refers to the shallow 25% ROI UVB well/shallow 50% ROI KGB well (1,2 for the 

deep 25% ROI WB well/deep 50% ROI KGB well; 2,l for the shallow 43% ROI 
WI3 well/shallow 75% ROI KGB well; 2,2 for the deep 43% ROI WI3 well/deep 
75% ROI KGB well; 3,l for the shallow 75% ROI UVB well; 3,2 for the deep 75% 
ROI WB well, 0,l refers to WB shallow well, 0,2 refers to UVB deep well). 

In all, 2 15 charcoal samples will be collected for dye analysis. 

6.1.4 Sampling of GAC for Adsorbed VOCs from Off-Gases 

A total of four GAC drums will be used, a set of two in series connected to each blower (UVB and 
KGB). All GAC drums will be monitored weekly for breakthrough using a photo-ionization (detector 
(PID). Whenever a GAC can reaches breakthrough, it will be taken out of service. A fresh G1AC can 
will then be added to the off-gas treatment system as the lead unit (GAC l), and the former lead unit 
will become the new lag unit (GAC2). Spent carbon samples will be collected from the used drums 
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in duplicate, and shipped to Laboratory Resources for analysis. If the carbon does not reach 
breakthrough by the end of the demonstration period, sampling and analysis will be performed at 
the end before disposal of GAC drums. 

Samples will be numbered as 69UVB-GAC-1 where: 

69: refers to Site 69 
UVB: refers to UVB off-gas treatment (KGB for KGB off-gas treatment) 
GAC: refers to granular activated carbon sample) 
1: refers to sample from the first can in series (2,3,..n for 2nd, 3rd,..nth can) 

Number of samples collected will depend on the carbon breakthrough. 

6.1.5 Air Sampling 

In addition to analysis of the GAC, air streams processed by the GAC units (influent and effluent) 
will be analyzed periodically for both UVB and KGB systems. Analysis of the influent air streams 
will provide information on the performance of each system (i.e., degree of VOC removal from the 
groundwater). Analysis of the efTluents will provide data on the performance of the GAC units. Six 
(6) sampling events are planned for air analysis. As shown in Table 6- 1, samples will be collected 
at 1 day, 1 week, 2 weeks, 2 months, 4 months, and 6 months after startup. Samples will be 
collected on solvent desorption carbon tubes. A given volume of air stream (as specified by the 
manufacturer) will be pumped through these tubes using an air sampling pump. VOCs adsorbed on 
the carbon will be extracted in a solvent and analyzed by gas chromatography for specific VOCs 
using method EPA 8260. 

Samples will be numbered as 69WB-AIR-VOC-O-1 where: 

69: refers to Site 69 
UVB: refers to UVB monitoring wells (KGB for sample out of the KGB) 
AIR: refers to air sample 
VOC: refers to sample for volatile organic analysis 
0: refers to sample out of the UVB or KGB (1 for sample out of GAC 1,2 for sample 

out of GAC2) 
1: refers to sampling event 1 (2,3,4,5, & 6 for 1 week, 2 week, 2 month, 4 month, and 

6 month sampling event) 

6.1.6 Sample Handling, Labeling, Shipping, and Documentation 

This section presents the procedures for handling, labeling, and transport of environmental and waste 
samples as well as field recording practices necessary for reconstruction of the sampling event. The 
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possession and handling of all samples collected will be traceable from the time of collection 
through analysis, until final disposition. Documentation of the sample history is referred to as 
“chain-of-custody.” Components of the chain-of-custody (i.e., sample seals, field logbook, chain-of- 
custody record, and sample analysis request form) and procedures for their use are described in the 
following sections. 

A sample is considered to be under a person’s custody if it is: 1) in a person’s physical possession, 
2) in view of the person after he or she has taken possession, 3) secured by the person so that no one 
can tamper with the sample, or 4) in a secure area. A person who has samples under custody must 
comply with the procedures described in the following sections. 

6.1.6.1 Chain-Of-Custody Records 

To establish the documentation necessary to trace sample possession from the time of collection, 
a chain-of-custody record must be filled out in triplicate and must accompany every sample or group 
of individually identified samples. Chain-of-custody records will contain the following Formation: 

0 Sample Identification Number 
l Date and Time of Sample Collection 
0 Signature or Initials of Sample Collector 
0 Matrix Type 
0 Number of Containers 
0 Signatures of People in the Chain-of-Custody 
0 Date and Time of Each Change in Custody 
0 Method of Shipment 
0 Condition of Samples when Received by Laboratory 
0 Project Name 
0 Project Number 
l Sampling Location 

A typical chain-of-custody form is shown in the SOPS. Each person who has custody must isign the 
form. Samples cannot be left unattended unless they are secured and sealed. 

6.1.6.2 Sample I&& 

Sample labels are necessary to prevent misidentification of samples. An example sample label is 
shown in the SOPS. Gummed paper labels or tags will be used and will include at least the following 
information: 
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0 Sample number (referenced to a sampling location) including a sample code that 
distinguishes field samples, duplicates, spikes, or blanks. The laboratory should not 
be cognizant of the code. 

0 Signature or initials of sample collector. 

l Date and time of sample collection. 

l Location of sample collection. 

0 Type of preservative used, or “None” as necessary. 

Labels will be affixed to sample containers prior to or at the time of sampling. The labels will be 
filled out at the time of sample collection. The exact sample location and type of sample will be 
recorded in the field logbook. 

All boxes used for archiving or sample storage will be labeled at the end and top with an indelible 
marking pen. Box labeling will include the following: 

0 Job Number (e.g., 00367-109) 
0 Location (e.g., SWMU 5) 
l Site (e.g., SBP) 
0 Date (e.g., February 16, 1991) 
0 Disposition (e.g., archived) 

Sample seals are used to detect improper handling of samples following sample collection up to the 
time of analysis. Items such as gummed paper seals and custody tape will be used for this purpose. 
Signed and dated seals will be attached so that they must be broken to open either the individual 
sample containers or shipping containers. Seals will be affixed to containers before the samples 
leave the custody of the sampling personnel. 

6.1.6.3 Shippinp of Samples 

Samples will be packaged and shipped in ice chests in accordance with U.S. Department of 
Transportation and EPA regulations. Samples will be delivered to the laboratory so that the 
requested analyses can be performed within the specified allowable holding time (see Table 6- 1 for 
allowable holding times). Samples will be accompanied by the chain-of-custody record. The 
chain-of-custody record received will list the variables to be analyzed by the laboratory and total 
number and type of samples shipped for analysis. Authorized laboratory personnel will 
acknowledge receipt of shipment by signing and dating the form and returning a copy to the project 
manager. The laboratory will also sign and date the airbill accompanying the samples and keep it 
on file with the sample information. 
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6.1.6.4 Field Logbook 

Information pertinent to the sampling effort will be recorded in a field sampling log. The book shall 
be bound. All entries will be made in indelible ink and all corrections will follow error correction 
protocol of one line through the error and initial and date of correction. At a minimum, entries in a 
logbook will include the following: 

0 

0 

0 

Purpose of sampling 

Location, description, and photographs of the sampling point 

Details of the sampling site (for sample, the elevation of the casing, casing diameter 
and depth, integrity of the casing, etc.) 

Name and address of field contact 

Documentation of procedures for preparation of reagents or supplies which become 
an integral part of the sample (e.g., filters and absorbing reagents) 

Identification of sampling crew members 

Type of sample (e.g., ground water, soil, sludge, or waste water) 

Suspected waste composition, including estimated concentrations 

Number and volume of sample taken 

Sampling methodology 

Sample preservation 

Date and time of collection 

Collector’s sample identification number(s). 

Sample distribution and transportation method (e.g., name of the laboratory and 
cartage agent - Federal Express, United Parcel Service, etc.) 

References such as maps of the sampling site. 
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0 Field observations , ,:- 

0 Any field measurements made (e.g., pH, flammability, explosivity, and water 
depth). 

0 Signature and date by the personnel responsible for observations. 

a Decontamination procedures. 

Sampling situations vary widely. No general rules can specify the extent of information that must 
be entered in a logbook. However, records shall contain sufficient information so that someone can 
reconstruct the sampling activity without relying on the collector’s memory. 

6.2 Field Mooitoriw Plan oFMP\ 

The FMP is comprised of the following components: 

0 Monitoring of field parameters 
0 Monitoring of UVEI parameters 
l Monitoring of KGB parameters Y--? 

This plan describes the techniques to be implemented for the above parameters to be measured in 
the field. Table 6-2 show the details of the monitoring activities under the FMP. At a minimum, 
instruments will be calibrated at the beginning of each work day and at any time the calibration 
range is exceeded during measurements. 

6.2.1 Water Parameters 

6.2.1.1 Water Level Measurements 

Water levels will be measured using a portable well gauging probe. Water level measurements will 
be referenced to a known elevational datum. The measuring point at the top of the casing will be 
permanently marked and surveyed. Water level measurements will be consistently taken from the 
same marked point. Water levels will be measured by lowering the probe or tape measure into the 
well until contact with the water surface is indicated. The electric tape will be marked at the 
reference measuring point and partly withdrawn; the distance from the mark to the nearest tape band 
will be measured and added to (or subtracted from) the band reading to obtain the depth to water 
below the reference point. Readings will be verified by repeating the procedure until successive 
measurements differ less than 0.01 foot. Measuring devices will be decontaminated prior to and after 
each monitoring in accordance with the SOPS. 
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Water level measurements will be taken in the 18 UVB monitoring wells, eight KGB monitoring 
wells, existing nearby monitoring wells, and the UVB well. Water level measurements will be 
performed once every week. 

6.2. I .2 Dissolved Oxygen and Temperature 

These parameters will be measured in situ using a portable field sensor. The sensor will be calibrated 
according to the procedures outlined by the manufacturer. Water temperature will be recorded first, 
followed by dissolved oxygen. The instrument will be corrected for temperature compensation 
before reading dissolved oxygen. Multiple readings will be taken until two identical reatdings or 
readings with + 10% variance are recorded. Dissolved oxygen measurements will be performed in 
18 WB monitoring wells, eight KGB monitoring wells and the UVB well. Dissolved oxygen 
measurements will be performed once every week. 

6.2.1.3 pH and Specific Conductivitv 

These parameters will be determined by lowering in situ probes in monitoring wells. Multiple 
readings will be taken until two identical readings, or readings with 5 10% variance, are recorded. 
Measurements for pH and specific conductivity will be performed once every week in the 118 UVB 
monitoring wells, eight KGB monitoring wells, and the WI3 well. 

6.2.2 Soil Parameters 

6.2.2.1 VOCs in Soil 

Soil VOCs wiI1 be measured using a portable PID. This method provides a quick and accurate 
method of determining the presence of volatile organic compounds in soils while drilling and/or soil 
sampling in the field. This monitoring is part of the Health and Safety requirements outlined in the 
HASP. Drill cuttings and core samples collected for archiving will be screened using this method 
for potential exposure hazard. 

Procedure: 

0 

0 

The PID will be calibrated each day before the start of field activities. 

Background levels of volatile organic compounds will be established with ithe PID 
each day before field activities start. 

When monitoring for VOCs from drill cuttings/drilling fluids, measurements will 
be performed at the source (not more than 1Zinch away from the generated waste). 
At least three measurements will be performed in the vicinity. 

I 
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0 

0 

0 

0 

When monitoring for VOCs in samples collected by split-spoon samplers, 
measurements will be performed at the surface of the soil sample immediately after 
the spoon has been split opened. Three measurements will be taken across the 
length of the sample. 

The PID reaches a peak response within approximately 5 seconds; therefore, the 
reading should be taken between 5 and 10 seconds after the tip is exposed to the 
sample. Resulting PID readings are in ppm of total ionizable volatile organic 
compounds. 

Based on the permissible exposure level criteria (to be determined), the Health and 
Safety Officer will decide the level of personal protection required in accordance 
with the HASP. 

Decontaminate all equipment as described in Section 4.6. 

6.2.3 Measurement of WB Parameters 

Table 6-3 shows the details of the UVB specific field monitoring plan. 

6.2.3.1 UVB Vapor Parameters ,Ya 

All parameters listed below will be measured from the pressure (UVB effluent port) side of the WB 
Blower prior to off-gas entry to the GAC unit. 

0 Relative air humidity (% moisture) 

0 Air temperature (“C) 

0 Air flow out of the UVB (acfm or actual cubic feet per minute, at recorded 
temperature and pressure) 

0 Off-gas concentration of VOCs stripped from groundwater (ppm of ionizable 
volatile organic compounds using PID) 

All parameters listed below are measured from the top of the UVB air intake pipe (WB Influent 
Port). 

0 Ambient relative humidity (% moisture) 

.----x. 
0 Ambient air temperature (“C) 
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0 Air flow into the UVB ( actual cubic feet per min, acfm, specify recorded 
temperature and pressure) 

0 Vacuum (mbars) in UVB well with fresh air pipe open 

l Vacuum (mbars) in UVEl well with fresh air pipe covered 

All parameters listed below are measured at the GAC unit effluent port. 

0 Off-gas concentration of VOCs exiting the GAC unit(s) (ppm of ionizable volatile 
organic compounds using the PID) 

0 Effluent air flow through the GAC unit(s) ( actual cubic feet per min, a&n, specify 
recorded temperature and pressure) 

From the above data, using a time weighted measurement of volatiles organics in ppm, the amount 
of hydrocarbons extracted by the remediation systems in pounds per day may be calculated and 
graphically represented as pounds per day versus time of operation. 

6.2.3.2 UVB Groundwater Parameters 

The following parameters will be measured in the UVB well: 

0 Water levels (in feet) as a base line (initial measurement only) 

a Water levels (in feet) in the UVB well, and the UVB deep and shallow annulus 
wells with the system on. 

0 Water levels (in feet) in the IIVB well, and the DVB deep and shallow annulus 
wells with the system off (1 hour after the blower has been turned off) 

l Groundwater recirculation flow rate (gallons per minute, gpm) 

6.2.4 Measurement of the KGB Parameters 

Table 6-4 shows details of the KGB specific field monitoring plan. 
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6.2.4.1 KGB Vapor Parameters 

All parameters listed below are measured at the GAC unit effluent port. 

0 Off-gas concentration of VOCs exiting the GAC unit(s) (ppm of ionizable volatile 
organic compounds using the PID) 

l Effluent air flow through the GAC unit(s) ( actual cubic feet per min, a&n, specify 
recorded temperature and pressure) 

From the above data, using a time weighted measurement of volatiles organics in ppm, the amount 
of hydrocarbons extracted by the remediation systems in pounds per day may be calculated and 
graphically represented as pounds per day versus time of operation. 

6.2.4.2 KGB Groundwater Parameters 

The following KGB groundwater parameters will be measured: 

0 Water levels (in feet) as a base line (initial measurement only) 

f-5 
0 water levels (in feet) in the KGB deep and shallow wells with the system on (both 

blower and compressor) 

0 water levels (in feet) in the KGB deep and shallow wells with the system off (1 
hour after the blower and the compressor have been turned off) 





Technical Approach, MCB Cb 

I TABLE 6-l: SUMMARY OF SAMPLING AND ANALYSIS PLAN I 

limb5 ’ I I 
J IANALYSWMETHOD FREQUENCY ICONTAlNERlSlZE I LAB I T 

Soil Pilot Hole 
Soil 69UWSE-22 

None I Archiving 
None / Archiving 

Every 2 ft, (14’50’) 
Every 2 ft, (14’-80’) 

2’ Plastic Cores 
2’ Plastic Cores 

NA NA 
NA NA 

ISoil 169UWSW-22 iEvery ft, (14’-80’) INone /Archfving (2’ Plastic Cores 
I 

1 NA 1 NA 

I 
I I I I I I I I I 

1 

Water 18 UVB Wells VOCs / EPA 8260 0,2,4,6 months 40 ml VOA LR 2 Weeks 
Water 8 KGB Wells VOCs / EPA 8260 0,2,4,6 months 40 ml VOA LR 2 Weeks 
Water 18 UVB Wells Dyes / UV- 

I I I 

VIS 2 Weeks Background 50 ml Polypropylene OUL 
Weekly for 10 Weeks 50 ml Polypropylene OUL .-- I__ 
Bi-weekly for 10 Weeks 50 ml Polypropylene OUL 

Water 8 KGB Wells Dyes / UV-VIS 2 Weeks Background 50 ml Polypropylene OUL 
Weekly for 4 Weeks 50 ml Polypropylene OUL 
Bi-weekly for 12 Weeks 50 ml Polypropylene OUL 

Water UVB Annulus Wells VOCs / EPA 8260 Samnles to be taken 40 ml VOA LR 

4 Weeks 
4 Weeks 
4 Weeks 
4 Weeks 
4 Weeks 
4 Weeks 
2 Weeks 

I  

(deep and shallow) 1 day,1 week, & 2weeks 
after start up 

Water 69UVB-01 lnorganics Group A 0, 6 months 250 ml Plastic York 2 Weeks 
lnorganics Group B 0,6 months 1000 ml Plastic York 2 Weeks 
Dissolved Iron 0, 6 months 250 ml Plastic York 2 Weeks 
Bicarbonate 0,6 months 1000 ml Plastic York 2 Weeks 
Dissolved 02 Weekly In Well 
Dissolved H2S 0, 6 months 250 ml Plastic York 2 Weeks 
Dissolved CO2 0,6 months 250 ml Plastic York 2 Weeks 
TSS 0,6 months 250 ml Plastic York 2 Weeks 
TDS 0,6 months 250 ml Plastic York 2 Weeks 

SBP Technologies, Inc. 



Volume I Technical Approach, MCB Camp Lejeune 

TABLE 6-l: SUMMARY OF SAMPLING AND ANALYSIS PLAN (CONTINUED) 

MATRIX LOCATION. ANALYSIS/METHOD FREQUENCY CONTAINER/SIZE LAB HOLDING TIME 

, 
Water 69UVB-02 lnorganics Group A 0,6 months 250 ml Plastic Y&k 2 Weeks 

lnorganics Group B 0,6 months 1000 ml Plastic York 2 Weeks 
Dissolved Iron 0, 6 months 250 ml Plastic 
Bicarbonate 0, 6 months 1000 ml Plastic 
Dissolved 02 
Dissolved H2S 

I  

j Weekly 

L 

I 
1 Dissolved CO2 
jTSS 
I- -- 

TDS 

In Well 
250 ml Plastic s 250 ml Plastic 
250 ml Plastic 

016 months 250 ml Plastic 

York 
York 

York 
York 
York 
York 

2 Weeks 
2 Weeks 

2 Weeks 
2 Weeks 
2 Weeks 
2 Weeks 

Air 

Air 

UVB effluent VOCs I EPA 8260 LR 2 Weeks 
UVB-GACl effluent VOCs I EPA 8260 Dayl, Weekl, Week2, Solvent Desorption LR 2 Weeks 
UVB-GAC2 effluent VOCs I EPA 8260 Month2, Month4, and Carbon Tubes LR 2 Weeks 
KGB effluent VOCs / EPA 8260 Month6 after start up LR 2 Weeks 
KGB-GACI effluent VOCs / EPA 8260 1 i LR 2 Weeks 

I  I  I  

kground IPolypropylene Bag j OUL j Charcoal 18 UVB Wells Dyes / UV-VIS 2 Weeks Bacl 4 Weeks _ 
Weekly for 10 Weeks IPolypropylene Bag 1 OUL 1 4 Weeks 
Bi-wr sekly for 10 Weeks IPolypropylene Bag j OUL j 4 Weeks -. _-. 

12 Weeks Background I Polypropylene Bag I OUL I 4 Weeks 
IWeekly for 4 Weeks jPolypropylen.e Bag j OUL j * _ . - . ,4 Weeks 

I 

Charcoal 18 KGB Wells 
I I I I 

I 
1 Dyes / UV-VIS 

I I I JBi-weekly for 12 Weeks IPolypropylene Bag 1 OUL 1 4 Weeks 
I I I I 

GAC 
GAC 

UVB GAC Unit 
KGB GAC Unit 

VOCs / EPA 8260 
VOCs / EPA 8260 

At Breakthrough 
At Breakthrough 

8 oz Jars 
8 oz Jars 

LR 
LR 

2 Weeks 
2 Weeks 

I I I I I I 

NOTE: Group A (Na, K, Mn, Mg & Ca); Group 6 (Chloride, Sulfate, Specific Conductance & TDS) 

SBP Technologies, Inc. 



TABLE 6-2 
SUMMARY OF FIELD MONITORING PLAN 

SITE 69 TREATABILITY STUDY - MCB CAMP LEJEUNE, NORTH CAROLINA 

SOIL AND GROUNDWATER 

Matrix 

Water 

Parameter Location Frequency Method 

Groundwater Levels 18 UVB Wells Weekly Well Gauging Probe 
8 KGB Wells Weeklv Well Gauainrr Probe 

Water Dissolved Oxygen 18 UVB Wells Weekly YSI In-Well Probe 
8 KGB Wells Weekly YSI In-Well Probe 

Water Temperature 18 UVB Wells 
8 KGB Wells 

Weekly 
Weekly 

YSI In-Well Probe 
YSI In-Well Probe 

Water PH 
I  I  

18 UVB Wells Weekly In-Well Probe 
8 KGB Wells Weekly In-Well Probe 

Water Specific Conductivity 18 UVB Wells Weekly 
8 KGB Wells Weekly 

In-Well Probe 
In-Well Probe 

I 
I I I 1 

I 
Soil Ionizable VOCs UVB Well During Drilling 

KGB Well and 
Pilot Hole Split-Spoon PID I OVA 

18 UVB Wells Sampling 
8 KGB Wells Activities 

. 



TABLE 6-3 
SUMMARY OF UVB FIELD MONITORING PLAN 

SITE 69 TREATABILITY STUDY - MCB CAMP LEJEUNE, NORTH CAROLINA 

1 Matrix1 Parameter I Location I Freauencv I Method ICondition 1 

I  

Air Vacuum UVB Well Weekly Flange Gauge Air Intake Port Open 
Vacuum UVB Well Weekly Flange Gauge Air Intake Port Closed 

Water Level 
i 

Shallow UVB Annulus Well Weekly Well Gauging Tape Blower and Pump On 
Deep UVB Annulus Well Weekly Well Gauging Tape Blower and Pump On 

UVB Well Weekly Well Gauging Tape Blower and Pump On 

Water Level Shallow UVB Annulus Well Weekly Well Gauging Tape Blower and Pump Off 
Deep UVB Annulus Well Weekly Well Gauging Tape Blower and Pump Off 

UVB Well Weekly Well Gauging Tape Blower and Pump Off 

Water Flow Rate UVB Weekly Meter 



TABLE 64 
SUMMARY OF KGB FIELD MONITORING PLAN 

SITE 69 STUDY - MCB CAMP LEJEUNE, NORTH CAROLINA 

Air 

Air 

Parameter I Location I Freauencv Methoa r;onamon 

Pnrtahle Meter Humidity GAC Off-Gas lnfluent Port Weekly , . v.......,.- 
Temperature GAC Off-Gas lnfluent Port Weekly ’ - xtable Meter 

Flow Rate GAC Off-Gas lnfluent Port Weeklv 
I 

~ 
Temperature GAC Off-Gas Effluent Port 

PC 
Velocity Meter 1 

I 

. ._I. ..--- -~ .- -.* --- - . ..--.._. -._ ----...= --‘--‘-I 
vocs GAC Off-Gas Effluent Port Weekly 1 PID/OVA I I I 

Air Humidity Ambient Weekly II~cL”Is0 .-.-_-. t 

Temoerature Ambient Weeklv . I  .  I  I 
I 

1 Flo& Rate 1 
“*.-..a.. a”- 

Compressor 
e,,,,,‘.,,, 

E . . 
Portable Meter 
Velncitv Meter - -.--.., 

I 1 rIe33uic: 1 buiIl~lta~ul 1 vvotmy Pressure Gauge 
I I I 

t 



7.0 QUALITY ASSURANCE PROJECT PLAN (QAPP) 

The following sections comprise the QAPP for the sampling and associated analytical procedures 
to be performed during the treatability study. 

7.1 Oualitv Assurance Obiectives 

The data quality objectives established are based on project requirements and are designed to ensure 
that the data generated during the demonstration are of known and acceptable quality to achieve the 
projects objectives. This section of the QAPP delineates the Quality Assurance (QA) objectives for 
each of the crucial measurements (VOCs in groundwater, VOCs adsorbed on GAC, dyes in 
groundwater, and dyes adsorbed on charcoal samplers) in terms of the data quality indicators: 
precision, accuracy, method detection limits, completeness, representatives, and comparability. The 
quality assurance objectives established for this QAPP are measured by the analysis of the Quality 
Control (QC) samples. The QAPP will also present the actual acceptance criteria for the various 
QA/QC analyses associated with each method; the objectives outlined below apply to overall1 project 
analyses. Laboratory-specific QAPPs are provided in Appendices A through C. The data quality 
indicators are described below. 

Precision: Precision is the ability of the measurement system to generate reproducible data. 
Precision objectives for most measurements are expressed as the relative percent difference (RPD) 
between laboratory duplicate analyses or matrix spike/matrix spike duplicates (MSiMSDs). 
Acceptance criteria are generally based on the precision guidelines of the referenced method, or 
laboratory generated control limits calculated from a statistical treatment of historical data, 

The precision of VOC measurements will be evaluated by the analysis of MS/MSD pairs performed 
on project samples (for both water and GAC). The precision of dyes measurement will be evaluated 
by analysis of 5% duplicate samples (for both water and charcoal samplers). Field measurements 
of air flow rate will be assessed by duplicate measurements using air velocity meters or rotameters 
in the field. 

Accuracy: Accuracy is defined as the nearness of the analytical result to the “true” value. Matrix 
spike recoveries will be used to assess the accuracy of the VOC /dye measurements, and reported 
as percent recovery: 

Method Detection Limits: Method detection limits (MDLs) are determined based on the a.nalysis 
of extracted low level spiked blanks. Multiple spiked blanks at concentration approaching the 
estimated MDL are extracted and analyzed according to method protocols. The MDLs are 
determined by calculating the standard deviation of the analyses times the student 9” value at n-l 
degrees of freedom. The detection limits are based on SW 846 protocols. All MDLs ,will be 
adjusted as necessary based on required dilution, etc. Detection limits for dyes and VOCs are 
explained in their respective laboratory QAPPs (Appendices A and B). 
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Comuleteness: Data completeness is a measure of the extent to which the database resulting from 
a measurement effort fulfills the objective for the amount of data required. For this program, 
completeness is defined as the percentage of valid data compared to the number of tests planned. 
Objectives for data capture, expressed as completeness, are 90-95% for the various parameters. 

./a:: 

Rewesentatives: A well-defined sampling strategy ensures that the samples collected are 
representative of the site at that stage of the technology process. The sampling strategy for this 
demonstration is discussed in the SAP (Section 6.0). Field QC samples will be used to assess the 
representatives of sampling activities. Equipment, field, and trip blanks, discussed in Section 8.2, 
will be used to ensure representative samples. 

ComDarabilitv: The use of standard, validated EPA methods achieves comparability measurement 
data. Reporting the data in standard units of measure as specified in the methods, adhering to the 
method-defined calibration procedures and, when possible, meeting the method detection limit 
contribute to the comparability of the data. 

7.2 Internal Oualitv Control 

This section summarizes and defines the various QC analyses employed as part of the quality 
assurance program. 

7.2.1 Quality Control for Field Activities 
:/‘-, 

Three types of field blanks will be collected during this demonstration. Equipment blanks consist 
of reagent water exposed to the decontaminated sampling equipment in a manner similar to the 
actual samples. Field blanks consist of reagent water exposed to ambient conditions. Trip blanks 
consist of volatile organic analyte (VOA) vials filled with reagent water, store at the site with the 
sample vials, and shipped with the samples in coolers back to the lab to monitor cross- 
contamination. 

Field duplicates are two samples collected from as near as possible to the same location and 
analyzed by the laboratory. 

7.2.2 Quality Control for Laboratory Activities 

This section describes the scheduled QC and calibration procedures to be employed during the 
analytical effort. 

The use of a matrix spike and matrix spike duplicate is a means of measuring both precision and 
accuracy in an analysis. The three sample portions are prepared and analyzed in the same manner. 
The analysis of the unspiked aliquot produces sample data, and the analysis of the two spiked aliquot 
generates recovery data. Comparison of the results of the two spiked aliquots allows the calculation 
of the relative percent difference between the two measurements. This type of QC sample is used 
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for volatile organic analysis, and is analyzed following every ten samples and following highly 
concentrated samples to monitor for any carryover in the analytical system. 

A sample duplicate is analyzed every 10 samples or at least one per analytical batch, whichever 
frequency is greater, to determine the analytical precision. The relative percent difference in the 
analyte concentration from the duplicates must be < 30%. 

A Quality Assurance Spike, or Laboratory Control Sample, consisting of an aliquot, is analyzed at 
least one per analytical batch, or one every 12 hours, whichever frequency is greater. A secondary 
QA standard will be prepared by the laboratory for compounds not contained in the NIST standard. 
If the % recovery for any critical analyte fails to fall within this acceptable range, the analytical 
system is considered “out of control” and corrective action, up to and including recalibration, must 
be performed and the analysis repeated until acceptable % recovery data are obtained. Reanalysis 
of all affected samples is required. 

7.3 QA/QC Samples 

All laboratory analyses will follow the internal quality and quality assurance plan as described in 
Appendices A through C. In addition, matrix duplicate, instrument blank, trip blank, and field blank 
samples will be collected and analyzed periodically to assure quality data. 

73.1 Matrix Duplicates 

At each groundwater sampling event two matrix duplicate samples will be collected from the WB 
monitoring wells (one each from the shallow and deep wells), and one matrix duplicate sam,ple will 
be collected from the KGB monitoring wells. 

At each charcoal sampler sampling event, two matrix duplicate samples will be collected from the 
WI3 monitoring wells (one each from the shallow and deep wells), and one matrix duplicate sample 
will be collected from the KGB monitoring wells. 

At each GAC sampling event, one matrix duplicate sample will be collected from the W:B GAC 
as well as the KGB GAC units. 

i 

7.3.2 ’ Trip Blanks 

One trip blank will be included per cooler for each type of analysis/matrix sample. 

P 
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7.3.3 Equipment Blanks 

At each groundwater sampling event for VOCs, two equipment blank samples will be collected 
during the sampling of the WB monitoring wells, and one equipment blank sample will be collected 
during the sampling of KGB monitoring wells. 

Sampling of groundwater for dyes will be performed with dedicated disposable bailers. 
Consequently, no equipment blanks will be collected for dye analyses. 

7.3.4 Field Blanks 

At each groundwater sampling event, one field blank will be collected during the sampling of UVB 
monitoring wells, and one field blank will be collected during the sampling of KGB monitoring 
wells. 

At each charcoal sampler sampling event, one field blank will be collected during the sampling of 
UVB monitoring wells, and one field blank will be collected during the sampling of KGB 
monitoring wells. 

At each GAC sampling event, one field blank will be collected during sampling of the WB GAC 
and/or the KGB GAC units. 

7.4 Data ReDortinz 

All original laboratory data will be recorded in a permanent manner, and will be readily traceable 
through all steps of the data generation/reduction/validation/review process. Field measurements will 
be recorded in appropriate field notebooks and results will be reported in tabulated summary form. 

Laboratory data are originally reported by the analyst-specific report forms. These data are reviewed, 
validated, and approved for reporting by a senior technical staff member. Critical analysis data will 
be retained by the lab for period of 3 years. Samples will be retained by the lab for 3 months after 
the report is issued. 

The laboratory will compile a report that contains a narrative summary, a listing of sample 
identifications and cross references, a holding time summary, and quality assurance discussion for 
each parameter. Any deviations from the approved methods and/or other QAPP specifications will 
be pointed out in this summary. Anomalies in the data or unusual -sample characteristics will be 
discussed and any data that do not meet QC criteria will be identified. Also in this section, the 
laboratory will discuss any corrective actions taken to bring problems into control and the impact 
on the data from any samples which were lost or broken or have a non-usable results. 

Where applicable, the laboratory shall report the data for volatiles using the procedures and forms, 
or equivalent, as described for the Level III (Navy’s Level C) Data Quality. Where applicable, all 
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matrix spike, duplicate, method blank, and calibration analyses will be reported on standardized 
forms and the QC raw data submitted. 

FoIlowing the narrative summary and discussions, the analytical raw data will be presented :for each 
parameter. Included for all parameters, where applicable: surrogate recovery summary form, matrix 
spike summary and raw data for matrix spike, method blank summary form and raw data, GUMS 
tuning form and raw data, internal standard summary, initial calibration summary form, daily 
calibration summary and raw data, laboratory duplicate results summary and laboratory control 
sample results summary. 



8.0 RESIDUALS MANAGEMENT 

Investigation derived wastes (IDW) will be generated during the drilling and sampling a.ctivities 
associated with the treatability study. The IDW to be generated will include soil and mud cuttings, 
purge and development groundwater, spent decontamination fluid, and personal protective 
equipment (PPE) and clothing (PPC). 

8.1 Soil IDW Manapement 

Soil cuttings (and drilling mud) generated during soil boring and monitoring well installations, and 
spoil generated from trench excavations will be managed in one of three ways. Soil cuttings and 
spoils obtained from soil borings and excavations will be backfilled into the boreholes or trenches 
upon completion. Soil cuttings obtained during shallow (or intermediate) well installation will be 
spread on the ground surface near the borehole. Lastly, soil and mud cuttings obtained during deep 
well installation will be temporarily containerized in roll-off boxes, sampled, and disposed either 
on site (if determined to be nonhazardous) or off site (if determined to be hazardous). One 
composite soil sample will be collected from each roll-off box and analyzed for full TCLP, TCL 
PCBs, and RCRA hazardous waste characteristics. 

8.2 Groundwatern[)WMement 

Groundwater generated during well development and purging activities will be managed in one of 
two ways. Groundwater obtained during purging of existing site wells will be discharged to the 
ground surface near the monitoring well. For all newly installed monitoring wells and existing 
wells, the development and purge groundwater will be temporarily containerized in tanks, s‘ampled, 
and analyzed for TCL organic, TAL metals, and RCRA hazardous waste characteristics. Hazardous 
groundwater will be transported and disposed off site and nonhazardous groundwater will be 
discharged on the ground surface. Note that groundwater exhibiting visual indications of 
contamination will be containerized in the tanks and subject to analysis. 

8.3 Decontamination IDW Mangggment 

Spent decontamination fluids will be containerized temporarily in drums at each site, sampled, and 
analyzed for TCL organic, TAL metals, and RCRA hazardous waste characteristics. Upon receipt 
of analytical data, the fluids will be either discharged on the ground surface (nonhazardous) or 
transported off site for disposal (hazardous). 

8.4 PPE and PPC lDW Management 

PPE (e.g., spent respirator cartridges) and PPC (e.g., tyvex) will be double-bagged, labelled, and 
disposed of as solid waste. If the PPE or PPC is exposed to potentially hazardous substances or 
excessively contaminated soil or groundwater, it will be placed in a drum and disposed of in a solid 
waste landfill. 
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9.0 COMMUNITY RELATIONS 

Community relations activities and requirements are outlined in the Base-wide Community 
Relations Plan prepared by Baker for the CERCLA RI/l% activities being performed on-Base. A 
Technical Review Committee (TRC) has been established for the MCB Camp Lejeune CERCLA 
activities, which includes LANTDIV, Base, USEPA, DEHNR personnel, and local citizens. The 
TRC reviews CERCLA documents and participates in periodic meetings with Baker to discuss 
ongoing CERCLA activities. 
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10.0 REPORTS 

Two main reports are associated with the treatability study effort: this Treatability Study Work Plan; 
and the Treatability Study Report, which will document the treatability study results and 
conclusions. Submission and review of these two reports are discussed in the following sections. 

10.1 Treatability Study Work Ph 

The Draft Treatability Study Work Plan (April 1993, which details the scope of the treatability 
study activities to be performed, was submitted to the Navy, USEPA Region IV, and NC DEHNR 
for review. Comments were received from the NC DEHNR and USEPA Region IV, addressed, and 
incorporated, as appropriate, into this Final Treatability Study Work Plan. Baker has distributed the 
appropriate number of copies of the Final Treatability Study Report to the Navy, USEPA Region 
IV, NC DEHNR, and the other members of the TRC. 

10.2 [Freatabilitv Studv ReDort 

Upon completion of the on-site UVB pilot study, a Treatability Study Report shall be prelpared in 
accordance with USEPA’s “Guide for Conducting Treatability Studies under CERCLA” (IJSEPA, 
October 1992). The Treatability Study Report will provide a presentation and evaluation of the 
treatability study test results. The Treatability Study Report will also include engineering and 
design-related information needed for evaluating the short- and long-term effectiveness, 
implementability (including long-term operation and maintenance requirements), and cost (both 
capital and operation and maintenance) of implementing full-scale UVB and KGB systems on site. 

Two versions of the Treatability Study Report will be prepared as follows: a Draft Treatability Study 
Report for review by the Navy, USEPA, and NC DEHNR; and a Final Treatability Study Report, 
which will incorporate review comments from the Navy and regulatory agencies. Upon com.pletion, 
Baker will distribute the appropriate number of copies of the Final Treatability Study Report to the 
Navy, USEPA Region IV, NC DEHNR, and the other members of the TRC. 

r”? 

10-l 



11.0 SCHEDULE 

A preIir&nary schedule depicting the treatability study process is provided in Figure 1 l- 1. As shown 
in Figure 1 l- 1, the on-site operational period for the UVB and KGB pilot systems is approximately 
six months, whereas, the entire treatability study process, which includes development and review 
of the Treatability Study Work Plan and Treatability Study Report, is expected to require a total of 
19 months to complete. 
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12.0 MANAGEMENT ANTI STAFFING 

As previously discussed, the treatability study scope of work has been developed jointly by Baker 
and SBP. SBP is currently under contract with Baker for development of the Treatability Study 
Work Plan and will be performing the on-site treatability study activities under subcontract with 
Baker. IEG Technologies, the developer of the WB and KGB technologies, will provide tlechnical 
support to SBP. All drilling and laboratory work will be performed by second-tier subcontractors 
under contract with SBP. A project organization chart is provided in Figure 12- 1. 

Telephone numbers for Baker, SBP, and IEG support staff are listed below: 

Mr. Gordon Ruggaber, P.E., Baker Telephone: (412) 269-4697 
Mr. Matthew Bartman, Baker Telephone: (4 12) 269-2053 
Dr. Fayaz Lakhwala, SBP Telephone: (904) 934-2476 
Dr. Clayton Page, SBP Telephone: (504) 753-5255 
Dr. Eric Klingel, IEG Telephone: (704) 599-48 18 

Fax: (412) 269-;!002 
Fax: (4 12) 269-;!002 
Fax: (904) 934-2420 
Fax: (504) 7.53-5256 
Fax: (704) 599-418 15 
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OZARK UNDERGROUND LABORATORY 
1572 Aley Lane l Protem, Misouri 66733 ; (417) 786-4289 

CHARGE RATES OF THE OZARK UNDERGROUND LABORATORY 

September, 1994 

Professional Services 

Thomas Aley, $80.001hour 
Catherine Aley, $650O/hour 
Technician. $40.00/hour 

Travel and incidental Expeqes 

Meals and lodging at cost. 
Airline tickets, car rental, rental car gas at cost. 
Mileage by OUL vehicle, $0.38/mile. 
Ail other expenses at cost. 

Dye Analysis Charges 

Note: We supply unused samplers for all dye analysis work. All analysis work is in accordance with our 
written procedures and protocols and is conducted’qn either a Shimadzu RF-50OOU or Shimadzu RF-540 
Spectrofluo~ophotometer operated under a synchronous scan mode. f-3 

Analysis of optical brighteners and/or Direct Yellow 96 from cotton sampler. $26.OO/timple. 
Analysis-forduorescein, cosine; or Rhodamine WT from charcoal sampler or water sample. $25.00/sample. 

Sampling materials (such as Whirl-Pak bags, sample bottles, etc.) at cost. 

Clean and return coolers. $12.50 per cooler. 

Tracing Materials 

m: No charge for cotton or charcoal samplers if analysis work is to be done by the Ozark Underground 
Laboratory. 

Standardized fluorescein dye (powder form). $2500/pound. 
Standardized Rhodamine WT dye (20% liquid form). $3500/pound. 
Standardized eosine dye (powder foml). $!jO.OO/pound. 

Note: No charge is made for analysis of daily standards if the dye used in the trace is supplied by the OUL. 

Work Product from Dye Analysis 

Clients are provided with photocopies of the analysis graph for each sample submitted. On larger projects 
these photocopies are included with the finatreport. On smaller projects these photocopies are included with 
a signed Certificate of Analysis. Dye concentrations and peak wavelengths are calculated for all water and 
charcoal samples: peak wavelengths are determined for all cotton samplers. 

Water and Land Use Investiaations in Soluble Rock ?&rains 
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Description of thi Samplers 

The charcoal Samplers are packets of Sbe+s screen@ pa&ly med with 
approximately 4.25 grams of activated coconut charcoal. The charcoal used by the 
Ozark Underground Laboratory is Bamebey and SutchEe coconut shell carbon, 6 
to 12 mesh, catalog Type AC. The samplers are typically about four inches long 
by two inches wide. Samplers are typically ciosed by heat sealing. 

Placement of Samplers 

Samplers (also called charcoal packets) are placed so as to be exposed to as 
much water as possl,Ie. In springs and streams they are typically attached to1 a 
rock or other anchor in a rifiIe area. Attachment of the packets uses galvanized 
wire (electric fence wire is ideal); other types of anchoring wire can be used.. 
Electrical wire with plastic imulation is also good. Packets are attached so that 
they extend outward from the anchor rather than being flat against it. Two or 
more separately anchored packets are typically used for sampling springs and 
streams. 

When pumping wehs are being sampled, the samplers are placed in sample 
holders made of PVC pipe fittiqs. Brass hose fittings are installed at the end of 
the sample holders so that the sampie holders can be installed on outside hose bibs 
and water which has run through the samplers can be directed to.waste through a 
connected gqden hose. Th$ samplers can be unscrewed in the middle so .that 
charcoal pack ets can ii‘e changed. The middle portions of the samplers consists of 
1.5 inch diameter pipe and pipe &tings. 

Charcoal packets can also be lowered into monitoring wells for sampling 
Purposes- In general, if the well is screened, samplers should be placed 
approximately in the middie of the screened interval. Some sort of weight should 
be added near the charcoal packet to insure that it will not float. The weight 
should be of such a nature that it will not a.&ct water qua@. In some cases (but 
not all cases) we use glass marbles sealed into. packets of @x&ass screening as 
dedicated weights at a sampling well. We typically run nyion cord from the top of 
the well to the charcoal packet and its weight. 

Placement of samplers requires adjustment to field conditions. The above 
placement comments are intended as guidance, not firm requirements. 

Rhslng of Charcoal Packets Prior to Sampling 

Charcoal packets routinely contain some fxne powder which washes off ‘. 
rapidly when they are placed m water. S&k such ‘material couid remain in 
monitoring wells, Charcoal packets to be placed in such wells are triple rinsed with 
distilled, deminemhzed, or reagent water known to be free of tracer dyes. ‘This 
rinsing is typically done by soaking. With this approach, approximately 25 packets 
tie placed in one galion ofwater and soaked for at Ieast 10 minutes. The packets 
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zlmhefircmovedfiromthcwaterandexccsswaterisshakenoff~~ The 
packetsarcthenplaccdinasecond~onofwaterand~~~ratl~ 
1Ominutcs. Afterthissoakingtheyareremoved~mthewaterandqo2sswater 
isshakenoffthepackets. Thcpacketsarethenp&cedinathirdgaltonofwiter 
and the procedure is again repeated. Rinsed packets are piaced in pfasric bags and 
are placed at sampiing stations within three days. Packets can also be rinsed in jets 
of water for about one minute; this requires more water and is q&ally di&uit to 
do in the field with water known to be free of tracer dyes. 

K-3 

Coilection and Replacement of Samplers 

Samplers are routineiy coilected and repiaced from each of the .samphng 
stations. The frequeacy of sampier collection and re@acement is determined by 
the nature of the study. CoLhxtions at one week intervals are common, but shorter 
or longer collection frequencies are acceptabie and sometimes more appropriate. 
Shorter sampling fbquencies are often used in the eariy phases of a study to better 
characterize time of travel. As an ihsration, we ofkn cokct and change 
charcoaI packets 1, -, 7 4, and 7 days afbzr dye injection. Subsequent sampling is 
then weekly. 

- 
.- 

Where cogent, the cokcted samplers should be briefIy &sed in the water 
being sampied. This is typically not necessary with well samples. The packets are 
*en to remove excess water+ ,?$e& the...packet (or packets) areplaoed in a 
plastic bag (Whiri-Pak bags are ideal). The bag is MAled on the outside w$b a 
permanent type fi& marker pen TIie notations in&de station name or number 
and the date and time of coilection. Labels are m inserted inside the sampie bags. 

Collected samplers are kept in the dark to minimi%e algal growth on the 
charcoal prior to analysis work. We prefer (and in some studies require) that 
samples be piaced on ice upon c&xtion and that they be shipped &igerated by 
overnight ex@ress. Our experienoe indicates that it ia not esser& for samplers to 
be maimained under Mgeration, yet mainraining them under tigeration clearly 
minimizes some potential problems. 

New charcoal samplers are routinely placed when used charcoal packets are 
collected. The last set of sqnplers placed at a stream or spring is commomy not 
couected. 

Water samples are sometimes collected. They should be collected in either 
‘* glass or plastic; the Ozark Underground Laboratory routinely uses 50 ml research 

grade polypropyiene copoiymer Perfbctor Scienti& “vi@ (Catalog Number 2650) 
for such water samples. De vials should be piaced in the dark and reErigerated 
immediateiy afier cokction. They should be refrigerated until shipment.. ,’ 

When water or charcoal samplers are co&ted for shipment to the Ozark 
Underground Laboratory they should be shipped promptly. .We receive good 
overnight and second day air service from both UPS and Fed % Airborne Service 
is excessively dow, and the Postal Service does not provide next day service to us. 
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n, Each shipment of charcoal sampiers or water samples must be accompanied 
by a sample traddng sheet. These sheets (which bear the title “Sampies kr 
Fluorescence Anaiysis”) are provided by the Ozark Underground Laboratory and 

~summakepiacementandcoikctiondata Thesesheetscanbeaugmentedbya 
client’s chain of custody forms or any other reievant documentation. 

Receipt of Samplers 

Sampiers shipped to the Ozark Underground. Laboratory are refkigerated 
upon receipt. Prior to cleaning and analysis, sampiers are assigned a laboratory 
identikation number. Ah sampies are logged in upon receipt. 

Cleaning of Sampiers 

Samplers are cieaned by spraying them with jets of dean water. At the 
Laboratoxy we use unchiorinated water for the cieansing to minimize dye 
deterioration. E&c&e ckmsing cannot generally be accompiished simply by 
washing in a conventional laboratory sink even if the sink is equipped with a spray 
unit. A garden hose with a pistol grip spray nozzle will provide effective packet 
cielmsing. 

The duration of packet washing depends upon the condition of the sampiler. 
Very ciean sampiers may require less than a minute of kashing dirtier samplers 
.may require several-minutes of wash&~ 

Aver washing, the packets are shaken to remove excess water. Next, the 
packets are cut -open and the charcoal is emptied into- an unused disposabie plastic 
beaker. The beaker has been pre4abekd with the.laboratoty idemikation 
number. The charcoal is now ready for eiution. The emptied &&ass screen 
packer is discarded. At stations where two or more charcoal packets are coilected, 
one is selected for anaiysis and the other is frozen and retained until the under of 
the study. In some studies the analysis protocol stipulates that 5% of the sampies 
shouidqbe dupiicates; in these cases the second charcoai packet is separateiy 
analyzed. Note that these are dupiicate samples, not replicate sampies since each 
packet is, of necessity, piaced in a somewhat diEerem location and is therefore 
exposed to somewhat dEkrent conditions. 

Cleaning of Glasswart 

Most of our work uses disposai plastic containers. A small amount of 
glassware is occasiondy used for dilution of particuiariy iarge dye concentrations 
in sampies. Such gksware is carefully cieaned before re-use. Containers are 
rinsed several times in clean water. Giasware which may be contaminated with 
dyesiswashedwithdetergent,andthenagainrinsed. Next,thegkswareis 
soaked for one hour or more in a bieach and water soiutiox~. Upon removal from 
this soaking, the glassware is rinsed again and allowed to air dry. Giassware which 
comes in contact with dyes is dedicated to dye use. 
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Ehltion of the Cllareo~ 

There are various ehning soitions which can be used for the recovery of 
tracer dyes. The solutions rypicaliy include an alcohol, some water, and a strong 
basic soiution such as aqueous ammonia. 

The standard eiution solution now used at the Ozark Underground 
Laboratory is a mixture of 5% aqua ammonia and 95% isopropyi alcohol solution. 
The isopropyl alcohol is 70% aicohoi and 30% water. The aqua ammonia solution 
is 29% ammonia Preparation of eiuting soiutions uses dedicated gksware which 
is never used in contact with dyes or dye soiutions. 

The ehing solution we use will eiute fluorescein, cosine, and rhodamine WT 
dyes. It is also suitabie for separating fh~orescein peaks from peaks of some 
nanrally present mater& found .in some sampkrs. 

15ml of the eiuting solution is poured over the washed charcoal in a 
disposable sampie beaker. The sample beaker is capped. The sample is allowed to 
stand for 60 minutes. After this time, the iiquid is cxefully poured off the charcoal 
into a new disposable beaker which has, been appropriateiy labelled with the 
laboratory identikation number.. ..A few grams of charcoal may inadvertentiy pass 
into the second beaker, no attempt is made to remove these~.&m”,,&e “Fond 
sampie beaker. After the pouring, a smail amount of the eiutant will remain in the 
initial sarnnle beaker. -.tier the transfer of the eiutant to the, end sample beaker, 
the conte&s ofthe Grsi sample beaker (the ehzed charcoal) are discarded. 

. ‘\- 
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Abi~iiCon tii~Slii.@adzu.RF-540 orRIG5000U 

The Laboratory uses both a Shimadzu RF-540 and a Shimadzu RF-5OoOU 
Spectrofluorophotometer capable of syncronous scanning. 

A sampie of the dutant is withdraw fkom- the sample container using a 
disposable poiyethyiene pipette. Approximateiy 3 ml of the ehrtant is then placed 
in disposable rectangular polystyrene cuvette. The cuve$t~ @s .a tfqdmum 
capacity of 3.5 ml. The cuvette is designed for fluoromettic at&is; ah four sides 
and the bottom are ciear. The spectral range of the cuvettes is 340 to 800 nm. 
The pipettes and cuvettes are discarded after one use. 

The cuvette is then placed in the RF-540 or the RF-5OOOU. Both instruments 
are controlled by a programmable computer. Each instrument is capable of 
conducting substamial data analysis. 

Our instruments are operated and maimajned in accordance wjth the 
manufhctur&s recommendations. On-site inst+tion, of the _ insmuqents=da 
training session on the instrument was provided by Delta Instrument Comp&y, the 
dealer for Shimadzu Insuuments. 

Our typical analysis of an eiutant saxnpie where fluorescein eosins or 
rhodamine WT dyes may be present inciudes synchronous scanning of excitation 
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and emission specxa with a 17 nm separation ticen excitation and emission 
~eexcitadonscanis~m~3to613am;the~rmscanis~460to630 
nm. The emission fluorescence from the scan is plotted on a graph The typical 
scan speed is “very fast;” typicai sensitiviq is “high” 

The excitation slit for charcoal packet eiutants is typically 5 nm, the emission 
slit is typically 2 nm on the RF-540 and 3- nm on the RS5OOOU. This is because 
the RF-540 does not provide a 3 nm slit setting and the RF-5OOOU does not 
provide a 2 nm slit setting.. For water sampies, the excitation slit is typically 5 nm 
and the emission slit is typically 10 run.; the same settings are used for both 
‘hstruments. The abscissa scale is typically set so as to keep the result& chart to 
a size which can readily be photocopied. The ordinate scale s&c& is designed to 
provide good data resolution while not exceeding the upper limit of the &s&ii 

., graph 

A plot of the synchronous scan for each sample is produced by the 
instrument; the plot shows emission fiuorescence oniy. It is photocopied as a pan 
of the final record. On the RF-540 the synchronous scan is subjected to computer 
peak picks; peaks are picked to the nearest 0.1 nm and to the nearest 0.1 units on 
the ordinate (magnitude) scale. On the RF-SOOOU, peaks con&tent with the d,yes 
being used are picked on the RF-5OOOU monitor and a verricaI line is drawn 
indicating the peak emission fluorescence wavelengb 

Theorigid RF-540 plots are on pressure se&i&e- chart- paper. During 
a&y&, idemification numbers and other notes are made on the original charts. 
All sampies run on the RF-5000U are stored on disk and printed on normai ryE$mg 
paper with a laser printer. 

.- 

Quamification 

We routindy calculate the magnitude of ffuorescence peaks fbr fluorescein, 
cosine; and rhodamine WT dyes. Dye quamities are expressed in parts per billion. 
On the RF-540 the dye concentrations are c&&ted by separating fluorescence 
peaks due to dyes f?om background fluorescence on the &arts, and ,then 

~ measuring the height of the peak due to the dye. These heights are proportional to 
those obtained from standard sohnions. On the RF-5000U the dye concentrations 
are calculated by separating fluorescence peaks due to dyes f%om background 
fiuorescence on the charts, and then calculating the area within the fluorescence 
peak. This area is proportional to areas obtained &om standard solutions. 

We run dye concentration standards each day the machine is used. IFour 
separate standards are used; the standard or standards appropriate for the analysis 
work being conducted is selected. All standards are based upon the as-sold 
weights of the dyes. The standards are as follows: 

1) 10 ppb fluorescein and 100 ppb rhodamine WT in well water from the J&&on 
City-Cotter Formation. 
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2) 10 ppb cosine in well water from the Jefkrson Cii-Cotter Form&m. 

3) 10 ppb fluorescein andlOOppbrhodamineWTinthesandanidut=t. 

4) 10 ppb cosine in the standard eiutant. 

Quality Conwol 

Laboratory bianks are run for evexy sampie where the last two digits of the 
laboratory numbers are 00, 20,40,60, or 80. A charcoal packet is placed in a 
pumping well samplers and at least 25 gallons of water is passed through the 
sampler at a rate of about 2.5 gallons per minute. The sampler is then subjected to 
the same anaiytical protocol as all other samplers. 

System fimctioning tests of the analytical instrumems are conducted in 
accordance with the manufkcturer’s recommendations. At a minimum such tests 
are conducted perly. 

_ :. 

Reports 

Reports are provided in accordance with the needs .of the &nt. At a- 
minimum we provide copies of the RI-540 (and/or RF- 5OOOI.J) plots and a listing 
of stations and sampieS where djfe Was. dete&&- -‘The reports indicate dye 

Work at the Ozark Underground Laboratory is directed by Mr. Thomas Aley. 
Mr. Aky has 30 years of professional experience in hydrology and hydrogeoiogy. 
He is certikd as a ~ofessionai Hydrogeologist (CertiScate #179) by the American 
Institute of Hydrology. Mr.. Aley has 28 years of professiona experience in 
groundwater tracing with fluoreskt tracing agents. 

. 

6 



: /: 

CRITERU FORDXTERMNATION OF POSITIVE DYE RECOVERIES 

Table I. RF’440 Spectroffuorophotometer. Nor14 emission wavdength 
ranges and detection limits for fluorescein, cosine, and Rhodamine WT dyes 
in water and dutant samples. The normaf accqtable wavekgth range equals 
the mean pius and minus two standard deviations; these values are fkom acu& 
groundwater tracing studies previousiy cunducted by the Ozark Underground 
Laboratory (OIL). Detection limits are based upon the as-sold weight of the dy& 
normally used by the OUL. 

Dye and Medium ormal Acceptable Detection Limit (ppb) 
mission Wavelength 

Fluorescein in Ehtant b.ols 
Fluorescein in Water ~09.2 to 514.1 ~.ooo5 

Eosine in Ehant b38.0 to 544.6 10.03 
Eosine iq Water 1534.0 to 542.8 jo.001 
Rho&mine WT in Elutant 1567.2 to 574.4 lo.235 

oddne WT in Water k74.5 to 579.9.. b.01. 

Table 2. RF-SOOOU Spectrofluorophotometer.-- Normal emission wavelength 
ranges and detection limits for fluorescein, cosine, and Rhodamine WT dyes 
in water and dutant samples. The normal acceptable wavelength range ecpls 
the mean pius and minus two standard deviatio%, these values are f?om actual 
groundwater tracing studies previously conducted by the Ozark Underground 
Laboraiory (OUL). Detection limits are based upon the as-sold weight of the dye 
normaiiy used by the OUL. 

Dye and Medium 

,Fhorescein in Eiutant 

Normal Acceptable bet&on Limit tppb) 
Emission Wavdength 
Range @m) 
510.7 to 515.0 lo.01 

uoresceh in Water bO5.6 to 510.5 ~.ooos 

Eosine in Eiutant 533.0 to 539.6 )0.02 
Eosine in Water 529.6 to 538.4 @ol 
Rho&mine WT in Elutant 561.7 to 568.9 ~.155 
Rho&mine WT in Water 569.4 to 574.8 @07 

7 
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Nom& Criteria Used by the hark Underground Labonxtory for 
Determining Positive _Fluoresceiu Dye Recoveries in Ehtants from CharcoaJ 
Saltlplers, 

There is often some fluorescence l@cground in the range of ffuorescein dye 
present at some of the stations used in groundwater tracing studies. We routinely 
conduct background sampling prior to the introduction of any tracer dyes to 
characterize this background fluorescence and to identify the existence of any 
tracerdyes which may be present in the area. For charcoal packet ehtant samples 
subjected to analysis on the RF-540 we routinely iden@ ail fluorescence peaks 
with wavelenghs between 508.5 at~d, $25.5 e For charcoal packet elutant 
samples subjehd to analysis on the RF-SOOOU we routineiy identi@ all 
fluorescence peaks with waveknghs benveen 503.9 and 520.9 nm. The fhct that a 
5uorescence peak is identified in our analytical results is no_t proof that it is 
fluorescein dye or that it is fluorescein dye from the trace of concern. me 
following 4 criteria are used to ident@ wavelength peaks which are deemed to be 
fluorescein dye recovexies f?om our tracing work 

_ ,_, 

Criterion li There must be at least one fl~or~ce peak at the station in 
question in the range of 515.3 to 519.6 nm for samples anaiyzed by the RF-540. 
The range must be 510.7 to 515.0 for samples analyzed by the RF-5OOOU. 

Criterion 2. The dye concentration associ+t& .ti, the fhorescence peak .~~.a -X--II. .“*l-lm/-,l., Al_... I _ ,,,_ L ., 
must be at least. 3 times the detection limit. For the RF-540 the fhorescein 
detection limit in elutant samples is 0.015 ppb, thus this dye concentration limit 
equals 0.045 ppb. For the RF-5000U the fluorescein detection Emit in e@ant 
sa~@es is 0.010 ppb, thus this dye concentration limit equals 0.030 ppb. 

/“a, , / 

Criterion 3. The dye concentr@ion,~ be at least 10 times greater than _ ..- I_ -I.u‘->,T.m*xI * L*‘a.*,%,“lx*a*- 
any other concentration re&zctiv~ of ,Jx&c~ound at the sampling station in 
question. 

criterion 4. The shape of the fluorescence peak must be typical of 
fluorescein. Much background fluorescemse yields low, broad, and asymmetrical 
fluorescence peaks rather than the more narrow aud symmetrical fluorescence 
peaks typicaI of fluorescein. In addition, there must be no other factors which 
suggest that the fluorescence peak may not be ffuorescein dye from our 
groundwater tracing work 

Normal Criteria Used by the Ozark Underground Laboratory for 
Determining Positive Fluorescein Dye Recoveries in Water Samples. 

There is commody some fluorescence background in the general range of 
fiuorescein dye at some sampling stations used in groundwater traciug studies. 
The following criteria are used to iden@ wavelength peaks which are deemed to 
be fluorescein dye in water. 
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Criterion 1. The assochd charcoal samphs for the station should aiso 
contain 5uoresc& dycinxiccdancewiththecriteriaiistedabo~ Thiscriteria 
may be waived ifno charcoal sampler exists. 

Criterion 2. There must be no factors which suggest that the fhrorescence 
peak may not be fluorescein dye f?om our groundwater tracing work. For samples 
analyzed on the RF-MO, the fluorescence peak should generaiiy be in the range of 
509.2 to 514.2. For samples analyzed on the RF-5OOOU, the fIuorescence pezdc 
should generally be in the range of 505.6 to 510.5 nm. 

Criterion 3. The dye concentration associated with the fluorescence peak 
must be at least three times the detection limit. Our fluorescein __ detection limit: in 
water sampies is 0.0005 ppb, thus this dye concentration limit equals 0.0025 ppb. 

Normal Criteria U&d by the Ozark Underground Laboratory for _ .I 
Determining Positive Eosine Dye Recoveries in Elutants from Charcoal .- 
Samplers, 

There is generally littIe. or no detectable fluorescence background in the 
general range of cosine dye encountered in most groundwater trac&g studies. The 
following four criteria are used to ident@ wavelength peaks which are deem& to 
be cosine dye. 

Criterion 1. There must be at ieast one fluorescence peak at the station in 
question in the range of 538.0 to 544.6 nm for sampies a@zed by the RF-540. 
The range must be 533.0 to 539.6 nm for samples analyzed by the RS5OOOU. 

Criterion 2. The dye concentration associated with the fluorescence peak 
must be at least 3 tixnes the detection limit. For the RF-540 the cosine detection 
limit in elutant samples is 0.030 ppb, thus this dye concentmtion iimit equals 0.090 
ppb. For the RF-5000U the eosine detection limit in ehrtant samples is 0.020 ppb, 
thus this dye concemration limit equals 0.060 ppb. 

Criterion 3. The dye concentration must be at least 10 times greater than 
any other concemration refIective of background at the samphng station in 
questioIL 

Criterion 4. The shape of the fluorescence peak must be typical of cosine. 
Much background tiorescence yields low, broad, and asymmetrical fbtorescence 
peaks rather than the more narrow and symmetrical fluorescence peaks typicaf of 
cosine. In addition, there must be no other factors which suggest that the 

, fluorescence peak may not be eosine dye from our groundwater tracing work. 

NOM& Criteria Used by the Ozark Underground Laboratory for 
Determining Positive Eosine Dye Recoveries in Water Samples. 

There is generally little or no detectable fluorescence background in the 
general range of eosine dye encountered in most groundwater tra&g studies. The 

9 

.,. 



--i- --.. . - -_ 

,- 
, 

orvkundwpmund Q-w 
RxxxdmwtiM -tDry 

following three criteria are used to iden@ wavelength peaks which are deemed to 
be eosine dye. 

Criterion 1. The associated cf?arcoal samplers for the station should also 
contain cosine dye in accordance with the criteria listed,above. m criteria may 
be waived ifno charcoal sampler exists. 

Criter$on 2. There must be no factors which suggest that the fiuorescence 
peak may not be eosine dye f?om our groundwater tracing work. For samples 
analyzed on the RF-540, the fluorescence peak should generally be in the range of 
534.0 to 542.8 ML For samples analyzed on the RF-S@#J, the fluorescence peak 
should generally be in the range of 529.6 to 538.4 nm 

Criterion 3. The dye concentration associated with the fluorescence peak 
must be at least three times the detection limit. Our cosine detection limit m v+er 
samples is 0.001 ppb, thus this dye concentration limit equals 0.003. ppb.” ‘-’ ’ . -’ 

Normal Criteria Used by the Ozark Underground Laboratory for 
De&mining Positive Rhodamine WT Dye Recoveries in Elutants from 
Charcoal Samplers. 

There is generally little or no detectable fluorescence background in the 
general range of Rhodamine WT dye encountered in most groundwatertracing 
studies. The following four criteria are used to identify wavelength peaks which 
‘are deemed to be Rhodamine WT. 

Crikon 1. For samples analyzed on the RFi540, there must be at least one 
fluorescence peak at the station in question in the range of 567.0 to 574.4 nm. For 
samples analyzed on the RF-5OOOU, there must be at least one fluorescence peak 
at the station in question in the range of 561.7 to 568.9 XXZL 

Criterion 2. The dye concentration associated with the Rhodamine WT peak 
must be at least 3 times the detection limit. For the RF-540 the detection Emit in 
elutant samples is 0.235 ppb, thus this dye concentration limit equals 0.705 ppb. 
For the RF-5OOOU, the detection limit in elutant sampies is 0.155 ppb, thus this 
dye concentration limit equals 0.465 ppb. 

Criterion 3. The dye concentration must be at @ast 10 times greater than 
any .other concentration reflective of background at the sampling station in 
question. 

. criterion 4. The shape of the fluorescence peak must be typical of 
Rhodamine WT. In addition, there must be no other factors which suggest that the 
fluorescence peak may not be dye from the groundwater tracing work under 
investigation. 

10 
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Criterion 1. The zuscdted charcoal samplers for the station should also 
containRhodamineWTdyeinaccordanCewithtbe~iist~ab0~ This 
criteria may be waived.ifno charcoal sampier exists. 

Criterion 2. There must be no factors which suggest that the tiorescence 
peak may not be Rhodamine WT dye from the tracing work under inv&gatioa 
For sampies analyzed with the RF-HO, the ftuorescence peak should geaerally be 
in the range of 574.5 to 579.9 IKXL For samples analyzed with the RF-SOOU, the 
fluorescence peak should generally be in the range of 569.4 to 574.8 IUIL 

critelioll3. The dye co&on assoded with the fluorscence p&k 

mustbeatkasttbreetimesthedetectioniimit. OurRhodamineWTdetecti~n 
limit in water samples is 0.007 ppb, thus this dye concentmtion limit equals 0.021 
PPb. 

11 



EXAMPLES OF DYE ANALYSIS CHARTS 
' OUL Number C8073. Characoal sampler with no tracer dyes present 

OUL Number C9225. Charcoal sampler with 26.6 ppb fluorescein dye 
present 
OUL Number C9696. Water sample with 0.166 ppb fluorescein dye 
present 
OUL Number C8846. Charcoal sampler with eosine dye present. 
Note that the sample has received a 5.Q. fold,.d&,lution. As a , ~~~..il..,_.*,. ." "1-,, 
result, the dye concentration is 14.5 ppb X 50 = 725 ppb eosine. 

OUL NumberC9201. Charcoal sampler with 1,090 ppb rhodamine WT 
dye present. 

. 

'- OUL Number C8821. Water sample with 7.10 ppb rhodamine. WT dye 
present. 
OUL Number D0161. Water sample with 0.535 ppb eosine and 1.62 
ppb rhodamine WT present. 

n 
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Ozark Underground Laboratory 
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100 

60 

460 480 500 520 540 560.. .X30 600 620 
Wavelength (nanometers) 

Station 325: Dozens Spting 
OUL number: C9225 Type: Charcoal Analyzed: 6-28-1994 
Date placed: 6-2-l 994 Date recovered: 6- 16-l 994 
Time placed: 1345 Time recovered: 1150 

Area WA Cont. 
lz60.12 o0.05 2$.6 

0 0 ND 
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Station 201: Wel! .m-1 
OUL number: C80f3.~ Type: Charcoal Analyzed: 6-2-1994 
Date placed: 5-l 7-l 9.94 Date recovered: 5-23- 1994 

. Time placed: 09 10 Time recovered: 1653 

trace? dyes: 
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WA 
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0 : 

CNT 
ND 

0 0 ND 



i ! !  ‘I 

h 

Ozark Underground Laboratory 

Station 242: Well 88-l 
OUl. number. C8846 Type: Charcoal Analyzed: 06-22-1994 Diluted 1:5G 
Date placed: 06- 1 1 - 1997 Date recovered: 06-l 4- 1994 
Time placed: 1350 Time recovered: 1145 

trace: dyes: 

Tght 
Area WA 
0 GY. 

21.93 469.41 0 0 0.05 I$.5 
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Wavelength (nanometers) 

Analyzed: 7-1-l 99-4 
Time collected: 1500 

Peaks within LztmxaI 
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traye; ty: 

6.6% 
Area H/A Cont. 

479.0 529.7 
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Station 299: Rowe Spring 
OUL number: CM21 Type: Water Analyzed: 6- 17- 1994 
Date collected: 6-l l-l 994 Time collected: 1530 

Area WA 
0 
0 : 
235.96 0.04 :? 
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Station 299: Rowe Spring 
OUL number. C9201 Type: Charcodl Analyzed: 6-28-1994 
Date placed: 6-2-l 994 Date recovered: 6-l 47 1994 
Time placed: 1817 Time recoi/ered: 1810 

Peaks withinLztmxal raqge of trace: dyes: 

508.9 
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537:5 
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530.9 0 ND 
494.3 612.7 191.74 
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Station 299: Rowe Spring 
OUL number: 00167 Type: Water Analyzed: 7-1 l-1994 
Oate collected: 6-30-l 994 Time callected: 0715 a- 

Peaks within normal 

ps 3nm 
Left X 

53119 499.9 501.8 
569.8 551.4 

trace? dyes: 
Area H/A 
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DISTRIBUTION CONTROL PAGE 

This manual is a controlled copy only if it bears a controlled copy number and original signature of 
the Laboratory Resources, Inc., corporate Document Controi Officer. Controlled copy updates will 
be issued only to the authorized recipient whose name and afEliation appear below until the expiration 
date entered by the Document Control C@cer. _ ,_ ___ .,. 

This document contains information that is proprietary to Laboratory Resources, Inc., and may not be 
distributed without permission. 

_ .T’ 

Controlled copy 

Issued to (name and afIXation) 

\ Signature of Document Control Officer 

Expiration date 
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Corporate Quaky Assurance ~Manud 

Section CD 
Aprii 36, 1994 
Page 1 of 1 

SCOPE OF THE CORPORATE QUALITY ASSU-RAXCE MANUAL 

This Corporate Quality -Assurance hlanual contains general quality assurance information necessary to 
implement the Laboratory Resources, Inc. (IX) Quality Assurance Program. A1 LRI management and 
anaiytical personnel are required to be familiar with the contenrs ofthis manual and are responsible for 
implementation of the Quality Assurance Program within their respective domains. 

This manual does not, however, include all the information necessary for complete implementation of the 
Quality Assurance Program. Additional information and procedures are found in the following LRI 
manuals. 

_ .: 

1. SIatement of QuaiQicaziorzs: lnfbrmation about LRI facilities. instrumentation, organization, and 
resumes for key personnei 

3 Sf Sample Management :Wanuai: Procedures for sample management, including sample login, 
storage, and chain of custody 

3. CoForaze DataMaMgement Marai: Procedures for data management, including data review, 
validation, deliverables generation, and compliance screening 

4. Standard Operating Procedures for Analyses: Method-specific quality control requirements 

.’ “ :  ~ I  . .  . ,  , .  
. ,  .  .  ._ 
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QUALITY ASSURANCE OBJECTIVES 

Prepared by: 

Reviewed and 
approved by: 

Results generated by environmental laboratory analyses are used to make decisions involving the 
expenditure of large amounts oftime and money, and could even lead to the incarceration of responsible 
parties. It is imperative, therefore, that the data supplied by the laboratory are of known and measurable 
quality. The following quality assurance objectives ensure that data produced by Laboratory Resources, 
Inc., (LRI) will meet these requirements. 

0 Ensure compliance with certification requirements 

0 Ensure compliance with regulatory agencies 

a Ensure compliance with contract requirements 

0 Ensure compliance with published methodologies 

a Establish minimum standards consistent with industry practices 
. 

The procedures in this manual were developed to achieve these objectives and are binding on all LR.I 
employees. 



. 

Corporate Quality .Assurance ,Manual 
Section 1-A 
April 32, 1994 
Page 1 of 1 n 

QUALITY ASSURANCE POLICY 

Prepared by: 

, 
Reviewed and 
implemented by: 

/. 
-- ., 

-. _ ;; -.& ;J 
Quality Assurance Director 

The quaky assurance policy of Laboratory Resources. Inc., is expressed in the following extract-from 
the corporate Mission Statement. 

Laboratory Resources will be known for its ability to consistently meet customer 
demands and for the high quality of anaiysis which becomes part of every analyticai 
report it generates. Customers Will be assured their expectations will be met on 
time, every time. ,P 

,,, 
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IXSTRUMENT SPECIFICATIONS 

Prepared by: 

Reviewed and 
implemented by: 

Preuurchase Reouirements for All Instruments 

I. The Technical Director shall review all proposed instrument purchases to ensure the followin_g 
requirements are met: 

a. 

b. 

C. 

The instrument must meet all requirements of the analytical procedure(s) for which it wili 
be used. 
The instrument must meet all requirements of this section of the Quality &surance 
ManUd. 

The proposed purchase shall be reviewed for compatibility with existing and proposed 
hardware and software, operator training requirements, and fit into the overall LRI 
business plan. 

7 - “. If the purchase includes software or involves interfacing with software, the proposal must be 
reviewed by the information systems analyst for compatibility and stability. 

Anaivtical Baiances 

Analytical balances must have a minimum sensitivity of 0.1 mg (0.0001 g). 

General Purnose Balances 

General purpose balances must have a minimum sensitivity less than 1% of the target weight or 0.1 g, 
whichever is less. 

Visua~travio~et SDeCtrODhOtOITIeterS 

Spectrophotometers must have a bandwidth of no more than 20 nm and a wavelength accuracy of k2.5 
lull. 
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pH meters must have an accuracy and readability of at least 
50.05 pH units within the pH range of 2.0 

to 10.0. 

Soecific Ion Meters 

Specific ion meters must have an accuracy and readabiiity of at least 3 mV. 

Conductixitv &feters 

Electrodes for conductivity meters shoutd have platinum electrodes; 
nonplatinum electrodes’ must be 

caiibrated against a piatinum electrode every six months. 

Thermometers 

1. .1Jl thermometers must be ofthe appropriate immersion type for the intended use. 

3 -. 

,- 
i Thermometers used for measurement of water sample temperature must be graduated in 0.1 ‘C 

increments. 

3. Thermometers used for temperature monitoring of incubators must be graduated in 0.3 ‘C 
increments. 

2. Thermometers used for temperature monitorin, 0 of refrigerators, and ovens must be gradcztti 

in 0.5 “C increments. 

Temoerarure Control Eauipment 

1. Freezers used for storing organic standards or extracts must maintain a temperature not exceeding 
-10 “C. 

3 -. Refiieerators used for storing standards or sample must maintain 2 temperature between 1 “C 2nd 
4.5 OT’. 

2. 

4. 

BOD incubators must maintain a temperature of 20.0 “C 11.0 “C. 

Total coliform incubators must maintain a temperature of 35.0 “C 3.5 “C. 

5. Fecal coliform incubators must maintain a temperature of 44.5 OC kO.2 OC and a relative humidity 
of at least 90%. 

r”4 

c 
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IXSTRUME?ITT MAIXTENANCE 

Prepared by: 

Reviewed and 
implemented by: 

The chart on the following page lists rninimurr a maintenance requirements for gas duomatography (Gc), 
gas chromatography/mass spectrometry jCC:3fS), inductiveiy coupled argon piasma (ICP), graphite 
furnace atomic absorption (GF.U), and direcr aspiration tlame atomic absorption (?L.u) instruments. 
The maintenance requirements listed are general and minimal; any additional maintenance zrequirements 
listed in the manufacturers’ manuals are aiso required and shall be inciuded with these minimum 
requirements in the LRI instrument operation manual. 

All scheduled and unscheduied maintenance activities shall be recorded in the instrument maintezrxe 
logbook. .A separate instrument logbook is required for each instrument. The maintenance logbook must 
conform to the requirements of the Laboratory Notebook Procedures section of this man,ual and mzst 
be maintained in the same room as the instrument. The following information shall be recorded for exh 
maintenance event: 

Date and time maintenance was initiated 
Triggering event 
Description of maintenance performed 
Date and time maintenance was completed 
Initials of person who performed maintenance 
Initials of supervisor if maintenance was not performed by supervisor 

: .--. . ..-. .._ ., . . 
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Instrument 
GUMS 

Minimum 3faintenance Requirements 
Procedure Frequencv 
Change pump oil &muaify or when oi1 becomes dark 
Change alumina beads Annually or when beads become dark 
Change VOA packed columns When ketone peaks broaden 
Change BNA capillary columns When the column becomes too short to 

resolve N-nitrosodimethylamine or when 
response for acids can’t be restored 

Change BNA glass wool liner Daily or after analysis of “dirty” extract 
Change VOA trap When gases and ketones lose sensitivity 
Clean VOA source When BFB miz 75 is too high 
Clean BNA source When DFFPP m/z’s 219 and 502. are too 

low or ion focus is greater than 50 V 
Gc Change septa 

Change injection liners 
Clip column 

Daily or every sequence, whichever occurs 
first 
At the beginning of each sequence 
Every two months; sooner if indicated by 
chromatography 
Every six months; sooner if indicated n 
chromatography 
Annually; sooner if indicated by 
chromatography 
Annually; sooner if indicated 
Annually; sooner if indicated 
Arlnualiy 

Change pesticide column 

Change volatiles column 

Change oxygen and moisture filters 
Change volatiles tiap 
Ciean ECD detector 

ICP 
Change PID lamp Every six months 
Clean torch weekly 
Clean nebuliter end cap Weekly 
Replace pump tubing Weekly 
Clean filters weekly 
Clean autosampler Weekly 
Adjust dark current and 
light current Annually 

Furnace Clean contact rings Daily 
Change contact rings Monthly . 
Clean quartz windows Daily 
Check cooling water weekly 
Align optics As required 

FlamekM . Clean instrument weekly 
Align optics As required 



. . 
. 

xprii 22, 1994 
Page 1 of 1 

GLASSWARE SPECIFICATIONS 

Prepared by: 

Reviewed and 
implemented by: 

c- 
.’ ‘4-k ‘1 A.-..d’ 

Qualiv &surance Director 
/ 

1. 

3 1. 

3. 

4. 

5. Mohr and similar measuring pipettes shall not be used for chemical analysis. 

All glassware used for chemical analysis must be manufactured from borosiiicate glass unless 
specified otherwise by the analytical procedure. 

All volumetric glassware must be Class A. Volumetric glassware shall ‘not be exposed to 
temperatures greater than 105 “C. 

Dangerously broken, chipped, or cracked glassware shall not be used for analysis. This does not 
apply to broken tips on separator-y funnels. 

Before use, glassware must be cleaned according to the Glassware Cleaning procedure in this 
manual. 
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GLASSWARE CLEANING 

Prepared by: 
/ 
, zT--: ;y- ..- 

Quaiiy ~~suratxe Director 

Reviewed and 
implemented by: 

This procedure is to be used for cleaning all glassware used for sample analysis. 
. ,’ 

.- 

&L, GLASSWARE MUST BE THOROUGHLY RINSED 1VITH TAP WATER BEFORE 
SUBMITTING TO BE CLEANED. 

Glassware cleaning personnel must wear their lab coats, aprons, gloves, and safety glasses as required 
by laboratory safety policies. f”--% 

Initial CleaninP of All Glassware 

1. Thoroughly wash the glassware in tap water and phosphate-free detergent until the glassware is 
free of visible material. If this does not adequately clean the glassware, soak the glass in 
ChromergefM sotution for one hour. 

3 1. Rinse the glassware at least four times with tap water to remove ail detergent. 

3. INORGANIC ANALYSIS GLASSWARE ONLY. 

t 
Rinse the glassware with 20% nitric acid, taking care that all internal surfaces are rinsed. 

. Rinse the glassware with tap water to remove all traces of the nitric acid. 

4. Thoroughly rinse the giassware with reagent water @I water). 

5. Dry the giassware at 105 “C in the drying oven. 

6. Return the glassware to the appropriate room. 

Pre-anal&s Rinsine for Organic Analvsis Glassware 

This procedure is to be performed by the analyst just prior to using the glassware for extraction - 
analysis. 

1. Rinse the glassware with acetone. 
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Rinse the glassware with the solvent to be used in the e,xtraction or analysis procedure. 
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REAGENT SPECIFICATIONS 

. . - 

Prepared by: - -8, :- . 5 j --,*- :.“-- 
Quality Assuranc~Dir+cror 

,.. , 

Reviewed and 
implemented by: 

Reagent Water 

Reagent water used for chemical or microbiological analyses must meet the folIowing specifications. If 
any parameters are outside control limits the reagent water cannot be used untii the reagent water supply 
is serviced. Bopled reagent water may be used if the laboratory reagent water supply is out of 
specifications provided the bottled water is tested and found to meet the requirements below. 

Reagent Water fey Chemical Analvses 

1. Conductivitymust be measured and -recorded- daily. The control limit for conductivity is 
0.5 pmho/cm maximum (2 MegohnVcm minimum) at 25 “C. 

7 -. pH must be measured and recorded daily. The pH must be between 5.5 and 7.5 units. 

3. Specific chemical contamination is monitored by the analysis of method blanks. The . 
reagent water supply must meet all method-specific requirements for method blank 
analysis. 

Additional Monitorha for Microbioioev Analyses 

1. 

7 -. 

- e 2. 

4. 

Residual chlorine must be anaiyzed and recorded monthly, and must be less than 0.1 
mg/L- 

Heterotrophic plate count must be analyzed and recorded monthly, and must be less than 
1000 colonies/ml. 

Cadmium, chromium, copper, Iead, nickel, and zinc must be analyzed and recorded 
annuahy, and the concentration of each metal must be less than 50 &L. 

All TAL metals must be analyzed and recorded annually; and the total concentration s/cB 
all metals must be less than 1000 pg/L. 

., L. ., . I 
.~ 
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5. Bacterial quality must be anal-vzed and recorded annually, and must bte between 0.8 and 
3.0. 

Reagents 

1. All inorganic reagents shall be ACS Reagent Grade or equivalent unless the analytical procedure 

specifies a different grade. 

3 -. AU organic reagents used to prepare standards shall be of the highest quality obtainable. Organic 
reagents used to prepare general reagent solutions shall be free of detectable interferences as 
demonstrated by the analysis of acceptable method bfanks. 

7 -. AU organic solvents shall be free of detectable residue as demonstrated by the anaiysis of 
acceptable method blanks. For organic analyses contamination shall not be restricted to target 
andytes. 

Other Supplies 

1. Supplies such as filter paper, glass wooij and boiling beads must be free of contaminationas 
demonstrated by the analysis of acceptable methcd blanks. For organic analyses, contamination 
-shall not be restricted to target. analytes. 

3 
..e Supplies such as those iisted above used for preparation of organic extracts shall be prerinsed 

with the soivent(s) used in the extraction and concentration procedures. 

3. All dessicants must contain moisture indicators. * 
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REAGENT LABELLING, DOCUMEN?‘I1ITIOW, AND STOWGE 

Prepared by: 

Reviewed and 
implemented by: 

Purchased Chemicals and Solutions 

1. The iabeis of all purchased chemicals and solutions must be marked with the date of receipt. If 

chemicals or solutions are purchased in case quantities, the date of receipt can be marked on the 
outer case at the time ofreceipt. Xs each container is removed from the case the date of receipt 
must be copied to the label on the container. 

2. As new stock is received, rotate the old stock so that the oldest stock is most accessible (in fin 
or on top) and the newest stock is least accessible (in back or on bottom). 

3. If an expiration date is not provided by the manufacturer, the following default dates shall be 
recorded on the label: 

Volatile organic solutions: one (1) month from the date opened 
Other solutions with organic solvents: three (3) months from the date opened 
Aqueous solutions: six (6) months from the date opened 
Neat chemicals: two (2) years from the date opened ..& 

4. If the storage requirements are not provided by the manufacturer, the following storage 
requirements apply: 

Aqueous solutions and neat chemicals: store at room temperature 
Solutions in organic solvents: 
1) SeaIed ampules may be stored at room temperature until opened 
2) All other containers must be stored in a freezer (-15 “C) 
3) Volatile organic solutions shah not be stored with any other solutions 
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Solutions Prepared in the Laborarorv 

1. The following information shall be recorded on the storage container label fbr each standard: 

Name of solute 
Concentration 
Solvent (if other than water) 
Storage conditions 
Expiration date 
Lot number 

3 
I. The folIowing information shall be recorded in the laboratory notebook or logbook: : 

Date prepared 
Name of soiute 
Weight of soiute 
Solvent (if other than water) 
Final volume of solution 
Concentration of solute 
Lot number assigned to solution 
Name of preparer 

3. The following expiration times apply to all solutions where tlie expiration time is not provided by 
the method: 

b”. 
Volatile organic solutions: one (1) month 
Other solutions with organic solvents: three (3) months 

i. Aqueous solutions: six (6) months 

4. Ifthe storage requirements are not provided by the method, the following storage requirements 
appb: 

t 
C. 

Solutions with organic solvents shall be stored in a freezer (-15 “C) 
Volatile organic solutions shail not be stored with any other solutions 
Aqueous solutions shall be stored at room temperature 
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ST&WARDS LABELLmG, DOCUMENTATION, AIND STORAGE 

. . 

Prepared by: 
*- _* 
. r; -%4 . . . .- -- 

Quality Assurance Director 
A 

Reviewed and 
implemented by: 

Label&q 

The following information shall be recorded on the storage container label for each standard: 

Name of solute 
Concentration 
Solvent (if other than water) 
Storage conditions 
Expiration date 
Lot number 

Documentation 

The folIowing information shall be recorded in the standards preparation logbook: 

Date prepared 
Name of solute 
Manufacturer of solute 
Lot number of solute 
Weight of solute 
Purity of solute 
Corrected weight of solute if purity is less than 95% 
Solvent (if other than water) 
Manufacturer of solvent 
Lot number of solvent 
Final volume of solution 
Concentration of solute 
Lot number assigned to standard 
Name of preparer 
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Purchased Standards 

I. All certikates and documentation pertaining to concentrations, purity, traceability, erc., must be 
retained for a minimum of five (5) years. 

3 -. The concentrations ofuncertified standards must be verified using primary standards or secondary 
standards that can be traced to primary standards. Record verification data in the standards 
preparation logbook. 

Storage 

Erpiration i 

The following expiration times apply where the expiration time is not provided by the 
manufacturer or method: 

:: 
Volatile organic standards: one (1) month 
Other standards with organic solvents: three (3) months 

c. Aqueous standards: six (6) months 

Storape Conditions 

The foIlowing storage conditions apply where the storage conditions are not specified by the 
manufacturer or method: 

;: 
C. 

d. 

Standards with organic solvents shah be stored in a Freezer (-15 “C) 
Voiatiie organic standards shah not be stored with any other standards 
Aqueous metals standards and stabie inorganic standards shall be stored at room 
temperature 
Unstable aqueous standards shall be stored in a refrigerator (1 - 4 OC) 
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PERSONNEL REQUIRE~MEIVTS BY FUXCTION 

Prepared by: 

Reviewed and 
implemented by: 

The personnel requirements ofthis section merge the USEPA minimum requirements for certification and 
contract compliance. The requirements are listed by knction; the actual titles will differ in certification 
and contract documents. Ifan individual performs more than one function, that individual must satisfy 
the requirements for all the functions he or she perfbrms. In addition, many contracts require redundancy 
for most finctions. 

This is a guidance document and the requirements herein are not mandatory for LIU laboratories. 
However2 all personnel employed by LRI must meet the minimum requirements for the states in whi - 
the- laboratory holds or seeks certification, as well as the requirements of any contracts in which th, 
laboratory is engaged. 

Industrial Hveiene Laboratorv Director 
Education 
o Bachelor’s degree in science 
E+uerjence 
o Full certification by the American Board of Industrial Hygiene or 
o Five years combined education beyond the bachelor’s degree levei and experience in an industrial 

hygiene laboratory 

Industrial Hvgiene Laboratorv Manager 
Education 
o Bachelor’s degree in science 
Ehzerience 
o Full certification in chemical aspects by the American Board of Industrial Hygiene or 
o Five years combined education beyond the bachelor’s degree level and experience, at least half 

ofwhich must be in industrial hygiene chemistry and the remainder in other analytical chemistry 
procedures 

Environmental Laboratorv Manaper !--Y 
Education 
0 Bachelor’s degree in science 
0 Ifthe degree is not in chemistry, chemistry courses equivalent to a minor in chemistry are required 

. . , /  , , ,  ( . , . ’  . ; :  , : \  :  ;  
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Emerience 
0 Two years of experience in an environmental laboratory 

Oualitv Assurance Officer ’ 
Education 
o Bachelor’s degree in any scientific or engineering discipline 
Experience 
o Three years of laboratory experience 
0 One year of applied experience with quality assurance principles and practices in an environmental 

laboratory 

Deliverables/Comoliance Screenine Suoervisor 
fiDerience 

_ .i 

o Three years of etiiperience in compliance screening and preparing data deiiverables 
o One year of supervisory experience in the preparation of data deliverables 

Sample Custodian 
Experience 
0 Three years of experience in sampie receiving, Iogin, chain-of-custody Idocumentation, and 

internal transfer 
o One year of related- supervisory experience 

GUMS SuDervisor 
Education 
o Bachelor’s degree in any scientific or engineering discipline 
0 Ifthe degree is not in chemiitry, chemistry courses equivalent to a minor in chemistry are required 
0 A formal training course in GCMS operation 
*erience 
0 Three years of experience in interpretation of GC/MS data, and operation and maintenance of 

GUMS systems 
0 One year of supervisory experience 

Mass Sneotral Interpretation Specialist 
Education 
o Bachelor’s degree in any scientific or engineering discipline 
0 A formal tr&ng course in mass spectral interpretation 
Emerience 
o Two years of experience in mass spectral interpretation 

GUMS ODeratoi 
Education 
0 BacheIor’s degree in any scientific or engineering discipline or 

increase the experience requirement to three years 
0 A formal training course in G-C/MS operation 
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Exoerience 
0 One year of experience in operation and maintenance of GUMS systems 

GC Suvewisor 
Education 
0 Bachelor’s degree in any scientific or engineering discipline 
0 If’the degree is not in chemistry, chemistry courses equivalent to a minor in chemistry are required 
Eberience 
0 Three years of experience in interpretation of GC data, and operation and maintenance of GC 

systems 
0 One year of supervisory experience 

_ ‘. 

Pesticide Residue Sueciaiist 
Education 
0 Bachelor’s degree in any scientific or engineering discipline 
Emerience 
0 Two years of experience in interpretation of GC data, and operation and maintenance of GC 

systems N-b. 

GC Ouerator 
EJucarion 
0 Bachelor’s degree in any scientific or engineering discipline or 

increase the experience requirement to three years 
0 Tfthe degree is not in chemistry, chemistry courses equivalent to a minor in chemistry are required 
Ekperience 
0 Cjne year of experience in operation and maintenance of GC systems 

Organic Extraction Sunervisor 
.E&catton 
0 Bachelor’s degree in any scientific or engineering discipline 
Eherience 
0 Three years of experience in organic sample preparation 
0 One year of supervisory experience 

Extraction/Concentration Soecialist 
Edtrcation 
0 High school diploma 
0 A college level course in general ctiemistry 
Eberience 
0 One year bf experience in extraction and concentration 

InorPanic Chemistrv Supervisor 
Education 
0 Bachelor’s degree in any scientific or engineering discipline 
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Emerience 
0 Three years of laboratory experience 
0 One year of supervisory experience 

ICP Spectroscopist 
Education 
0 Bachelor’s degree in any scientific or engineering discipline 
0 Specialized training in ICP spectroscopy 
ExDerience 
o Two years of experience with ICP analysis of environmental samples 

ICP Ooerator 
Education 
0 Bachelor’s degree in any scientific or engineering discipline or 

increase the experience requirement to four years 
0 A short course in ICP 
Eberience 
o One year of experience in operation and maintenance of ICI? systems-. 

kA-Onerator 1x 
Education 
0 Bachelor’s degree in any scientific or engineering discipline or 

increase the experience requirement to four years 
Emerience 
o One year of experience in operation and maintenance of ICP systems 

Inorganic Samnle Preparation Specialist 
Education 
o High school diploma 
o A college level course in general chemistry 
Eberience 
0 Six ,months of experience in an analytical laboratory 
0 Ifmicrowave digestion is used, six months of experience in sample dissolution using microwave 

digestion techniques is required 

Classical Chemistrv Specialist 
Education 
0 Bachelor’s degree in any scientific or engineering discipline or 

increase the experience requirement to three years 
Ekperience - 
0 One year of experience in classical procedures 
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lMicrobiolow Supervisor 
Edrtcation 
0 Bacheior’s degree in science 
0 .A minimum of three credirs in microbiology 
0 X minimum of two weeks formal training in microbiological analysis of drinking water 
Ekerience 
0 One year of experience in rnicrobiolo-q 

Microbiolow Soeciaiist 
Edwcation 
0 High school diploma or equivalent _ .i 
Experience 
0 One year of experience in sanitary, water, milk, or food microbiology 

Industrial Hveiene Analvst 
Same as the requirements for the corresponding specialist above 

Svstems Manas. 
Educaiion .A, 
o Bachelor’s degree’ with four or more intermediate courses in programming, informati; ’ 

management, database systems management, or-systems requirements analysis 
Eberience 
Q Three years of experience in data systems management or programming 
0 One year of experience with the software being used for data management and generation of 

laboratory reports 

ProgramAer Anaivst 
Education 
o Bachelor3 degree with four or more intermediate courses in .programtning, information 

management, database systems management, or systems requirements analysis 
Experience 
0 Two years of experience in systems or applications programming 
o One year of experience with the software being used for data management and generation of 

laboratory reports 
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EMPLOYEE TRAINING 

Prepared by: 
Quaiity Assurance Director 

Reviewed and 
implemented by: 

1. The manager of administration shall orient all new employees and provide each new employee 
with an Employee Packet. The new employee shall verify that he or she has reviewed the 
materials provided in the Employee Packet by signing the form provided at the end of the 
Employee Handbook. 

2. Safetytraining is the responsibility of the laboratory safety officer. 

a. Each employee whose duties involve work in the laboratory or sample management areas 
shall receive a copy of the laboratory contingency plan, chemical hygiene plan, and 
chemical waste plan. This must be read and a statement signed by the employee 
indicating the plans were understood. 

b.. The employee shall be given a tour of the laboratory, and all safety equipment and exit 
locations shall be pointed out. 

C. The employee shall receive the laboratory safety training course and th.en must complete 
the safety training examination and obtain a passing grade for each section of the test. 

d. In addition to the above, employees whose duties require access to the hazardous waste 
storage room shall receive respirator training and a respirator fit test. 

3. Each new analyst shall receive orientation from his or her immediate supervisor. This orientation 
shall include location ofthe Quality Assurance Manual, SOPS, notebooks, and physical layout of 
the department. The new analyst shall be briefed on quality assurance practices, use of SOPS, and 
laboratory etiquette. 

4. Each analyst must be qualified in each analysis he or she is to perform. 

a. The analyst will be provided with a copy of the LRI SOP for the procedure in which he 
or she is to be qualified. The analyst will be provided an opportunity to discuss the 
procedure with the department manager or a lead technician designated by the department 

.~ , ,  , .  ,  .  - , . ,  . , .  . - ,  .  .  1, . , ,  . , ,  ~, , ,  .  .  .  .  . . ~ . .  , . , . , .  ~. . ,  _, .  
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manager. When it is determined that the analyst understands the procedure and its quality 
control requirements, the analyst and department manager shall enter the analysis name 
and LRI SOP number in the Laboratory Training Log, and both the analyst and 
department manager shall sign and date the entry LRI SOP READ AND 
UNDERSTOOD. 

b. The analyst will perform the analysis on blanks and laboratory control samples under the 
direct supenision of the department manager or lead technician. The analyst-must 
demonstrate proficiency in the analysis of QC samples by obtaining results withm the 
method specified laboratory control sample recovery limits. When acceptable proficiency 

has been demonstrated, the analyst and department manager shall sign and .date the 
Laboratory Training Log entry PROFICIENCY DEMONSTIUTED. 

NOTE: Some analvses, such as ignitability, cannot be spiked. In these cases a 
standard deference material or previously analyzed sample must be _~ 
analyzed. 

.  ,  .  .  .  
. I  
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APPROVED ANALYTICAL AMETHODS 

Prepared by: 

Reviewed and 
implemented by: 

,~ost,environmenral regulations stipulate the methods which must be used to pert’orm analyses. This 
stipulation may take the form of a specific procedure, or a list of procedures or references from which 
an appropriate method may be chosen. In general, these procedures must be performed without 
modification. There are two exceptions: 

1. If-a regulatory agency modifies a-published procedure, the modified procedure must be used for 
analyses performed within the agency’s jurisdiction. 

2. The stipulated procedure may not be’appropriat 4 for analysis of some samples. (This most often 
happens when a water method is specified for a nonaqueous sample.) When this occurs, the 
laboratory must, with the client’s permission, work with the regulatory agency to determine a 
course of action. Possible actions are, in order of preference, to (1) use a different procedure, 
(2) use an agency modification, (3) use a laboratory modification, or (4) delete the analysis for 
the affected samples. When contacting the regulatory agency, the laboratory should be prepared 
to suggest appropriate alternate or modified procedures. The section in this manual on Alternate 
-Methods should be consuhed. 

NOTE: Any agreement reached between the laboratory, client, and regulatory agency must be 
confirmed in writing, and the written document must include the scope of the agreement. (The 
scope of the agreement may be specific samples only, a specific project, any project for this 
agency, etc.) The written contitmation must be included in ail applicable hardcopy data packages. 

Divisions ofLaboratory Resources, Inc., (LRI) are restricted to methods from the’following list. When 
selecting methods from this list, the laboratory must ensure that the method is appropriate for the 
regulation and the sample to be analyzed. Methods with an asterisk (*) appended are LRI modifications 
that must be approved before use. 
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Leachate Procedures 

EP Toxicitv Extraction by Federal Register/SW-846 method 13 10 
TCLP Buli Extraction by Federal Register/SW-846 method 13 11 
TCLP Zero Headspace Esraction by Federal Register/SW-846 method 13 11 

Organic Extractions 

Extraction Procedures 
Herbicides by SM14 method 509B 
Herbicides by EPA met hod 5 15. I 
Herbicides by SW-846 method 8150 
Pesticides and PCBs by ASP I2/91 
Pesticides and PCBs by OLMO2 (CLP) 
Pesticides and PCBs by EP4 method 505 
Pesticides and PCBs by EPA method 508 
Pesticides and PCBs by EPA method 608 
Pkticides and PCBs by.SW-846 method 35 10 
Pesticides and PCBs’by SW-846 method 3520 
Pesticides and PCBs by SW-846 method 3550 
Pesticides and PCBs by SW-846 method 3580 
Petroleum Hydrocarbons Fingerprint by SW-846 method 8015* 
Phthalates by EPA method 606 
PhthaIates by SW-846 method 3510 
Phthalates by SW-846 method 3520 

. Phthaiates by SW-846 method 3550 
Phthalates by SW-846 method 3580 
Sernivolatiles (BNA) by ASP 12/91 

.:, 

Semivolatiles (BNA) by OLM02 (CLP) 
Sernivolatiles (BNA) by EPA method 625 
Semivoiatiles (BNA) by SW-846 method 35 10 
Semivolatiles (BNA) by SW-846 method 3520 
Semivolatiles (BNA) by SW-846 method 3550 
Sernivolatiles (BNA) by SW-846 method 3580 

ClerimrD Procedures 
. 

. . . .‘. 
Acid/Base Partition Cleanup by 3650 ,. ’ -’ “>,“. 
Alumina Cleanup by 36 11 
Fluorisil CIeanup by EPA method 608/SW-846 method 3660 
Gei Permeation Cleanup by SW-846 method 3640 
Suitir Cleanup by EPA method 608/SW-846 method 3660 
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Organic .tiaIvses 

Gas Chromate PmDhv Method.. 
.Ucohols by SW-846 method SO 15 * 
Herbicides by SM14 method 509B 
Herbicides by EPA method 5 15.1 
Herbicides by SW-846 method 8 150 
Pesticides and PCBs by ASP 12191 
Pesticides and PCBs by OLMO2 (CLP) 
Pesticides and PCBs by EPA method 505 
Pesticides and PCBs by EP.4 method 508 
Pesticides and PCBs by EPA method 608 
Pesticides and PCBs by SW-S46 method 8080 
Petroleum Hydrocarbons Fingerprint by SW-846 method 80 15’ 
Petroleum Hydrocarbons by ASTM method D3328 
Phthaiates by EPA method 606 
Phthalates by SW-846 method SO60 
Volatires by EPYA method 501.1 
Volatiles by EPA method 502.2 
Volatiies by EPA method 503.1 
VoIatiles by EPA method 504 
Voiatiies by EPA method 60 1 
Volatiles by EPA methods 601 f 602 
Volatiles by EPA method 602 
Volatiles by EPA method 603 
Voiatiles by SW-846 method 8010 
Volatiles by SW-846 methods 8010 + 8b20 
Volatiles by SW-846 method 8020 
Voiatiles by SW-846 method 8021 

Gas ChromatonraDhv/Mass SDectrome 0-v Methods 
Semivolatiles (BNA) by ASP 12/9 1 
Semivoiatiles (BNA) by OLM02 (CLP) 
Semivolatiles (BNA) by EPA method 625 
Semivolatiles (BNA) by SW-846 method 8270 
Volatiles by ASP 12’9 1 
Volatiles by OLM02 (CLP) ) 
Volatiles by EPA method 524.2 ,, 
VoIatiles by EPA method 624 
Volatiies by SW-S46 method 8240 
Volatiles by SW-846 method 8260 
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Metals Preparation and .haIvses 

ICP 34e thods 
General iMetals by ICP, .XSP 12/91 
General ;Metals by lLMO3 (CLP) 
General Metals by EPA method 200.7 
General Metals by SW-846 method 6010 
General Metals in Sludge by NJDEPE method DEP 100 

Frr mace Methods 
.AIurninum by EPA method 202.2 
Antimony.by EPA method 204.2 
Arsenic by EPA method 206.2 
Arsenic by SW-846 method 7060 
Arsenic by ASP IY9 I 
Arsenic by ILM03 (CLP) 
&senic in Sludge by NJDEPE method DEP IOO- 
Antimony by SW-846 method 7041 
Barium by EPA method 208.2 
Beryllium by EPA method 210.2 
Beryllium by SW-846 method 7091 
Cadmium by ASP 12/91 
Cadmium by ILM03 (CLP) 
Cadmium by EPA method 213.2 
Cadmium by SW-S?6 method 713 1 
Chromium by EPA method 2 18.2 
Chromium by SW-846 method 7191 
Copper by EPA method 220.2 
Iron by EPA method 236.2 
Lead by ASP la91 
Lead by IL.MO3 (CLP) 
Lead by EPA method 239.2 
Lead by SW-846 method 7421 
Manganese by EPA method 243.2 
Motybdenum by EPA method 246.2 
Molybdenum by SW-846 method 748.1 
Nickel by EPA method 249.2 ,:. L +. 
Selenium by ASP 12/91 
Selenium by lLMO3 (CLP) 
Selenium by EPA method 270.2 
Selenium by SW-846 method 7740 
Silver by EPA method 272.2 
Thallium by ASP 12/91 
Thallium by lLM03 (CLP) 

. I  ,‘: , .  , .  ~ , ‘ . , . I )  . (  - : - .  , .1x ,  _(~. . _ , . . .  * .  , , . _ . ,  , _ . ; , , ,  ~ . . , .  , , . : . , - , . , >  ,T . ,  , . ,  - .  , j , . ,  j 
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Thallium by EPA method 279.2 
Thallium by SW-846 method 7841 
Tin by EPA method 282.3 
Titanium by EPA method 283.2 
Vanadium by EPA method 286.2 
Vanadium by SW-846 method 7911 
Zinc by EPA method 289.2 

Fiame Methods 
Aluminum by SW-846 method 7020 
Barium by EPA method 208.1 
Barium by SW-846 method 7080 
Beryllium by EPA method 210. I 
Beryllium by SW-846 method 7090 
Cadmium by EPA method 313.1 
Cadmium by SW-846 method 7130 
Calcium by EPA method 2 15: 1 
Calcium by SW-846 method 7140 
Chromium byEPA method 218.1 
Chromium by SW-846 method 7190 
Copper by EPA method 220.1 
Copper by SW-846 method 72 IO 
Iron by EPA method 236. I 
Iron by SW-846 method 7380 
Lead by EPA method 239.1 

. Lead by SW-846 method 7420 
Iron by EPA method 236.1 
Iron by SW-846 method 7380 
Lead by EPA method 239. I 
Lead by SW-846 method 7420 
Magnesium by EPA method 242. I 
Magnesium by SW-846 method 7450 
Manganese by EPA method 243.1 
Manganese by SW-846 method 7460 
Nickel by EPA method 249. I 
Nickel by SW-846 method 7520 
Potassium by EPA method 258.1 
Potassium by SW-846 method 76 10 
Silver by EPA method 272.1 
Siiver by SW-846 method 7760 
Sodium by EPA method 273.1 
Sodium by SW-846 method 7770 
Thallium by EPA method 279.1 
Thallium by SW-846 method 7840 

. , ,  
, I ,  

, , , . ,  , .  . , _ . .  , ;  : ,  . : ‘ , “ : . ‘ “ “ . .  ,  . . L ,  , , . > , .  I .  .  .  . 7 . , , % ”  , . .  ‘ . , : ,? . ‘ . ‘ , ‘ . ‘ . , , . ,  : . .  
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Zinc by EPA method 259.1 
Zinc by SW-846 method 7950 

Cold VaBor ltle thods 
iMercury by ASP 12/91 
Mercury by ILhglO3 (CLP) 
-Mercury by EP.4 method 235.1 
.Mercury by SW-846 method 7470 
Mercury by SW-S46 method 7471 

Genera1 Chemistry _ .: 
_- 

itiethocb for JValer and A meotrs Prevararions 
Acidity by EPA method 305.1 
Alkalinity by EPA method 3 10.1 
Alkalinity, Bicarbonate, by S&f16 method 403 
Alkalinity, Phenolphthalein Endpoint, by EPA method 3 IO. 1 
Ammonia-Nitrogen by EPA method 350.1 
&nrnonia Nitrogen by EPA method 3 50.3 ;f----h 
Ammonia Nitrogen with Distillation by EPA method 350.2 
Biochemical Oxygen Demand (BOD), j-Day, by SM.16 method 507 
Biochemical Oxygen Demand (BOD), 20-Day, by SM16 method 507 
Biochemical Oxygen Demand, Carbonaceous (CBOD), j-Day, by S1Ml6 method 507 
Biochemical Oxygen Demand, Carbonaceous (CBOD), 20-Day, by SM16 method 507 
Biochemical Oxygen Demand, Nitrogenous (NBOD), j-Day, by SM16 method 507 
Biochemical Oxygen Demand, Nitrogenous (NBOD), 20-Day, by SM16 method 507 
Bromide by EPA method 300.0 
Carbon, Total Organic (TOC) by SW-846 method 9060 ::, 
Chemical Oxygen Demand (COD) by HACH method 8000 ,. 
Chioride by EPA method 325.3 . 
Chlorine Demand by SM16 method 409A 
Chlorine, Residual, by EPA method 330.5 
Chromium, Hexavaient, by SM 16 method 3 12B 
Chromium, Hexavalent, by SW-846 method 7196 
Color by EPA method 110.2 
Conductance, Specific, by EPA method 12O.l/SW-846 method 9050 
Cyanide by ASP 12/9 1 
Cyanide by ILMO3 (CLP) 
Cyanide, Amenable, by EPA method 335. I/SW-846 method 9010 
Cyanide, Free, by EPA method 335.2 
Cyanide, Total by EPA method 335.2/SW-846 method 9010 
Fluoride by EPA method 340.2 
Formaldehyde by AOAC method 20.062 
Halides, Total Organic (TOX) by SW-846 method 9020 

. , . , -  I . .  I . . .  . ,  .  .  . , _ ,  , .  . , , ,  j 

.  
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Hardness by SM16 method 3 14A 
Hardness by SM16 method 3 14B 
Kjeidahl Nitrogen, Total (TKN) by EPA method 35 1.3 
Langelier Index by SM16 method 203 
Nitrate Nitrogen by EPA method 352.1 
Nitrate Nitrogen by Calculation (nitrate-nitrite minus nitrite) 
Nitrate-Nitrite Nitrogen by EPA method 3 53.1 
Nitrite Nitrogen by EPA method 354.1 
Odor (TON) by EPA method 140.1 
Oil & Grease by EPA method 4 13.1/S W-S46 method 9070 
Oil & Grease by EPA method 413.2 . .. 
Organic Nitrogen by Calculation (TKN mimes Ammonia-N)- 
Orthophosphate Phosphorus by EPA method 365.2 
Oxygen, Dissolved (DO) by SM16 method 42 IB 
Oxygen, Dissoived (DO) by EPA method 360.2 
Petroleum Hydrocarbons by EPA method 4 IS. 1 
pH by EPA method 15O.l/SW-S46 method 9040 
Phenolics- by EPA method 420.1 

” Phosphorus.by.EPA method 365.2 
Salinity by SMl.6. method 2 10 
Soiids, Settleable by EPA method 160.5 
Soiids, Total (TS) by EPA method 160.3 
Solids, Total Dissolved (TDS) by EPA method 160.1 
Solids, TotaI Fixed or Mineral (TFS or TMS) or by EPA method 160.4 
Solids, Total Fixed or Mineral Suspended (TFSS or TMSS) by EPA methods 160.2 and 

160.4 
Solids, Total Suspended (TSS) by EPA method 160.2 
Solids, Total Volatile (TVS) by EPA method 160.4 
Solids, Total Volatiie Suspended (TVSS) by EPA methods 160.2 andi 160.4 
Sulfate by EPA method 375.4/SW-846 method 9038 
Sulfide by EPA method 376. I 
Sulfide by EPA method 376.2 
Sulfide by SW-S46 method 9030 
Sulftte by EPA method 377.1 
Surfactants (mbas) by SM16 method 5 12B 
Tannin by SM16 method 5 13 
Turbidity by EPA method 1 SO. 1 

NOTE: The methods in this category are specific to sludge anaiysis. Most of the methods listed 
for soils and sediments can also be used to anaIyze sludges. 

Ash Content by NJDEPE method DEP 013 

‘,. ,  _ .  
, )  , ,  . j , I . ( , , ,  , , . I  .  I . .  , .  _ . , . , , _  . ,  , .  , .  , .  .  . , .  . , .  
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Oil & Grease by XJDEPE method DEP 036 
pH by NJDEPE method DEP 0 10 
Phenols by NJDEPE method DEP 032 
Residue, Toral by NDEPE merhod DEP 012 
Residue, Total Voiariie by SJDEPE method DEP 0 13 
Solids, Total (‘T’S) by 209F 
Solids, Toral Fixed (TFS) by 209F 
Solids, Total Volatile (TVS) by 209F 
Specific Graviry by SM16 method 213E 

Jfethods for Soil. Sediment. and Ofher Fine Parriculates 

CAUTION: Care must be exercised when analyzing powdered chemicais or.suspected 
powdered chemicals using these methods. Consult your supervisor before proceding. 

Acidity by EPA method 305. I * 
.qkaiinity by EPA method 3 10. 1 * 
Ammonia Nitrogen with Distillation by EPA method 350.2’ 
Biochemical Oxygen Demand (BOD) 5-Day by S1M16 method 507’ /---% 

Chemical Oxygen Demand (COD) by HACH method 8000’ 
Chloride by SW:846 method 9252* 
Chromium, Hexavaient, Digestion by SW-846 method 3060 (2”= edition) 
Chromium, Hexavalent, Digestion by SW-S46 method 3060, NDEPE modification 
Cyanide by ASP 12/91 
Cyanide by ILMO3 (CLP) 
Cyanide by SW-846 method 9010* 
Formaldehyde by AOAC method 20.062* 
Moisture for Dry Weight Adjustment . . 
Nitrate (as N) by SW-846 method 9200* 
Nitrate-Nitrite Nitrogen by EPA method 3 53.1* 
Nitrite Nitrogen by EPA method 354.1* 
Oil & Grease by SW-846 method 9071 
Orthophosphate by EPA method 365.2* 
Petroleum Hydrocarbons by EPA method 4 18.1, NJDEPE modification 
pH in Soil by SW-846 method 9045 
Phosphorus by EPA method 365.2* 
Sulfite by EPA method 377.1* 
Surfactants (MBA-S) by SM16 method 5 12B* 
Water by Dean’Stark (ASTM D95) 

Metho& for General Nonaqrreotrs Matrices 
Ash by ASTzvi D482 
Chlorine by ASTM method D808 
Heat of Combustion by ASTM D240 

. I , , .  _ . , : .  .  .  . ,  _, 
, .  

. , .  . , .  ;  , ;  _. 
, , ,  ~ . . ._ ,  , .  
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Ignitability by SW-S46 method 10 1 O/AST>I method 093 
Paint Filter Liquids Test by S\Y-546 n:thod 9095 
Sulfur by ASTM D129 

Methods for iVa.sre Garacterkation 

CAUTION: Care must be esercised when analyzin, 0 samples for waste characterization. 
Wear appropriate safeq gear and perform alI .analyses in an approved fume hood. 

XOTE: The methods in this categov are specific to waste characterization analyses. Methods 
in other categories may also be required for complete characterization. _ .I 

kficrobioloa! 

Bulk Density 
Cyanide Spot Test 
Flammability 
Hexane Solubiiity 
Odor 
Oxidizer Spot Test 
Peroxide Spot Test 
pH-. 
Physical State 
Redox Potential Spot Test 
Sulfide Spot Test 
Viscosity 
Water SolubiiityIReactivity 

Bacteriological Suitability by SMlS method 9020B 
Coliforms, Fecal (MF) by EPA p. 134 
Colifoxms, Fecal (MPN) by EPA p. 132 
Coliforrns, Presence or Absence 
Colifoxms, Total (Ml?) by SM18 method 9132 
Coliforms, Total (Ml?) by EPA p. 108 
Coliforms, Total (MF) Chlorine Present EPA p. 111 
Cofiforms, Total (MPN) by EPA p- 114 
Fecal Streptococci by EPA p. I36 
Heterotrophic Plate Count by SMl6 method 907 
Microscopic Identification (Algae Scan) 
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Industrial Hwiene 

General 
Acetic Acid by NOSH method 1603 
Alkaline DUSKS by MOSH method 7401 
Ammonia by NOSH method S2OS 
Ammonia by MOSH method 5347 
Carbon Black by MOSH method 5000 
Chromic Acid by MOSH method 7600 
Nuisance Dust by MOSH method 0500 
Fluoride by MOSH method 7902 
Formaldehyde by MOSH method 3500 
Hydrogen Sulfide by MOSH method S4 
MD1 by MOSH method 142 
NO/NO, ProfiIe by MOSH method S321 
Ozone by MOSH method S8 
Phenol. by MOSH method 3502 
Respirator Dust by MOSH method 0600 
Sulfur Dioxide by MOSH method S30.8 
Sulfuric Acid by MOSH method S-174 
TDI by NOSH method 14 1 

Asbestos 
Asbestos, Bulk by EPA method 40 CFR 763, Appendix A 
Asbestos, Fiber in Air by MOSH method 7400A 

.  

MetaZ.. 
Aluminum by NOSH method 7013 

‘. 
‘._ 

Arsenic by MOSH method 7900 
Barium by MOSH method 7055 
Beryllium by MOSH method 7102 
Cadmium by MOSH method 7048 
Chromium by MOSH method 7024 
Chromium, Hexavalent by NOSH method 7600 
Cobait by MOSH method 7027 
Copper by NIOSH method 7029 / ‘, ,: .s ’ 
Lead by NIOSH method 7082 
Lead in Paint Chips by ASTM ZAP method 

” Mercury by MOSH method 6009 
Metals by NOSH method I73 
Metals by MOSH method 7300 
Metals by OSHA method ID- 12 I 
Selenium by NOSH method 190 
Tin, Organic by Elf Atochem pIA-64 
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Vanadium by NOSH method S3SS 
Zinc by MOSH method X30 

Orycrnics 
Acetate Solvents by MOSH method 1450 
Xcrolein by MOSH P&CAU method 118 
Alcohols by MOSH method 1400 
Aliphatic Solvents by MOSH method 1500 
Aromatic Solvents by MOSH method 1501 
Cellosolve Solvents by NOSH method 1403: 
Chlorinated Solvents by NOSH method 1003 : 
Ethyl Acetate by MOSH method S49 
Ethylene Glycol by NIOSH method 5500 
Heprachior by XOSH method S3S7 
Isobutanoi by NOSH method 1401 
Isopropyl Acetate by MOSH method S50 
Ketones by MOSH method 1500 
Ketones. by. MOSH method 2500 
Methanol by MOSH method 2000 
Methylene Chloride by NOSH method 1005 
PCBs by NIOSH method 550.3’ 
Pesticides by hqOSH method 55 10 
Petroleum-based Products by MOSH method 1550 
Pesticides by NOSH method 55 10 
Pesticides by OSHA method 57 . 
Polyaromatic Hydrocarbons (PAH) by MOSH method 55 15 
Solvent Profile by OSHA method 7 
Tetrachloroethene by NOSH method 5335 
Trichloroethene by NOSH method 1022 
Turpentine by NOSH method 155 1 

Air Toxics 

Volatile Organic Compounds by EPA TO- 1 
Volatile Organic Compounds by EPA TO-2 
Chlorinated Pesticides and PCBs by EPA TO-4 
Polynuclear Aromatic Hydrocarbons by EPA TO- 13 

Field Services-’ 

Expiosivity by Field meter 
Temperature, Water by SM 16 method 2 12 
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QUANTITATIONLMITS 

Prepared by: 
, ,.- 

Quality Assurance Director 

Reviewed and 
implemented by: 

The quantitation limit for a procedure is the smallest concentration of analyte that can be measured with 
known confidence. The following procedure for calculating method detection limits and quantitation 
limits is derived from 40 CFR 136 Appendix B. 

Method Detection Limit (MDL) 

The MDL procedure that follows is taken from 40 CFR 136 Appendix B. This procedure is define- 
“the minimumconcentration of a substance that can-be-measured-and-reported-with 99% confidence that 
the analyte concentration is greater than zero. ” The results obtained are specific to the sample matrix and 
analytical system. 

1. If the approximate MDL is known, or an accurate estimate can be made, proceed to step 2. 
Otherwise, obtain an initial estimate of the method detection limit as follows. 

Prepare a synthetic sample (see step 2) with target analyte concentration equivalent to the lowest 
standard used for calibration. For procedures that do not use a calibration curve, such as 
gravimetric or titrimetric procedures, prepare the synthetic samples at a concentration equivalent 
to 5 times the lowest theoretical result obtainable. Analyze 3 aliquots of the synthetic sample and 
calculate the standard deviation. The initial estimate of the method detection limit is 3 times the 
standard deviation. 

2. Prepare a synthetic sample with the target analyte concentration at 3 times the estimated method 
detection limit. The sample must be large enough to provide at least the number of aliquots 
required in step 3. Alternatively, individual samples may .be prepared, but this will introduce an 
extra variable into the procedure. .’ I 

Prepare the synthetic sample by adding an appropriate amount .of target analyte to reagent water 
and mixing thoroughly. Retain a portion of the reagent water used to be analyzed as rnerhmd ’ n 
blanks. 

3. Analyze 7 atiquots of the synthetic sample. The 7 aliquots should be processed on separate 
occasions and each analyst certified in the analysis should analyze a proportionate share ofthe 
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-I. 

J . 

3. 

7. 

8. 

aliquots. If more than one instrument is used for analysis. ali 7 samples must be analyzed on each 
instrument. Each sample aliquot must be carried through the entire ana1)Tica.l procedure exactly 
as required by the LRI SOP or other procedural reference. 

Calculate the anaiyte concentration for each sample using the formula(s) in the calculations 
section of the procedure. If the procedure requires that the reagent blank be subtracted, a 
separate reagent blank must be analyzed Lvirh each sample aliquot. and the average blank 
measurement subtracted from each sample measurement. 

Calculate the standard deviation and method detection limit as described below. If the 
concentration ofthe synthetic sample used is more than 5 times the calculated method detection 
limit, repeat this procedure using a reduced concentration. 

Use the equations from Appendix .A of this 1,. -anual to calculate the standard deviation, then 
calculate the &DL as follows: . 

MDL=3.143s 

where MDL = method detection limit in the same units as sample concentrations 
s= standard deviation of 7 analyte concentration measurements 

Report results to the same number of significant digits as used to report sample concentrations. 

Calculate the upper control limit at 95% confidence from two or more.studies as follows: 
j. 

. 

UCL r 
w 

poored 
Sk - 

\ n 

where UCL,, = upper control limit calculated from pooled MDL study data 
k = factor from Table iB-1 corresponding to the number of studies 
s, = standard deviation of 7 analyte concentration measurements from study i 
n = number of studies 

Report results to the same number of significant digits as used to report sample concentrations. 

The UCL- shall be the lowest value reported as a quantitation limit by LRI laboratories. 
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Table 7B-1 
Values of k for pooled MDL data 

Torai ?Jumber of Sample halyses 
7 

Yumber of Studies 
t 

k 

6.920 
2 
3 
4 
5 
6 
7 
8 
9 
IO 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 140 2.699 

14 

21 
25 
35 
42 
49 
56 
63 
70 
77 
S4 
91 
98 

105 
112 
119 
126 
133 

4.426 
3.775 
3.467 
3.285 
3.162 
3.074 
3.007 
2.953 
2.910 
2.574 
3.543 
3.517 
3.7c- 
2.71” 
3.755 
2.739 
2.724 
3.711 

ne values ofk for this table were caicukd as the Student’s t take at 99% confidence times the chi square over degces oi htdom 
at 95% confidence in QuattroPro as follorvs: 

@TINV(O.O2.f)’ @SQRT(f/@CHf~NV(0.975.f)) 

where f = degrees of fkedom. 

I’ 
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PJXEPARATION, REVIEWy REVISION, AND DTSTRIBUTION OF SOPS 

Prepared by: 
* 

‘.Cc Y ‘- . . ..- 
Quality Assurance 

P 
irector 

The procedures in this section provide the means by which standard operating procedures (SOPS) are 
prepared, reviewed. I PeGsed. approved. distributed, maintained. and archived. In the text that follows, 
“SOP” refers to a document describing a single procedure, such as this procedure, and “SOP manual” or 
“manual” refers to a collection of related procedures within a single binding, such as she Quality 
Assurance Manual. 

Preoaiation 

1. The foliowing’three items must be included as the first pages to appear in each SOP manual. 

a. The title page shalI contain the title of the SOP manual and the signature of the person(s) 
responsible for overview of the activities addressed in the manual. 

b: The Distribution Control Page shall contain a brief description of the document control 
policy and a statement declaring whether the copy is controlled. For controlled copies, 
the following additional information shah be entered in & ink: 

1) Controlled copy number 
2) Name and afIXation of person to whom the manual is issued 
3) Signature of the corporate document control offtcer 
4) Expiration date 

C. The table of contents shall contain the SOP number, title, and latest revision date for each 
SOP included in the manual. The table of contents serves as the revision control 
document and therefore must be revised for every revision of the ma.nual. 

2. Each page of the SOP must have a document control header in the upper right comer of each 
page with-the following four Iines. 

Title of SOP manual 
SOP number 

Revision Date 
Page n 0 f lorai pages 
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3. The following items must appear immediately hollowing the document control header on the first 
page of each SOP: 

i: 
C. 

d. 

Title or‘the SOP. 
Signature of the person v.irh primary, * responsibility for \vriring the SOP (“Prepared by”). 
Signature of the person with primary responsibility for ovemiew of the activities 
addressed by the SOP, iidizerent from the writer (Reviewed and approved by). 
Si_enature of the person directly responsible for implementing the procedure, if different 
from the those above (Reviewed and implemented by). 

1. The remainder of each SOP \viil vary depending on its function. The following subsections 
present minimum standards for each type oiSOP. 

.? r~ah~ticni Procedures 

a. 

b. 

CL 

d. 
e. 

. 
f. 

!3 

References: Include the ti!l name. volume, edition, publication date. and method number 
for-each reference. 
Xpplicability: List the target analytes, matrices, and regulations for which the method is 
applicable. ‘f-3 

Important Notes: Information; warnings, and cautions that should be known to anyolle 
performing. the procedure. 
Procedure: Step-by-step instructions for performing the procedure. 
Quality Controi: List all quality control requirements for method validation. instrument 
performance check, initial and continuin, 0 calibration, method blanks, duplicate analyses, 
matrix spike analyses, laborarov control sample analyses, and all method-specific quality 
control, including co?itrol limits and corrective action. 
Calculations: Formulae for all cafcuiations required to obtain reported values, including 
quality control results, in the correct units. Include the number of significant digits for 
each result. 
Reagents: List all neat chemicals with specifications; list solutions with detailed and 
specific preparation instructions. Include storage conditions and expiration times for all 
solutions. 

Sam&e Manapement Procedures 

a. Include the title of the person(s) responsible for performing each procedure. 

Review. Revision. and Aotxoval 

1. each SOP should also be submitted in draft for comment to those who are familiar with its 
content and/or those who will use it. The request for comment must be accompanied by a memo 
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indicating a cutoff date, which should not be less than 11 days nor more than 30 days. tier 
review of the comments and modification oi the procedure where necessary, the SOP must be 
reviewed and approved by the person responsible for overAew of the activities addressed by the 
SOP. 

7 -. Revisions of an SOP must go through all the review and approval procedures required for the 
initial version. 

Distribution and Maintenance 

1. SOP manuals are distributed as controlled or uncontrolled documents. The distribution of 
controlted documents must be recorded to ensure that they are updated when new or revised 
SOPS are released. AlI SOP manuals for use within Laboratory Resourcses, Inc., must be 
controlled documents. In addition, SOP manuals submitted to reguiatory agencies in support of 
certification or submitted to clients for contract compliance must be controiied for the duration 
of the certification or contract. . 

‘2, The corporate document control oficer (CDCO);- shall be responsible for maintaining updated 
masters for a11 controlled documents. 

a. 

b. 

C. 

d. 

The CDCO shall maintain a distribution log for all controlled documents in which the 
following information shall be recorded for each controlled copy: 

Document name 
Controlled copy number 
Name of recipient 
Date of issue 
Date control expires (for copies with contract duration) 

New and/or revised SOPS must be submitted with a revised table of contents to the 
CDCO for distribution. The CDCO shall add the revised table of contents and the new 
and/or revised SOPS to the master document, removing the obsolete table of contents and 
SOPS to archival storage. 

The CDCO shall provide an update instruction sheet along with the revised table of 
contents and SOPS to every current controlled copy recipient listed in the distribution log. 
The instruction sheet will indicate which pages are to be added, which pages are to be 
deleted, and which pages are to be replaced. 

Obsolete SOPS must be archived for at feast ten years from the date they are removed 
from circulation. 
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LABORATORY 1\1’OTEBOOK PROCEDURES 

Prepared by: 

Reviewed and 
implemented by: 

Laboratorv Notebooks 

1. Laboratory notebooks shall be permanently bound with each page sequentially prenumbered. 

3 -. 

3. 

4. 

Al notebook entries must be in black ink. 

Correct errors by drawing a single line through the incorrect data. I&&and date the error, and: - 
continue with the correct data. No other means of correcting-errors is permitted. 

Record the analytical method number at the top of each page. Do not include more than one 
method per page. 

5. Record all information needed to reconstruct the, analyses and recalculate results. 

6. Do not record cotidential information such as dent names, project names, etc., in the laboratory 
notebook. 

7. Each page must be signed and dated by the analyst and his or her supervisor when analyses are 
completed. Any unused portion of the page must be lined out. 

Laboratorv Notebook Control 

1. The quality assurance manager shall maintain a log of issued and returned laboratory notebooks. 
This log shall be maintained in a bound, prenumbered notebook meeting all the requirements of 
a laboratory notebook. 

. 

3 w. The following information shall be recorded in the logbook when each notebook is issued: 

notebook number 
number of previous notebook 
signature of person receiving the notebook 
notebook use (instrument log, solids analysis, erc.) 
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date of issue 

3. The following information shall be recorded in the laboratory notebook when it is issued: 

notebook number 
signature of person receiving the notebook 
date of issue 

4. JVhen the notebook is completed it shall be returned to the document control officer. The 
document control officer shall record the date returned in the notebook log and place the 
notebook in archival storage. Laboratory notebooks must be archived for at least ten years 
following the date of the !ast entry;. 

_ .i 
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METHOD VALIDATION 

Prepared by: 

I --- 

., - _-_._ 
Quatity Assurance Director 

/1 

Reviewed and 
implemented by: 

A method validation study must be perrbrmed before any new procedure can be used for sample anaiysis. 
This section delineates the minimum requirements for a method validation study. Most analytical 
procedures have specific requirements with respect 10 method vaiidation. If the method-specific 
requirements are more restrictive than these requirements, they supersede these requirements; otherwise, 
they are in addition to these requirements. 

1. Perform a method detection limit (MDL) study following the procedures in the Quantitation 
Limits section of this manual.’ The following acceptance criteria must be met: 

Y--% 

a. The l&ADL determined must be less than the concentration used-for the study but not less 
than 20% of the concentration used for the study. 

b. The LMDL study must demonstrate the ability to achieve the detection limits published in 
the reference within the experimental variance of the method. If the experimental variance 
is not given in the reference, the MDL determined by the study can not be more than 50% 
greater than the published detection limit. If the detection limit is not given in the 

. reference, contact the LRI Technical Director or Quality Assurance Director for 
appropriate action. 

2. Follow the procedures in the Employee Training section of this manual to qualify each analyst 
who is to perform the new procedure. 
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INSTRUMENT PERFORMANCE CHECK 

Prepared by: 

. . - * 
._.- . _ -I ._. 

Quality &wvance Director 

Reviewed and 
implemented by: 

General 

instrument per5ormance checks ensure the proper tinctioning of an analytical instrument prior to analysis. 
Specific performance check procedures are included in the instrument operation manuals and are 
frequently incorporated into anaiytical procedures. When an instrument has passed the required 

. performance checks, no adjustment of operating parameters is permitted that xviii ialter instrument 
performance. In addition to the frequency requirements of the instrument-operation manuals and 
analytical methods, ‘an instrument performance. check must be performed whenever- the operating 
parameters have been changed. 

An instrument has failed the performance check requirements and corrective action must be initiated if 
it does not meet the requirements of the operation manuals and the analytical method. If the manual and 

method have conflicting requirements, the requirements of the method shall have. precedence over the 
operation manual requirements. 

Corrective action wilI vary from instrument to instrument. The following general procedure should be 

followed to find and correct the probIem. 

1. Review the instrument adjustment procedure and ascertain that the instrument is properly 
adjusted. 

3 -. Ifadjustment fails to solve the problem, review the trouble3hooting procedures t:o determine the 
cause of the problem. 

3. If the problem cannot be solved by adjustment and trouble-shooting, the instrument must be 
adjusted or repaired by a qualified professiona&setvice representative. 

After adjustment and/or repair is completed, the instrument performance check must be repeated. The 

instrument may not be used for analysis until the performance check has passed. 
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=inal\$cal Balances 

Perform the following checks each day the analytical balance is used, and just prior to preparing 
calibration standards. 

1. &certain that the balance is level and adjust if necessary. 

3 -. Check the balance with at least ~0 Class S weights bracketing the range normally used or, if the 
check is performed just prior to calibration standard preparation, use one Class S weight as near 
the target weight as possible. The maximum permissible error is 0.3 mg (0.0002 g). Record the . i 
results of ail balance weight checks in the baiance Iogbook. 

General Purpose Balances 

Perform the foiJowing checks each day tne balance is used. 

1. Ascertain t,hat the balance is level and adjust if necessary. 
./i\ 

2. Check.the..balance with a&ast two Class S weights bracketing the range normally used or, if the 
check is-performed just prior to usin, 0 the baiance, use one CIass- S weight as near the target 
weight as possible. The maximum permissible error is 1% or 0.1 g, whichever is less. Record 
the results of all balance weight checks in the balance logbook. 

Ultraviolet/Visual Wavelenmh Suectronhotometers 

Perform the following check annually. 

1. Prepare a potassium chromate test solution: Dissolve 2.50 g of potassium hydroxide (I;OH) in 
900 mL of reagent water in a 1000~mL volumetric flask. Add 0.400 g of potassium chromate 
(KQ-0.J and dissolve completely; then adjust the volume to 1000 mL with reagent water. .\djust 
temperature of solution to 25 fl “C. 

7 -. Using a LOO-cm ceil, measure the absorbance or transmittance at each of the following 
wavelengths. The measured absorbance or transmittance must fall within the range specified. 
Record the results in the spectrophotometer maintenance logbook. 

Wavelength (nm1 Transmittance* Absorbance* 
220 0.347 - 0.367 0.433 - 0.456 
275 ’ 0.170 - 0.180 0.744 - 0.770 
325 0.780 - - - 0.828 0.082 0.108 
375 0.099 - 0.105 0.979 - 1.005 
420 0.728 - 0.774 0.112 - 0.138 

*Acceptance limits are based on - -3% of theoretical transmittance. 

Y---h 
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Conductivitv Meters 

Perform the daily electrode performance test and annual linearity test as directed in the Conductivity 
procedure. Record the results in the conductivity meter logbook. 

Thermometers 

Caiibrate thermometers annually as follows. 

1. Immerse an NBS-certified thermometer and the thermometer to be calibrated in a circulated ice- 
water bath. Take care to immerse both thermometers correctly according to immersion type. 
Record the temperature readings of both thermometers after the readings have stabilized for at 
least one minute. _- 

3 -. Immerse an ~NBS-certified thermometer and the thermometer to be calibrated in a circulated warm 
or hot water bath. If possible, adjust the temperature of the water bath to be near the temperature 
to be monitored by the thermometer being caiibrated; othenvise, adjust the temperature of the 
water bath ,as near boiling as possible. Take care to immerse both thermometers correctly 
-according to immersion type. Record the temperature readings of both thermometers after the 
readings have stabilized f6‘i’.at least one minute. 

3. Tag the thermometer with an identifying labei and the temperature error. 

Temoerature Control Eauipment 

The temperature of aI freezers, refrigerators, incubators, and ovens shall be monitored by means of a 
calibrated thermometer properly immersed in water, mineral oil, or sand, and the temperature shall be 
recorded daily. Temperature control equipment that is out of specification must be adjusted immediately 
or removed from service. 
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IXTIAL CALIBRATION 

Prepared by: 
I. 

./: -’ CI . 
Quality Assurance Director 

/I 

Reviewed and 
implemented by: 

_ .:. 

&I initial calibration must be performed before any other analyses may be performed. The initial 

calibration establishes the relationship between instrument response and sample concentration, and the 
working concentration range or’the ana.i+if system. This s.ection delineates the minimum requirements 
for initial calibration analysis. Most analytical procedures have specific requirements with respect to 
calibration. If the method-specific requirements are more restrictive than these requirements, they 
supersede these requirements; otherwise, they are in addition to these requirements. 

1: 

\ 
3. 

4. 

5. 

6. 

Leveis: A minimumof five (5) nonzero concentrations must be used unless the method specifies 
K--A 

less. The Lowest concentration must- be. greater than the quantitarion limit but shouid be no 
greater than four times (4x) the quantitation limit. The highest concentration should be near but 
below the upper linear range of the instrument. The remaining three concentrations must be 
evenly spaced between the lowest and highest concentrations. 

Calibration: The instrument is caiibrated by calcuiating the Iinear regression for each anaiyte of 
interest (see Appendix A). The resuiting equation is used to calculate sample concentrations. 

Frequency: The initial calibration must be performed whenever (I) a continuing caiibratron f&s 
to meet quality control limits or .(a) every 90 days, whichever occurs first. 

Quality Control Limit: The correlation coefficient for each target analyte must be greater than 
0.995. An initial calibration has failed quality control requirements and corrective action must 
be initiated if the correlation coefficient for any target analyte is less than 0.995. 

Verification: The initial calibration must be verified by analyzing an independently prepared 
standard with target anaiyte concentrations within the calibration range. This standard must pass 
all the continuing calibration check requirements. 

Corre&e.Action: If an initial calibration fails quality control requirements, the analytical system 
must be investigated to determine the cause of the problem and an acceptable initial calibration 
must be obtained. K-h 



Corporate Quaiity &surance Manual 
Section 3E 
-April 26, 1994 
Page 1 of2 

CONTINUl3G CXLIBR~TION CHECK 

Prepared by: 

Reviewed and 
implemented by: 

A continuing calibration check must be performed before any quality control or sample analyses may be 
oerfiirmed. The continuing caiiluration check determines whether the initial calibration is still valid. This 
&tion delineates the minimum requirements for continuing calibration check anaiysis. -Most analytical 
proc&.res have specific requirements with respect to calibration. If the method-specific requirements 
are more restrictive than these requirements. they supersede these requirements; otherwise, they are in 
addition to these requirements. 

1: Level: The concentration of the continuing caiibration check standard should be the same as the 
midlevel initial calibration standard. 

3 2. Procedure: Calculate the concentration of each anaiyte of interest in the continuing caiibrarion 
check standard from the linear regression equations derived from the initial calibration. 

3. Frequency: The continuing calibration check must be performed before sample analyses (except 
immediately following an initial calibration), again at the end of the analytica. sequence. and 
every 24 hours during the sequence. Additionai continuing calibration checks throughout the 
sequence are recommended to bracket groups of sample anaiyses (usually after every 10 sample 
analyses). 

’ NOTE: An analytical sequence begins with the initial calibration or continuing c:alibration check 
and continues without interruption until the final continuing calibration check.. 30 changes in 
analytical conditions are permitted during an analyticzd sequence. 

4. Quality Control Limits: The calculated analyte concentrations must fall within 15% of their 
theoretical (or true) values. A continuing calibration check has failed quality control requirements 
and corrective action must be initiated if the concentration of any target anafyte is greater than 
115% of itstheoreticai value or less than 85%.of its theoretical value. 

5. Corrective Action: 

a. Ifthe continuing calibration check that starts an anaiytical sequence fails quality control 
requirements, the continuing calibration check may be repeated once. Ilcll target analytes 
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must pass quality control requirements in the second continuin_e calibration check in order 
for samples to be analyzed; otherwise, a new initial calibration must be performed, 

b. If any continuing calibration check during or at the end of an analytical sequence fails 
quality control requirements, analyses must be terminated, the problem resolved, and all 
analyses pert’ormed since the last acceptable continuing csiibration check or initial 
caiibrarion must be repeated. 

.  . :  

.‘:. : : .  
:  

. : : ,  .i .  .  
” _ I . .  .  ‘.. 
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METHOD BLANK ANALYSIS 

Prepared by: 

Reviewed and 
implemented by: 

Analytical systems must be demonstrated to be free ofcontamination by the successful analysis of method 
blanks. This section delineates the minimum requirements for method blank analysis. Many analytical 
procedures have specific requirements with respect to method blank analysis. If the method-specific 
requirements are more restrictive than these requirements, they supersede these requirements; othenvise, 
they are in addition to these requirements. 

NOTE: Method bianks are not to be used to correct analytical results. 

1. Preparation: ,Method blanks must be prepared and analyzed in the same manner as the sampies 
with which they are prepared and analyzed, except that sample is omitted or, for analysis of water 
samples, replaced with deionized water. The final concentration of all reagents used is the same 
in the method blank and the samples. 

7 e. Frequency: A method blank shall be prepared and analyzed with each batch of sa.mples analyzed 
or one method blank per 20 samples, whichever is more frequent. The maximum time span for 
a valid sample batch is thirty days. These frequencies are for a single matrix and :method; quality 
controi samples cannot be shared by matrices or. methods. 

3. Quality Control Limits: 

a. Method blanks must be f&e of contamination by nonexempted target analytes at or above 
the reported quantitation limit. The maximum allowable concentration for exempted 
target anaiytes three times (3x) the reported quantitation limit. A method blank has failed 
quality control requirements and corrective action must be initiated if (1) any 
nonexempted target anaiyte is detected at or above the reported quantitation iimit or (2) 
the concentration of any exempted target analyte is greater than 2.5 times the reported 
quantitation limit. 

b. . The exempted target anaiytes are: 

met hyiene chloride 
acetone 
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I-butanone 
rotuene 
t&(2-erhylhexyi) phthalate 

4. Corrective Action: If a contaminated method blank is encountered, sample analysis must be 
terminated and the analytical system must be investigated SO determine the cause of the problem. 
The method blank and all associated samples (including quality control samples) must be 
reprepared and reanalyzed. 
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SAIVIPLE DUPLICATE ANALYSIS 

Prepared by: 

Reviewed and 
implemented by: 

. ._p”7 

Sample duplicates are analyzed to demonstrate the precision of an analytical system. This section 
delineates the minimum requirements for sample duplicate analysis. %ny anaiyticai procedures have 
specific requirements mith respect to sample duplicate analysis. If the method-specific requirements are 
more restrictive than these requirements, they supersede these requirements; otherwise, they are in 
addition to these requirements. 

1. Preparation: For inorganic analyses, two equivalent aliquots of the sample selected for duplicate 
analysis are prepared and carried through the preparation and analysis procedures together. For 
organic analyses that do not specify a duplicate analysis, a second matrix spike is prepared and 
carried through the preparation and an$ysis. All references to sample duplicates in this document 
apply equally to matrix spike duplicates. 

3 -. Frequency: A sample duplicate shall be prepared and analyzed with each batch of 20 samples. 
The maximum time span for a valid sample batch is thirty days. This frequency is for a single 
matrix and method; quality control samples can not be shared by matrices or methods. 

3. Relative Percent Difference (WI)): The refative percent difference is used to evaluate precision 
for analyses that measure concentration of an analyte directly. 

RpD 2wc, -q = 
c, +c2 

where RPD = relative percent difference 
G = original sample concentration 
G = sample duplicate concentration 

4. 

NOTE. The relative percent difference cannot.be calculated if either or both analyses are below 
the quantitation limit. 

Difference: The absolute value of the difference of two measurements is used to evaluate 
precision for analyses that do not measure analyte concentrations directly (e.g., temperature, pH, 
ignitability). 
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where D = absolute value of the difference between two measurements 
M, = original sample measurement 
Mi = duplicate sample measurement 

5. Control Limits: The equations for calculating the mean and standard deviation are included in 
Appendix A of this manual. Cse the data from at least 20 sample and sample duplicate analyses 
to calculate warning and control limits. Eliminate outiiers using the method in Appendix .A. 

a. RPD: The warning limit is the mean RPD plus two times (2x) the standard deviation, and 
the control limit is the mean pfus three times (3x) the standard deviation. A sample 
duplicate analysis has failed quality control requirements and corrective action must be 
initiated if (1) the RPD is greater than the control limit or (2) the concentration for one 
analysis is less than the quantitation limit and the concentration for the other analysis is 
greater than two times (- 3~) the quantitation limit. 

b. - Difference: The warning limit-is’the-mean-difference pius two-times (2x) the standard 
deviatioq. and the control limit is the mean plus three times (3 x) .the.standard deviation. 
A sample duplicate analysis has failed quality control requirements and corrective action 
must be initiated if the difference is greater than the upper control limit. 

6. The relative percent diirence or absolute difference, as appropriate, must be piotted on control 
charts showing the mean, warning limits, and control limits. 

7. Corrective Action: If a sample duplicate analysis fails quality control requirements, the failure 
must be included in the nonconformance summary. No further action is required. 
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MATRIX SPIKE ANALYSIS 

Prepared by: 

Reviewed and 
implemented by: 

Matrix spikes are analyzed to demonstrate the accuracy of an analytical system. This section delineates 
the minimum requirements for matrix spike analysis. Many analytical procedures have speciiic 
requirements with respect to matrix spike analysis. If the method-specific requirements are more 
restrictive than these requirements, they supersede these requirements; otherwise, they are in addition to 
these. requirements; 

1. Preparation: Matrix spikes are prepared with- the same sample size that is. used for the samples 
with which they are analyzed.- Thespiking solution is added-immediately after the sample aliquot 
is measured, and is mixed as thoroughly as practicai with the sample; Subsequent treatment and 
analysis of the spiked sample is the same as that for the unspiked samples. 

3 H. Level: The amount of spike added to the sample must give a concentration that will fail between 
the lowest and highest calibration standards when carried through the analysis procedure without 
dilution. The preferred concentration is 25% of the highest calibration standard; this 
concentration yields usable recovery data without diIution at low to moderate sample 
concentrations. 

3. Frequency: A matrix spike shall be prepared and analyzed with each batch of 120 samples. The 
maximum time span for a valid sample batch is thirty days. For organic anal.yses that do not 
specify a duphcate analysis, a matrix spike dupiicate shall be prepared and analyzed with each 
matrix spike and shah seme the same function as a duplicate analysis. This firequency is for a 
single matrix and method; quality control samples cannot be shared by matrice:s or methods. 

4. Recovery (Accuracy): 

R= I OO(C,-C”) 
ct 

where C, = theoretical concentration of spiked sample 
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A, = amount ofanafyte added to spiked sample 
S, = size of sample afiquot spiked 
R = recovery, ?/o 

G = measured concentration of spiked sample 
C, = measured concentration ofunspiked sample 

5. Relative Percent Difference (Precision): See rhe section on Sample Duplicate AAyses. 

6. Control Limits: The equations for calculating the mean and standard deviarion are included in 
Appendix A of this manual. 

a. Recovery: Use the data from at least 20 matrix spike analyses to calculate warning and 
control limits for recovery. Do not include data from matrix spike duplicate analyses. 
Eliminate outliers using the method in Xppendix A. 

The upper waming limit is the mean recovery plus two times (2x) the standard deviation, 
and the upper control limit is the mean plus three times (3x) the standard deviation. The 
lower warning iimit is the mean recovery minus two times (2x) the standard deviation, 
and the lower control-limit is the mean minus three times (3x) the standard deviation. A ,,’ 
matrix-spike analysis -has failed quality control requirements and corrective action must ’ 
be initiated if the recovery is greater than the upper control limit-or fess than the lower 
controf limit. 

‘1; 

b. RPD: See the section on Sample Duplicate Analyses. 

7. The percent recovery must be plotted on control charts showing the mean, warning limits, and 
control limits. 

8. Corrective Action: If the procedure utilizes surrogate spikes in every sample analyzed, all 
samples for which the surrogate spikes meet quality control requirements shafI be considered 
acceptable regardIess of the associated matrix spike recoveries. Samples for which surrogate 
spikes do not meet quality control requirements must be reprepared and reanalyzed. 

If the procedure does not utilize surrogate spikes, the following corrective action protocol 
applies. 

a. If a matrix spike recovery is outside control limits and the RPD is within control limits, 
the problem is attributed to matrix interference and no further action is required. 

b. If the matrix spike is outside control limits and the laboratory control sample is 
acceptable, the problem is attributed to matrix interference and no further action is bB 
required. 

C. If the matrix spike recovery is outside control limits and the concentration of the same 

, .  . ; .  . , .  I ,  I  . ,  ‘. 
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anaiyte in the unspiked sample is more than four times (4~) the concentration of spike 
analyte added, the problem is attributed to sampIe analyte concentration and must be 
noted in the nonconformance summary. No further action is required. 

d. Ifthe matrix spike recovery is positive and outside control limits and the RPD is outside 
control limits, the pro bI<rn must be noted in the noncontbrmance summary. No further 
action is required. 

e. If the matrix spike has zero or negative recovery, report the problem to the quality 
assurance officer for 3 specific corrective action procedure. 

_ .i 

.i.,,. ..... .,,, I,,, .,,,.,. ,,... 
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LABOR4TORY CONTROL SAMPLE ANALYSIS 

Prepared by: 
,’ . . ..m 

Quality Assurance Director 
/1 

Reviewed and 
implemented by: 

. ‘:.- 

Laboratory control samples are analyzed to demonstrate the accuracy of an analytical system. They are 
supplemental to matrix spikes and, because environmental matrices are not involved, provide use&i 
information when matrix interference is encountered. Laboratory control sample (LCS) analyses are 
optional unless specifically required by the analytical procedure. 

This section delineates the general. requirements for LCS analysis. If the analytical procedure requires 
LCS analysis, the method-specific requirements supersede these requirements. 

1. Preparation: Laboratory control samples are prepared in the same manner as matrix spikes except 
that spiking solution is added to laboratory reagent water @I water) instead of sample. 
Subsequent treatment and analysis of the LCS is the same as that for environmental samples. 

7 -. Level: The amount of spike added must be the same as that used for matrix spikes unless 
specified otherwise by the analytical method. 

3. Frequency: A LCS shall be prepared and analyzed with each batch of 20 samples. The maximum 
time span for a valid sample batch is thirty days. This frequency is for a single matrix and method; 
quality control samples cannot be shared by matrices or methods. 

4. Recovery (Accuracy): 

where. C, = theoretical concentration of spiked sample 
‘4 = amount of analyte added to spiked sample 
S, = size of sample aliquot spiked 
R = recovery, % 
C, = measured concentration of spiked sample 
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C, = measured concentration oiunspiked sample 

Control Limits: The equations for calculating the mean and standard deviation are included in 
-Appendix A of this manual. 

Use the data Tom at least 20 LCS analyses to calculate warning and control limits for recovery. 
Eliminate outliers using the method in hppendix -4. 

The upper warning limit is the mean recovery plus two times (2x) the standard deviation, and the 
upper control limit is the mean plus three times (3x) the standard deviation. The lower warning 
limit is the mean recovery minus two times (2x) the standard deviation, and the lower-controi 
limit is the mean minus three times (2~) the standard deviation. t’ln LCS anaiysis has failed 
quality control requirements and corrective action must be initiated if the recovery is greater than 
she upper control limit or less than the lower control limit. 

6. The percent recovery must be plotted on control charts showing the mean, warning limits, and 
contro1 limits; 

7. Corrective Action: If-the- procedure utilizes surrogate.-spikes in every sample analyzed, all 
samples for which the..surrogate spikes meet quality control requirementsshall be considered 
acceptable regardless ofthe associated LCS recoveries. Otherwise, ifthe LCS recovery is outside 
control liits, sample analysis must be terminated and the analytical system must be investigated 
to determine the cause of the problem. The KS and all associated samples (including quality 
control samples) must be reprepared and reanalyzed. 
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QYJ.AL.XTY ASSURANCE ASSESSMEtiT 

Prepared by: 

Reviewed and 
implemented by: 

Quality xSsurancc Director 

/! 

The previous sections in this manual addressed specific quality assurance requirements and their 
implementation. This section addresses audits, which are the primary procedures for assessing 
compliance with these requirements and the requirements of other LRI procedurai manuats. Appropriate 
fiinrns for use with each of the audits described are included in Appendix B of this manual. 

Each auditis based on a sin_ele LRI procedural manual. The auditor shall conduct- the audit as. directed-’ 
in-the.Instnrctions-to. rhe-znrdiror-nearthe: top.-oEthe.Vaudit form. Immediateiy following the audit, the ‘--; 
auditor shall meet with the General Manager or ‘hiYher~ designee and determine appropriate measures to 
correct any deficiencies found. If a condition is.found that affects the accuracy or defensibility of 
reported data, the deficient practice must be suspended until the condition is corrected. Otherwise, a 
maximum of 30 days may be allowed to correct deficiencies. The corrective actions to be taken shall be 
recorded in the audit logbook. The audit logbook must be signed by rhe auditor and the Generai 
Manager. .I\ follow-up audit shall be performed within 45 days to determine whether the corrective 
actions were properiy completed. 

The Quality Assurance Program Compliance Audit is based on the Cornorate Quaiitv Assurance Manual 
and determines the degree to which a laboratory is in compliance with general quality assurance program 
requirements. This audit is performed annually. 

The Qualifications Audit is based on the Statement of Ouaiifications and determines whether quality 
assurance information is accurate and updated. This audit is performed quarterly. 

The Sample Management Audit is based on the Sample Management Manual and determines the degree 
of compliance with sample management procedures. This audit is performed annually. 

The ~naiytical &$ethod Audit is based on the standard operating procedures for analyses and determines 
whether analytical procedures are being performed properly. This atidit is performed annualiy for each 
analyst. f----y 
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MATH AND STATISTICS 

The following topics are included in this appendix. 

Significant Digits 
Rounding 
Arithmetic Mean (Average) 
Standard Deviation 
Linear Regression 
Test for Outiiers 

Sienificant Dieits 

The n most significant digits of a vaIue are the lefimosr nonzero digit and the n-f digits to its 
immediate right. 

Examples: In the following. numbers, the two most- significant digits are underlined: 
1’678,507, S.433, 0.000327. 2 

Rounding 

1 
L. Carry at least one digit beyond the last significant digit throughout all calculations. 

3 -. Round the &al result, by changing all digits beyond the last significant digit to zeroes; drop these 
zkroes if they are to the right of the decimal point. 

a. If the value dropped is greater than half the last significant digit, increase the last 
significant digit by one. 

Example: 12873 rounds to 13000 

b. If the value dropped is less than half the last significant digit, the last significant digit 
remains unchanged. 

Examule: 12173 rounds to 12000 

C. If the value dropped is exacdy half the last significant digit, the last significant digit 
remains unchanged if it is even (or zero) and is increased by one if it is odd. 

Examples: 12500 rounds to 12000 and 13.500 rounds to 14000 

. . . . . . .  .  .  
.’ , ,  _.’ . . . . . . .  ,.’ .~ .’ : . 1  

, ;  ‘,.’ . ,  :  .  
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Arithmetic kfean (Average) 

c X, J7=- 
n 

where z= the arithmetic mean 
X, = the value of observation i 
rJ= total number of observations 

Standard Deviation 

where s = the standard deviation 
X, = the value of observation i 
??= the arithmetic mean 
n= total number of observations 

Linear Regression 

cExY,-CxEy, 

m= “cx;-(cx>’ 

b CYFEXr = 
n 

“cxY,-cxD~ 

where x, = independent measurement 
Yl = dependent measurement corresponding to x, 
n = total number of observations 
m = the stope 
b = the y-intercept 
r = the correlation coeffreient -. :),: 

Test for Outliers - 

The highest or lowest value in a group for which the mean and standard deviation have been-“‘ 
* calculated shall be considered an outiier ifthe statistic T is greater than the critical value from the 

table below. 
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X-X, T=- 
s 

where 2 = the arithmetic mean r’or the group with X, included 
X, = the value to be tested 
s = the standard deviation rbr the group with X, included 

Critical Valuer for 1% Tests of Discordancy for a Sinpie Outlier in a Normal Distribution 

Number of Critical Number of Critical 
,Measurements Value Measurements Value 

3 1.15 15 2.71 
1 
5 
6 
7 
s 
9 
10 
12 

1.49 
1.75 
i.94 

2.10 
3 33 S.-s 
2.32 
2.41 
2.55 

16 
1s 
30 
30 
40 
50 
60 
100 

14 2.66 120 3.66 
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AUDIT FOR-MS 

The following audit forms are included in this appendix 

Quality Assurance Program Compliance Audit 
Qualifications Audit 
Sample iManagement Audit 
&alytical Method Audit 



. 

L~km~ory Resources, Inc.. Quality As~urmce .her;lrn Compiiancc Audit 

Faciiity Audited Date 

?agc 1 of: 

.\uditor’s Signature Number oi Attached Pages 

>is audit is based on the LRI Coroorate OuAiw Assurance bfanuai (CQAM. 

.‘wm~criuns IO ~hc audifur: Check the box l&e&xl “YES’ iithe audit item is in compliance. Check the box labelled “NO’ ifthe audit item is 
:ot LT compliance. Enter a description of each noncompliant item in the iacility’s Audit Logbook with a corrective action plan and completion 
5::. Attach copies of the Audit Lopbook pages to this audit iorm and distribute copies to the Generai Manager of the iacilig audited, tie 
Ttr>zicai Director, and the President oiLRI. 
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A copy of the most recent release of the CQAM is a&able in each room where samples are Iogged 
in, stored, prepared, or analyzed and in each room where data is processed. 

The facilities, instrumentation, organization, and key personnel are in agreement with the Statement 
of Qualifications. 

Analytical balances have a minimum sensitivity oiO.1 mg and are clean, ievei. and checked with Class 
S weights daiiy or before use. 

General purpose balances have sufficient sensitivity for their intended‘use and, are clean, level, and 
checked with. Class S weights-daily or before use. 

Spectrophotometers are checked annually with potassium chromate solution and specrrophotometer 
cells are properiy maintained. 

Conductivity meters have platinum electrodes, or nonplatinum electrodes that have been calibrated 
against platinum electrodes within the past year. Daily and annual checks are petiormed. 

pH meters have a readabiiity of at least 9.05 pH units, are calibrated at pH 7.00 and 4.00, and are 
checked at pH 10.00. 

Specific ion meters have a readability of at least 3 mV. 

Thermometers have appropriate graduations, are properly immersed, and are calibrated annuailc 
against an NBS-certified thermometer. 

The temperature of freezers, refrigerators, incubators, and ovens is monitored and recorded daily. 

Instrument maintenance logbooks are available for all instruments and required instrument 
maintenance procedures are performed and recorded. 

Volumetrio glassware is Class A and is not exposed to temperatures’exceeding 105 “C. Bohr ant 
similar measuring pipettes are not used. 

Glassware is rinsed by analysts before it is submitted for cleaning, and the correct cleaning protocol: 
are followed. 

)“” ” ” /._’ ,. ;;. ., ,. ,, .., j. .,. ., ,. ,, ,. _,,.. ‘. 
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The conductivity and pH of reagent lvarer is checked and recorded daiiy. 

Residual chlorine and hererotrophic plate count are performed and recorded monthly on the reagen 
water source used for microbiology analyses. 

Heavy metals and bacterial quality are analyzed and recorded annuaily on the reagent water source 
used for microbiolo-gy analyses. 

Reagents, standards, and solvents are of the correct grades and are properly labelled, documented 
and stored. Expired reagents and solutions are not used. 

Employees are trained according to LRI protocol and training is properly documented.- 

The laboratory uses only methods listed as approved in the CQAM. 

SOPS and manuals are in compiiance with the CQAbl policy for preparation, review, revision, am 
distribution. 

Laboratory notebooks are in compliance with CQAM laboratory notebook procedures, correction. 
are- made properly; and the pages are signed by the analyst and supervisor. ,/f-h 

lMethod validation studies are available for all procedures. 

Instrument performance checks, initial calibrations, and continuing calibration checks are performec 
at the required frequencies. 

Method blanks are free of contamination f%om other than exempted compounds, and the latter do no 
exceed 2.5 times the quantitation limit. 

Sample duplicates, matrix spikes, matrix spike duplicates, and laboratory control samples art 
performed at the required frequencies and the data is plotted on control charts. 

; - .  .  .  .  
. ,  ” 2.. . ,  
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Auditor’s Signature Date _ 

y*s audit is based on the I.,RI Statement of Oualifications (SCQ. 

~nstn/ct!‘dns to &e c&for: Check the box labelled “YES’ if the audit item is in compIiance. Check the box lab&d “NO’ if the audit item is 
:ot in cunpl&x, Enter a desaiption ofach noncompliant item m tie space provided and distribute copies to the Manager of Comnwnications. 
:L Director of Sales and Marketing, and the President 0r’L.X 

0 3 Information describing LRI facilities is complete and up to date. 

3 CJ Information describing LRI instrumentation is compiete and up to date. 

2 a Information describing the organizarion of LRI ii complete and up to date. 

0 cl ‘Resumes for key LRI personnel are up to date and all key personnel are included. 
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Facility Audited Date 

..iuditor’s Signature Number of Attached Pages 

‘ztis audit & bed on he LRI S3mDIe Manancmenr M3nud 

.irsmrcrion~ 10 rbe mrdi;oc Check the box labelled ‘YES” if the audit item is in compliance. Check the box labelled 240’ if the audit item is 
n=t in compliance. Enter a description of each noncompliant item in the facility’s Audit Logbook with a corrective action plan and completion 
Me. Attach copies of the Audit Logbook pages to tis audit t’onn and distribute copies to the General &lanagcr of the facility audited, the 
Txhnical Director, and the Resident ofLRI. 
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A copy of the Corporate Quality Assurance b<anual is available in the sample management area. 

A copy of the Sample ~Management.Manual is available in the sample management area.. ‘;: 

Chain of custody forms are properly signed and dated with no breaks in the chain of custody. 

The sample management personnel veriCy the pH of acid- and base-ptesemed samples and records 
the information in a notebook. 

The pH of samples submitted for voiatiie organics analysis is determined by the analyst at the t!/” 
of analysis and recorded in the appropriate logbook. 

The sample management personnel check sample volume against the volume required for the 
requested analyses. 

A temperature control bottle is shipped with all coolers, and the temperature of the water in this 
bottle is measured and recorded when the cooler is received at the laboratory. 

Internal chain of custody forms are properly completed when required. 

Analyses are put on hold until instnrctions are received from the client when any of the following 
situations is encountered: samples are received physically damaged or improperly preserved, the 
cooler temperature is above 4.5 OC, insufficient sample quantity is received for the analyses requested, 
or the chain of custody form is not properly completed. 

The sample containers provided by the laboratory are of the correct size and type and contain 
appropriate preservatives. 

. . 

Sample containers are securely packed in coolers with shock-absorbent material separating the 
bottleq 

Custody skals are placed on the hinged and opposite sides of the cooler before shipping. 

The laboratory does not recycle sample containers. 

.j .- I. I ~ ,. .,. .,, . . ,.,..... .,L. 
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Case lots of sample containers are marked with the month and year of receipt, and stock is rotated 
so that the oldest cases are most accessible ant xe used first. 

Original copies ofbottle cieaning cermicares are maintained on tile. 

Access to samples is restricted to authorized personnel only. 

Sampie storage refrigerators are maintained at 4 “C s “C and the temperature of refigerators is 
checked and recorded daily. 

The laboratory segregates samples received under contract riom regulatory agencies from commercial 
samples. 

The laboratory follows advertised procedures for receipt of samples outside regular business hours. 

The iaboratory has established and adheres to procedures for handling rush ansiyses and analyses wit;? 
shon (~48 hours) holding times. 

When ‘*TOTAL” and “DISSOLVED” analyes are requested for the same sample, the tiltered and 
unfiltered fractions are assigned different sample numbers. 

L.lU sample Iabels are applied to.sample containers in such a way as not to obstruct the client’s label. 
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.A.uditor’s Signature Sumber o;‘.Attached Pages 

T.-AS axiit is based on tie LiU standard opmtlng proccdurcs ;jr snaiyses. 

.‘~:s~n~c:;ons to rire auditor: Check the box iabeiied “5s’ ;f*e 3uciit imn is m corripiiance. Cbck -he box i3beiled “SO” ifthe audit item ;s 
;ot :n cpmpiiance. inter a descnptton of exh noncompiiant :te.m tn rhe facility’s Audit L0gbo0~ ~th a corrccuve action pian and completion 
3te. .~.t~ch copies oi t.f~e Audit Log&&i pages to this audit form and distribute copies to the General ~Mmancr oi the faciiiy audited, &z 
~x?m.tcai Srector, and the President oiL%I. 
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The method is approved in the LX Corporate Quaiity Assurance Manuai (CQAM). 
_ .i 

The reagents and standards used meet the requirements of the method and the CQAM. .- 

Preparation oi reagents and st;in~ U --r”s is recorded as required by the CQ.UI. 

Reagents and standards are labelied as required by the CQAM 

AppticabIe instrument perfbtmance checks are performed as required by the method and the CQ+.W. 

Initial calibration is performed as required by the method and- the CQAM. 

Continuing calibration checks are pert’brmed as required by the method and the CQAM. 

*Method bianks are anaIyzed and meet the requirements of the method and the CQAM. 

,Matrix spikes are analyzed at the required frequency and the recoveries are recorded on contrci 
&arts. 

Sample duplicates or matrix spike duplicates are analyzed at the required frequency and the RPDs 
are recorded on control charts. 

Laboratory control samples are anaiyzed at the required frequency. 

Appropriate corrective action is taken and recorded for failed quality control analyses. 

No deviations from method protocol were observed. 

The atialyst demonstrated acceptable analytical skills. 

. ,  .A, , .  . , :  :  _, . . , ; , .  , , .  , , . , , .  , .  / .  ._ . , .  . ._I , j  .  .  . . , .  ‘ , , , . ,  , ;  .~..; ‘c 
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VOLATILE ORGANIC COMPOUNDS ANALYSIS 
SW-846 8240 

Approval: 
Laboratory Quality Assursnce Officer Laboratory Manager 

I : I 
.b c 

: . - II 1’ .)(bA ,..., * 7 
Approval: _ 

Quality Assurmcs Director Technical Director 
_- 

REFERENCE: 

Test Methods for Evaluating Solid Waste, SW-846, 3rd Edition, November 
1986,:. Tethod 8240. 

APPLICAB/LITYb .’ 

Analyte: volatile organic compounds listed in Table 2 
Matrix: water, soil, sediment, sludge 
Regulation: RCRA, ECRA 

IMPORTANT NOTES: 
. 

1. 

2. 

. ” 

Interferences purged or coextracted from the samples will vary considerably 
from source to source, depending upon the particular sample or extract being 
tested. The analytical system, however, must be checked to ensure freedom 
from interferences, under the analysis conditions, by analyzing reagent blanks. 

Samples can be contaminated by diffusion of volatile organics (pa,rticularly 
methylene chloride and fluorocarbons) through the septum seal into the sample 
during shipment and storage. A field blank prepared from reagent water and 
carried through the sampling and handling protocol can serve as a check on 
such contamination. 

. 

Cross-contzjmination can occur whenever high-level and lo&-level samples are 
analyzed sequentially. Whenever an unusually concentrated sample is 
analyzed, it should be followed by the analysis of reagent water to check for 
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cross-contamination. The purge-and-trap system may require extensive 
bake-out and cleaning after a high-level sample. 

.4. The laboratory where volatile analysis is performed should be completely free 
of solvents. 

5. impurities in the purge gas and from organic compounds out-gassing from the 
plumbing ahead of the trap account for the majority of contamination problems,,,, 
The analytical system must be demonstrated to be free from contamination 
under the conditions of the analysis by running laboratory reagent blanks. The 
use of non-TFE plastic coating, non-TFE thread sealants, or flow controllers 
with rubber components in the purging device shall be avoided. 

APPARATUS AND MATERIALS: 

l-. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Microsyringes: 1 O-PC, 25-pL, 1 00-pL, 250-PL; 5OO+L, and 1,000 pL. These 
syringes should be equipped with a 20-gauge (0.006in I.D.) needle having a 
length sufficient to extend from the sample inlet to within 1 cm of the glass frit 
in the purging device. 

Syringe valve: Two-way, with Luer ends (three each), if applicable to the 
purging device. 

Syringe: 5-mL, gas-tight with shutoff valve. 

Balance: Analytical, capable of accurately weighing 0.0001 g, and a 
top-loading balance capable of weighing 0.1 g. 

Volumetric flasks: lo-mL and lOO-mL, class A with ground-glass stoppers. 

Spatula: Stainless steel. 

Disposable Pasteur pipets. 

Purge-and-trap device with available heated puige’ chamber. The gaseous 
headspace between the water column and the trap must have a total volume 
of less than 15 mL. The purge gas must pass through the water column as 
finely divided bubbles with a diameter of less than 3-mm at the origin. The 
purge gas must be introduced no more than 5 mm from the base of the water 

.*-* 

column. 
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The trap must be at least 25 cm long and have an inside diameter of at least 
0.165 in. Starting from the inlet, the trap must contain the following amounts 
of adsorbents: 11$ of 2,6-diphenylene oxide polymer, l/s of silica gel, and YS of 
coconut charcoal. It is recommended that 1 .O cm of methyl silicone-coated 
packing be inserted at the inlet to extend the life of the trap. If it is not 
necessary to analyze for dichlorodifluoromethane or other fluorocarbons of 
similar volatility, the charcoal can be -eliminated and the polymer increased to 
fili s of the trap. If only compounds boiling above 35 OC are to be analyzed, 
both the silica gel and charcoal can be eliminated and the polymer increased to : 
fill the entire trap. Before initial use, the trap should be conditioned overnight -- 
at 180 OC by backflushing with an inert gas flow of at least 20 mUminute. 
Vent the trap effluent to the room, not to the analytical column. Prior to daily 
use, the trap should be conditioned for 10. minutes at 180 OC with 
backflushing. The trap may be vented to the analytical column during daily 
conditioning; however,. the co,lumn must be run through the temperature. 
program prior to .anaiysis of samples. 

. 

‘-The desorber shall be capable of rapidly heating the trap to 180 OC for 
desorption. The polymer section of the trap should not be heated higher than 
180 OC, and the remaining sections should not exceed 220 OC during bake-out 
mode. 

9. Gas chromatograph/mass spectrometer/data system with the most recent 
ver.sion of the EPA/NlH Mass Spectral Library. . 

10. Column: 6-f? x 0. l-inch I.D. glass, packed with 1% SP-1000 on Carlbopack-B 
(60/80 mesh) or equivalent. 

REAGENTS: 

1. Stock solutions: Stock solutions shall be obtained from commercial suppliers. 
If commercial standards are not available, prepare stock standard solutions in 
methanol, using assayed liquids or gases, as appropriate. 

Place about 9.8 mL of methanol in a lo-mL tared groundglass- stoppered 
volumetric flask. Allow the flask to stand, unstoppered, for about 10 minutes 
or until all aloohol-wetted surfaces have dried. Weigh the flask to thle nearest 
0.1 mg. - 

Add the assayed reference material, as described below. 

”  “ .  , ,  I  ,’ ‘ ( ‘ . . . ,C. , , . ,  , . . ,  I ,  :‘,‘.‘;‘,.” ? “ : , , ,  L , . ,  ,_ 
) . , .  
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Liquids: Using a 100-#L syringe, immediately add two or more drops o 
assayed reference material to the flask: then reweigh. The liquid must 
fail directly into the alcohol without contacting the neck of the flask. 

Gases: To prepare standards for any compounds that boil below 30-C 
(e.g., bromomethane, chloroethane, chlotomethane, or vinyl chloride), fill 
a 5-mL valved gas-tight syringe with the reference standard to the 
5.0-mL mark. Lower the needle to 5 mm above the methanol meniscus. 
Slowly introduce the reference standard above the surface of the liquid.. 
The heavy gas will rapidly dissolve in the methanoj. Stand”ards may also 
be prepared by using a lecture bottle equipped with a Hamilton Lecture 
Bottle Septum (#86600). Attach Teflon tubing to the side-arm relief 
valve and direct a gentle stream of gas into the methanol meniscus. 

Reweigh, dilute to volume, stopper, and then mix by inverting the flask several 
times. Calculate the concentration in micrograms per microliter @g&L) from 
the net gain in weight. When compound purity is assayed to- be 96% or 
greater, the weight may be used without correction to calculate the 
concentration of the stock standard. 

Transfer the stock standard solution into a Teflon-sealed screw cap bottle. 
Store, with minimal headspace, at -10 OC to -20 OC and protect from light. 

Prepare fresh standards every two months for gases. Reactive compounds 
such as 2-chioroethylvinyl ether and styrene may need to be prepared more 
frequently. Ail other standards must be replaced after six months, or sooner 
if comparison with check standards indicates a problem. 

Secondary dilution standards: Using stock standard solutions, prepare in 
methanol secondary dilution standards containing the compounds of interest, 
either singly or mixed together. Secondary dilution standards must be stored 
with minimal headspace ‘and shall be checked frequently for signs of 
degradation or evaporation, especially just prior to preparing calibration 
standards from them. 

. 
Surrogate ‘standards: / The required surrogates ‘. are toluene-d,, 
4bromofiuorobenrene, and *1,2-dichloroethane-d,. .A surrogate standard 
spiking solution shall be prepared from the stock surrogate solution at a 
concentration of 250 fig/l0 mL In methanol. Each sample undergoing GC/MS 
analysis must be spiked with 10 PL of the surrogate spiking solution prior to 
analysis. 
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4. 

5. 

6. 

8. 

9. 

lnternai standards: The required internal standards are bromochloromethane, 
1 ,4-difluorobenzene, and chlorobentene-d,. The working standard shall be 
prepared at a concentration of 25 lug/ml of each internal standard compound. 
Addition of 10 PL of this standard to 5.0 mL of sample or calibration standard 
would be the equivalent of 50 l.rgIL. 

Bromofluorobenzene (BFB) standard: A standard solution containing 25 ng&L 
of BFB in methanol shall be prepared. 

. 
Calibration standards: Calibration standards shall be prepared at five .- 
concentration levels @g/L): 20, 50, 100, 150, and 200. Prepare these 
solutions in reagent water. Each standard shall contain each analyte for 
detection by this method. Store for one week only in a vial with no headspace. 

Matrix spiking standards: Matrix spiking standards shall be prepared from the 
volatile organic compounds listed in Table 7. The standard shall be prepared 
in methanol, with each compound present at a concentration of 250 pg/l 0.0 
me. 

Great care must be taken to maintain the integrity of all standard solutions. it 
is recommended that all standards be stored at -10 *C to -20 OC in screw-cap 
amber bottles with Teflon liners. 

Methanol: Organic residue grade. Store apart from other solvents. 

PROCEDURE: 

GCfMS ooeratina conditiona 

Electron energy: 
Mass range: 
Scan time: 

Initial column temperature: 
Initial column’holding time: 
Column temperature program: 
Final column temperature: 
Final column holding time: 
Injector temperature: 
Source temperature: 

70 volts (nominal). 
35 - 260 amu. 
To give 5 scans/peak but not to exceed 7 
seconds/scan. 
45 OC. 
3 minutes. ,’ 
8 O C/minute;, 
220 OC.’ 
15 minutes. 
200 - 225 OC. 
According to manufacturer’s specifications. 
Transfer line temperature: 250 - 300 OC. 
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Carrier gas: Hydrogen at 50 cm/second or helium at 30 
cm/second. 

GUMS Calibration 

1. 

2. 

3. Connect the purge-and-trap device to a gas chromatograph. 

4. 

5. Carry out the purge-and-trap analysis procedure. 

6. Tabulate the area response of the characteristic ions (see Table 1) against 
concentration for each compound and each internal standard. Calculate 
response factors (RF) for each compound relative to one of the appropriate 
internal standard. The RF is calculated as follows: 

f-3 

Each GUMS system must be hardware-tuned to meet the criteria in Table 3 for 
a 50-ng injection or purging of 4bromofluorobentene (2-flL injection of the BFB 
standard). Analyses must not begin until these criteria are met. _ _: 

Assemble a purge-and-trap device. Condition the trap overnight at 180 OC in 
the purge mode with an inert gas flow of at least 20 mUminute. Prior to use, 
condition the trap daily for 10 minutes while backflushing at. 180 OC with the 
column at 220 OC. 

Prepare the,final solutions containing.the required-concentrations of calibration 
standards., including surrogate standards, directly in the purging device. Add 
5.0 mL of reagentwater to the purging device. The reagent, water is added to 
the purging device using a 5-mL glass syringe fitted with a 15-cm 20-gauge 
needle. The needle is inserted through the sample inlet shown in Figure 1. The 
internal diameter of the 14gauge needle that forms the sample inlet will permit 
insertion of the 20-gauge needle. Next, using a lo-PL or 25-PL microsyringe 
equipped with a long needle, take a volume of the secondary dilution solution 
containing appropriate concentrations of the calibration standards. Add the 
aliquot of calibration solution directly to the reagent water in thspurging device 
by inserting the needle through the sample inlet. When discharging the 
contents of the micro-syringe, be sure-that the end of the syringe needle is well 
beneath the surface of the reagent water. Similarly, add 10 JIL of the internal 
standard solution. Close the 2-way syringe valve at the sample inlet. 

Ax x =rs RF= 
A, x cx 
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where: AX = Area of the characteristic ion for the compound being 
measured. 

AIS = Area of the characteristic ion for the specific internal 
standard. 

Gs = Concentration of the specific internal standard. 
CX = Concentration of the compound being measured. 

7. The average RF must be calculated for each compound. A system performance _ ,: 
check shall be made before this calibration curve is used. Five compounds (the _- 
System Performance Check Compounds, or SPCCs) are checked for a minimum 
average response factor. These compounds are chioromethane, 
1,l -dichloroethane, bromoform, 1,1,2,2-tetrachloroethane, and chlorobenzene. 
The minimum acceptable average RF for these compounds shall be 0.300 
(0.250 for bromoform). These compounds typically have RRFs of 0.4 - 0.6 and 
are used to check compound instability and check for degradation caused by 
contaminated lines’ or active sites in the system. Gcamples of these 
occurrences are: 

Chloromethane: This compound is the most likely compound to be lost if the 
purge flow is too fast. 

Bromoform: This compound is one of the compounds most likely to be purged 
very poorly if the purge flow is too slow. Cold spots and/or active sites in the 
transfer lines may adversely affect response. Response of the quantitation ion 
(m/z 173) is directly affected by the tuning of BFB at ions m/z 174/l 76. 
Increasing the m/z 174/l 76 ratio may improve bromoform response. 

Tetrachloroethane and I,1 -dichloroethane: These compounds are degraded by 
contaminated transfer lines in purge-and-trap systems and/or active sites in 
trapping materials. 

8. Using the RRFs from the initial calibration, calculate the percent relative 
standard deviation (OARSD) for Calibration Check Compounds (CCCsI. 

’ . 

SD 
%RSD = - x 100 

x 

where: RSD = relative standard deviation. 
X = mean of 5 initial Refs for a compound. 
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SD = standard deviation of average RRFs for a compound. 

The %RSD for each individual CCC shall be less than 30 percent. This criterion 
must be met in order for the individual calibration to be valid. The CCCs are: 
1,l -dichloroethene, chloroform, 1,2-dichloropropane, toluene, ethylbenzene, 
and vinyl chloride. 

9. Prior to the analysis of samples, inject or purge 50-ng of the- .i 
4bromofluorobenzene standard. The resultant mass spectra for the BFB must 
meet all of the criteria given in Table, 3 before samP&analysis begins. These 
criteria must be demonstrated each 12-hr shift. 

10. The initial calibration curve for each ctimpound of interest must be checked and 
verified once every 12 hours of analysis time. This is accomplished by 
analyzing a.50 pg/L calibration standard and chegking the SPCCs and CCCs. /“---\ 

System Performance Check Compounds (SPCCs): A system performance 
check must be made each 12 .hours. If the SPCC criteria are met, a comparison 
of response factors is made for all compounds. This is the same check that is 
applied during the initial calibration. If the minimum response factors are not 
met, the system must be evaluated, and corrective action must be taken before 
sample analysis begins. The minimum response factor for volatile SPCCs is 
0.300 (0.250 for Bromoform). Some possible problems are standard mixture 
degradation, injection port inlet contamination, contamination at the front end 
of the analytical column, and active sites in the column or chromatographic 
system. ’ 

Calibration Check Compounds (CCCs): After the system performance check 
is met, the CCCs are used to check the validity of the initial calibration. If the 
percent difference for any compound is greater than 20, the laboratory should 
consider this a warning limit. If the percent difference for each CCC is less 
than 25%, the initial calibration is assumed to be vafid. If the criterion is not 
met for any one CCC, corrective action must be taken. Problems similar to 
those listed under SPCCs could affect this criterion. If no source of the 
problem can be determined after corrective action has been taken, a new 
five-point calibration must be generated. This criterion must be met before 
quantitative sample analysis begins. 

The internal standard responses and retention times in the check calibration 
standard must be evaluated immediately after or during data acquisition. If the 
retention time for any internal standard changes by more than 30 seconds from 
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the last daily check calibration, the chromatographic system must be inspected 
for malfunctions and corrections must be made, as required. If the EICP area 
for any of the internal standard changes by a factor of two (-50% to + 100%) 
from the last daily calibration standard check, the mass spectrometer must be 
inspected for malfunctions and corrections must be made, as appropriate. 
When corrections are made, reanalysis of samples analyzed while the system 
was malfunctioning is necessary. 

GUMS analysis of water samoles 

7. All samples and standard solutions must be ailowed to warm to ambient 
temperature before analyses. 

2. Adjust the purge gas (helium) flow rate to 25 - 40 mUminute on the 
purge-and-trap device. Optimize the flow rate to provide the best response for 
chlotomethane and bromoform, if these compounds are analytes. Excessive 

’ flow rate reduces chloromethane response, whereas insufficient flow reduces 
bromoform response. 

3. Remove the plunger from a 5-ml. syringe and attach a closed syringe valve. 
Open the sample or standard bottle, which has been allowed to come to 
ambient temperature, and carefully pour the sample into the syringe barrel to 
just short of overflowing. Replace the syringe plunger and compress the 
sample. Open the syringe valve and vent any residual air while adjusting the 
sample volume to 5.0 mL. This process of taking an aliquot destroys the 
validity of the liquid sample for future analysis; therefore, if there is only one 
VOA vial, the analyst should fill a second syringe at this time to protect against 

, 

possible loss of sample integrity. This second sample is maintained only until 
such time when the analyst has determined that the first sample has been 
analyzed properly. Filling one 20-mL syringe would allow the use of only one 
syringe. If a second analysis is needed from a syringe, it must be analyzed 
within 24 hours. Care must be taken to prevent air from leaking into the 
syringe. 

4. The following procedure is appropriate for diluting purgeable samples. All steps 
must be performed without delays until the diluted sample is in a gas-tight 
syringe. 

Dilutions may be made in volumetric flasks (lO- to 1 00-mL). Select the 
volumetric flask that will allow for the necessary dilution. Intermediate dilutions 
may be necessary for extremely large dilutions. 

. . 
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Calculate the approximate volume of reagent water to be added to the 
volumetric flask selected and add slightly less than this quantity of reagent 
water to the flask. 

inject the proper aiiquot of samples from the syringe into the flask. Aiiquots 
of less than 1 mL are not recommended. Dilute the sample to the mark with 
reagent water. Cap the flask, invert, and shake three times. Repeat above 
procedure for additional dilutions. . 

_- 

Fill a 5mL syringe with the diluted sample. 

5. Add 10.0 ~1 of surrogate spiking solution and 70 PL of internal standard 
spiking solution (Paragraph 5.4) through the valve bore of the syringe; then 
close the valve. The surrogate and internal standards may be mixed and added 
as-a single spiking solution. The addition of ‘IO &IL of the surrogate spiking 
solution to5mL of sample is equivalent to a concentration of‘50-#g/L of each 
surrogate standard. 

6. Attach the syringe-syringe valve assembly to the syringe valve on the purging 
device. Open the syringe valves and inject the sample into the purging 
chamber. 

7. Close both valves and purge the sample for 11 .O f 0.1 .minutes at ambient 
temj>erature. 

8. At the conclusion of the purge time, attach the trap to the chromatograph, 
adjust the device to the desorb mode, and begin the gas chromatographic 
temperature program and GC/MS data acquisition. Concurrently, introduce the 
trapped materials to the gas chromatographic column by rapidly heating the 
trap to 180-C while backflushing the trap with inert gas between 20 and 60 
ml/minute for 4 minutes. if this rapid heating requirement cannot be met, the 
gas chromatographic column must be used as a secondary trap by cooling it to 

.’ 30 OC (or subambient, if problems persist) instead of the recommended initial . 
program temperature of 45 OC. 

9. While the trap is being desorbed into the gas chromatograph, empty the 
purging chamber. Wash the chamber with a minimum of two 5-mL flushes of 
reagent water (or methanol followed by reagent water) to avoid carryover of 
pollutant compounds into subsequent analyses. 
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10. After desorbing the sample for 4 minutes, recondition the trap by returning the 
purge-and-trap device to the purge mode. Wait 15 seconds: then close the 
syringe valve on the purging device to begin gas flow through the trap. The 
trap temperature should be maintained at 780 OC. Trap temperature.s upto 
220 OC may be employed; however, the higher temperature will shorten the 
useful life of the trap. After approximately 7 minutes, turn off the trap heater 
and open the syringe valve to stop the gas flow through the trap. When cool, 
the trap is ready for the next sample. 

11. If the,initial analysis of a sample or a dilution.of the sample has a concentration .. 
. of analytes that exceeds the initial calibration range, the sample must be 
reanalyzed at a higher dilution. Secondary ion quantitation is allowed only 
when there are sample interferences with the primary ion. When a sample is 
analyzed that has saturated ions from a compound, this analysis must be 

PG. foilowed.by-a.blank reagent water analysis. If the blank analysis is not free of 
interferences, the system must be decontaminated. Sam.ple analysis may not 
resume. until a blank can be analyzed that.is free of interferences. 

“12. For matrix ‘spike analysis, add 10 PL of the matrix spike solution to the 5 mL 
of sample purged. Disregarding any dilutions, this is equivalent to a 
concentration of 50 pg/L of each matrix spike stgndard. 

73. All dilutions shall keep the response of the major constituents (previously 
saturated peaks) in the upper half of the linear range of the curve. 

CC/MS anaivsis of water-miscible liouids 

1. Water-miscible liquids are analyzed as water samples after first diluting them 
at least 50-fold with reagent water. 

. 

2. Initial and serial dilutions ‘can be prepared by pipetting 2 mL of the sample to 
a lOO-mL volumetric flask and diluting to volume with reagent water. Transfer 
immediately to a 5-ml gas-tight syringe. 

3. Alternatively, prepare dilutions directly in a 5-mL syringe filled with reagent 
water by adding at least 20 PL, but not more than lOO+L of liquid1 sample. 

A-N. The sample is ready for addition of internal and surrogate standards. 

LOW level GC/MS analvsis’of soil. sediment. and waste samples 
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The low level procedure is designed for samples containing individual purgeable 
compounds of < 1 mg/kg. it is limited to soil/sediment samples and waste that 
is of a similar consistency (granular and porous). The low-level method is 
based on purging a heated sediment/soil sample mixed with reagent water 
containing the surrogate and internal standards. Analyze all reagent blanks and 
standards under the same conditions as the samples. 

Use a 5-g sample if the expected concentration is < 0. I mg/kg or a 1 -g sample 
for expected concentrations between 0.1 and 1 mg/kg. 

A heated purge calibration curve must be prepared and used for the 
quantitation of all samples analyzed with the low level method. Follow the 
initial and daily calibration instructions, except for the addition of a 4-O OC purge 
temperature. 

R&riove. the. plunger from a !%mL..Luerlock type syringe equipped with a syringe 
valve ,and fill until overflowing -with reagent water. Replace the plunger and- 
compress the water to vent trapped air. Adjust the-volume to 5.0 mL. Add 10 
JJL each of surrogate spiking solution and internal standard solution to the 
syringe through the valve. (Surrogate spiking solution and internal standard 
solution may be mixed together,) The addition of 10 flL of the ‘surrogate 
spiking solution. to 5 g of sediment/soil is equivalent to 50 Ng/kg of each 
surrogate standard. 

;*? P 

The sample consists of the entire contents of ,the sample container. Do not 
discard any supernatant liquids. Mix the contents of the sample container with 
a narrow metal spatula. Weigh the sample aliquot into a tared :purge device. 
Note and record the actual weight to the nearest 0.1 g. 

Determine the percent moisture of the soil/sediment sample. This includes 
waste samples that are amenable to moisture determination. Other wastes 
shall be reported on a wet weight basis. Immediately after weighing the 
sample, weigh (to 0.1 g) 5 - 10 g of additional sediment/soil into a tared 
crucible. Dry the contents of the crucibles overnight at 105 OC. Allow to cool 
in a desiccator and reweigh the dried contents. Concentrations of individual 
analytes will be reported relative to the dry weight of sediment; 

Add the spiked reagent water to the purge device, which contains the weighed 
amount of sample, and connect the device to the purge-and-trap system. f-+x i -- 

,’ 
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8. Heat the sample to 40 OC f 1 OC and purge the sample for 11 .O f 0.1 
minutes. 

9. Proceed with the analysis as for water samples. Use 5 mL of the same reagent 
water as in the reagent blank. If saturated peaks occurred or would occur if a 
7-g sample were analyzed, the medium level procedure must be followed. 

10. For low level soil/sediment spikes, add 10 PL of the matrix spike solution to the 
5 mC of water. The concentration for a 5-g sample would be equivalent to 50 
pg/kg (wet weight) of each matrix spike standard. 

Hiah level GUMS analvsis of soil. sediment, and waste samples 

i 

1. .This procedure is based on extracting the soil/sediment with methanol. A 
waste sample is either extracted or diluted, depending on its solubility in 
methanol. An aliquot of the extract is added to reagent water containing 
surrogate and internal standards; This is purged at ambient temperature. All 
samples with an expected concentration of > 1 .O mg/kg should be analyzed by 
this procedure. 

2. The sample consists of the entire contents of the sample container. Do not 
discard any supernatant liquids. Mix the contents of the sample container with 
a narrow metal spatula. For soil/sediments and wastes that are insoluble in 
methanol weigh 4 g (wet weight) of sample into a tared 20-mL vial. Use a 
top-loading balance. Note and record the actual weight to 0.1 gram and 
determine the percent moisture.of the sample in the same manner as for the 
low level procedure. For waste that is soluble in methanol, weigh 1 g (wet 
weight) into a tared scintillation vial or culture tube or a lo-mL volumetric flask. 
(If a vial or tube is used, it must be calibrated prior to use. Pipet 10.0 mL’of 
methanol into the vial and mark the bottom of the meniscus. Discard this 
solvent.) 

3. Quickly add 9.0 mL of methanol then add 1 .O mL of the surrogate spiking 
solution to the vial. Cap and shake for 2 minutes. 

‘4 Pipet approximately 1 mL of the extract to a GC vial for storage, using a 
disposable pipet. The remainder may be disposed of. Transfer approximately 
1 mL of reagent methanol to a separate GC vial for use as the method blank for 
each set of samples. These extracts may be stored at 4 OC in the dark, prior 
to analysis. The addition of a 1 00-AL aliquot of each of these extract.s will give 
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a concentration equivalent to 6,200 pg/kg (wet weight) of each surrogate 
standard. 

Table 4 can be used to determine the volume of methanol extract to add to the . . . 
5 ml. of reagent water for analysis. If a screening procedure was foilowed, use 
the estimated concentration to determine the appropriate volume. Otherwise, 
estimate the concentration range of the sample from the low level analysis to 
determine the appropriate volume. If the sample was submitted as a medium 
level sample, start with 100 /IL. All dilutions must keep the response of the-z- 
major constituents (previously saturated peaks) in the upper half of the linear. 
range of the curve. 

6. Remove the plunger from a 5.0-ml Luerlock type syringe equipped with a 
syringe valve and fill until overflowing with reagent water. Replace the plunger 
and compress the water to vent trapped air. Adjust the volume to 4.9 mL. Pull 
the plunger back to 5.0 mL to allow volume for the addition of the sample 
extract and of standards. Add--l-O /IL of internal standard soiution. Also add 

f”7, 

the volume of-m&thanot,extract and a volume of methanol solvent to total 100 
PL (excluding methanol in standards). 

7. Attach the syringe-syringe valve assembly to the syringe valve on the purging 
device. Open the syringe valve and inject the water/methanol sample into the 
purging chamber. 

8. 7.4.3.2.8 Proceed with the analysis. Analyze all reagent blanks on the same 
instrument as that use for the sampJes. The standards and blanks shall also 
contain 100 &of methanol to simulate the sample conditions. 

9. For a matrix spike in the medium-level soil/sediment sampies, add 8.0 mL of 
methanol, 1 .O mL of surrogate spike solution, and 1 .O mL of matrix spike 
solution. This results in a 6,200 pglkg (wet weight) concentration of each 
matrix spike standard when added to a 4-g sample. Add a lOO-flL aliquot of 
this extract to 5 mL of water for purging. 

Qualitative analvsis 

1. An analyte (e.g., those listed in Table 1) is identified by comparison of the 
sampie mass spectrum with the mass spectrum of a standard of the suspected 
compound (standard reference spectrum). Mass spectra for standard reference 
shall be obtained on the user’s’GC/MS within the same 12 hours as the sample .n 
analysis. These standard reference spectra may be obtained through analysis 
of the calibration standards. Two criteria must be satisfied to verify 
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identification: (1) elution of sample component at the same GC relative 
retention time (RRT) as those of the standard component; and (2) 
correspondence of the sample component and the standard component mass 
spectrum. 

The sample component RRT must compare within f 0.06 RRT units of the RRT 
of the standard component. For reference, the standard must be run within the 
same 12 hours as the sample. If coelution of interfering components prohibits 
accurate assignment of the sample component RRT from the totai ion 
chromatogram, the RRT shall be assigned by using extracted ion current profiles” .‘l 
for ions unique to the component of interest. 

(1) All ions present in the standard mass spectra at a relative intensity greater 
than’ 10% (most abundant ion in the spectrum equals 100%) must be present 
in the sample spectrum. 

(2) The relative intensities of ions specified in (1) must agree within *20% 
between the standard and sample spectra. (Example: For an ion with an 
abundance of 50% In the standard spectra, the correspond -ng, sample 
abundance must be between 30 and 70 percent). 

For samples containing components not associated with the calibration 
standards, a library search may be made for the purpose of tentative 
identification. The necessity to perform this type of identification will be 
determined by the type of analyses being conducted. Guidelines for making 
tentative identification are: 

(1) Relative intensities of major ions in the reference spectrum (ions > lOoh of 
the most abundant ion) should be present in the sample spectrum. 

(2) The relative intensities of the major ions should agree within 220%. 
(Example: For an ion with an abundance of 50% in the standard spectrum, the 
corresponding sample ion abundance must be between 30 and 70%). 
(3) Molecular ions present in the reference spectrum should be present in the 
sample spectrum. 

(4) Ions present in the sample spectrum but not in the reference spectrum 
should be reviewed for possible background contamination or presence of 
coeluting compounds. 
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(5) ions present in the reference spectrum but not in the sample spectrum 
should be reviewed for possible subtraction from the sample spectrum because 
of background contamination or coeluting peaks. Data system library reduction 
programs can sometimes create these discrepancies. 

Computer generated library search routines must not use normalization routines 
that would misrepresent the library or unknown spectra ,when compared to 
each other.. Only after visual comparison of sample with the nearest library 
searches will the mass spectral interpretation specialist assign a tentative 
identification. _ ,:. 

Quantitative analvsiq 

1. When a compound has been identified, the quantitation of that compound will 
be based on the integrated abundance from the EICP of the primary 
characteristic ion. Quantification will take place using the internal standard 
technique. The internal-standard used shali be the-one nearest the retention 
time.ofthat of a given analyte (e.g., see Table 5). F--h 

2.. Calculate the concentration of each identified anafyte in the sample as follows: 

Water and Water-Miscible Waste: 

Ax X Is 
doncentration @g/L) = 

ApJ XRF xv, 

where: Ax = Area of characteristic ion for compound being measured. 
I, = Amount of internal standard injected (ng). 
A, = Area of characteristic ion for the internal standard. 
RF = Response factor for compound being measured. 
vo = Volume of water purged (mL), taking into consideration any 

dilutions made. 

High Level Soil/Sediment, Sludge, and Waste: 

-Ax X I, X VT 
concentration @g/L) = 

Am XRk' XV, X.W, 
l---l 

where: AX = Area of characteristic ion for compound being measured. 
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Is = Amount of internal standard injected (ng). 
v, = volume of total extract (GIL) (use 10,000 PL or a factor of 

this when dilutions are made). 
&i = Area of characteristic ion for the internal standard. 
RF = Response factor for compound being measured. 
v, = volume of extract added @IL) for purging. 
WS = weight of sample extracted or purged. The wet weight or 

dry weight may be used, depending upon the specific 
applications of the data. 

Low Level Soil/Sediment, Sludge, and Waste: 

concentration (fig/L) = 
- AL9 X RE' X W, 

where: Ax = Area of characteristic ion for compound being measured. 
Ii = Amount of internal standard injected (ng). 
A% = Area of characteristic ion for the internal standard.. 
RF = Response factor for compound being measured. 
ws = weight of sample extracted or purged. The wet weight or 

dry weight may be used, depending upon the specific 
applications of the data. 

3. 
*c 

Soil/sediment samples are reported on a dry weight basis, while sludges and 
wastes are reported on a wet weight basis. The % moisture of the sample 
shall be reported along with the data in either instance. 

4. Where applicable, an estimate of concentration for noncalibrated components 
in the sample shall be made. The formulas given above shall be used ,with the 
following modifications: The areas AX and As shall be from the 1:otal ion 
chromatograms, and the RF for the compound shall be assumed to be 7. The 
concentration obtained shall be reported indicating (1) that the value is an 
e&mate and (2) which internal standard was used to determine concentration. 
Use the nearest internal standard free of interferences. 

5. Report results without correction for recovery data. When duplicates and 
spiked samples are analyzed, report all data obtained with the sample results. 

, . I  , . .  , ,  

. . ,  .  , . .  _ I  , _ .  , . ,  . , ,  
. . _ . , . , . I . ,  
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QUALITYASSURANCE: 

1. 

2. 

3. 

4. 

5. 

6. 

This method must be validated by the successful analysis of a blind quality 
control sample before samples can be analyzed. 

A method detection firnit (MDL) study (procedure APO001 ) must be completed 
before samples can be analyzed. The MDL study must be repeated whenever 
a significant change in the procedure is made. . 

The required quantitation limits are listed in Table 2. 

A new calibration curve must be run when the continuing calibration check fails 
quality control criteria or once each 30 days, whichever occurs first. 

Analyze a reagent biank with each batch of samples analyzed or one per 20 
samples, whichever is more frequent. The concentration of each target 
compound -detected-.- in--the-. reagent- blank must be less than. the required 
quantitation limit;- Exception: methylene chloride, acetone, and toiuene may 
not exceed 5 x the quantitation limit. 

Analyze a matrix spike and matrix spike duplicate at a minimum frequency of 
one per 20 samples or one per month, whichever is more frequent. The control 
limits for recovery and RPD are listed in Table 7. 

, .  
:’ 

.  .  
‘. 
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Table 1. CBAR&CTRRISTXC IONS FOR VOLATILE COMPODNDS 
=IP1111=00fI-P13=r3P-====~=-=====*===-==--- 

Primary secondary 
compound Ion Ion( 8) 
----------------------------------------------------------------------- 
Acetone 
Acrolein 
ACrylOnitrile 
Benzene 
Bromochloromethane (I.S.) 
Bromodichloromethane 
4-Bromofluorobenzane (eurr, 
Bromoform 
Btomomethane 
2-Butanone 
Carbon disulfide 
Carbon tetrachloride 
Chlorobenzene 
Chlorobenzene-d, (1-S.) 
Chlorodlbromomethane 
Chloroethane . 
2-Chloroethyl vinyl ether 
Chloroform 
chloromethane 
Dibromomethane 
1;4-Dichloro-2-butane 
Dichlorodifluoromethane 
1,1-Dichloroethane 
1,2-Dichloroethane 
1,2-Dichloroethane-d, (surr 
1,1-Dichloroethene 
trans-1,2-Dichloroethene 
1,2-Dichloropropane 
tie-1,3-Dichloropropene 
trans.1,3-Dichloropropene 
1,4-Difluorobenzene (I.S.) 
Ethanol 
Ethylbenzene 
Ethyl methafXylat8 
2-Hexanon 
Iodomethane 
xethylene chloride 
4-Methyl-2-pentanone 
Styrene 
1,1,2,2-Tetrachloroethane 
Tetrachloroethmno 
Toluene 
TOluene-d, (mUrt.) 
1,1,1-Trichloroethane 
1,1,2-Trfchloroethane 
Trichloroethene 
Trichlorofluorom+ane 
1,2,3-Trfchloropropane 
Vinyl acetate 
Vinyl chloride 

‘. ) 

, 

43 
56 
53 

12': 

t: 
173 

94 
72 
76 

117 
112 
117 
129 

ii 
a3 

z: 

i's 

tz 
65 
96 
96 
63 
75 

11: 

1:: 

fi 
142 

a4 

1:: 
a3 

164 

9'8' 

8'1 
130 
101 

75 
43 
62 --_ 

5s 
55, 58 
52, 51 
52, 77 
49, 130, 
85, 129 

174, 176 
171, 175, 

96, 79 
57, 43 
78 

119, 121 
114, 77 

101 

82; lid 
208,.206 

66; 49 
65, 106 
as.. 47 
52, 49 

174, 9s 

z: a9 50, 
65, 83 

1Z 98 

61, 98 

t;: 98 41 
77, 39 
77, 39 
63, 89 
45, 27, 
91 
41, 39, 
58, 57, 

127, 141 

2 1% 
78: 103 
85, 131, 

129, 131, 
91, 65 
70, 100 
99, 117 

E: 3 
103, 66 
110, 77, 

86 
64, 61 
91 

51 

252 _ 

46 

99 
100 

86 

133 
1661 

99, 
132 

61 
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Table 2. PRACTICAL QUANTITATION LIMITS (PQL) FOR VOLATILE ORGANICS 
PPt=rDf=====P==PZ=X===~=*~=~~=== ====9111'=====3'X==-----f=---3e--15=3=3======= 

Practical Quantitation Limits* 

Ground Low Soil/ 
water Sediment 

Volatile0 CAS Number m/L I.rg/Kg ---_--------------------------~---------------------------------------------- 
1. 

2 
4. 
5. 
6. 

3: 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 

chloromethane 74-87-3 
Bromomethane 74-83-9 
Vinyl Chloride 75-01-4 
Chloroethane 75-00-3 
Methylene Chloride 75-09-2 
Acetone 67-64-l 
Carbon Disulfide 75-15-o 
l,l-Dichloroethene 75-35-4 
l,l-Dichloroethane 75-35-3 
trans-1,2-Dichloroethene 156-60-s 
Chloroform 67-66-3 
1,2-Dichloroethane 107-06-2 
2-BUmnOne. 78-93-3 
l,l,l-Trichloroethane 71-55-6 
Carbon Tetrachloride 56-23-S 
Vinyl Acetate 108-05-4 
Bromodichloromethane 75-27-4 
1,1,2,2-Tetzachloroethahe -.79-34-s 
1,2-D-ichlo-ropropane 78-87-5 
trans-1,3-Dichloropropene 1006-l-02-6 
Trfchloroethene 79-01-6 
Dibromochloromethane 124-48-l 
1,1,2-Trichloroethane 79-00-S 
Benzene 71-43-2 
cis-1,3-Dichloropropene 10061-01-5 
2-Chloroethyl Vinyl Ether, 110-75-8 
Brouk?fonn 75-25-2 
2-Eexanone 591-78-6 
4-Methyl-2-pentanone 108-10-l 
Tetrachlorcmthene 127-18-4 
Toluene 108-88-3 
Chlorobenzene 108-90-7 
Ethyl Benzene 100-41-4 
Styrene 100-42-5 
Total Eylenee 1330-20-7 

10 

i:: 
10 

10: 
5 
5 
5 
5 
5 

10: 
5 

5: 
5 
5 
5 
5 

.5 
5 

z 
5 

10 
5 

50 
50 

5 
5 
5 
5 
.5 
5 

10 

ii 
U-J 

5 
100 -.: 

5 .- 
5 
5 
5 
5 
5 

100 

z 
so- f---h 

5 
5 

'. 5 
5. 
5 
5 
5 

2 
10 

5 
50 
50 

z 
5 
5 
5 
5 

-a - - - -  
nrrr33rrrrirrurrrrm==-=--====3nPt~======------ 

*PQLe listed for soil/sediment are based on wet weight. 

Ir===l=fll-P=3=================*==========-- 
Mher Matrices Factor' . 
------------------------------------------- 
Water miscible liquid waate 50 

_ High-level soil & sludges 125 
Non-water miscible waete 500 
1=113=1-*1t=~P3flr10~~~*==e===- 

.A., 
'PQL = PQL for ground water (Table 2) X Factor. For nonaqueous samplera, the .,i 
factor is on a wet weight basis. 
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Table 3. BFB KEY ION ABUNDANCE CRITERIA 
PPt*-PIP03=t31PPID=~==-==============~======= 
Mass Ion Abundance Criteria 
------------------------------ ----------------------------~-- 

50 15 to 40% of mass 95 
75 30 to 60% of mass 95 

E 
base peak, 100% relative abundance 
5 to 9% of mass 95 

173 less than 2% of mass 174 
174 greater than 50% of mass 95 
175 5 to 9% of mass 174 
176 greater than 95% but less than 101% of mass 174 
177 5 to 9% of mass 176 
I=ffIla-r0-PPP10tPl't-PlOf9tPPPPI=r=i 3=P=-=x 

. _ .i. 
.- 

Table 4. QUANTITY OF METHANOL EXTRACT REQWIRED 
FOR ANALYSIS OF MEDIUM-LEVEL SOILS/SEDIMENTS 

,--l=~:xx=-rz--- --------- ,,,,,,,,=3===31=3L======~========-===-== 
Approrimate Volume of 

Cancentration Range.- Methanol Extract* 
----------------------------'---.----------------------- 

SOO- 10,000 pgjkg 100 fi 
l,OOO- 20,000 pg/kg 50 JIL 
5,000-100,000 pg/kg 10 pL 

25,000-500,000 pg/kg 100 PL of l/SO dilutionB 
-----e 

Calculate appropriate dilution factor for concentrations exceeding this table. 

*he volume of methanol added to 5 mL of water being purged must be kept 
constant. Therefore, add to the S-mL syringe whatever volume of methanol is 
necessary to maintain a volume of 100 pL added to the eyringe. 
BDilute an aliquot of the methanol extract and then take 100 pL for analyoie. 
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Table 5. VOLATILE INTERNAL STANDARDS WITH.CORRESPONDING ANALYTES ASSIGNED FOR 
QUANTITATION 

=f=Pe=II531=P-==Pt===t=fllt't='===~======== 
Bromochloromethane 1,4-Difluorobenzene 

--------------------------------- ------------------------- 
Acetone Benzene 
Acrolein Bromodichloromethane 
Acrylonitrile Bromoform 
Bromomethane 2-Butanone 
Carbon disulfide Carbon tetrachloride 
Chloroethane Chlorodibromomethane 
Chloroform 2-Chloroethyl vinyl ether 
Chloromethane Dibromomethane 
Dichlorodifluoromethane 1,4-Dichloro-2-butene - 
l,l-Dichloroethane 1,2-Dichloropropane 
1,2-Dichloroethane cis-1,3-Dichloropropene 
1,2-Dichloroethane-& (surrogate) trans-1,3-Dichloropropene 
l,l-Dichloroethene l,l,l-Trichloroethane 
trans-1,2-Dichloroethene 1,1,2-Trichloroethane 
Iodomethane Trichloroethene 
Methylene chloride Vinyl acetate 
Trichlorofluoromethane 
Vinyl chloride 

Chlorobenzene-d, 
--------------------__________ 
Bromofluorobenzene (surrogate) 
Chlorobenzene 
Ethylbenzene 
Ethyl methacrylate 
2-Hexanone 
I-Methyl-2-pentanone 
Styrene 
1,1,2,2-Tetrachloroethane 

. Tetrachloroethene 
Toluene 
Toluene-d, (surrogate) 
1,2,3-Trichloropropane 
Xylene 

------OIII='t'==P='l=----~===='f===============================., ='LI=---.--.- 
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Table 6. SURROGATE SPIKE RECOVERY LIMITS FOR WATER AND SOIL/SEDIMENT SAMPLES 
------------------------------------------------------ ----- _-_--__---____-_---_-------------------------------- ,-I~==t=====D~==*=----- 

Low/Medium Low/Medium 
Surrogate Compound Water Soil/Sediment 
---------------------------------------- ------------------------------------- 
4-Bromofluorobenzene 86-115 74-121 
1,2-Dichloroethane-d, 76-114 70-121 
Toluene-d, 88-110 81-117 

----------------~-----= ==='====Pt=I='=Ir==X=e-0e'=3-==t=P03=P============================-----------------~----- 

Table 7. MATRIX SPIKE/MATRIX SPIKE DUPLICATE QUALITY CCMTRtiL LIMITS 
=5=P=PIII==PIIII=========~~========================= 

Water Soil 
--------------- --------------- 
Recovery RPD Recovery. RPD 

------------------------------------ --------------------------- 
l,l-Dicloroethane 61 - 145 14 59 - 172 22 
Trichloroethene- 71 - 120 14 62 - 137 
Chlorobenzene 75 - 130 13 60 - 133 i: 
Toluene 76 - 125 13 - 139 
Benzene 76 - 127 11 iii - 142 z: 
=P====PI===II=='-------------------------------- -------------------------------==---====== 
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Environmental Laboratories Inc. (ELI) was established in 1974 and .is 8 consulting 
environmental engineering firm and analytical laboratory uniquely organized to 

provide the diverse technical resources required to address complex environmental 

projects ftom within a single organization. 

This QuaMy Assurance Program Plan (Q+pP) addresses the analytical laboratory’s 
approach to all aspects of data production ranging from sampling procedures to data 

reporting. 

The addressof the laboratory is: 

Environment& L8boratories, Inc. 
A Subsidiary of ElCoN 

142 Temple Street 
New Haven, Connecticut 06510 

(203)' 769-l 260 
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2. Quality Assurance Policy 

Environmental &boratori8s, Inc. (ELl) is oOmmitt8d to providing sd8ntifkajiy and 

legally defensible data regardless of the proj8ot size or tb regulatory program under 

which the analyses 8r8 conductd. 

, 

tt is th8 policy of EtJ to meet th8 quality control 8nd methodology rsguirements for 

8aoh of the regulatory programs under whioh it p8rforms 8nvironmentaily irelated - ‘_ 

messurement 8ctivitii. &oaus8 many of these programs require different 

applications of th8 methodology, and varying kv8ls of qualii oontrol procedures and 

dooumentation, a tiered approach is used in the laboratory. 

In many regulatory progmms, such as RCFUL a- weildefined project planning 

procedure is required prior to ‘the initiation of sampling and snalysis. This proo8dure 

can indUd submission of sampling plans; establishment of data quality objectives 

(DQOs), documemation of method detection’ limits and standard operating 

prooedures, outlining data deliverables, and incorporation of these project rspecific 

requiremerns into a Qua&y, Assurance ptoj8ct Plan WWjPL EiJ strongly supports 

the use of this approach with ail di8nts prior to project initiation regerdless of the 

regulatory program mquiremems. 
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3. Purpos8 and scope of Document 

The purpose of this document iS to describe the sp8cific 8iements of the Quality 

Assurance (CA} program in operation at EU during ali sample analyses. The purpose 
of a w8Hefined CA program at EU is to ensure that al data is both technically valid - 2 
and legally defensible, and that ali appropriate documentation is accessible for future 

data inquiries. 

The scope of this document includes the. prOc8dureS which Eu us8s to ensure that 

all data is of known and documented quality. these procedures are outlined as 

follows: 

0 

4 

. l 

l 

l 

Wall 8staMish8d chain of custody procedures that start from bottle and 
cooler preparation and continue through sample disposal. 

Analysis of QC sampleq to document laboratory precision and accuracy, 
and th8 effect of the matrix on the method performed. 

Laboratory and data auditing procedures. 

Corrective action procedures and documentation. 

Data management through laboratory Information Management System 
(;UMS) and data archival. 

In addition, EU’s laboratory staff consists of organic and inorganic analysts with 
extensive experience in analytical testing. 

I  

. “ .  . . L  .  . , . . , . .  ~ . .  , ,  : , .  . , .  
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3. Purpose and Scope of Document kon’t) 

This OAPP, used alone or in conjunction with specific QAPjPs, describes the various 

procedures used in the laboratory which are designed to meet the regulatory 

requirements of various state and federal programs under which EU perfoms sampJe - .‘_ 

analysis. tn the case of any specific discrepancy between this document and 

approved QAPjj, the QAPjP is conkidered to supersede this document ‘for that 

particular projf3ct. 

‘7’“‘ :’ : \  : ‘ , ( ,  , . . , ‘ “ . ( ’  . ( , . L . ,  : ,  _Gj. * . ,  . , ; ,  ,  ~ . ,  I  .  , .  .  

.  “ . .  
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DataQuditv~w WOO, '7. 

Describes the level of uncertainty that the decision maker is wiii to accept in analytical _ 
data results. 

R&&n, Acatacy, thpmaabenws, Compktwess, md comvm&W (PARCCI 

. 

The agreement in a set of repkate m 
The doseness of agmement between a JIWMSW& value and a true or 
accepted reference value. 

m: lhe degree to which a measurement acuraMy and precisely 
repmwms true conditions. 

Compktwwu: Measured as the ntimbef of valid data points obtained/number of 
.- data points attempted. When listed numericah as an objective, the 

cakulation of thii variable can be somewhat subjective. 
compm: The degree to which one set of data can be compamd to anothef set 

Ofb. 

A know matrix &Iced with target analyteW. used to ztssess laboratory accuracy 
independent of the S8mpk mrtrix. 

A duplicate sample whii is used to document precision of the method in a paticuiat 
mafix. 

A field sample 20 whii t8rgat analyteis) have been added at a known quantity to determine 
theeffectofthematrixonaccumcy. 

An addiitil mat& &ke for determination of the effect of the matrix on precision. 

~ 
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4. Deflnltions of Terms (con’t.~ 

A blank matrix to which all reagents are added in the same volume or proportion as used in 
sample processing. Used to document contamination re&ting from the analytical process. 

The minimum concentration of a compound that can be measwed at a 99% confidence 
interval. Calculated as prescribed in 40 CFR Pan 139 Appe~%~ 8. 

“2 
-.ti Recovery Act (RCRA) 

Sk9 Ddnkhg-w~-Act (SOWA) 

The total integrated program for assuring reliabilii of monitoring and memsurement data. 

Qudity-RoQm- mAPP) 
.I- 

A plan designed to daacribe a laborato~‘s overall program to ansum measurement of data 
with known and dowmamed quality. 

A plan designed to descr& CIA/W goals and operating procedures for a specific data 
collection activii. 

?‘he routine appiii of procedures for obtaining prescribed standards of performance in 
the monitoring and measurement process. 

A written procedure describing each step in a process or task in specific detail. 
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5. Respon!5ibiitdes and Authom 

5.1 Laboratory Organization 

An organization chiirt appears 8s figure 5.1 which outlines the structure of ZU. 

_ 
5.1 OA officer _- 

The OA Officer of ELl is directly responsible for monitoring compliance with the 
specific quality control requirements presented in this document and in the 

methodology quoted herein. This monitoring is accomplished using both laboratory 

and data audits as described in Section 12. The resuiting 8udii reports are 

distributed to the Laboratory Director and President of ELI. The QA Officer is also 

responsibleii in conjunction with laboratory management, for the organization, 

tracking, and responses to performance evaluation samples and external laboratory 

and data audits. 

Other responsibilities of the OA Officer are revising the QA program to meet 

changing regulatory guidelines; approval, distribution, and archival of all Standard 

Operating Procedures (SOPS); and reviewing QAPjPs in conjunction- with program . . 
and laboratory management. . ; 

The authority of the QA Officer comes directly from the President of the laboratory. 

,’ , .  , , . .  . I , ,  .~ , .  .  .  , .  . , .  I  . , . , . . . ,  , ,  
. . .  , , .  
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5. Rasponslbilltlm and Authofltl88 (con?.) 

5.2 President 

.It is the responsibiiity of the President to assign 8 QA Officer with sufficient 

responsibilirjr and authority to carry Out the auditing programs and to make 

recommendations for chenges in methodology 8nd QC procedures in the l8bor8tor/. ~ ‘:- 

It is 8lsO the responsibility 8IId suthority Of the President to maintain 8 working 

environment that 8otive)y supports the impOft8fKS of scientific8liy sound and legally 

defensible data. 

5.3 ldoratory Dimctor 

‘It is the responsibilii of the Laborarory Director to emphasize the importance of 

data qU8lity with the laboratory staff. lt is 81sO the responsibility Of the LabOratOry 

Director to maintain updated, 8ccurate SOPS and method manu8Js for us13 in the 

18bOr8tOw, 8t’Ki t0 reSpOrrd to tha internal lSbOr8tOry 8nd dsta 8udii. 

In routine daily applications, the Laboratory Director must review and/or designate 

authorized pwsonna! to retview the data reports th8t are produced by the laboratorY. 

In this final review, the QC procedures as described in this document must be 

verified, and any anomalies found must be investigated and corrected. The 

taboratory Director has the discretion to report anomalous d8t8, provided that any 

problems (i.e. missed holding times, QC ssmpfes out of control) are fully 

documented and explained in the project narrative, and their effect On the data 

explained. 

The Laboratory ~~reC%Or h8s the responsibility and authority, 8iOng With the m 

Officer to review and approve QAPjPs under which the labor8tory will be reporting 

data. 

. , ,  

:‘:‘, .  .  . , , , ,  

.  I . ,  . / ,  I  . - ,  - , ; .  I /  , ,  I  , ,  
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5. Rasponslb#ttiss and Authodtlas (can’t.) 

The Laboratory Director has the authority to change and update any procedures in 

the laboratory as long as the SOPS are updated to reflect thase changes. 

5.4 Laboratory Staff _ .i 

Control of data quality begins at the bench level. The laboratory staff, and their 

training in data qua&y matters is essantial in maintaining a laboratory with 

con&tent high qua&y output. It is the responsibiiity of each individual to ensure 

that his/her anaiyticai work meets with the requirements of the methodology, the 

SOPS, and the QAFP: 

Each employee has the authority to accept or reject data basad on these criteria. If 

any data is to be accepted which does not meet established QC guidelines, it must 

be with the written’approval of the manager. 

i 
. 
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Robert Wasp .---------a~ 
President t 

L 

I 
i- 

i 
Robext Schock 1 

Laboratory Director : I I- 
Deboti A. Luring 

QA Fc=r 1 
I 1 Laboratory Analysis - 

Organic and Inorganic Sample Custodian 
. 

ELI Laboratory Organization Chart 
Figure 5.1 
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6. Sampling Procedures 

Quality Assurance in field sampling procedures is of vital importance in achieving 

accurate and representative analytical results. This document addresses sampling 

procedures only so far as to outline how sample containers are provided to field 

personnel, proper preservation techniques, and holding times in use at the 

laboratory. The responsibilii for impl8m8ntlng a proper sampling program, including 

sample collection procedures, the Use of appropriate containers, preservation 

techniques, proper transport of samples to the laboratory, and ensuring that the 

samples are shipped in a timdy fashion to allow the laboratory to meet the holding 

times, is the responsibility of the field personnak 

- 

Chain of custody procedures and docUmentation, which are a key part of this 

process, are discussed in Section 7.0. 

6.1 6otth3s 

Bottles can be supplied to the client on request. Both dear glass, brown glass, and 

poly8thyi8IW bottks are avaiiab!e depending on the test requests associated with the 

sampling event. Glass bottles are supplied with teflon-lined caps to prevent 

contamination from the caps. Upon arrangement with the client, preservatives are . 

included in the bottle. In some cases, upon arrangement with the client, 

preservatives may be supplied in a separate container with instructions for their use. 

A complete Wing of sizes, bottle types, and preservatives used are found in Table 

6.1 for aqueous samples and Table 6.2 for solid samples. 

. ,  1 . ,  .  :  
, .  j , .  , .  , .  .  .  .  , .  .  .  

. . , .  
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6. Sampling Procd~~res (c&t.) 

6.2 Holding Times 

Holding times applied are listed in Table 6.1 for aqueous samples and Table 6.2 for 

solid samples. Holding times are calculated from the date of sample collection. 

Clients of the laboratory are urged to return samples to the laboratory as soon as 
possible to allow the laboratory to meet the specified holding times. In ,the case 

where a holding time is missed, due to either being held in the field o’r due to 
laboratory error or probjems, the client will be notified immediateiy for instructions. 

If analytical data is generated from samples which have exceeded their holding time, 

this will be clearly stated in the project narrative. 

, .  . ,  1, .  .  . .~  . , ,  , . , . . . . , I . ,  , .  , .  ( . .  : . , .  , .  . ,  ~ . .  , . - :  , .  , .  .  .  : ; ,  , .  , . . , . .  , . .  . ; < -  I , . \ .  . , .  .  . ,  , : ,  .~,h,  ~ .  , ,  .  .  , ,  
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Table 6.1 
Container, Preservative, aud Holding Tie Requirements 

Aqueous Sampies 

ParameteC 

Miium 
Volume 
ReqUiWi’ 
w 

MZ+Xi.IllUXtl 
Holding 

Cormid Preservative (2 Tiid 

Acidity 100 

Alkalinity 100 

AmmOnia 500 

BOD, 5 day 

Chloride 

Chlorine, Residual 

COD 

500 P 

100 P, G 

500 P, G 

250 P, G 

Cyani+s, Total 

Fluoride 

Hardness, Total 

500 P, G 

500 P 

100 P 

Kjeldahl Nitrogen, 
Total loo0 

Metals, Total 
and Dissolved’ 
except: 

100 

Mercury, Total 
and Diilved’ 100 

P, G 

P, G 

P, G 

P, G 

P 

P 

- 4°C 14 days y. 

4T 14 days 

HsO,to pH < 2, 28 days 
4% . 

4T 48 hours 

4% 28 days 

4°C ASAP 

HsO,to pH < 2, 28 days 
4°C 

4C, NaOH to pH> 12 14 days 

4% 28 days 

4°C 6 months 

H,sO,to pH C 2, 
4-c 

HNO,to pH < 2 

28 days 

6 months 

HNO,to PH. C 2 28 days 
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Table 6.1 
Container, Preservative, and Holding Tiie Requirements 

Aqueous Samples 

Parametet containe? Regavarive 

Maximum 
Holdhg 
Time) 

Hexavalent Chromium 100 

Nitrate 100 

Nitrate/Nitrite 100 

Niie 100 

Oil k Grease 1000 

PH 

Phenols 

100 P, G 
100 G 

Solids, Total 100 

Solids,;rotal Diiived 100 

Solids, Total Suspended 100 

: Solids, Total Volatile 100 

Solids, Settleable 100 

Surfaaants loo 

P 

P,G 

P,G 

P,G 

G 

P, G 

P, G 

P, G 

P, G 
P, G 
P 

P,G 

4°C 

4% 

4’(3 

wO,to pH < 2 

H$O+to- pH c 2, 
4Yz 

4% 

H$O,to pH c 2 
4T 

4°C 

4% 

4°C 

4°C 

4% 

4r: 

24 hours 

48 hours 

28 d;tys 

48 hours 

28 days 

ASAP 

28 days 

7 days 

7 days 

7 days 

7 days 

7 days 

48 hours 

28 days 
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Table 6.1 
Container, Presenmive, and Holding Time Requirements 

Aqueous Sampks 

Parameter 

Minimum 
Volume 
Required’ 
ON Contain& Pm4mative 

M2XitIUlXll 
Holding 

. Tiid 

Sulfides, Total 500 P,G 

Turbidity 100 P, G 

OrgiUOChlOiZU3 
Pesticides % PCBs 

1000 G, tefloa 
Iined cap 

Purgeable Aromatics 40 (x 2) G, teflon 
lined cap 

Purgeable Halocarbons 40 (x 2) G, teflon 
lined cap 

Semiv&tile Organics 1000 G, teflon 
lined cap 

Volatile Organ& 40 (x 2) G, teflon HCl to pH C 2 
Iined cap 4% 

401=, NaOH to pH> 9 
Zn acetate 

4-C 

4’c 

HCltopH<2 
4’6 

4’c 

4°C 

7 days 

48 hours 

7 days to extn 
40 days from extn. ,, 

to ar&ysis 

14 days 

14 days 

7 days to extn 
40 days from 

extn. to analysis 

14 days 

1 Represents the minimum volume for one analysis. It is recommended that double the volume be 
u$ected for possible reextractionslreanalyses. For MS and MSD or MD, triple the volume 
must be collected. 

2 P = Polyethylene, G = Glass 
3 Holding times are calculated from date of sample collection unless otherwise 

specified. f-7 
4 Dissohd metals should be field filtered. 
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Table 6.2 
Container, Preservative, and Holding Time Requirements 

Solid Samples 

Parameter 

Minimum 
Weight 
Required1 Container2 Preservative 

Holding 
Time3 

Cyanides, Total 2 OZ. 

Metals, Total 
except: t5g 

Hexavalent Chromium 50 g 

‘Mercury, Total t5g 

Sulfides, Tptal 

Volatiie Organics 

2 oz. 

lOg(x2) 

Otganochlorine 
Pesticides & PCBs 

4 oz. 

WrgeaMe Halocarbons 10 g 0~ 2) 

PurgeaMe Aromatics 10 g (x 2) 

Semivolatile Organ& 4 oz. 

G, Amber, 
tef Ion iined 
CaP 

G, teflon 
lined cap 

G, tefion 
lined cap 

G, teflon 
lined cap 

G, Amber 

G, teflon 
lined cap 

G, teflon 
lined cap 

G, teflon 
lined cap 

G, teflon 
lined cap 

G, teflon 
Ii&d cap 

4oc 14dws - _.: 

4oc 6 months 

4oc 

4oc ’ 

4oc 7 days 

4oc 

4oc 

4oc 14 days 

4oc 

4oc 

24 hours 
to extn 

28 days 

14 days 

14 days to extn. 
40 days from exrn. 
to analysis 

14 days 

14 days to extn. 
40 days from extn 
to analysis 
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Table 6.2 (con?.) 
Container, Reservative, and Holdii Time Requirements 

Solid Samples 

Parameter 

Mii : 
Weight ,_ 
ReqUiEd’ Contain& Rewvative 

MXXiItlUKIl 
Holding 
Tie’ 

- . . 

Total Petroleum 
Hydrocarbons 

4 oz. G, teflon 4T 
lined cap 

14 days 

TCLP 4 oz. G, teflon 4% 
lined cap 

Days to TCLP exm 
v01atiles: 14 

Semivokitiles: 14 /a 
Metals: 180 
except Hg: 28 

Days to Preparation 
Semivolatiles: 7 

. 

Days to Analysis 
Volatiles: 14 
Semivolatiles: 40 
Metals: 180 
except Hg: 28 

1 Represents the minimum volume for one analysis. It is recommended that double the volume be 
collected for possible reextractions/reanalyses. For MS and MSD or MD, triple the volume must 

. be collected. 
2. P = Polyethylene, G = Glass 

. .: 3. Holding times are caiatiated from date of sample collecti0~ unless otherwise 
specified. 
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Section 7. S8mple custody 

The purpose of the chain of custody procedure is to document the movement and 

custody of the sample from the time of collection through analysis in at legally 

defensible m8nner The samples received rrt ELl are received by the Sample 

Custodian. _ .i 

The chain of custody record should contain, 8t 8 minimum, the following 

information: 

field Identification Number 

Signature of Sampler 

Date and fime of Collection 

Sample Matrix 

Sample Preservative 

Number of Containers 

Parameters Requested for *nalysis 

Signatures of All Persons Involved 

Labor8tory 

in the Sampling 8nd Transpon to the 

When samples srrive 8t the laboratory, the Sample Custodian documents the 

condition of the cooler on the custody form. The labels are checked against the 

chain of custody for any discrepancies and the sample conditions are checked. Use 

of the proper cont8iners and preservwives is verified. The sample custodian then 

assigns unique laboratory numbers to e8ch sample. 
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7. Sampls Custody (con%) 

The sam@s are then transferred to a refrigerator in the s8cured laboratory area. 

The refrigerator is maintained at approximately 4o + 20 C prior to preparation and 

analysis and ctrecked dairy. Analysts will maintain the samples in their possesqion or 
in view at all times When the samp!8s are outside Of th8 secwed stofag8 area. _ .i. 

Figure 7.1 shows the sample labels supplied to the samplers on request. Figure 7.2 

shows the sample custody record us8d by ELI. 
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Figure 7-J 
Sample Label 
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Figure 7.2 
Chain of Custody 
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Section 8. calibration Procedures md hequsncy 

8.1 Regulatory Influence on Calibration Procedures 

Calibration procedures vary greatly depending on the methodology, instrument type, 
regulatory program, and project specific data quaky objjes and detection limits. 

ELI works under various federal reguktory programs including RCRA, NPDES, and _ .i. 
_- 

SDWA, as well as under state programs with various requirements. 

The standard operating procedures applied for calibration reflect the different 
requirements found in the methodology prescribed under the various reguiatory 

programs. They are described -in general in this -document. 

82 Calibration Standards 

Primary standards from which calibration standards are made are purchased either 
neat, or in solution or solvent. The calibration standards are purchased from reliable 

commercial vendors. They are of the highest purity obtainable. Standard receipt is 
recorded in a logbook so that all standards are traceable to their original source. 

Each standard is assigned a unique identifier, and labeled with the receipt date and 

the expiration date. 

The use of lnitii Calibration Verification in metals analysis and Laboratory Control 

Samples in all ansiyses 58~8s to verify the mcxmcy of all calibration standards by 
checking the standard against a second compound or element source. 

) ,  . ,  . ;  

, .  
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Section 8. Cabation Procedures and Frequency kon’t) 

8.3 Gas Chromatograph (GC) Calibration 

For’ RCRA analyses (8000 series), the SW-846 methodology requires a five point 

calibration for GC anal&. For NPDES analyses (600 series), a three point . .J 

calibration is required. In some of the GC methodology, internal standard ‘calibration .a 

is us8d. In others, external calibration is used. For SDGA analyses (500 series), a 

five point low level calibration is performed. 

In both cases; either’ the Response Factor (RF) or the Calibration Factor (CFI is 

calculated for 8ach of the analytes, and -the Perc8nt Relative Standsrd Deviation 

(%R$D) is calculated and compared to the-limits as defined in the methods. 
.fTa 

Continuing calibration is performed on 8 routine basis (in most c&s every 10 %x5 

samples), and the RF or CF is calculated, and compared with the av8r8ge RF or CF. 

The percent difference is then calculated and comp8red to the limits as specified in 
the methods. If the perc8nt difference .does not meet the listed criteria, the initial 

calibratibn must be r8run. . . . 

8.4 Gas ChromatographIMass Spectrometer (GC/MS) Calibration “’ 

For semivolatile analysis, Decafiuorotriphenyiphosphine (DFIFP) is used to tune the 
mass spectrometer. The DFI’PP must meet the criteria listed in the methodology. 
For volatiies’ analysis, Bromofluorobenzene (BFS) is us8d to tune the mass 

spectrometer, and it must z&o meet the criteria listed in the methodology. In most 
methods, the instrumem tuning criteria is required to be met every twelve hours, In _ 
the 600 series methods, the tuning criteria is required to be met dally. 

I . ,  ‘. L 
, . , . . .  . . , I .  . , .  . , .  . ,  .  .  .  .  .  , _ .  _. , .  _ .  , .  



. 

Section No. L- 
Revision No. -1 .O , 

Dim ._8/93. 
page 3- 

Section 8. Wibrution Procedures and Frequency (can’t.) 

For RCRA analyses (8000 series), the SW-846 methodology requires 8 five point 

calibration for GCNS analyses. For NPDES analyses (600 series), 8 three point 

caii bration is required. For SDWA analyses (500 series), 8 five point low level 

calibration is performed. in 811 cases, internal standard tiibr8tion is used. 

The RF is calculated for e8ch anaiyte in the curve, and the 8verage RF and %RSD is 

CakXi8ted for each 8fI8iyt8 8nd Compared t0 the criteria listed in the methodology, _ 

In most methodology, the RF must be verified eitfy each working day or for each 

twelve hour period in which samples are run. The percant difference of the 

continuing calibration response factors are compared to those of the intial calibration 

and if they do not meet the requirements, the initial caiibr8tion must be rerun. 

8.5 ICP Calibration 

lCPs must be calibrated according to the manuf8cturer’s instruction. A daily run 

sequences starts with 8 calibration and is followed by Initial Calibration Verification 

(Icv) from a sepsrate source. The ICV warning limits are 90-l 10% of the true value 
of each element in the ICV. The ICB is then analyzed and must contain (, 2 times 

the Cuantit8tion Limit of each element to be anslyzad. A low level standerd is run to 

determine the 8ccur8cy St the low end of the calibration range. The run then 

proceeds with 8n ICSA and lCSA8 (interference Check Standards). The anaiytes in 
the 1CSAB must be between 80-l 20% to be considered valid. 

Continuing Calibration Verific8tions (CCVs) and Continuing Caiibrstion Blanks (CCBs) 
8re analyzed 8t 8 frequency of 10% and must meet the same criteria as that for the 

ICV and ICB. The twcwnce is ended with 8 CCV. 
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8.6 Gr8phit8 Furnace Atomic Absorption (GFAA) Sp8ctrophotom8t8r Calibration‘ _ 

The GFAA is calibrated using a minimum of three standards and a blank. 

Subs8qu8nt to the initial calibtation, CCVs and CCBs are anaiymd at a frequency of 

10% and the control limits are 80-l 20% of the tru8 value for the CCV, and < 2 

times the Quztntitation Limit for the CCB. The sequence is ended with a CCV. 

8.7 Wet Chemistry 

The various wet chemistry procedures have calibration- protocob- in each of the 1 
5 

methods quoted. Often, the calibration procedure calls for a 5 point calibration 

curve to meet 8 corr8lation coefficient of ) 0.995. other instntm8ntS (such as the 
microwave digestor) are dibrated according to the manufactur8r’s sp8cifications. 

,. \/ ., .~... I ., ,., ,..,.. ,.,. .,. 
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Section 9. Analytical Procedures 

Methodologkts applied are driven by the regulatory program under which the 

analytical m8asurement is performed. EU analyzes samples undet the NPDES 

program, the RCRA program, and the SDWA program. Each of these requires 

various methodologies to b8 applied. 
_ .: 

Methodologies are available to the laboratory staff in the form of either standard 

operating procedures (SOPS), actual copies of the m8thods in 8 Cemral place in the 
laboratory accessible to all analysts, or both. 

The a$$ications of NPDES. methodologies is outlined in th8 Federal Register, and 

consists of methods listed in 40 CFR Part 136, (e.g. Method 624, 625, 200,7, 

etc.), Wet Chemii and some:’ metals methods for NPDES are contained in 

“Standard Methods for th8 Examination of Water and Wastewater’, 17th edition, 
and Methods for Chemical Analysis of Water and Wastes,’ EPA-600/4-79-020 

(revised March 19631. 

Recorirmended RCRA methodologies are contained in “Test Methods for Evaluating 

Solid Waste’ (SW-6461, 3rd edition, 1986, and Update I, 1989. ,RCRA 

methodologies fire applied to both solids and ground and surface water,, and are 

most commonly us8d in a multi-media site assessment type pr$8ct. As SW-846 is 

a recommended guidance docum8nt, many of these methods are available to the 

l+xxatory anaiysts in the form of Laboratory SOPS as well as in the methods 
manual, in order to properly d8fin8 ELI’s approach to the SW-846 methods. 

s”: 

EU us8s appropriate drinking water methods as required in the Safe Drinking Water 
Act (SDWAL Th8se methods are particularly stringent to achieve the objjives of 
low level detection limits and a high levei of confide%8 in th8 accuracy and precision 

of the data. These methods are available in the laboratory. 

.  .  
.1 .  
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An SOP index is kept at ELI to reference each SOP, and its r8visiun and date. SOPS 

are available to the laboratory analysts and are updated when the msthodology is 
changed. _ .i 

.- 
ELI can also d8V&Op methodology to meet project specific criteria. In this way, the 
laboratory can design a method to meet specific DQOs which are defined by the 

cii8nt on a proj&ct specific basis. When methodology is developed, the method 

detection limit is documented using the procedure listed‘ in 40 CFF4 Part 136 

Appendix B. Th8 method is aiti docum8nted in the form of a laboratory SOP. 

. . _. 
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SectIon 10. Data Reduction, Validation, and Usporting 

10.1 Data Reduction 

Benchsheets, analytical run logs, and SOPS, all of which are discussed in detail in 

Sections 9 and 17, prompt the analyst to follow appropriate calibration, calculation 

and acceptanc8 or rejection of analytical data, and to document this on the 
benchsh88ts and instrum8nt run logs. 

Data reduction can take various forms. lt can include anything from recording an _ 

electronic reading from an instrument (i.e. pH Meter) to reducing and reviewing 

computer generated data from an autosampler run (i.e. GCIMS). The analyst at the 
bench level who performs the analysis also does th8 initial data reduction and 

calculations. The organic% analysts am exp8rienc8d in chromatography and mas 

spectrometry and are able to detetmine the absence or presence of a compound 

based on its retention time and/or pattarn in the cas8 oft multicomponent analytes. 

and based on the mass spectrum in the cas8 of GC/MS. The metals chemists are 

experienced in th8 operation and review of ICF and AA data and are trained to 

f8cognize matrix effects and sp8ctral int8rW8nces. The analysts involved in wet 
chemistry and sample preparation are well trained in the operation of the various 

types of equipment which are us8d in these methods. 
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Section 10. Data R~ction, Vdidadon, and Rsparting (c&t.) 

10.2 Data Review 

ELI believes that the trained analyst at the bench level is most capable of making _ .I 

-- decisions about acceptability of the data that is generat8d. The method blanks and 

CCS are us8d as inditzators of. data quality (as d8scr&d in Section 11 and 14) and 

after calibration. and oth8r method Wit8fi8 have been met, these QC samples are 

used as the basis on which data is defined as acc8ptabb. 

Due’ t& the v8rious complex matrices; involved tn g8n8rating 8nvironmental data, -> 
MOm8bUS WSdtS Oftm 8r8 8rltXWntEHBd. In these CLISBS, the 8xfMence of the 

analysts is heavily w8igh8d. For example, surrogate spikes, matrix,spikes, matrix 

spike duplicetes, matrix duplicstes, and enaiytical spikes can often show that there .a, 
is a matrix effect which can result in data which is biased high or low due to 

int8rferences or suppression of r8spons8. 
._ 

Inthesecases,itmaybe necessery to rerun samples to show the co,nsistency of the. 

matrix effect. In other cx3sas, it may b8 apparent that th8 laborato$anaiysis is valid 
ev8n though a matrix effect is indicated. In this case, it is n8c%ssa $ for the analyst 

to obtain trr8 approval of the Laboratory Director or his/bet designate prior to 

reporting anomalous data. All anomalies in analytical data must b8 outlined in the 

projefx narrative. 



Environmental labcmtorles Inc. sectionNo. 10 
Revision No. 1 .O 

Date 8/93- 
page 3- 

Section’1 0. Data Reduction, ValWtion. and Reporting kon’t.) 

Once the data is reviewed and reduced, it is entered into the UMS system. Prior to 

report generation, a second level review is performed by the Laboratory Director or 

his/her designate. The Laboratory Director or designate checks the data and either 

approves the data in the computer system and on the project repon. The laboratory 
Diractor checks not only the validity of the analytical data, but also does al general . 
review to determine if the cliant’s objectives have been met. At this stage, i3 project _ 

narrative is generated and any comments or anomalous findings are documented in 

the narrative. 

A third review is performed on five percent of the project reports. This review is 

performed by the dA Officer and is described in Section 12. 

10.3 Data Validation 

ELI considers the data which is reported by the laboratory to have been “validated” 

by laboratory staff and management. However, data validation also refers to the 

systematic process by which an outside firm is hired to perform a data review and 

flag data according to specified EPA data validation protocols. ELI is always willing 

to work with validators and provide information as agreed upon with the c:iient and 

validators, upon authorization of the client. 

10.4 Data Reporting 

Data reports can be customized to meet the needs of the client and the specific 
regulatory agency. At a minimum, ELI reports include the project number, a cross 

reference between the ELI Sample Number and the Client Identification Number, a 
copy of the chain of custody,’ project narrative, dates of sampling,. receipt, 

preparation, and analysis, analytical results, and quantitation limits. Aill projects 
include the authorization signature of the Laboratory Director or his/her designate. 

, 



Eflvh- Labomtorim Inc. 
QAPQ 

Sectiin No. 10 
Revision No. 1 .O 

Date 8193 
Page 4 of 4 

Section ‘10. D- ~sduction, Validation, and R&W (=m’t.) 

Additionai levds of project reports are available. ELl can also include results of all 

QC samples including LCS, matrix specific QC samples, and method blanks. 

Full “CLP-type” project reports can also ba issued wh8n requested by the clients. 

These include repo;ting on CLp-iike forms (the term CL&We is used as CLP repon _ ,, 

forms ar8 specific to CLP anaiytes and methodology, a W-iike form -is meant to 

repr8sant a reasonable counterpart containing information as found in th8 CLP 

format), and providing supporting raw data and copies of logbooks as necessary. in 

addition, cafibration and other summary forms are provided, along with the raw data 

such as chromatogrsms, m&s spectra, quantitation reports, instrum8nt printouts. 

ELI is also capable of meeting dient needs in providing both disk deliverables and 

customized spreadsheet reporting formats. Arrangem8nts for any custom data 

reporting must be made with EU in advance. ‘:.:A 
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Section 11. InternsI a.mllty control checks 

11 .l Introduction 

A well-defined internal quality control program (CC), is in use at ELI. The laboratory 

usas a number of different types of CC samples to document the validity of the 

generated data. The types of QC samples, their frequency, snd their use, is ” .- 
outlined below. 

11.2 Laboratory Blank Samples 

a. Preparation Blanks - (Reagant blank, Method Blank) - A sample of 
‘. laboratory water (or in some cases, for solids, a blank matrix such as a i ..’ Ottawa Sand or sodium sulfate) that is carried through the entire 

‘, analytical procedure {digested or extracted, and then anafyzed). These 
blanks are prepared in the same manner,- using thesame reagants and 

l.. process as the samples in order to 8s8es8 contamination during the 
analytical process. . Preparation blanks are prepared onc8 per batch or 
once per twenty samples, whichever is more frequent. 

*<: 
b. Holding Blank - A sample of laboratory water which is stored in the 

volatile organics refrigerator and analyzed for volatile organic% to assess 
contamination which may be introduced during sample storage. Holding 
blanks are an8lyzed once per week. 

c. Caiibration Blanks - A sample of labomtory watar or solvent containing 
the same reagants at the Same concentration as the calibration standards. 
Initial and Continuing C8librstion Blanks (ICBs and CCBs) may be used to 
detect any instrument drift or contemination. C8libmtion blanks may be 
used as 8 calibration point in the curve for some methods. 

,’ . ‘/ .  ‘.’ 
, __ , :_ , . :  : . , . . . .  , ; - .  . , . , . ’  .  .  .  .  :  ; , .  
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11.3 Field Blank Samples 

a. Trip Blank - A sample of laboratory water which is handled in the same 
manner as field samples and analyzed for volatile organics to assess 
volatile contamination which may be introduced in transpon. Field blank 
sample frequency is the responsibility of the field &ampiing crew, 
however, ELI recommends a frequency of one per cooler. 

. 

b. Equipment Blanks - A sample of laboratory water which is passed through 
the sampling device to assess contamination which may be introduced 
from the sampling equipment. Field blank sample is determined by the 
field sampiing crew, however, ELI recommends a frequency of one per 
sampling event: 

1 1.4 Laboratory Control Samples 

a; Laboiatory Controf Sample (LCS) - A control sample of known ‘--x 
. ~‘,c&i@sitiin spiked with representative targetanatytes appropriate for the .- 
’ .a, analytical method. Aqueous and solid laboratory control samples are .= 

anaieed using the same process as that of the samples, in order to verify -++ 
tha accuracy of the laboratory analysis and that the laboratory is in ;.. 
control during generation of analytical data. The frequency of LCS 
analysis is onca par batch. . . 

11.5 *Matrix QC Samples 
‘4.1 . . . ..a.. 

a. Analytical Spike or Post-Digest Spike f An aliquot of dig$sted sample into 
which a known amount of element is added. The post-digest spike is 
routinely used in graphite furnace analysis onJy. The analytical spike 
analysis immediately follows the sampie analysis and the percent recovery 
is calculated in order to assess the effect of the matrix on the method. 
Matrix-specific QC frequency varies with the regulatory program and with 
project specific Data Quality Objectives (DQO’s), however is generally 
analyzed at a frequency of l/20 samples. 
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b. 

c. 

d. 

Matrix Spike (MS) - An aliquot of sample (water, soil, sludge1 into which a 
known amount of representative target analytes are added. The MS is 
subjected to the entire analytical procedure and the percent recovery of 
the spiked analytes are measured order to assess the effect of the matrix 
on the performance of the method. Matrix-specific QC frequency varies 
with the regulatory program and with project specific 000’s, however is 
generally analyzed at’ a frequency of 1 f20 samples. 

Matrix Spike Dupiicate (MSD) - A second aliquot of the same sample as . 
the matrix spike to which a known amount of representative target .e 
anaiytes are added and taken through the entire procedure. MSD’s are 
generally used for organ&s analyses. The Relatiie Percent Difference of 
the spike recoveries are calculated using the MS and MSD are in order to 
assess the precision of the method for-th$ matrix. Matrix-specific QC 
frequency varies ‘with the regulatory program and with project specific 
DQO’s, hOW8Wf thf$ MSD is genersiiy analyzed 8t a frequency of l/20 
samples for organics analyses. 

Matrix Duplicate (MD) - A second aliquot of a sample csrried through the 
same process as the sample aiiquot. The MD is used to measure the 
precision of the analytical method for a specific sample matrix., Matrix 
duplicates are generally analyzed in lieu of matrix spike duplicates for 
inorganic analyses. For metals analysis this pie&ion measurement is 
considered valid if the anaiyte is detected at 8 certain level above the IDL 
(e.g. for Metals, the anaiyte must be at 10 times the IDL for the precision 
measurement to be considered representative). Matrix-specific QC varies 
with the regulatory program and with project specific DQO’s, however the 
MD is generally analyzed at a frequency of l/20 samples for inorganic 
8~iYS0!L 
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11.6 Other Sample Spikes 

a. Surrogate Spike (SS) - Compounds which are added to each blank, 
-sample, matrix spike, matrix spike duplicate and standard (in appropriate 
GC/MS and GC methods) which 8re chemic8fly similar to the target 
8n8lytes. The stNN@We Spikes provide information about the accuracy Of 
the snalysis in individual sample matrices. . 

.- b. Internal Standard (IS) - Compounds added‘to w  st8nd8rd, blank, matrix 
spike, matrix spike duplicate, s8mp!8 IfOr VOlatiie), 8nd sampi extract (for 
semivolstile) at 8 know concentration prior to analysis in appropriate GC 
8nd m/MS methqds. htemal Standstds 8re used 8s the basis for 
quantitation of the target analytes in GC/MS 8nd some GC snalyses and 
reflect the 8ccuracy of the injection; 
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Section 12. Performance and Systems Audits 

12.1 Systems Audits 

The DA Officer of EiJ is directly responsible for monitoring compliance with the 

specific quality control requirements in this document and in the methodology 

quoted herein. This monitoring is accomplished using two programs. The first - 

‘- program is a laboratory auditing program which utilizes detailed checklists. The DA 

Officer is responsible for auditing each of the areas as outlined in figure 12.1. An 
example of one of these checkkts is found in figure 12.2. ‘The laboratory audits are 

conducted once every six months, or m&e frequently upon the judgment of the CIA 

Officer or at request of program management or laboratory management. 

The audiis are conducted with the Laboratory Director or his/her designate. The DA 

Officer must use the checklist and may also include comments in a narrative format. 
It is imperative that the QA Officer note not only deficiencies, but any significant 

improvements made in the laboratory operation. The audii report, consisting of an 

introductory narrative, a copy of the audii checklist, a summary of deficiencies found 
and improvements noted, must be submitted to the Laboratory Director and 

President of the laboratory within two weeks. 

The audii report is reviewed by the laboratory Director and an audit response plan, 
noting dates when deficiencies are to be corrected by, must be submitted to the QA 

Officer and President within 8 month from the date of receipt of the audii repon. Ali 

documentation of these audits must be archived with the QA records. In 

subsequent audiis, the corrections in the audit response plan should be monit:ored. 
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’ 12.2 Data Audits 

The second part of the auditing program consists of random data audits 

pefformed on dient projects. The outbe for the data audits is found in 

Figure 12.1. These data audits are required to be performed on a monthly 

basis. The results of these dbta audits are documented and distributed to the - 

laboratory manager and the President. Atthough these audits may be 

performed either prior to or after delivery of the project report to the client, 

any signifkznt errors detected in these audiis must be cofrected in the final 

f8$t, and the CJknt must b;e notified if the resub have already been 
teporre$ Approximately five percent of the projects reported are selected for 

data auditing. 
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ratorv Audit Am 

Sample Login and Chain of Custody in the Laboratory 

Organic Sample Preparation 
Wet Chemistry 

Organic Sample Analysis by GC 

Organic Sample Analysis by GC/MS 

Metals Analysis 
Data Reporting and Review 

Data Archiwrs 

Data Audit Am 

Standard Calibration Curve . 

QC samples in&ding method and field Manks, duplicates, IaborWory control 
‘spikes, matrix spikes, matrix s@ike dupUcat8$, and matrix duplicates. 

Sample results 

Method compliance (in&&g SOP, QAPP, OAPjP if applicable) 

Project Report 
Turnaround time 

Data and Laboratory Audits Areas 
Figure 12. f 
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1. 

2. 

3. 

4. 

5. 

6. Describe procedure in use if LCS is outside of control limits. 

6. Are samples above calibration range diluted and rarun? 

7. 

8. 
\ 

9. 

10. 

11. 

12. 

CIA Systems Audit - ELI 
W/MS - Volatile Organic8 

XESNO 
Are SOP’s available to tha personnel? -- 

What is the source of the reagant water? -- 
& 

Are daiiy method blanks meeting criteria (all voiatile compounds 
< ouantitation limit except ketones and methyiane chloride < 5 
tim& the quantitation limit)? Verify. 

Are LCS being analyze with every batch? 

Are recent LCS within control limits? Verify. 

. 
-- 

Are the standards stored proper& and prepared with the 
appropriate frequency? (minimum every two weeks) 

Are the standards labeled with the expiration date? -- 

If hoiding times ara exceeded, is the lab director notified? 
-v 

Is the balance in use being checked daily? Verify. -- 

Are chss s weights used? 

Are stock standards solutions traceable to standards receipt 
log? 

-- 

d 

-m 

-m 

-- 

:- : 

Audited Conducted by: Date: 

Lab Representative: 

Example Laboratory Audit Checklist 
Figure 12.2 

,:---%, 
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Section 13. pleventatlve Mal- 

To prevent instrument downtime, the analysts at EU are Skilled in mainteniance of 

th8 analytical equipment.’ Spare parts such as filam8nts for W/MS, spare traps for 

th8 purge and trap, plumbing fittings, lamps and d8CtrOniC Compon8nts are kept on 

hand. 

Preventative maintenance, such as clipping capillary columns, changing pump oil and 

injection port lin8rs, 8nd dsaning of c8lls are p8rform8d on a reguiar basis and 

documemed in the maintenance logs which ar8 kept for aI1 major pieces of 

equipment. lnStrum8nt run togs 8r8 8iS0 in us8 and Can b8 u~8d to detect degrading 

instrum8ntal conditions. 

In addition; : ELI maintains S8rvic8 contracts on all major pieces of equipment 

ificluding th8 GC/MS, iCP, Graphite Furnace AA, and the GC. 
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Section 14. Calculation of Data Chdty lndbtors 

14.1 Data Qyaiii h&at&s 

‘ix. 

” Data Qualii lndii can be expressed in terms of pwision, accuracy, 

represe&w, completeness, and comparability. in additiw, sen&iv@ can al& be _ .: 

used to assess whedwr projec! specific data quality objectives (WOW have been met. ,- 

DQo’s are generally determined on a project specific basis and am often oudined in numeric 

form in a site specific Qualii Assurance Project Plan. The lab opemtes under defined 

DQCYs at all times. 

14.2 Precision ‘- > 

Precision is the agrtmlwlt br a set of replii measurements. and ‘s- indicative of the. 8x:: 

reproducibiIii between ntwwements. Reproducibiiii in a spec3ic matrix is measured 
1 

using the Relative Percent Differwze /RPD) of the Matrix Spike and Matrix Spike Duplicate 

pair, or using the RPD of the results of a sample and its Matrix Duplicate. The RPD is 

measured as followsz 

RPD= ID1 - DZI x 100% 
(Dl + 02112 

Whet& 

RPD - Relative Percent Difference 
Dl - First Value 
02 = Second Value 

. ., ,,. 
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14. Wculadon of Data Quality indicators (con?.) 

14.3 Accuracy 

Accuracy is a measurement of agreement between an analyzed value and the true 

value. Laboratory accuracy is evaluated by comparing the percent recovery of the 

target anatytes in the LCS against their true value. The recovery is calculated as 

follows: . i 

Percent raccvery = X x 100% 
T 

where, 
X = Tha measured value. 
T = true or spiked value 

Accuracy in a specific sample matrix is measured by the percent recovery of the 
matrix spike compounds. The matrix specific percent recovery is defined as: 

Percent R8cov8ry =X(m) - Xu x 100% 
s 

. where, 
X (ml = quantity datarmined in spiked sample 
X (s) = quantity determined in unspiked sample 
S = quantity spiked 

14.4 Repres8ntativ8fmss 

Representativeness is the degiee to which data is indicative of environmental 

conditions. Tha data is considered representative if appropriate field procedures and 
techniques are followed and analytical laboratory techniques are followed. Special 

attention must be paid to complex sample matrices in order to achieve representative 
results. Care can be taken in the sample preparation step to achieve a homogenous 
sample aliquot. In scme cases, with multi-phasic samples, the phases must be 

analyzed separately. 

. 
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14.5 Compl8t8n8ss 

Complewwss is a measure of the amount of valid data obtained from the analytical . . 

merisurement system Compared with the amOUnt of data expected to be obtained. It 

is calculated 8s the tot?31 amount of acceptable data divided by thetotal number of 

data attempted, multiplied by 100%. _ .i 

c=y x 100% 
T 

Where, 

c = Percent Compl8ten8ss 
V = Number of m8fisufements judged as usable 

T = Total Number of Measurements 

Comparability is the degree to which one set of data can be compared to another set of IT, 

data. Comparability of data sets can b8 ensured by using eutablkhed analytical __ 

metkdoiogy and checking the valii of analytical standards by performing calibration 

~&fkations, laboratory control sample analysis, and performance in proficiency sample 
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Section 15. Correct& Action 

An important part of any quality assurance program is a weflddined effective policy 

for correcting quality probiems. The Various systematic procedures defin8d in this 

QAPP are intended to allow problem solving and d8cision making at the bench level 

inasmuch & routine problems may b8 solved and documemed by the analyst at the 

time they occur. 

Specific quality control procedures such as the laboratory control sampie program 

and weil defined standard opetating procedut8s are designed to help analysts detect 

the need for corr8ctiv8 action. the experience of and aiaalyst can b8 most WiUabi8 in 

identifying anomaious data or unstable equipmem, and immediate corrective action 

must--then-b8 taken. The actions are documented in maint8MfW8 !ogs, anaiytical run 

logs, and analyst notebooks. 

The need for more formal action may b8 identified bv both internal and external 

performance audits and system audits (including data validation reports), through ,*: 
client *and/or regulatory agency inquiries, or through identification by staff including 

management, the analysts, or the QA Offker. These typ8s of actions are followed 

by a more formal corr8ctiv8 action process which includes documenting the problem; 

the examiriation into th8 caus8 of the problem, and finally, correcting the problem 

and documentation of the corrective action. 

Th8 documentation format for th8S8 type Of WMWctiVe actions iS kept informal t0 

urge reponing of these issues. The OA Officer must, however, keep dOCUm8ntatiOn 

which outlines th8 date the problem was reported, the examination into the cause of 

the problem, and the corrective action measures which ~818 taken includingi the date 

on which they were impiement8d. 
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Section 16. Quality Assurance Reportzb to Management 

Quality Assurance reports to management include the following information: . \_. 

_ . C’ 
l Rksutts of All Proficiency Testing. - 
l Responses to Proficiency Testing for Analytes outside of control windows. - . 
l QA Walkthrough and Data Audits, and Responses to those audits. .- 

. A copy of formal corrective 8ctionS. 
l A narrative outiining any probkms the laboratory is experiencing in general 

and rioting improvements made in the laboratory. 

‘ L The reports are compiled by the CIA Offkxr in conjunction’ w*ti the @oratory 

Director and are reported to the Resident of ELI twice annually. Specific- QA 
ra _ 

Repok for project related activity may. be included in QuaMy Assurance Project-~ : 

Plans mApjPs). 3 

. 

’ .:-y 

.<.. 
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Section 17. Laboratory Documentation 

17.1 General Laboratory Documentation 

The laboratory utilizes bound logbooks containing prapfinted benchshaats for 

analytical documentation at the bench level. Instrument run logs, instrument. 

maintenance logs, and various QC forms are also used to record information. In 

addition, raw data is generated by the various computer systems on the instruments. 
The laboratory uses a Laboratory Information Management System (LlMS) for project 

report generation. The following sections outline how these recoids are kept. 

17.1 Bound Logbooks 

Bound logbooks with preprinted benchsheets are used to document laboratory 

analyses. These b&h&eats are custom designed to include fields for (alI of the 
data which is necessary to record in fully documenting analytical procedures. For 

wet chemistry analysis, logbooks are organized into analysis type (e.g. coiorimetric, 
titrimetric, etc.). 

. Logbooks are kept in a consistent, traceable manner. Entries are dated and1 initialed. 

Errors are crossed out with one line and dated, and all information and ob.servations 
are recorded, such as dilutions made to samples aS well as stock standards in 

making secondary working standards, and emulsion formation in extraction 

procedures. 

17.2 QC Records 

QC records are kept in the form of bound logbooks and benchsheets. QC Records 

documem various conditions in the laboratory, as well as calibration of universal 
equipment, such as balance logs. Refrigerator temperature monitoring records are 
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posted to the refrigerator to check maintenance of the temperature 8t 4OC + ZOC. 

Standard receipt togs record the d8t8 of standard receipt, vendor, lot number, 

assigned laboratory ID and standard concentration and components. Login records 

and chin of custody records 8s described in Section 7 are also kept 8s part of ‘the . .. 
permanent project record. 

17.3 lnstrum8nt Logbooks 

All major pieces of equipment (ICP, GFAA, AA, N/MS. GC) have associated 

instrument run logbooks or benchsheets which contain run information in which, 

proper calibration and &uence procedurescan be verified. These logbooks contain -: 

information such 8s date Of 8n8i@S, 58Milyst initials, injection times, iIIStrUm8nt 

computer filerwmes, dilutions, etc. These also contain commentary information 

iegarding the validity of the run or the need for reanalysis. . 

7 7.4 Maintenance Logbooks r~ 

Both prevemative mainttwwbc.e @ .routine and norI-routine maintenance records, as 

described in Section 13, 8r8 recorded in lo@ooks specific to the 8quipmek The 

date; person who performed the mainterwnce, and an outtine of the maintenance 

performed is recorded. 

17.5 Computer Records 

Computer records from both the UMS sy+m and the various data systems 

associated with specific instruments are archived onto magnetic storage media, such 

as tapes 8tId disks. The tapes and disks are l8bebd ‘SO that the Computer 

information may be reloaded and recovered, at a later date if n8ces~w. 
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17.6 Data Archiies 

All raw data is archived for 8 period of ten years subsequent to delivery of the data 

report. _- 
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SECTION 1 
SAMPLE CONTROL, FIELD RECORDS, AND DOCUMENT CONTROL, 

1.1 Introduction 

The objectives of this section are to present SBP standard operating procedures fo:r sample 
identification, sample control and chain-of-custody, maintenance of field records, and dlocument 
control. 

A sample is defined as physical evidence collected from a facility, site, or the environment. For the 
purposes of this section, the term “physical evidence” also includes photographs, records, or any 
other tangible article collected from the environment, facility, or site. 

All sample identification, field records, and chain-of-custody records shall be reclorded in 
waterproof, non-erasable ink. If errors are made in any of these documents, SBP personnel will 
make corrections by simply crossing a single line through the error and entering the correct 
information. All corrections shall be initialed and dated by the investigator. If possible, all 
corrections should be made by the individual making the error. 

If information is entered onto sample tags, logbooks, or sample containers utilizing stick-on labels, 
these labels should not be capable of removal later without leaving obvious indications of the 
attempt. Labels should never be placed over previously recorded information Corrections to 
information recorded on stick-on labels should be made as stated in the previous paragraph. 

1.2 Samule and Evidence Identification 

1.2.1 General 

The method of sample identification utilized depends on the type of sample collected. Samples 
collected for in-situ field analyses are those collected for specific field analyses or measurements 
where the data are recorded directly in bound field logbooks or recorded directly on the Chain-of- 
Custody Record, with identifjring information, while in the custody of the sampling team. Etxamples 
of such in-situ field measurements and analyses include pH, temperature, and conductivity. Also 
included in this category are those field measurements or analyses such as flow measurements, 
geophysical measurements, surveying measurements, etc. that are made with field instruments or 
analyzers, where no sample is actually collected. 

1.2.2 Sample Identification 

Samples, other than those collected for in-situ field measurements or analyses, are identified by 
using a standard sample tag/label (see next page) which is attached to the sample container. In some 
cases, particularly with biological samples, the sample tag may have to be included with or wrapped 
around the sample. The sample tags are sequentially numbered and are accountable documents after 
they are completed and attached to a sample or other physical evidence. The following information 
shall be included on the sample tag: 

0 project number; 

a field identification or sample station number; 
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date and time of sample collection; 

designation of the sample as a grab or composite; 

type of sample (water, wastewater, leachate, soil, sediment, etc.) and a very brief 
description of the sampling location; 

the signature(s) of the sampler(s) or of the designated sampling team leader (a team 
leader is a field investigator assigned by the project leader to be present during the 
collection of a specific sample and to be responsible and knowledgeable of all 
activities directly related to the collection of that sample). 

whether the sample is preserved or unpreserved; 

the general types of analyses to be conducted (checked on front of tag); and 

any relevant comments (such as readily detectable or identifiable odor, color, or 
known toxic properties). 

The field sample station number is assigned by the project leader or field investigator. This number 
is ordinarily an alpha-numeric code, designed for a particular inspection or investigation. For 
example, if a sample is collected from a, monitoring well installed during a site screening 
investigation conducted at the Abercrombie Widget Company, the alpha-numeric sample number 
code could be AW-001 W. A surface soil sample from this facility might be identified as AW-002s. 
Each separate monitoring location should have a different numerical designation. Frequently, water 
and sediment samples are collected from the same sampling station and could have the same 
numerical designation. For example, water and sediment samples collected from the same location 
in the Oconee River at Station 001 would be ,identified as OR-00 1 W and OR-001 S, respectively. 
The project leader or field investigator shall exe&e due’ c%ution’to’ insure that sainple station 
numbers are not duplicated during studies. The exact description of all sampling stations associated 
with field identification or sample station numbers shall be documented in the bound field logbooks. 

If a sample is split with a facility, state regulatory agency, or other party representative, sample tags 
or labels with identical information should be attached to each of the s,ample containers by the party 
receiving the split sample. Also, all tags for blank or duplicate samples will be marked “blank” or 
“duplicate,” respectively. This identifying information shall also be recorded in the bound field 
logbooks and on the Chain-Of-Custody Record as outlined in Section 2.4. 

1-2 



FIGURE 1.2.1 
SAMPLE TAG 
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1.3 Chain-of-Custodv Procedures 

1.3.1 General 

The possession of samples or other physical evidence shall be traceable from the time they are 
obtained until they are introduced as evidence in legal proceedings. 

1.3.2 Sample Custody 

A sample or other physical evidence is in custody if: 

0 it is in the field investigator’s or the transferee’s actual possession; or 

0 it is in the field investigator’s or the transferee’s view, after being in his/her physical 
possession; or 

0 it was in the field investigator’s or the transferee’s physical possession and then 
he/she secured it to prevent tampering; or 

0 it is placed in a designated secure area. 

1.3.3 Chain-of-Custody Record 

The field Chain-Of-Custody Record (Figure 1.3.1) is used to record the custody of all samples or 
other physical evidence collected and maintained by SBP personnel. This form shall not be used 
to document the collection of split or duplicate samples where there is a legal requirement to provide 
a receipt for samples (see Section 1.3.4). 

The following information must be supplied in the indicated spaces (Figure 1.3.1) in detail to 
complete the field Chain-Of-Custody Record. 

0 The project number. 

‘0 The project name. 

0 All samplers and /or sampling team leader must sign in the designated signature 
block. 

0 The sampling station number, date, and time of sample collection, grab or 
composite sample designation, and a brief description’of the type of sample and the 
sampling location must be included on each line (each line shall contain only those 
samples collected at a specific location). 

0 The sampling team leader’s name should be recorded in the right or left margin of 
the Chain-Of-Custody Record when samples collected by more than one sampling 
team are included on the same form. The sampling team leader is an individual 
designated by the project leader to be responsible for all activities related to the 
collection of samples by a specific team of sampling personnel. 
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0 The total number of sample containers must be listed in the indicated space for each 
sample. The total number of individual containers must also be listed for each type 
of analysis under the indicated media or miscellaneous columns. Note that it is 
impossible to have more than one media type per sample. The type of container 
and required analyses should be circled as indicated on the Record. 

0 The tag numbers for each sample and any needed remarks are to be supplied in the 
indicated column. 

0 The field investigator and subsequent transferee(s) must document the transfer of 
the samples listed on the Record in the spaces provided at the bottom of the Record. 
One of the samplers documented under the sampler(s) section must be the person 
that originally relinquished the samples or evidence or a designated field sample 
custodian who receives secured samples from sampling teams and maintains these 
samples under secure conditions. Both the person relinquishing the samples and the 
person receiving them must sign the form; the date and time that this occurred must 
be documented in the proper space on the Record. Usually, the last person 
receiving the samples or evidence should be a laboratory sample custodian or other 
evidence clerk. 

l The remarks column at the bottom of the Record is used to record airbill numbers 
or registered or certified mail serial numbers. 

The Chain-Of-Custody Record is a serialized document. Once the Record is completed, it becomes 
an accountable document and must be maintained in the project file. The suitability of any other 
form for chain-of-custody should be evaluated based upon its inclusion of all of the above 
information in a legible format. 

1.3.4 Field Custody Procedures 

0 

0 

0 

0 

To simplify the Chain-Of-Custody Record and eliminate potential litigation 
problems, as few people as possible should handle the sample or physical evidence 
during the investigation or inspection. 

The field investigator is responsible for the proper handling and custody of the 
samples collected (Section 1.3.2) until they are properly and formally transferred 
to another person or facility. 

Sample tags shall be completed for each sample, using waterproof, non-erasable ink 
as specified in Section 1.3.2. 

All samples shall be sealed immediately upon collection utilizing the custody seal 
shown in Figure 1.3.2. The field investigator may write the date and his/her 
signature on the seal. This requirement shall be waived if the field investigator 
keeps the samples in his/her continuous custody from the time of collection until 
they are delivered to the laboratory analyzing the samples. 

All samples must be documented in bound field logbooks. 

/ 
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0 A Chain-Of-Custody Record will be completed for all samples or physical evidence 
collected as specified in Section 1.3.3. A separate Chain-Of-Custody Record will 
be utilized for each final destination or laboratory utilized during the inspection or 
investigation. 

0 If chain-of-custody is required for documents received during investigations, they 
should be placed in large envelopes, and the contents should be noted on the 
envelope. The envelope shall be sealed and a custody seal placed on the envelope 
such that it cannot be opened without breaking the seal. A Chain-Of-Custody 
Record shall be maintained for the envelope. Any time the seal is broken, that fact 
shall be noted on the Chain-Of-Custody Record and a new seal affrxed. The 
information on the seal shall include the field investigator’s signature, as well as the 
date and time of sealing. 

0 Other physical evidence such as video tapes or other small items shall be placed in 
Zip-Lot@ type bags or envelopes and a custody seal should be affixed so that they 
cannot be opened without breaking the seal. A Chain-Of-Custody Record shall be 
maintained for these items. Any time the seal is broken, a new seal shall be affixed. 
The information on the seal shall include the field investigator’s signature, as well 
as the date and time of sealing. 

l In general, SBP personnel shall not accept samples from other sources unless the 
sample collection procedures used are known to be acceptable, can be documented, 
and the sample chain-of-custody can be established. If such samples are accepted 
by SBP personnel, a standard sample tag containing all relevant information and the 
Chain-Of-Custody Record, shall be completed for each set of samples. 

0 The custody seals can be used to maintain custocly on other items when necessary 
by using similar procedures as those outlined previously in this section. 

1.3.5 Transfer of Custody and Shipment 

0 All physical evidence or sample sets shall be accompanied by a Chain-Of-Custody 
Record. When transferring the possession of samples, the individual receiving the 
samples shall sign, date, and note the time that he/she received the samples on the 
Chain-Of-Custody Record. This Chain-Of-Custody Record documents transfer of 
custody of samples from the field investigator to another person, to other 
laboratories, or other organizational elements. 

0 Samples shall be properly packaged for shipment (Section 7) and delivered or 
shipped to other designated laboratory for analyses. Shipping containers shall be 
secured by using nylon strapping tape and custody seals. The custody seals shall 
be placed on the container so that it cannot be opened without breaking the seals. 
The seal shall be signed and dated by the field investigator. 

0 When samples are split with a facility, state regulatory agency, or other government 
agency, the facility, state regulatory agency, or other government agency 
representative should sign the Chain-Of-Custody Record. The only exception is 
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that a Receipt For Samples Form will be used for RCRA, TSCA, and CERCLA 
samples as required by the appropriate regulations (Section 1.3.4). 

All samples shall be accompanied by the Chain-Of-Custody Record. The original 
and one copy of the Record will be placed in a plastic bag inside the: secured 
shipping container if samples are shipped. One copy of the Record will be retained 
by the field investigator or project leader. The original Record will be transmitted 
to the field investigator or project leader after samples are accepted by the 
laboratory. This copy will become a part of the project file. 

If sent by mail, the package shall be registered with return receipt requested. If sent 
by common carrier, a Government Bill of Lading (GBL) or Air Bill should. be used. 
Receipts from post offices, copies of GBL’s, and Air Bills shall be retained as part 
of the documentation of the chain-of-custody. The Air Bill number, GBL number, 
or registered mail serial number shall be recorded in the remarks section of the 
Chain-Of-Custody Record or in another designated area if using a form other than 
that shown in Figure 1.3.1. 
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Baker Environmental, Inc. 
420 Rouser Road, AOP Building 3, Coraopolis, PA 16108 

.~ I I 
CHAIN-OF-CUSTODY RECOiiD 

I I 

PROJECTNO.: SITENAME 

SAMPLERS (SIQNATURE): 

ST$;oN DATE TIME COMP GRAB STATION LOCATION 

) 

I I I 

I I 

I 

I 
I I 

I 
RELINQUISHED BY (SIGNATUIUZ): DATEIPIME: IVXEWED BY (SIGNATURE): REiLtNQUISHF,D BY (SIGNATUREX DA-. RBCEI’?ED BY (SIGNATURE): 

I . I 

RELINQUISHED BY @IGNATURE): DATEJTIME: RECEIVED BY (SIGNATURD: RELINQUISHED BY 03IGNATURl% DA- REO!JIVEDBY (SIGNATURE): 

RELINQUISHED BY (SIGNATURE): DA’lWItME: RECENEDFORLABOR DA- FtEhfAfIKS: 
BY @tGNATUREh 

I A 



Figure 1.3.2 
Custody Seal 

Signature 

I 

signature 

CUSTODY SEAL CUSTODY SEAL 
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1.4 ReceiDt for Samtdes 

1.4.1 General 

Section 3007 of the Resource Conservation and Recovery Act (RCRA) of 1976 and Section 104 of 
‘the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA or 
Superfimd) of 1980 require that a “receipt” for all facility samples collected during inspections and 
investigations be given to the owner/operator of each facility before the field investigator departs 
the premises. The Toxic Substances Control Act (TSCA) contains similar provisions. 

1.4.2 Receipt for Samples Form 

The Receipt For Samples Form (Figure 1.4.1) is to be used to satisfy the receipt for samples 
provisions of RCRA, CERCLA, and TSCA. The form also documents that split samples were 
offered and accepted or rejected by the owner/operator of the facility or site being investigated. The 
following information must be supplied and entered on the Receipt For Samples Form. 

0 The project number, project name, name of facility or site, and location of the 
facility or site must be entered at the top of the form in the indicated locations. 

0 The sampler(s) must sign the form in the indicated location. 

0 The facility/site owner/operator’s acceptance or rejection of split samples must be 
checked in the appropriate place in the Split Samples Offered section of the form. 
The owner/operator should be requested to initial his acceptance or rejection by the f---x 

check mark and to sign his name in this block indicating that he has been offered 
this choice if the offer is refused. 

0 Each sample collected from the facility or site must be documented in the sample 
record portion of the form. The sample station number, date and time of sample 
collection, composite or grab sample designation, whether or not split samples were 
collected (yes or no should be entered under the split sample column), the tag 
numbers of samples collected which will be removed from the site, a brief 
description of each sampling location, and the total number of sample containers 
for each sample must be given. If EPA sample tags are used for split samples, these 
tag numbers should be recorded under the remarks column. 

’ l The bottom portion of the form is used to document the receipt of split samples by 
the owner/operator of the facility or site. One of the samplers must be requested to 
sign and complete the information in the “transferred by” section (date and time 
must be entered). The owner/ operator of the site must sign the “received by” 
section of the form (the owner/operator must give his title, and telephone number 
and give the date and time he/she signed the form). If the owner/operator refuses 
to sign the form, the sampler(s) should note this fact in the owner/operator’s 
signature block and initial this entry. 



/ 

The copy of the form is to be given to the facility or site owner/operator. The Receipt for Samples 
Form is serialized and becomes an accountable document after it is completed. The original copy 
of this form must be maintained in project files. 
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Figure 1.4.1 
Receipt For Samples 

CLIENT NAME 

PROJECT NAME 

SAMPLE RECEIPT CHECKLIST 

MEDLAB 

1. SHIPPED 
AIRBILL# 
HAND-DELIVERED 

2. COC PRESENT ON RECEIPT 
NO COC ON RECEIPT 
COC TAPE ON CONTAINERS/COOLERS 
NO COC TAPE ON CONTAINERS/COOLERS 

3. SAMPLE(S) INTACT ON RECEIPT 
SAMPLE(S) BROKEN/LEAKING 
OTHER (SEE COMMENTS) 

, 4. PROPER TEMPERATURE W/ICE 
IMPROPER TEMPERATURE W/O ICE 

5. PROPERLY PRESERVED 
IMPROPERLY PRESERVED 
NA 

6. RECEIVED WITHIN HOLDING TIME 
NOT RECEIVED WITHIN HOLDING TIME 
NA 

7. DISCREPANCIES BETWEEN COC AND 
SAMPLE LABELS 

8. NO DISCREPANCIES NOTED 

NO 

COMMENTS 

SAMPLES INSPECTED AND LOGGED BY; 

DATE/TIME: 
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1.5 Field Records 

SBP personnel shall use only bound field logbooks for the maintenance of field records. Other bound 
logbooks such as bound surveyors logbooks are acceptable so long as pages cannot be removed 
without tearing them out. 

Preferably, a logbook should be dedicated to an individual project. The investigator’s name, project 
name, and project code should be entered on the inside of the front cover of the logbook. All entries 
should be dated and time of entry recorded. At the end of each day’s activity, or entry of a particular 
event if appropriate, the investigator should draw a diagonal line at the conclusion of the entry and 
initial indicating the conclusion of the entry or the days activity. 

All aspects of sample collection and handling as well as visual observations shall be documented 
in the field logbooks. All sample collection equipment (where appropriate), field analytical 
equipment, and equipment utilized to make physical measurements shall be identified in the field 
logbooks as outlined in Sections 4,5,6, and 7 of ECBSOPQAM. All calculations, results, and cali- 
bration data for field sampling, field analytical, and field physical measurement equipment shall also 
be recorded in the field logbooks. All field analyses and measurements must be traceable to the 
specific piece of field equipment utilized and to the field investigator collecting the sample, making 
the measurement, or analyses. 

All entries in field logbooks shall be dated, shall be legible, and shall contain accurate and :inclusive 
documentation of an individual’s project activities. Since field records are the basis for later written 
reports, language should be objective, factual, and free of personal feelings or other terminology 
which might prove inappropriate. Once completed, these field logbooks become accountable 
documents and must be maintained as part of project files. 

1.6 DisDosal of SamDIes or Other Phvsical Evidence 

Disposal of samples or other physical evidence obtained during the investigations is condlucted on 
a case-by-case basis. Before any samples analyzed are disposed, a written request to dispose of the 
samples shall be obtained by the lab. The samples will not be disposed until the SBP field 
investigator completes the appropriate portions of the lab memo, signs and returns the memo to the 
lab, specifically giving them permission to dispose of the samples. SBP personnel should check 
with the EPA Program Offtce requesting the inspection or investigation before granting permission 
to dispose of samples or other physical evidence. The following general guidance is offered for the 
disposal of samples or other physical evidence: 

0 No samples, physical evidence, or any other document associated with a criminal 
investigation shall be disposed without written permission from EPA’s #Office of 
Criminal Investigation, the Office of Regional Counsel, or the Department of 
Justice. 

0 Quality assurance samples are routinely disposed after the analytical results are 
reported. The lab does not advise SBP on the disposal of these samples. 

After samples are disposed, the lab shall send the sample tags to SBP field investigator. These 
sample tags are accountable and must be placed and maintained in the project files. 
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1.7 Document Control 

The term document control, refers to the maintenance of inspection and investigation project files. 
AH project files shall be maintained by the appropriate manager. All documents as outlined below 
shall be kept in project files. SBP personnel may keep their own files, however, all official and 
original documents relating to SBP inspections and investigations shall be placed in the official pro- 
ject files. The following documents shall be placed in the project file: 

0 

0 

0 

l 

0 

0 

0 

0 

l 

0 

a copy of the study plan; 

original Chain-Of-Custody Records and bound field logbooks; 

a copy of the Receipt For Sample Forms; 

all records obtained during the investigation; 

a complete copy of the analytical data and memorandums transmitting analytical 
data; 

sample tags from samples that have been disposed of by the laboratory; 

all official correspondence received by or issued by SBP relating to the 
investigation including records of telephone calls; 

one copy of the draft report (without review comments; however, peer review 
clearance forms shall be included); 

one copy of the final report and transmittal memorandum(s); and 

any other relevant documents related to the original investigation/ inspection or 
follow-up activities related to the investigation/ inspection. 

Under no circumstances are any personal observations or irrelevant information to be filed in the 
official project files. The project leader or field investigator shall review the file at the conclusion 
of the project to insure that it is complete. 
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SECTiON 2 
SAMPLING PROCEDURES 

2.1 Introduction 

This section discusses the standard practices and procedures utilized by SBP personnel during field 
operations to ensure the collection of representative samples. The collection of representative 
sampIes depends upon: 

a ensuring that the sample taken is representative of the material or medium being 
sampled; 

0 using proper sampling, sample handling, preservation, and quality control 
techniques; 

0 properly identifying the collected samples and documenting their coIiection in 
permanent field records (field log books, Chain-Of-Custody Records); and 

0 maintaining sample chain-of-custody. 

The objectives of this section are to present: 

0 general considerations that must be incorporated in all sampling operations 
conducted by SBP 

0 SBP sampling site selection and collection procedures for an individual medium; 

0 SBP sampling quality assurance procedures; and 

a equipment calibration and maintenance requirements for SBP sampling equipment. 

2.2 General Considerations 

The following factors and procedures’ shall be considered and implemented in planning and 
conducting all sampling operations. All these factors and procedures must be considered in view 
of specific objectives and scope of each individual field investigation. 

2.2.1 Selection of Representative Sampling Sites 

Representative sampling sites are dependent on the type of investigation undertaken and are 
discussed under type of sample procedures for each medium later in this section. 

2.2.2 Selection and Proper Preparation of Sampling Equipment 

The type of sampling equipment to be used is dictated by the investigation and is discussed for each 
medium later in this section. Section 6 describes the standard equipment cleaning procedures. 
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2.2.3 Sampling Equipment Construction Material 
F-y 

The material that sampling equipment is constructed of can affect sample analytical results. 
Materials used must not contaminate the sample being collected and must be readily cleaned so that 
samples are not cross-contaminated. The standard materials for sampling equipment used to collect 
samples for trace organic compounds or metals analyses are, in order of decreasing desirability; 
Teflon@, glass, stainless steel, and steel. 

2.2.4 Selection of Parameters to be Measured 

Parameters to be measured are usually dictated by the purpose of an investigation and should be 
based on required monitoring conditions (NPDES or RCRA permits for example) or on the field 
investigator’s or requestor’s knowledge of the problem being investigated. 

2.2.5 Required Sample Volumes 

The volume of sample obtained should be sufficient to perform all required analyses with an 
additional amount collected to provide for quality control needs, split samples, or repeat 
examinations. When using a peristaltic pump, individual aliquots of a composite sample should be 
at least 100 milliliters in order to minimize sample solids bias. 

Although the volume of sample required by contract laboratories depends on the analyses to be 
performed, the amount of sample required for a complete water or wastewater analysis is normally 
two gallons (7.6 liters) for each laboratory receiving a sample. The amount of soil/sediment required 
for a complete analysis is approximately 16 ounces. However, the laboratory receiving the sample 
should be consulted for any specific volume requirements. 

The volumes of samples collected from waste sources at hazardous waste sites or samples from 
sources which are known to be toxic should be kept to an absolute minimum. 

2.2.6 Selection and Proper Preparation of Sample Containers 

The type of sample container is dictated by the analyses required. Standard sample containers used 
by SBPpersonnel are presented in Section 5. 

2.2.7 Sample Preservation 

Samples for some analyses must be preserved in order to maintain their integrity. Preservatives 
required for routine analyses of samples collected are given in Section 5. All chemical preservatives 
used will be supplied by the analytical lab. All samples requiring preservation should be preserved 
immediately upon collection in the field. Samples that should not be preserved in the field are: 

0 Samples collected within a hazardous waste site that are known or thought to be 
highly contaminated with toxic materials. Barrel, drum, closed container, spillage, 
or other source samples from hazardous waste sites are not to be preserved with any 
chemical. These samples may be preserved by placing the sample container on ice, 
if necessary. 
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0 Samples that have extremely low or high pH or samples that may generate 
potentially dangerous gases if they were preserved using the procedures given in 
Section 5. 

0 Samples for metals analyses which are shipped by air shall not be preserved with 
nitric acid in excess of the amount specified in Section 7. 

0 Samples for purgeable organic compounds analyses which are shipped by air shall 
not be preserved with hydrochloric acid in excess of the amount specified in 
Section 7. 

All samples preserved with chemicals shall be clearly identified by indicating on the sample tag that 
the sample is preserved. If samples normally requiring preservation were not preserved, field 
records shall indicate why. 

2.2.8 Sample Holding Times 

The elapsed time between sample collection and initiation of laboratory analyses must be within a 
prescribed time frame for each individual analysis to be performed. Sample holding times for all 
routine samples collected are shown in Section 5. 

2.2.9 Special Precautions for Trace Contaminant Sampling 

Some contaminants can be detected in the parts per billion and/or parts per trillion range. Extreme 
care must be taken to prevent cross-contamination of these samples. The following precautions shall 
be taken when trace contaminants are of concern: 

l A clean pair of new, disposable gloves will be worn each time a different location 
is sampled and gloves should be donned immediately prior to sampling. 

0 Sample containers for source samples or samples suspected of containing high 
concentrations of contaminants shall be placed in separate plastic bags imrnediately 
after collecting, preserving, tagging, etc. 

0 If possible, ambient samples and source samples should be collected by different 
field teams. If different field teams cannot be used, all ambient samples shall be 
collected first and placed in separate ice chests or shipping containers. SaLmples of 
waste or highly contaminated samples shall never be placed in the same ice chest 
as environmental samples. It is good practice to enclose waste or highly 
contaminated samples in a plastic bag before placing them in ice chests. Ice chests 
or shipping containers for source samples or samples suspected to contain high 
concentrations of contaminants shall be lined with new, clean, plastic balgs. 

l If possible, one member of the field team should take all the notes, fill out tags, etc., 
while the other members collect all of the samples. 

l When sampling surface waters, the water sample should always be collected before 
the sediment sample is collected. 

\ 
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0 Sample collection activities should proceed progressively from the suspected least 
contaminated area to the suspected most contaminated area. !-.--I 

0 Equipment constructed of Teflon@, stainless steel, or glass that has been properly 
precleaned for collecting samples for trace metals or organic compounds analyses 
must be used. Teflon@ or glass is preferred for collecting samples where trace 
metals are of concern. Equipment constructed of plastic or PVC shall not be used 
to collect samples for trace organic compounds analyses. 

2.2.10 Sample Handling and Mixing 

After collection, all sample handling should be minimized. Branch personnel should use extreme 
care to ensure that samples are not contaminated. If samples are placed in an ice chest, personnel 
should ensure that melted ice cannot cause sample containers to become submerged, as this may 
result in sample cross-contamination. Plastic bags, such as Zip-Lock@ bags, should be used when 
small sample containers (e.g., VOA’s or bacterial samples) are placed in ice chests to prevent cross- 
contamination. 

Once a sample has been collected, it may have to be split into separate containers for different 
analyses. The best way to split liquid samples is to continually stir the sample contents with a clean 
pipette or precleaned Teflon@ rod and allow the contents to be alternately siphoned into respective 
sample containers using Teflon@ or PVC (Tygon@ type) tubing. Teflon@ must be used when 
analyses for organic compounds or trace metals are to be conducted. Any device used for stirring, 
or tubing used for siphoning, must be cleaned in the same manner as other equipment. However, 
samples collected for purgeables organic compounds analyses may not be split using this procedure. 

A true split of soil, sediment, or sludge samples is almost impossible to accomplish under field 
conditions. The higher the moisture content, the more difficult it is to split the sample. 

It is extremely important that soil samples be mixed as thoroughly as possible to ensure that the 
sample is as representative as possible of the sample interval. The most common method of mixing 
is referred to as quartering. The soil in the sample pan is divided into quarters. Each quarter is 
mixed, then all quarters are mixed into the center of the pan. This procedure is followed several 
times until the sample is adequately mixed. If round bowls are used for sample mixing, adequate 
mixing is achieved by stirring the material in a circular fashion and occasionally turning the material 
over. Soil and sediment samples collected for purgeable organic compounds analyses should not be 
mixed. The 2-ounce (60-ml) sample container should be filled completely; no head space should 
remain in the sample containers. 

2.2.11 Purgeable Organic Compounds Sampling (VOA) 

Water samples to be analyzed for purgeable organic compounds should be stored in 40-ml septum 
vials with screw cap and Teflon@silicone disk in the cap to prevent contamination of the sample 
by the cap. The disks should be placed in the caps (Teflon@ side to be in contact with the sample) 
in the laboratory prior to the beginning of the sampling program. 

The vials (40-ml) should be completely filled to prevent volatilization, and extreme caution should 
be exercised when filling a vial to avoid any turbulence which could also produce volatilization. 
The sample should be carefully poured down the side of the vial to minimize turbulence. As a rule, 
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it is best to gently pour the last few drops into the vial so that surface tension holds the water in a 
“convex meniscus.” The cap is then applied and some overflow is lost, but air space in the bottle is 
eliminated. After capping, turn the bottle over and tap it to check for bubbles. If any bubbles are 
present, repeat the procedure. Since the VOA vials are pre-preserved, extreme caution should be 
exercised when the vials are used as the collection device for surface water samples in order to 
prevent the loss of the preservative. When collecting water samples for purgeable organic 
compounds, triplicate samples should always be collected from each location. Three 40-.ml vials 
containing four drops of concentrated HCl should be filled with the sample. 

2.2.12 Sample Identification 

All samples will be fully documented, as outlined in Section 1, in the field records, on the field 
sample Chain-Of-Custody Record, and on the sample tags. 

2.2.13 Procedures for Identifying Potentially Hazardous Samples 

Any sample either known or thought to be hazardous should be so identified on both the sample tag 
and the field sample Chain-Of-Custody Record. Information explaining the hazard, i.e., corrosive, 
flammable, poison, etc., shall also be listed. 

2.2.14 Collection of Auxiliary Data 

All auxiliary data such as flow measurements, photographs of sampling sites, meteorological 
conditions, and other observations shall be entered onto the field records when the auxiliary data are 
collected. Auxiliary data relative to a particular sampling location should be collected as close to 
the sample collection time as possible. Specific types of auxiliary data to collect for each medium 
sampled are discussed later in this section. 

2.2.15 Time Records 

All records of time shall be kept using local time in the 2400 hour time format and shall be recorded 
to the nearest minute. 

2.2.16 *Transporting and Shipping of Samples 

Samples may be hand delivered to the laboratory or they may be shipped by common carrier. All 
personnel must be aware that certain samples are hazardous materials and, as such, are regulated by 
the U. S. Department of Transportation under the Transportation Safety Act of 1974. These 
regulations are contained in Title 49, CFR, Parts 110-l 19. Shipment of dangerous goods by air 
cargo is also regulated by the United Nations/International Civil Aviation Organization (UNKAO). 
The Dangerous Goods Regulations promulgated by the International Air Transport Association 
(IATA) meet or exceed DOT and UNACAO requirements and should be used for shilpment of 
dangerous goods via air cargo. 

2.2.17 Sample Chain-of-Custody 

Employees shall maintain sample chain-of-custody during all field investigations for all! samples 
collected. The standard sample chain-of-custody procedures are given in Section 1.3. 
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2.3 Definitions 

2.3.1 Grab Sample 

An individual sample collected from a single location at a specific time or period of time generally 
not exceeding 15 minutes. Grab samples are associated with surface water, groundwater, 
wastewater, waste, contaminated surfaces, soil, and sediment sampling. Grab samples are typically 
used to characterize the media at a particular instant in time. See Section 5 for additional guidance 
concerning parameters requiring a grab sample and for monitoring that indicates that grab samples 
must be collected. 

2.3.2 Composite Samples 

A sample collected over time that typically consists of a series of discrete samples which are 
combined or “cornposited”. Four types of composite samples are listed below: 

0 Time Comnosite (TC): A sample comprised of a varying number of discrete 
samples collected at equal time intervals during the cornpositing period. The TC 
sample is typically used to sample wastewater or streams. 

0 Flow Pronortioned Composite (FPC): A sample collected proportional to the flow 
rate during the cornpositing period by either a time-varying/constant volume 
(TVCV) or time-constant/varying volume (TCW) method. The TVCV method is 
typically used with automatic samplers that are paced by a flow meter. The TCVV - 
method is a manual method that individually proportions a series of discretely 
collected samples. The FPC is typically used when sampling wastewater. 

0 Area1 Comnosite: A sample collected from individual grab samples collected on an 
area1 or cross-sectional basis. Area1 composites shall be made up of equal volumes 
of grab samples. Each grab sample shall be collected in an identical manner. 
Examples include sediment composites from quarter-point sampling of streams and 
soil samples from grid points. 

. 

0 Vertical Composite: A sample collected from individual grab samples collected 
from a vertical cross section. Vertical composites shall be made up of equal 
volumes of grab samples. Each grab sample shall be collected in an identical 
manner. Examples include vertical profiles of soil/sediment columns, lakes and 
estuaries. 

2.3.3 Quality Control Samples 

Field studies also require the collection of additional samples for various quality control purposes. 
These include the isolation of site effects (control samples), define background conditions 
(background sample), evaluate field/laboratory methodology (spikes and blanks, trip blanks, 
duplicate samples), or to assess sampling equipment (sampler blanks and equipment rinse blanks). 
In addition, it may be necessary to provide split or duplicate samples to assess field sampling 
procedures. 
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Miscellaneous sampling definitions are listed below: 

0 

0 

l 

0 

0 

0 

0 

0 

0 

0 

San&e Aliquot: A portion of a sample that is representative of the entire sample. 

Split Sample: A sample which has been portioned into two or more containers from 
a single sample container or sample mixing container. 

Duplicate Sample: Two or more samples collected simultaneously into separate 
containers from the same source under identical conditions. 

Control Sample: A sample collected upstream or upgradient from a source or site 
to isolate the effects of the source or site on the particular ambient medium being 
sampled. 

Background Sample: A sample collected from an area, water body, or site similar 
to the one being studied, but located in an area known or thought to be free from 
pollutants of concern. 

Biased Samnle: A sample which is known to be non-representative of the e:ntire site 
being studied. An example is samples collected during Superfund Site Screening 
Investigations that are intentionally biased towards suspected areas of 
contamination. 

Trip Blanks: Trip blanks are prepared prior to the sampling event in the actual 
sample container and are kept with the investigative samples througlhout the 
sampling event. They are then packaged for shipment with the other samples and 
sent for analysis. At no time after their preparation are the sample containers to be 
opened before they reach the laboratory. volatile organic trip blanks will be utilized 
to determine if samples were contaminated during storage and transportation back 
to the laboratory. If samples are to be shipped, trip blanks are to be provided per 
shipment but not per cooler. 

Eauiument Blanks: Equipment field blanks are defined as samples which are 
obtained by running organic-free water over/through sample collection equipment 
after it has been cleaned. These samples will be used to determine if cleaning 
procedures were adequate. (The equipment could have been cleaned in the field or 
prior to the field operation.) 

Pre and Post Preservative Blanks: To determine if the preservative used during field 
operations were contaminated, pre and post preservative blanks are prepared. On 
small studies, usually only a post preservative sample will be prepared. These 
samples are prepared by putting analyte-free/organic-free water in the container and 
then preserving the sample with the appropriate preservative. 

Field Blanks: Organic-free water is taken to the field in sealed containers and 
poured into the appropriate sample containers at pre-designated locations. This is 
done to determine if any contaminants present in the area may have an affect on the 
sample integrity. Field blanks should be collected in dusty environments and/or 
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from areas where volatile organic contamination is present in the atmosphere and 
originating from a source other than the source being sampled. 

- 
I ‘1 

2.4 Data Oualitv Obiectives 

As defined in Data Oualitv Obiectives for Remedial Resuonse Activities (29), “Data Quality 
Objectives (DQO’s) are qualitative and quantitative statements which specify the quality of the data 
required to support decisions during remedial response activities”. DQO’s should be considered 
when planning any study. DQO’s provide information on the limits of the data, which in turn dictate 
the proper uses of the data. Data collected in the field include samples and site information. The 
methods by which samples are collected may limit the uses of the subsequent analytical data. The 
methods by which site information, such as physical measurements, photographs, field notes, etc., 
are collected, may reduce their accuracy. The manner in which sampling equipment is cleaned will 
also affect the DQO level of the data. The various DQO levels are numbered I through V, with I 
being the lowest and IV the highest quality data. Level V data are collected using special or non- 
standard methods. Higher quality methods may be substituted for lower level work. 

2.4.1 DQO Level I 

Sampling equipment and sample, containers must be cleaned using soap and tap water, visibly free 
of contamination, and free of detectable analytes using the analytical screening methods specified 
for the study. Use of organic vapor survey methods to determine locations or media fractions for 
higher level analysis is an example of DQO Level I field work. However, this technique is not 
appropriate for compounds that are not volatile or produce low instrument response. Data produced 
from such samples may not be used for other than the stated purpose. 

2.4.2’ DQO Level II 

Field methods, decontamination procedures, and sampling equipment construction materials for 
DQO Level II analyses are as specified elsewhere in this document. The construction materials for 
sampling equipment may vary if rinse blanks analyzed using the field analytical procedures show 
that the substituted equipment does not contribute detectable analytes, and the materials would not 
reasonably be expected to contribute detectable analytes. For example, it may be acceptable to use 
PVC sampling equipment to collect samples that are only being analyzed for metals, or to use 
equipment made of chrome plated material for samples being analyzed only for organic compounds. 
Field cleaning procedures for sampling equipment used to collect samples that will be analyzed at 
this DQO level may consist of: 

0 Soap and potable water wash with brush (steam may also be used), followed by 
potable water rinse. 

0 Water rinse. The quality of the water is determined by the contaminants of concern 
and the minimum quantitation limits of the analytical methods used. For example, 
if an atomic absorption (AA) unit is being used to analyze water samples for lead 
only, and the minimum quantitation limit is 20 ug/l, water containing up to 10 ug/l 
lead (one-half the minimum quantitation limit) may be used as decontamination 
water. 
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A minimum of five percent of samples collected for DQO Level II analyses should be split for DQO 
Level IV analysis. These samples must be representative of all samples submitted to the field 
laboratory. 

2.4.3 DQO Level III 

Field methods, decontamination procedures, and sampling equipment construction materials for 
DQO Level III analyses are as specified elsewhere in this document. Some modifications of these 
specifications are allowable in certain limited instances, as specified below. 

If DQO Level III analytical services are being used in support of drilling or excavation operations, 
the cleaning procedures for the down-hole drilling or excavation equipment & may be cleaned as 
specified in Section 9.9, with the omission of steps 3, 4, and 5. All other cleaning and decon- 
tamination procedures specified in that section apply. 

When wells are constructed using materials that are not inert with respect to the contaminants being 
analyzed, data collected from those wells are DQO Level III or lower for those incompatible 
analy-tes, even if DQO Level IV analytical procedures are used. 

A minimum of one equipment rinse blank per week for each week sampling equipment is field 
cleaned is required to be analyzed. If samples are preserved, a preservative blank must be collected 
and analyzed in the field at the beginning and end of the study. A blank of the rinse water must be 
collected and analyzed prior to beginning the study and at the end of each week sampling equipment 
is field cleaned. 

A minimum of five percent of samples collected for DQO Level III analysis should be split lbr DQO 
Level IV analysis. These samples must be renresentative of all samples submitted to the field 
laboratory. 

2.4.4 DQO Level IV 

Field methods and equipment decontamination procedures described in this document are considered 
to be level IV methods. These are the standard methods to be used on all studies requiring DQO 
Level IY quality data. Any deviations from these methods must be documented in the field logbook 
or the approved study plan. The sampler must be aware that such deviations in the field work may 
reduce the DQO level of the data, with a subsequent reduction in the data uses. 

2.4.5 DQO Level V 

Because DQO Level V procedures are by definition non-standard, they are not discussed in detail. 
The project leader must be aware that special analytical procedures may require specialiized field 
procedures and equipment. These must be specified in the approved study plan prior to beginning 
the study. 
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2.5 Investbation Derived Waste 

2.5.1 General 

Many field investigations generate waste materials. These waste materials am known as invest- 
igation derived waste (IDW) (30). Some of these waste materials may be hazardous wastes which 
must be properly disposed in accordance with EPA regulations. Most, but not all, of these hazardous 
wastes will be associated with investigations of hazardous waste sites. 

2.5.1.1 Tynes ofIDW 

Materials which may become IDW requiring proper treatment, storage and disposal are: 

0 Personnel protective equipment (PPE). This includes disposable coveralls, gloves, 
booties, respirator canisters, splash suits, etc. 

0 Disposable equipment (DE). This includes plastic ground and equipment covers, 
aluminum foil, conduit pipe, coliwasa samplers, Teflon@ tubing, broken or unused 
sample containers, sample container boxes, tape, etc. 

0 Soil cuttings from drilling or hand auguring. 

0 Drilling mud or water used for water rotary drilling. 

0 Groundwater obtained through well development or well purging. 

l Cleaning fluids such as spent solvent and washwater. 

2.5.1.2 Management of Non-Hazardous IDW 

Disposal of non-hazardous IDW from hazardous waste sites should be addressed in the study plan. 
Non-hazardous IDW such as PPE and DE may be double-bagged and disposed in the trash 
containers. These materials may also be taken to a permitted landfill local to the site. On larger 
studies, .waste hauling services may be obtained and a dumpster located at the study site. They may 
also be buried on site near the contamination source, with the burial location noted in the field 
logbook. 

Disposal of non-hazardous IDW such as drill cuttings, purge or development water, decontamination 
fluids, drilling muds, etc., should be specified in the approved study plan. These materials must not 
be placed into dumpsters. If the facility at which the study is being conducted is active, permission 
should be sought to place the liquid IDW into the facilities treatment system. It may be feasible to 
spread drill cuttings around the borehole, or if the well is temporary, to replace the cuttings back into 
the borehole. Cuttings, purge water, or development water may also be placed in a pit in or near the 
source area. Monitoring well purge or development water may also be poured onto the ground 
downgradient of the monitoring well. Purge water from private potable wells which are in use may 
be discharged to the ground surface. 
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2.5.1.3 Management of Hazardous IDW 

Disposal of hazardous or suspected hazardous IDW must be specified in the approved study plan. 
Hazardous IDW must be disposed as specified in USEPA regulations. If appropriate, these wastes 
may be placed back in an active facility waste treatment system. These wastes may also be disposed 
of in the source area from which they originated, if doing so does not endanger human health and 
the environment. 

If on-site disposal is not feasible, and if the wastes are suspected to be hazardous, appropriate tests 
must be conducted to make that determination. If they are determined to be hazardous wastes, they 
must be properly contained and labeled. They may be stored on the site for a maximum of 90 days 
before they must be manifested and shipped to a permitted treatment or disposal facility. Generation 
of hazardous IDW must be anticipated, if possible, to permit arrangements for proper 
containerization, labelling, transportation, and disposal/treatment in accordance with USEPA 
regulations. 

Hazardous investigation derived waste should be kept to a minimum to conserve resources. Many 
of the above PPE and DE wastes can be deposited in municipal dumpsters if care is taken to keep 
them segregated from hazardous waste contaminated materials. Disposable equipment can often be 
cleaned to render it non-hazardous, as can some PPE, such as splash suits. The volume of spent 
solvent waste produced during equipment decontamination can be reduced or eliminated by applying 
only the minimum amount of solvent necessary. 

2.6 Ground Water SamDling 

2.6.1 General 

Ground-water sampling may be required for a variety of reasons, such as examining potable or 
industrial water supplies, checking for and/or tracking contaminant plume movement in the vicinity 
of a land disposal or spill site, RCRA compliance monitoring, or examining a site where historical 
information is minimal or non-existent but where it is thought ground water contamination could 
have occurred. 

Ground ‘water is usually sampled through an in-place well, either temporarily or permanently 
installed. However, it can also be sampled anywhere ground water is present, as in a pit or a dug or 
drilled hole. 

Occasionally, a well will not be in the ideal location to obtain the sample needed (for example, to 
track a contaminant plume). In that case, a well will have to be installed, and it may be either a 
temporary or permanently installed well. An experienced and knowledgeable person will need to 
locate the well and supervise its installation so that the samples ultimately collected1 will be 
representative of the ground water. 

Additional guidance is given in the “RCRA Ground Water Monitoring Technical Enforcement 
Guidance Document” (TEGD) (13). 

2-11 



2.6.2 Site Selection 

The relationship of the following factors to potential pollution sources shall be considered and 
evaluated when selecting ground-water sampling sites: 

0 

0 

the direction of ground-water flow, depth to ground water, thickness of the aquifer 
(if applicable); 

type of stratigraphy; 

presence of perched water tables; 

types of soils; 

depth to bedrock; 

type of vegetation; 

surface drainage patterns; 

type of topography; 

general land use; 

and surface features such as rock outcrops, seeps, springs, streams, rivers, and wet 
areas (14). 

The area of interest should be located on an aerial photograph, a USGS 7.5 minute quadrangle map, 
a USDA soils map, and/or any other approfiri‘ate niap that shows topography and general 
relationships between surface features. USGS 7.5 minute quadrangle maps can be acquired from 
the State Geological Survey or from the USGS, and soils maps from the USDA-SCS (Soil 
Conservation Service). A visual inspection of the area may be sufficient to evaluate and determine 
the surface conditions and their relationship to the subsurface conditions (14). In some cases, surface 
conditidns and subsurface conditions cannot be correlated by site inspection or reconnaissance. 
When this occurs, a more detailed study; PoSSibly involving test drilling, will have to be conducted. 

It is extremely important to sample the unconfined or surficial aquifer downgradient of potential 
pollution sources or spills to determine if it (the most easily contaminated aquifer) has been affected. 
Generally the direction of ground-water flow can be estimated by two vectors - one in the direction 
of surface water flow (i.e., downstream) and another toward the nearest surface water stream or 
river, if present. The relative magnitude of these vectors will vary according to site conditions and 
in some instances both direction and magnitude may be changed by construction activities. If both 
a shallow and a deep aquifer are involved in the zone of interest, a screening study will reveal 
whether or not the deep aquifer should be sampled and a more detailed study is required. To 
adequately assess subsurface conditions, a minimum of three wells is required; one in the upgradient 
portion of the area of interest, one in the middle portion, and one in the downgradient portion. In 
some cases, a more complex system of wells may be needed to define the subsurface conditions, 
especially in establishing the depth to the shallow ground-water aquifer and the direction of ground- 
water movement. Site conditions and the scope of the project will determine the total number of 
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wells required. Existing wells should be used when possible. Where permanent well installation 
is necessary, the wells should be installed according to the procedures in Section 9. 

2.6.3 Purging Equipment and Techniques 

2.6.3.1 General 

Wells shall be purged before taking samples in order to clear the well of stagnant water which is not 
representative of aquifer conditions. The method of purging is to pump the well until three to five 
times the volume of standing water in the well has been removed and until the specific conductance, 
temperature, and pH of the ground water stabilizes. Normally, a combination of the two methods is 
employed (i.e., specific conductance, temperature, and pi-i are measured at intervals and three to five 
volumes are purged). If a well is pumped dry, this constitutes an adequate purge and the well can 
be sampled following recovery (15, 17). However, if possible, monitoring wells should :not be 
pumped dry. If the well is pumped dry, water that has been trapped in $re sandpack may be sampled. 
In addition, as water re-enters the we11 it may cascade down the welf screen and strip volatile 
contaminants. 

2.6.3.2 Eauinment Available 

Monitoring well purging is accomplished by using in-place plumbing/pumps or when in-place 
pumps are not available, by using either a peristaltic, turbine, bladder, centrifugal, or other 
appropriate pump, depending on well depth. A Teflon@, closed top bailer may be used for purging; 
however, bailing may stir up sediment in the well if conducted improperly. 

Other monitoring equipment used during purging includes water level indicators, pH meters, 
thermometers, and conductivity bridges (See Section 3, Field Analytical Procedures). 

2.6.3.3 Purging: Techniaues (Wells Without Plumbing or In Place Pumns) 

2.6.3.3.1 General 

For permanently installed wells, the depth of water shall be determined (if possible) before purging. 
This cari be accomplished by attaching a weight on the end of a tape and lowering it into the well 
until it touches the water, or by use of a mechanical or electrical water level indicator (see Ground- 
Water Level Measurement Techniques, Section 4). All personnel shall exercise extreme caution 
during this procedure to prevent contamination of the ground water. This is a critical concern when 
samples for trace organic compounds or metals analyses are collected. 

2.6.3.3.2 Usinrr Pumvs to Puwe 

When suction lift or centrifugal pumps are used, only the intake line is placed into the water column. 
To minimize contamination, the line placed into the water is either standard cleaned (see Section 6) 
Teflon@, in the case of the suction lift pumps, or standard cleaned stainless steel pipe attached to 
a hose, when centrifugal pumps are used. 

When submersible pumps (bladder, turbine, displacement, etc.) are used, the pump itself is lowered 
into the water column. The pump must be cleaned as specified in Section 6. 
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2.6.3.3.3 Usinp Bailers to Purge 

Standard cleaned (Section 6) closedtop Teflon@ bailers with Teflon@ leaders and new nylon rope 
are lowered into top of the water column, allowed to fill, and removed and then the water is 
discarded. 

2.6.3.3.4 Field Care of Purninp Eauivment 

Regardless of which method is used for purging, new plastic sheeting shall be placed on the ground 
surface around the well casing to prevent contamination of the pumps, hoses, ropes, etc., in the event 
they need to be placed on the ground during the purging or they accidentally come into contact with 
the ground surface. It is preferable that hoses used in purging that come into contact with the ground 
water be kept on a spool, both during transporting and during field use, to further minimize 
contamination from the transporting vehicle or ground surface. 

2.6.3.3.5 Pureing Entire Water Column 

The pump/hose assembly or bailer used in purging should be lowered into the top of the standing 
water column and not deep into the column. This is done so that the purging will “pull” water from 
the formation into the screened area of the well and up through the casing so that the entire static 
volume can be removed. If the pump is placed deep into the water column, the water above the pump 
may not be removed, and the subsequent samples collected may not be representative of the ground 
water. 

To minimize cross contamination between wells, no, more than three to five feet of hose should be 
lowered into the water column. If the recovery rate of the well is faster than the pump rate, the pump 
may be left hanging at the initial Ievel until an adequate volume has been.purged. If the pump rate 
exceeds the recovery rate of the well, the pump will have to be lowered, as needed, to accommodate 
the drawdown. 

After the pump is removed from the well, all wetted portions of the hose and the pump shall be 
cleaned as outlined in Section 6. 

Careful’ consideration shall be given to using pumps to purge wells which are excessively 
contaminated with oily compounds, because it may be difficult to adequately decontaminate severely 
contaminated pumps under field conditions. When these type wells are encountered, alternative 
purging methods, such as bailers, should be considered. 

2.6.3.4 PurPing: Techniaues - Wells With In Place Plumbing 

2.6.3.4.1 General 

In-place plumbing is found at water treatment plants, industrial water supply wells, private 
residences, etc. The objective of purging is the same as with monitoring wells without in place 
pumps, i.e., to ultimately collect a sample representative of the ground water. 

The volume to be purged depends on several factors: whether the pumps are running continuously 
or intermittently; how close to the source the sample can be collected; and the presence of any 
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storage/pressure tanks between the sampling point and the pump. If storage/pressure tanks are 
present, an adequate volume must be purged to totally exchange the volume of water in the tank. 

2.6.3.4.2 Continuouslv Running Pumps 

If the pump runs continuously, and the sample can be collected prior to a storage/pressure tank, no 
purge, other than opening a valve and allowing it to flush for a few minutes, is necessary. 

2.6.5.4.3 Intermittentlv Running Pum_os 

If the pump runs intermittently, it is necessary to determine the volume to be purged, including 
storage/pressure tanks that are located prior to the sampling location. The pump should then be run 
continuously until the required volume has been purged. 

2.6.4 Sampling Equipment and Techniques 

2.6.4.1 Eauinment Available 

Sampling equipment used includes closed-top Teflon@ bailers and the peristaltic pump/vacuum jug 
assembly. 

Other monitoring equipment used during sampling includes water level indicators, pH meters, 
thermometers, and conductivity bridges (see Sections 3 and 4). 

2.6.4.2 Samnling Techniaues -- Wells With In Place Plumbing 

Samples should be collected following purging from a valve or cold water tap as near to the well as 
possible. Samples should be collected directly into the appropriate containers (see Standard Sample 
Containers, Section 5). 

2.6.4.3 Samnline: Techniaues -- Wells Without Plumbing 

Following purging, samples should be collected using a peristaltic pump/vacuum jug procedure, if 
possible, or with a closed top Teflon@ bailer. The pump used for purging generally should not be 
used for sampling. When the peristaltic pump is used, samples for purgeable organic compounds 
analyses should be collected using a bailer or by allowing the Teflon@ tube to fill and then allowing 
the water to drain into the sample vials. All equipment shall be cleaned using the procedures 
described in Section 6. 

When bailing, new plastic sheeting should be placed on the ground around each well to provide a 
clean working area. The nylon rope should be attached to the bailer via a Teflon@ coated stainless 
steel wire. This coated wire is attached to the bailer semi-permanently and is decontaminated for 
reuse as the bailer is cleaned. 
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2.6.5 Special Sample Collection Procedures 

2.6.5. I Trace Orrranic Comoounds and Metals 

Special sample handling procedures shall be instituted when trace contaminant samples are being 
collected. All sampling equipment, including pumps, bailers, water level measurement equipment, 
etc., which come into contact with the water in the well must be cleaned in accordance with the 
cleaning procedures described in Section 6. Pumps shall not be used for sampling, unless the interior 
and exterior portions of the pump and discharge hoses can be thoroughly cleaned. Blanks should be 
collected to determine the adequacy of cleaning prior to collection of any sample using a pump. 
Peristaltic pumps using Teflon@ tubing and a Teflon@ insert can be used to collect samples without 
the sample coming into contact with the pump. This is accomplished by placing the Teflon@ insert 
into the opening of a standard cleaned 4-liter glass container. The Teflon@ tubing connects the 
container to the pump and sample source. The pump creates a vacuum in the container, thereby 
drawing the sample into the container without coming into contact with the pump tubing. Samples 
for purgeable organic compounds analyses shall be collected with well bailers. The procedures given 
in the General Considerations, Special Precautions for Trace Contaminant Sampling (Section 2.2.9) 
shall be followed. 

2.6.5.2 Filtering 

As a standard Branch policy, ground-water samples will not be filtered. However, if samples are 
filtered, then both filtered and non-filtered samples will be submitted for analyses. Proper well 
installation and development (Section 9) as well as proper well purging techniques should be utilized 
to minimize the turbidity of samples. If filtered samples for metals analyses must be collected, an 
additional unfiltered sample will also be collected for metals analyses. -.-. 

Samples for organic compounds analyses shall not be filtered. 

2.6.5.3 Bacterial Sampling 

Whenever wells (normally potable wells) are sampled for bacteriological parameters, care must be 
taken to ensure the sterility of all sampling equipment and all other equipment entering the well. Fur- 
ther information regarding bacteriological sampling is available in Samnling: for Organic Chemicals 
and Microorganisms in the Subsurface (19) as well as References 4 and 5. 

2.6.6 Specific Sampling Equipment Quality Assurance Techniques 

All equipment used to collect ground-water samples shall be cleaned as outlined in Section 6 and 
repaired, if necessary, before being stored at the conclusion of field studies. Cleaning procedures 
conducted in the field (Section 6), or field repairs shall be thoroughly documented in field records. 

2.6.7 Auxiliary Data Collection 

Water table measurements from the top of the well casings (referenced to National Geodetic Vertical 
Datum) in permanent wells, and ground surface elevations in temporary wells should be made to 
determine the general direction of ground-water flow and gradient. The methodology to be used to 
determine well water levels are given in Section 4. Tracer dyes and radioactive and thermal 
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detection methods can be used to determine direction and velocities of flow (14). Also, a study of 
the general topography and drainage patterns will generally indicate direction of ground-water flow. 

Water table measurements shall not be taken until the water table has stabilized, preferably Z!4 hours 
after well installation for permanent wells (20). The ground surface elevation at the wells should be 
determined by standard engineering survey practices as outlined in Section 4. 

In addition to water level measurements, the pumping rate used to purge a well, the volume of water 
in wells, and drillers’ logs are examples of auxiliary data that should be collected during ground- 
water sampling activities. This information should be documented in field records. Methodology for 
obtaining these data are given in the following sections. 

Temperature, specific conductance, and pH shall be measured each time a well is sampled. 
Stabilization of these parameters is measured during the purging process to evaluate the adequacy 
of the purging procedure. In this situation, the final measurements for these parameters prior to 
sampling shall be considered the measurement of record for the well. If these parameters were not 
evaluated during purging, they shall be obtained prior to sampling. Methodology for obtaining these 
data are given in Section 3. 

2.6.7.1 Well Pumning: Rate - Bucket/Stop Watch Method 

The pumping rate of a pump can be determined by collecting the flow of water from the Ipump in 
a bucket of known volume and timing how long it takes to fill the bucket. The pumping rate should 
be in gallons per minute. This method shall be used only with pumps with a constant pump rate, 
such as gasoline powered or electric submersible pumps. It should not be used with battery Ipowered 
pumps. As the batteries lose their charge, the pump rate decreases so that pumping rate calculations 
using initial, high pump rates are erroneously high. 

2.6.7.2 Volume of Water in Wells 

In order to purge wells, the volume of water in the well should be known. To determine the volume, 
the following method should be used; measure the distance from the bottom of the well to the static 
water level, then measure the inside diameter of the well or casing. Obtain the volume of the well 
by the formula: 

V = 0.041 d2h 
Where h = depth of water in feet 

d = diameter of well in inches 
V = volume of water in gallons 

If preferred, a quick reference nomograph or table may be used. 

Additional ground-water related data can be obtained from most local, state, and federal agencies 
dealing with water resources. Some states require well drillers to be licensed, and all work 
performed on wells must be reported to the state on prescribed forms. These forms are available to 
the public, so a study of wells installed in the area of interest may provide background information 
as to the subsurface conditions. State geological surveys, as well as the USGS, have various types 
of water related papers and reports on all phases of ground-water studies in each state. City and 
county governments usually have departments that deal with water related projects that may provide I 

2-17 

. , I  \ _ .  . ,  _( .  . ,  . . ,  .  \  ~ .  . . . , ,  .  .  .  .  



data for the local area. Federal agencies such as the SCS, U. S. Army Corps of Engineers, the Bureau 
of Reclamation, U. S. Forest Service, Science and Education Administration, and the U. S. Public 
Health Service have water programs which may provide data. Other sources include the Bureau of 
Mines, colleges, universities, and technical societies such as American Association of Petroleum 
Geologists, American Institute of Mining and Metallurgical Engineers, American Water Well 
Association, Association of Engineering Geologists, and Geological Society of America (14,2 1). 

2.7 Soil Samtdin~ 

2.7.1 General 

Soil sampling at hazardous waste sites will typically be approached in a totally different manner than 
sampling of other media. Sampling locations and rationale for other media are usually easily 
defined. For example, ground water samples may be collected at existing monitoring wells; surface 
water and sediment samples are usually collected from well defined surface drainage patterns at 
easily rationalized locations with respect to the suspected problem; and waste sources, such as 
drums, tanks, and piles, are easily identified sampling targets. Occasionally, surface soils may be 
stained or show evidence of vegetative stress, indicating that a contaminant may be present, but in 
many cases there may not be any direct evidence to suggest that a particular location is a candidate 
for soil sampling. The sampler may, in fact, be faced with investigating a virtually invisible 
contaminant distribution pattern, both in the surticial material, as well as in the subsurface region. 

2.7.2 Sampling Location/Site Selection 

Areas selected for soil sampling shall be strategically located in order to collect a representative 
fraction of the soils with the minimum number of samples. Although it is not always feasible to 
conduct a site reconnaissance prior to an investigation, a site reconnaissance can eliminate many 
uncertainties with respect to site characteristics and result in more complete and successful soil 
sampling studies. A surface inspection of the subject area should be made to locate pertinent features 
(e.g., rock outcrops, drainage patterns, surface runoff, ponds, lakes, wet areas, seeps, springs, 
permanent structures, fill areas, erosional areas, depositional areas, etc.) and to evaluate the 
relationship between these features and potential sources of pollution. A knowledge of these 
relationships and conditions, particularly soil conditions (type and thickness of soil overburden) and 
water table conditions are extremely important in developing sampling plans. 

In addition to what is normally considered soil, i.e., in situ weathered rock overburden, soil samples 
may also consist of what is more correctly considered sediment, which has been deposited by both 
overland sheet runoff, as well as flow in normally dry wet-weather swales. The location of sediment 
sampling locations in these types of depositional areas is a useful screening tool, providing an 
indication of the presence of contaminants from the larger area contributing the sediment. 

Initial investigations at most sites will consist of “screening-type” studies. Sampling for these 
investigations will generally be confined to a small number of surface or shallow subsurface 
samples. Typically, samples would be collected from depositional areas within and around the 
periphery of the site, as well as from obviously contaminated areas. Based on the results of the 
initial site-screening studies, more detailed studies, involving considerably more samples and with 
a greater emphasis on subsurface sampling, are usually required to fully characterize soil 
contamination at a site. 
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Study plans or work plans for soil sampling investigations must be carefully conceived with respect 
to the studv obiectives. This, in turn, requires a careful consideration of the types of samples to be 
collected, as well as the sampling methods to be employed. These areas are discussed below. 

2.7.3 Basic Considerations for Soil Sampling 

Three basic considerations, with respect to sample type, should be evaluated when developing a soil 
sampling plan and establishing investigation objectives. Should the samples be random, biased, or 
grid-based? Will they be collected from the surface or subsurface? Will a particular sample be a 
grab sample or a composite sample? When all of these questions are answered, it will be found that 
many investigations will involve the collection of most combinations of the above types of samples. 
A discussion of these considerations is found in the following sections. 

2.7.3 .l Random. Biased and Grid-Based Samuling 

Generally, unless there is a strong indication of contamination, such as staining, or there are distinct 
depositional areas which provide excellent screening samples, soil samples collected for small 
investigations with limited area1 extent, such as screening site investigations, must be landomlv 
selected from several areas within the suspected area of contamination. Random in this sense is 
synonymous with casual, i.e., locations are often subjectively selected based purely on personal 
judgement. 

If any areas show evidence of contamination, such as staining or vegetative stress, biased, samples 
should be collected from each of the areas to characterize the contamination present in each area. 
If surface drainage patterns such as dry washes or swales are discernable, soil/sediment samples may 
be collected from the deposits in these features to characterize the immediate areas. Background and 
control samples are also biased, since they are collected in locations dictated by expected clean 
conditions or by anticipated impact from adjacent off-site areas. 

When soil sampling investigations involve large areas, measured in acres for example, a systematic 
approach must be taken, not necessarily to the exclusion of other approaches, to characterize the 
presence and distribution of contaminants. In. these situations, a grid-based soil sampling program 
is employed. There is no single mid size that is anprooriate for all sites; however, in most cases, the 
smaller the site, the smaller the grid size. Common grid sizes are developed on 50-foot and lOO-foot 
centers, although other sizes may be appropriate in given situations. It may be appropriate and 
acceptable to integrate several different grid sizes in a single investigation. 

When the site is extremely large, over several acres for example, it may be impossible to consider 
sampling every grid and it will be necessary to statistically select a sub-set of the total number of 
grids in order to reduce the number of samples collected for the study. On the other hand, it may 
sometimes be appropriate to sample every grid and use relatively inexpensive and quick screening- 
level analytical techniques to define the areas which must be sampled and analyzed for a higher level 
of data quality. Because the screening level analysis is relatively quick, the second phase sampling 
can sometimes be conducted during the same investigation. In all cases, however, the grid centers 
should be located using a site survey and semi-permanently marked to facilitate relocating the 
sample locations for subsequent sampling. 

i i 
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2.7.3.2 Surface and/or Subsurface Soil Samples 

In most initial investigations, particularly site screening-type studies, surface soil samples may 
comprise the great majority of soil samples collected. These are collected to look for the possible 
presence and distribution of contaminants in surficial materials. Subsurface soil sampling may be 
limited during initial investigations, but it may comprise the major portion of the soil sampling effort 
during subsequent phases of the investigation where the vertical extent of contamination in identified 
areas of surface contamination is the major objective. 

2.7.3.3 Grab versus Comuosite Samples 

When a sample is needed to identify and quantify compounds at a specific location or interval, a 
grab sample is collected. Grab samples are limited in area1 extent (for surface samples) or vertical 
extent (for subsurface samples). The sample should be comprised of no more than the minimum 
amount of soil necessary to make up the volume of sample dictated by the required sample 
containers. Comnosite samples are a mixture of a given number of subsamples and are collected to 
characterize the average composition of a given surface area or vertical interval. Area1 comuosites 
are comprised of subsamples collected from the surface within the selected area. The number of 
subsamples forming a composite should remain consistent within the context of the study, i.e., a 
number and pattern for collection of subsamples within ‘a grid should be selected and, for a given 
grid size, should not be changed. Likewise, if one of the objectives of the study is to determine if 
any contamination is present within a particular vertical interval, a vertical comoosite sample, 
comprised of vertically discrete samples collected over the selected interval may be collected. As 
with the area1 composites, the number of subsamples is dependent on the objectives of the study. 
With the low analytical detection limits available today, cornpositing can usually be used to 
determine the presence or absence of compounds in the area or interval sampled. 

There are two potential problems associated with cornpositing for which the sampler must be aware. 
Even though modem analytical detection limits allow for qualitative screening in many cases using 
cornpositing techniques, the risk still remains that low concentrations, present in individual 
composite aliquots, may be diluted to the extent that the total composite concentration is below the 
minimum quantification limit. Also, if the subsamples are predominantly moist and clayey, it will 
be very difficult to produce a homogenous mixture. The resulting sample, as represented by the 
portion selected by the analytical chemist, may not be representative, either qualitatively or 
quantitatively, of an average of all of the subsamples. 

2.7.4 Sampling Methodology 

This discussion of soil sampling methodology reflects both the equipment used (required/needed) 
to collect the sample, as well as how the sample is handled and processed after retrieval. Selection 
of equipment is usually based on the depth of samples, but it is also controlled, to a certain extent, 
by the characteristics of the material. Simple, manual techniques and equipment, such as hand 
augers, are usually selected for surface or shallow, subsurface soil sampling. As the depth of the 
sampling interval becomes greater, some type of powered sampling equipment is usually needed to 
overcome torque induced by soil resistance and depth. The following is an overview of the various 
sample collection methods employed over three general depth classifications: surface, shallow 
subsurface, and deep subsurface. Any of the deep collection methods described may be used to 
collect samples from the shallower intervals. See Section 2.2.10 for special sampling considerations 
for purgeable organic compounds analyses. / 
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2.7.4. I Manual (Hand Onerated) Collection Techniques and Equipment 

These methods are used primarily to collect surface and shallow subsurface soil samples. Surface 
soils are generally classified as soils between the ground surface and 6 to 12 inches below ground 
surface. The shallow subsurface interval may be considered to extend fkom approximately 1% inches 
below ground surface to a site-specific depth at which sample collection using manual, i.e., hand- 
powered, methods becomes impractical. 

2.7.4.2 Surface Soils 

Surface soils may be collected with a wide variety of equipment. Spoons, shovels, hand-augers, push 
tubes, and post-hole diggers, made of the appropriate material, may be used to collect surface soil 
samples. As discussed in the section on powered equipment, surface soil samples may also be 
collected in conjunction with the use of heavy equipment. 

Surface samples are removed from the ground and placed in pans, where mixing, as appropriate 
(Section 2.2.10), occurs prior to filling of sample containers. Section 2.11.5 contains specific 
procedures for handling samples for purgeable organic compounds analyses. If a thick, matted root 
zone is encountered at the surface, it should be removed before the sample is collected. 

2.7.4.3 Subsurface Soils 

i 

Hand-augering is the most common manual method used to collect subsurface samples. Typically, 
4-inch auger-buckets with cutting heads are pushed and twisted into the ground and removed as the 
buckets are filled. The auger holes are advanced one bucket at a time. The practical depth of 
investigation using a hand-auger is related to the material being sampled. In sands, augering is 
usually easily accomplished, but the depth of investigation is controlled by the depth at which sands 
begin to cave. At this point, auger holes usually begin to collapse and cannot practically be advanced 
to lower depths, and further samples, if required, must be collected using some type of pushed or 
driven device. Hand-augering may also become difficult in tight clays or cemented sands. At depths 
approaching 20 feet, torquing of hand-auger extensions becomes so severe that in resistant materials, 
powered methods must be used if deeper samples are required. Some powered methods, discussed 
later, are not accentable for actual sample collection, but are used solely to gain easier access to the 
required sample depth, where hand-augers or push tubes are generally used to collect the sample. 

When a vertical sampling interval has been established, one auger-bucket is used to advance the 
auger hole to the first desired sampling depth. If the sample at this location is to be a. vertical 
composite of all intervals, the same bucket may be used to advance the hole, as well collect 
subsequent samples in the same hole. However, if discrete grab samples are to be collected to 
characterize each depth, a new bucket must be placed on the end of the auger extension immediately 
prior to collecting the next sample. The top several inches of soil should be removed from the bucket 
to minimize the chances of cross-contamination of the sample from fall-in of material from the 
upper portions of the hole. Section 2.11.5 contains additional sample handling procedures. 

Another hand-operated piece of soil sampling equipment commonly used to collect shallow 
subsurface soil samples is the Shelby or “push tube”. This is simply a thin-walled tube, generally 
of stainless steel construction and having a beveled leading edge, which is twisted and pushed 
directly into the soil. This type of sampling device is particularly useful if a relatively undisturbed 
sample is required. The sampling device is removed from the push-head, then the sample is extruded 
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from the tube into the pan with a spoon or special extruder. Even though the push-head is equipped 
with a check valve to help retain samples, the Shelby tube will generally not retain loose and watery 
soils, particularly if collected at lower depths. 

2.7.4.3.1 Powered Sanmlinp Devices 

Powered sampling devices and sampling aids may be used to acquire samples from any depth but 
they are generally limited to depths of 20 feet or less. Among the common types of powered 
equipment used to collect or aid in the collection of subsurface soil samples are Little BeaverWype 
two-man power augers; split-spoon samplers driven with a drill rig drive-weight assembly or 
hydraulically pushed using drill rig hydraulics; continuous split-spoon samplers; specialized 
hydraulic cone penetrometer rigs; and back-hoes. The use of each of these is described below. 

2.7.4.3.2 Power Augers 

Two-man power augers are commonly used to aid in the collection of subsurface soil samples at 
depths where hand augering is impractical. This type of equipment is technically a sampling aid and 
not a sampling device, and 20 to 25 feet is the typical lower depth range for this equipmerit. It is used 
to advance a hole to the required sampling depth, at which point a hand auger is usually used to 
collect the sample. 

2.7.4.3.3 Drill Rim 

Drill rigs offer the capability of collecting soil samples from greater depths. For all practical 
purposes, the depth of investigation achievable by this method is controlled only by the depth of soil 
overlying bedrock, which may be in excess of 100 feet. 

f-7 

When used in conjunction with drilling, split-spoon samplers are usually driven either inside a 
hollow-stem auger or inside an open borehole after rotary drilling equipment has been temporarily 
removed. The spoon is driven with a 140-pound hammer through a distance of up to 24 inches and 
removed. If geotechnical data are also required, the number of blows with the hammer for each six- 
inch interval is also recorded. 

Continuous split-spoon samplers may be used to obtain five-foot long, continuous samples 
approximately 3 to 5 inches in diameter. These devices are located inside a five-foot section of 
hollow-stem auger and advanced with the auger during drilling. As the auger advances, the central 
core of soil moves into the sampler and is retained until retrieval. 

2.7.4.3.4 Cone Penetrometer Rim 

A recent innovation is now available, which involves the modification of a standard split-spoon. 
The spoon has been modified with a releasable tip which keeps the spoon closed during the sampling 
push. Upon arrival at the desired depth, the tip can be remotely released and the push continued. 
During the subsequent push, the released tip floats freely up the inside of the spoon as the soil core 
displaces it. Split-spoon soil samples, therefore, can be collected without drilling, as has historically 
been required, by simply pushing the device to the desired depth. This technique is particularly 
beneficial at highly contaminated sites, because cuttings are not produced as with drill rigs. The 
push rods are generally retrieved with very little residue. This results in minimal exposure to 
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sampling personnel and very little contaminated residue is produced as a result of elquipment 
cleaning. 

2.7.4.3.5 Back-Hoes 

Back-hoes are often utilized in shallow subsurface soil sampling programs. Samples may either be 
collected directly from the back-hoe bucket or they may be collected from the trench wall if proper 
safety protocols are followed. Trenches offer the ability to collect samples from very specific 
intervals and allow visual correlation with vertically and horizontally adjacent material. Prior to 
collecting samples from trench walls, the wall surface must be dressed with a stainless steel shovel, 
spatula, knife, or spoon to remove the surface layer of soil which was smeared across the trench wall 
as the bucket passed. If back-hoe buckets are not cleaned according to the procedures described in 
Section B.8.3 of this manual, samples must be collected from material which has not been in contact 
with the bucket surface. 

2.7.5 Special Techniques and Considerations 

2.7.5.1 Collection of Soil Samples for Purceable Organic Compound (VOA) Analvses 

These samples should be collected in a manner that minimizes disturbance of the sample. For 
example, when sampling with a hand auger, the VOA sample may be collected directly from the 
auger bucket or immediately after an auger bucket is emptied into the pan. The sample s,hould be 
placed in the appropriate container with no head-space, if possible, as is the practice with water 
samples. Samples for VOA analysis are not mixed (Section 2.2.10). 

2.7.5.2 Dressinp Soil Surfaces 

Any time a vertical or near vertical surface, such as is achieved when shovels or back-hoes are used 
for subsurface sampling, is sampled, the surface should be dressed to remove smeared soil. This is 
necessary to minimize the effects of cross-contamination due to smearing of material from other 
levels. 

2.7.5.3 Samnle Mixing 

It is extremely important that soil samples be mixed as thoroughly as possible to ensure that the 
sample is representative of the interval sampled. Soil samples should be mixed as specified in 
Section 2.2.10. 

2.7.5.4 Special Precautions for Trace Contaminant Soil Samnling 

The procedures outlined in Section 2.2.9 shall be followed. All soil sampling equipment used for 
sampling for trace contaminants should be constructed of stainless steel where possible. Pans used 
for mixing shall be made of Pyrex@, or equivalent, glass. In no case will chromium, cadmium, or 
galvanized plated or coated equipment be used for soil sampling operations. Similarly, no painted 
or plastic equipment shall be used. All paint and primer must be removed from soil sampling 
equipment by sandblasting or other means before such equipment can be used for collecting soil 
samples. 

2.7.5.5 Snecific Samnling Eauioment Oualitv Assurance Techniaues 
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Drilling rigs and other major equipment used to collect soil samples shall be identified so that this 
equipment can be traced through field records. A log book shall be established for this equipment 
so that all cleaning, maintenance and repair procedures can be traced to the person performing these 
procedures and to the specific repairs made. Sampling spoons, hand augers, Shelby tubes, and other 
minor disposable type equipment are exempted from this equipment identification requirement. 

0 All equipment used to collect soil samples shall be cleaned as outlined in Appendix 
B and repaired, if necessary, before being stored at the conclusion of field studies. 

0 Any cleaning conducted in the field (Section 6) or field repairs should be 
thoroughly documented in field records. 

2.7.5.6 Auxiliary Data Collection 

In addition to information pertaining to an area or specific site/location that may be available in EPA 
files from previous investigations (i.e., site screenings, water quality, well monitoring studies, etc.), 
information and data may be obtained from various city, county, state, and other federal agencies. 

Samples should be accurately tagged and labeled with all pertinent site information at the time of 
sampling. See Section 1 for sample labeling and field recording procedures. The latitude and 
longitude shall be obtained for each site for future STORET data entry. 

2.8 Air Toxics Monitorin 

2.8.1 Volatile Organic Comuounds NOC) Samnling With SUMMA@ Electropolished Stainless 
Steel Canisters Using Method TO- 14 

,m 

2.8.1.1 General 

The following is a synopsis of procedures which should be strictly adhered to for the cleanup and 
use of Summa@ canisters in sampling air for Volatile Organic Compounds (VOC). This summary 
is adapted from Method TO-14 of the COMPENDIUM OF METHODS FOR THE 
DETERMINATION OF TOXIC ORGANIC COMPOUNDS IN AMBIENT AIR. 

. 

The following procedures must be followed in the preparation and use of Summa@ canisters 
for sampling VOC. 

0 All new Summa@ canisters must be individually checked for contamination before 
use. One of each batch of 10 Summa@ canisters that are subsequently cleaned must 
be analyzed to check for contamination. 

0 All sampler tubing, fittings, and wetted parts of valves must be solvent washed in 
hexane and heated to >l 000 C. These parts should then be assembled and flushed 
with nitrogen for at least 8 hours prior to use in the sample train or in the canister 
cleanup apparatus. 

0 Each canister’s valve and fitting will be inspected for damage before cleaning. Any 
damaged valve will be replaced with a previously cleaned (see procedure above) 
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valve. After replacing any valve, the canister will be cleaned and analyzed to verify 
that it is free of contamination. 

l If any canister is used to sample a high concentration source, it must be cleaned and 
analyzed to verify it is free of contamination before it can be used again. 

l Chain-of-custody must be maintained for all samples. 

2.8.1.2 SUMMA@ Canister Cleanup 

The following cleanup procedure will be followed for the preparation of all Summa@ canisters: 

l The canisters should initially be pressurized to >2 atm with humidified nitrogen 
then evacuated to 1 attn. This filling and evacuation sequence shall be repeated five 
times to dilute any residual contaminants. The addition of the water from the 
humidified nitrogen may also displace some of the more reactive contaminants that 
could adhere to active sites on the wall of the canister. After the fifth evacuation to 
1 atm, the vacuum pump will be valved on and left on for a minimum of 3 hours or 
until a vacuum of 450 millitorr is reached. The identification number of the 
canister, the date and the final vacuum will be recorded in the canister cleanup 
logbook. After cleaning, the canister’s valve should be capped with a SwagelokO 
plug. A label will then be affixed to the canister denoting the date it was cleaned 
and the name of the person who performed the cleaning. 

1. (The nitrogen should be certified 99.999% pure by the manufacturer. A 
molecular sieve scrubber should be attached to the nitrogen line after the 
regulator to remove any trace impurities). 

2.8.1.3 Samnle Collection 

Two types of VOC samples can be collected with Summa@ canisters. The canister can be opened 
and allowed to fill rapidly to obtain a grab sample or filled slowly by using a flow controller to 
collect a time integrated sample. With either type of sample, the following general procedures 
should be followed: 

l A pre-numbered sample tag should be tied to the handle of the Summa@ canister 
prior to sampling. 

l A Chain-Of-Custody Record should be completed detailing time of sampling, 
sampling interval, and signed by the person taking the sample. 

l After the sample has been collected, the Summa@ canister should be capped, the 
pre-numbered tag should be completed, and the canister should be placed in a 
shipping container with a copy of the Chain-Of-Custody Record and sealed with 
sample custody tape. 

2-25 

‘:’ ‘h. . , :  



2.8.1.4 Grab Sample Collection 
f--A 

Before a grab sample for VOC analysis is collected in a Summa@ canister, the canister inlet valve 
should be fitted with a pre-cleaned (Section 281.2) stainless steel particulate filter. At the sample 
collection location, the main valve should be opened and the canister allowed to fill. After about one 
minute (when no audible sound of rushing gas can be heard), close and cap the main valve of the 
Summa@ canister. 

2.8.1.5 Time Integrated Samule Collection 

This sample collection method involves the use of a flow controller or a sampler containing a flow 
controller to slowly meter the flow of air entering a Summa@ canister. With this method, a sample 
is collected over a longer period of time than with a grab sample. If a constant flowrate was 
maintained, the resulting sample will have a VOC content that is the average of the VOC 
concentrations for the sampling interval (a time integrated sample). 

The following procedures should be followed to collect time integrated samples: 

0 All sampler systems should be checked for contamination prior to use or after any 
major repair This is accomplished by metering zero air or nitrogen1 to the inlet of 
the sampler. Excess zero air or nitrogen flow should be vented with a Swagelok@ 
tee from the sampler inlet to atmosphere. 

The evacuated canister should then be filled at the normal sampling rate with the zero gas. 

0 Initial flowrates will be determined with a mass flow meter. The initial flowrate and 
initial vacuum (at least 29 inches of Hg) should be recorded on the sample data 
sheet. Adjust the flowrate so that at the end of the sampling interval the ending 
pressure of the canister is approximately 0.9 atm. 

0 Final flowrates should also be determined with a mass flow meter. Final flowrate 
and final vacuum should be recorded on the sample data sheets. The final vacuum 
should be between 5 inches and 1 inch of Hg. The final flowrate should be at least 

. 1 scc/min. 

After sample collection, all canisters should be double checked to verify that each has a pre- 
numbered tag with all information filled out. Place the canister in a shipping container and seal the 
container with sample custody tape. 
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FIELD ANALYTICAL PROCEDURES 

3.1 General 

Field analytical equipment used should be suitable for the analysis to be accomplished and properly 
calibrated. In addition to being accurate, field analyses must be conducted on a sample which is 
representative of the source from which it was collected. Therefore, the type of sample and location 
of the sampling site are critical. A detailed discussion of sample type and sample site selection is 
given in Section 2 for the various media investigated. 

The objectives of this section are to: 

0 list the specific field analytical techniques that shall be used; 

0 list the specific quality control procedures and calibration techniques for each piece 
of field analytical equipment used; 

0 list the source of all reagents and standards used to perform field analyses and/or 
calibrate field analytical equipment; and 

0 specify the training required to perform the listed field analyses. 

Specific field analytical methodology for each parameter is given in Section 8. 

3.2 SDecific Analvtical Techniaues 

The specific field analytical techniques used by Branch personnel are listed below and the: specific 
procedures for each analytical technique and field test are presented in Appendix D. 

Analvtical Parameter Method Reference Eauinment 

Temperature Calibrated glass (mercury), 1 Mercury filled glass, 
dial(mechanical), or 
electro-mechanical dial 
type metric thermometer, 
or thermistor with 
electronic readout 

PH Electrometrically using a 
glass electrode in combina 
tion with a reference poten 
tial or a combination 
electrode 

1 Portable field pH meter 

Dissolved 
Oxygen (DO) 

Modified Winkler or 
membrane electrode 

1 Standard DO kit with fresh 
sodium thiosulfate, or 
membrane electrode and 
electronic readout 

1 

3-1 



Analvtical Parameter 
Specific 
Conductance 

Total Chlorine 
Residual 

Tracer-Fluorescence 

Salinity 

Method Reference 
Wheatstone bridge type or 1 
equivalent meter corrected to 
25°C 

Back titration, iodometric 1 
with starch or amperometric 
end-point or DPD 
calorimetric 

Analysis of fluorescent dyes 2 
using a fluorometer 
Electrodeless Inductive 3 
Conductivity Cell 
Salinometer 

3.3 SDecific Oualitv Control Procedures 

Equir>ment 
Self-contained conductivity 
meter, Wheatstone bridge 
type, or equivalent with 
automatic temperature 
compensation to 25°C or 
“dial in” temperature 
compensation 
Iodometric backtitration kit 
with fresh reagents, or 
amperometric titrator with 
fresh reagents, or DPD kit 
with color standards 
Thodamine WT dye and 
Turner fluorometer 

Beckman RS5-3 Portable 
Salinometer and Hydrolab 
surveyor II Meter 

Quality assurance procedures for field analysis, and field analytical and test instrumentation 
calibration are an essential p&t of these standard operating procedures. All field analytical 
procedures shall be conducted in duplicate at least 10 percent of the time. A record of these duplicate 
analyses shall be kept in field logbooks. A significant difference in the replicate analyses (greater 
than specified in the following sections) shall result in recalibration of the i@ruments used, re- 
examination of the analytical methodology being used, or re-examination of the sampling location. 

All field analyses must be traceable to the specific individual performing the analyses. Time records 
shall be kept in local time using the military 2400 hour format and shall be recorded to the minute. 
This information shall be entered into the field logbooks for all field analyses performed. 

A specific calibration and/or standardization plan for all field analytical equipment is presented in 
this subsection. Included in this plan are: calibration and maintenance intervals; listing of required 
calibration standards and conditions requiring recalibration. 

3.3.1 Temperature 

3.3.1.1 Initial Calibration 

All thermometers shall be initially calibrated against a National Bureau of Standards (NBS) certified 
thermometer or one traceable to NBS certification. 

3.3.1.2 Inspection and Calibration 

Each glass mercury filled thermometer shall be inspected before each field trip to see that it is not 
cracked and has no air space in the mercury column. If a mechanical dial-type thermometer is used, 
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it should not have a broken face cover or otherwise show damage. A cross-check with a (calibrated 
NBS certified thermometer shall be made at least semi-annually. Thermistors and electronic readout 
units should be calibrated in the same manner. Recording thermometers shall be checked for 
recording accuracy before each use. The recorder time scale accuracy shall be checked semi- 
annually. Before using a thermometer in the field, a visual observation shall be made to assure that 
it has not been damaged. If a thermistor is used, the instrument shall be checked against a 
thermometer before field use. Cross-checks and duplicate field analyses should agree within +OSoC. 

3.3.1.3 Calibration Records 

A logbook shall be maintained with each thermometer number and/or equipment property number 
recorded. All calibration information including individuals making the calibrations and dates of 
calibration shall be recorded. 

3.3.1.4 ReportinP Units 

Report all temperature data to the nearest OSOC. 

3.3.2.1 Eauiument 

Only electronic (portable) pH meters with automatic temperature compensation (ATC) should be 
used. Temperature resistant, combination electrodes should be employed in conjunction with the 
meters. pH test paper will be used only for determining pH ranges, for determining approximate pH 
values, or for concentrated hazardous waste samples which would damage the instrument. 

. 3.3.2.2 Eauiument Inspection and Calibration 

The pH meter shall be checked before each field trip for any mechanical or electrical faihues, weak 
batteries, and cracked or fouled electrodes. The slope of the meter shall also be checked initially 
with three fresh standard buffer solutions (e.g., 4,7, and 10). All pH recorders shall be checked for 
recording accuracy and time scale accuracy. While in the field, the meter shall be calibrated daily 
before use with two buffers bracketing the expected sample pH. Thereafter, the meter shall be 
checked against two buffers when moving to a new sample location. Fresh buffer solutions shall be 
used for each field trip. In case of an apparent pH violation, the electrode shall be checked with pH 
7.0 buffer and recalibrated to the closest reference buffer. Then the sample shall be retested. 
Duplicate tests should agree within 0.1 standard unit. 

3.3.2.3 Reoorting Units 

Report pH to the nearest 0.1 standard unit. 

3.3.3 Dissolved Oxygen (DO) 

3.3.3.1 Equipment 

Modified Winkler kits and membrane electrode DO meters should be used. 
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3.3.3.2 Eauiument Insnection and Calibration 

DO meters shall be checked before each field trip by inspecting the membrane for air bubbles and 
holes, If the membrane is dry, it shall be replaced and soaked in water before calibrating. Calibration 
should be made against the modified Winkler test. 

DO kits shall be refilled with new standardized sodium thiosulfate before each field trip. Each 
solution shall be checked for clarity and volume. 

Before using the DO meter each day, duplicate deionized or known clean water samples shall be 
collected by siphoning water from a bucket into two DO bottles. These duplicate samples shall be 
analyzed by the modified Winkler test for DO content. The DO meter shall be calibrated against the 
DO content measured by the Winkler test by placing the DO probe in the bucket containing the 
water used for the Winkler test. 

While using the DO meter, the instrument shall be recalibrated at least twice per day or if a change 
in water quality is noted. If the sample temperature is 50C greater than the calibration temperature, 
the meter shall also be recalibrated. 

Duplicate analyses should agree with L 0.1 mg/l. 

3.3.3.3 Renorting Units 

Results for the DO test should be reported to the nearest 0.1 mg/l. 

3.3.4 Specific Conductance 

3.3.4.1 Eauipment 

A portable specific conductance meter, Wheatstone bridge type or equivalent should be used. 

3.3.4.2 Insnection and Calibration 

Each conductivity meter shall be checked before each field trip. Batteries shall be checked, and 
conductivity cells shall be cleaned and checked against known conductivity standards (KCl). 

3.3.4.3 Field Calibration 

Before using in the field, check instrument daily with known standards. Refer to the instrument 
instructions for temperature conductance calculations. Duplicate field analyses should agree within 
+ 10 percent. 

3.3.4.4 Reuortinn Units 

Results should be expressed in micromhos/centimeter (umhos/cm) corrected to 250C. Results should 
be reported to the nearest ten units for readings under 1,000 umhos/cm and the nearest 100 units for 
readings over 1,000 umhos/cm. 
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3.3.5 Total Chlorine Residual 

3.3.5.1 Eauinment 

The iodimetric back titration method with a starch-iodide end point or amperometric end point or 
a Hach DR 100 calorimetric (DPD) kit may be used. 

3.3 5.2 Insnection and Calibration 

Each titration kit or meter shall be checked before each field trip by inspecting the meter for battery 
strength and fresh reagents. The normality of the iodate should be checked with a distilled water 
blank to establish a correction factor for the titrant. This will also serve to check the response of the 
amperometric titrator. Duplicate chlorine residual analyses should agree within rt 0.01 mg/l. 

If the Hach DR 100 calorimeter (DPD) kit is used, the method must agree with the requirements of 
Method 408E, “Standard Methods,” 16th Edition, or Method 330.5 “Methods for Chemical Analysis 
of Water and Wastes,” and calibration scales must be calibrated on site at a minimum of three points 
(blank and two standards) that bracket the expected sample concentration. 

3.3 S.3 RenortinP Units 

Results should be reported to the nearest 0.01 mg/l residual chlorine. 

3.3.6 Fluorescent Tracing 

3.3.6.1 Tracer 

Rhodamine WT dye is the recommended standard tracer. 

3.3.6.2 Fluorometer 

A filter fluorometer (fluorometer) is the instrument used to determine intensity of emitted. light or 
concentration of dye in the sample. 

3.3.6.3 Fluorometer Calibration and Calibration Standards 

Before a fluorometer is used in the field, it shall be checked against a set of standard dye solutions. 
All standard concentrations shall be made relative to the stated concentration of the manufscturer’s 
solution. 

All standard solutions shall be made with distilled water. Sufficient solution volumes shall be made 
to permit calibration checks. Calibration checks shall be conducted whenever the fluoromleter has 
been turned off for an extended period of time. 

The fluorometer and all associated equipment shall be thoroughly cleaned between uses. 

3.3.6.4 Renortina Units 

Turner Design fluorometer results shall be reported as + 1 percent of full scale concentration. 
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3.3.7 Salinity 

3.3.7.1 Eauinment 

A portable salinometer, electrical conductivity type shall be used. 

3.3.7.2 Insuection and Calibration 

Each salinometer shall be checked before every field trip. Batteries shall be checked and the cell 
inspected to determine if it is free of marine growth and salt. The meter shall be checked against the 
resistor loop supplied with the meter. 

3.3.7.3 Renorting Units 

Results should be reported to the nearest 0.1 part per thousand of salinity. 

3.4 References 

1. “Guidelines for Establishing Test Procedures for the Analysis of Pollutants,” 
Federal Resister, Volume 49, No. 209, 40 CFR 136, October 26, 1984, and any 
subsequent revisions. 

2. Wilson, J. F., Fluorometric Procedures for ,Dve Tracing: USGS Techniaues of 
Water-Resources Investigations, Book 3, Chapter A12, United States Department 
of Interior, Geological Survey, 1968. 

3. Standard Methods for the Examination, of Water and Wastewater, 1985, 16th ., . 
Edition. 

4. Methods for Chemical Analvsis of Water and Wastes, EPA, 600/4-79-020, and all 
current revisions. 
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F’IELD PHYSICAL MEASUREMENTS 

4.1 General 

Field measurements of topographic features, water levels, time of travel, geophysical pa.rameters, 
and physical dimensions are frequently required during comprehensive water quality, groundwater, 
hazardous waste, wastewater treatment system, and related field investigations. The scope of such 
measurements obviously depends on the purpose of the particular investigation. 

All sampling locations used during field investigations shall be depicted on an accurate drawing or 
a topographic or other standard map, or be referenced in such a manner that their location(s) are 
firmly established. The Region IV library has a complete collection of 7.5 minute USGS (1:24,000 
scale) topographic maps and a map copier available. 

Each field measurement made shall be traceable to the actual person making the measurement and 
to the field equipment used to make that measurement. All equipment maintenance and calibration 
records shall be kept in log books and field records so that all such procedures are traceable. All time 
records shall be kept in local time using the 2400 hour format, and time shall be recorded to the 
nearest minute. 

The specific objectives of this section are to: 

0 present the standard practices used to make physical field measurements,; 

l list the field equipment utilized to make such measurements: and 

l present specific quality control procedures to insure that such measurements are 
accurate. 

4.2 Ground Water Level Measurement 

4.2.1 General 

The measurement of ground water level in wells is frequently conducted in conjunction with ground 
water sampling. Data from such measurements are needed to determine the “free” water surface and 
can be used to establish ground water flow direction and gradients. 

Total well depth measurements, along with ground water level measurements, are necessary to 
determine the volume of water in a well casing prior to purging the well during ground water 
sampling. 

All ground water level measurements, as well as total depth measurements, shall be made in 
reference to an established reference point on the well casing. This reference point shall ‘be docu- 
mented in field records. To be useful for establishing ground water gradient, the reference point 
should be tied in with the NGVD (National Geodetic Vertical Datum) or a local datum. An arbitrary 
datum common to all wells in a group may be used for an isolated group of wells, if necessary. 
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4.2.2 Specific Ground Water Level Measuring Techniques 

Measuring the depth to the free ground water surface can be accomplished by the following 
methods (8). Method accuracies are noted below for each of the specific methods described. 

4.2.2.1 Ponper or Bell Sounder 

A bell- or cup-shaped weight that is hollow on the bottom is attached to a measuring tape and 
lowered into the well. A “popping” sound is made when the weight strikes the surface of the water. 
An accurate reading can be determined by lifting and lowering the weight in short strokes, and 
reading the tape when the weight barely strikes the water. Measurements shall be recorded to the 
nearest 0.1 foot. 

4.2.2.2 Weighted Tape 

This method is similar to the “bell sounder” method, except that any suitable weight, not necessarily 
one designed to create an audible pop, can be used to suspend the tape. The weight should, ideally, 
be made of a relatively inert material and should be easily cleaned. Measurements shall be made and 
recorded to the nearest 0.1 foot. 2 

4.2.2.3 Chalked Tape 

Chalk rubbed on a weighted steel tape will discolor or be removed when in contact with water. 
Distance to the water surface can be obtained by subtracting the wet chalked length from the total 
measured length. The tape should be withdrawn quickly from the well because water has a tendency 
to rise up the chalk due to capillary action. Measurements shah be made and recorded to the nearest 
0.01 foot. This method is not recommended if samples are to be collected for analyses of organic 
or inorganic contaminants. 

4.2.2.4 Electric Water Level Indicators 

This instrument consists of a spool of dual conductor wire, a probe attached to the end, and an 
indicator. When the probe comes in contact with the water, the circuit is closed and a meter light 
and/or buzzer attached to the spool will signal the contact. Penlight or g-volt batteries are normally 
used for a power source. Measurements shall be made and recorded to the nearest 0.01 foot. 

4.2.2.5 Other Methods 

There are other types of water level indicators and recorders available on the market such as the 
sliding float method, air line pressure method, and electrical and automatic recording methods. 
These methods are primarily used for closed systems or permanent monitoring wells. Acoustic water 
level indicators are also available which measure water levels based on the measured return of an 
emitted acoustical impulse. Accuracies for these methods vary and should be evaluated before 
selection. Any method not capable of providing measurements to within 0.1 foot shall not be used. 

4.2.3 Total Well Depth Measurement Techniques 

The bell sounder, weighted tape, or electric water level indicators described in Section 4.2.2 can be 
used to determine the total well depth. This is accomplished by lowering the tape or cable until the 
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weighted end is felt resting on the bottom of the well. Because of tape buoyancy and weight effects 
encountered in deep wells with long water columns, it may be difficult to determine when the tape 
end is touching the bottom of the well. Care must be taken in these situations to ensure accurate 
measurements. All total well depth measurements must be made and recorded to the nearest 0,l foot. 

4.2.4 Equipment Available 

The following Branch equipment is available for ground water level and total well depth 
measurements: 

0 weighted steel measuring tapes, and 

0 electric water level indicators. 

4.2.5 Specific Quality Control Procedures 

All devices used to measure ground water levels shall be calibrated against the Invar steel surveyor’s 
chain. These devices shall be calibrated to 0.01 foot per 10 feet length. Before each use, these 
devices shall be prepared according to the manufacturer’s instructions (if appropriate) and checked 
for obvious damage. These devices should be decontaminated according to the procedures specified 
in Section 6 prior to use at the next well. All calibration and maintenance data shall be recorded in 
a log book. 

4.3 Time-of-Travel 

4.3.1 Genera1 

Three principal methods are used to determine travel time in streams, i.e., surface floats, 
measurements of cross sectional velocity, and tracers such as dye. 

A very rough method for preliminary estimates of time-of-water travel consists of dropping sticks 
or other buoyant objects from bridges in the stream reach under observation, and noting the time 
required for them to float an estimated 10 feet or some other convenient distance. The velocity 
estimates are too inaccurate for use in interpretation of data or final reporting, but can be -useful in 
preliminary planning of studies and in subsequent more precise measurements of time-of-water- 
travel. 

Stream velocities at gaging stations, measured by the U. S. Geological Survey in developing rating 
curves, may be applied to the entire reach under observation to estimate time-of-water travel. This 
is somewhat more refined than the floating objects estimates, but can still be far from accurate. 
There rarely are more than one or two gaging stations in most stream reaches being studied. Stream 
channels generally are restricted at gaging stations and velocities there are generally higher than 
average velocities throughout the reach. Cross sectional velocities can also be deterrnined at 
locations designated for a particular study. 

Tracer dyes provide a direct and highly accurate method of determining time-of-travel. This is the 
preferred method if resources are available. 
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4.3.2 Tracers 

The most accurate method of measuring time-of-travel involves following a tracer. Some 
conservative industrial waste constituents, salt, or radioisotopes may serve as tracers; however, dye 
is most common. The most frequently used dye is Rhodamine WT that can be detected in 
concentrations as low as 0.01 ppb by a fluorometer. 

Prior to injection into the stream, the concentrated dye should be diluted with the stream water. This 
will help insure immediate maximum dispersion. Addition of concentrated dye without dilution may 
result in incomplete dispersion, particularly in shallow streams. Calibration curves should be 
developed for each study with particular emphasis on accounting for natural background 
fluorescence. 

The dye should be distributed across the stream at the upstream point, as nearly instantaneously as 
possible. The ideal distribution produces a narrow band of tracer in a uniform concentration across 
the stream. The band of tracer mixes with water ahead of and behind it by diffusion, or longitudinal 
mixing, as it moves downstream to produce an increasingly wider band. The peak concentration 
remains near, but somewhat downstream of, the center line of the band and decreases as longitudinal 
mixing proceeds. The times-of-water-travel to. downstream points are the differences between the 
time the dye was added to the stream and the times the centroid of the dye mass arrives at 
downstream points. The length of the dye cloud and the peak concentrations produces a measure of 
instream dispersion. 

If Rhodamine WT dye is used as the tracer, peak concentrations from 1.0 to 50 ppb allow 
satisfactory definition of the dye concentration curve. 

Most methods of calculating the dosage of dye needed at the upstream point involve estimates of 
one or more stream characteristics, such as flow, velocity, length of reach, volume in the reach, 
cross-sectional area, average depth, and the roughness coefficient, “n”, of Manning’s formula. The 
USGS has produced excellent publications regarding to time-of-travel techniques, i.e., “Measure- 
ment of Time-of-Travel and Dispersion by Dye Tracing” (9) and “Fluorometric Procedures for Dye 
Tracing” (10). 

..--.” 

The stream should be sampled frequently as the dye arrives at the downstream point to define the 
tracer concentration versus time curve with special emphasis on the peak. The frequency may be 
varied from once each minute to once every 10 to 15 minutes, depending on how wide the band of 
dye has become at the sampling point. The dye may be missed altogether by overestimating the time 
required for it to travel downstream. Much time may be wasted, on the other hand, waiting for it to 
arrive if the time-of-travel is underestimated. All information that will contribute to the best possible 
preliminary estimate of the time required should be used. 

There are two primary methods by which the stream water can be sampled and analyzed for dye. A 
submersible pump can be used to pump dye continuously through a fluorometer or the stream 
samples can be grabbed (either by hand or by automatic sampler) at specified frequencies and then 
placed into the fluorometer individually. With the “flow-through” version, a strip chart recorder 
connected to the fluorometer can be used to plot the tracer concentration versus time. Readings 
directly from the fluorometer scale or conversion to dye concentration can be manually plotted 
against time when the grab sampling technique is used. 
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A version of the grab sampling technique would be to use an automatic water sampler which 
discharges into separate bottles. The sampler is pre-set to collect samples at certain intervals; at the 
end of the sample collection time, the discrete samples shall be analyzed and the concentration 
determined for each. The concentrations are then plotted against time. 

For proper determination of travel time, samples should continue to be analyzed until the stream 
background concentration following the peak is measured. With a time versus concentration plot 
from background level to peak to background level, the centroid, and thus actual travel time, can be 
determined. 

The Water Supply Branch of the Water Management Division should be contacted prior to 
conducting tracer studies in freshwater systems to insure that tracer concentrations do not impart 
color to downstream public or private water supplies. 

4.4 References 

1. Breed, C. B. and G. L. Hosmer, The Principles and Practices of Survevinn Volume 
I. Elementary Surveying, Eleventh Edition, John Wiley and Sons, Inc.: New York, 
New York. 

2. Breed, C. B., and G. L. Hosmer, The Principles and Practices of Survevina Volume 
II. Hipher Surveving, Eighth Edition, John Wiley and Sons, Inc.: New York, New 
York. 

3. Compton, R. R., Manual of Field Geoloa, John Wiley and Sons,Inc.: New York, 
New York. 1. 

4. 18 U.S.C. Section 1385 provides, in pertinent part, “whoever, except in cases and 
under circumstances expressly authorized by the Constitution or Art of Congress, 
willfully uses any part of the Army or Air Force to execute the laws of the United 
States shall be fined not more than $10,000 or imprisoned not more than two (2) 
years, or both.” 

5. Little, J. A., “Coordination of Remote Sensing Activities” (a memorandum to all 
Division Directors in Region IV), April 2, 1980. 

6. Vick H. C., “Detailed Instructions on Enviropod Preparation, Installation and 
Usage,” 1978. 

7. Hill, David W., “Enviropod Flight Planning,” Program H., March 29, 1979. 

8. Groundwater, Section 18, USDA-SCA National Engineering Handbook, revised 
June 1978. 

9. Kilpatrick, F. A., L. A. Martens, and J. F. Wilson, “Measurement of Time of Travel 
and Dispersion by Dye Tracing,” Chapter A9, Aunlications of Hvdraulics, Book 
3, United States Geological Survey, 1968. 
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11. 

Wilson, J. F., “Fluorometric Procedures for Dye Tracing,” Chapter A12, 
Au&cations of Hydraulics. Book 3, United States Geological Survey, 1968. 

Cobb, E. D. and J. F. Bailey, “Measurement of Discharges by Dye-Dilution 
Methods,” Chapter 14, Hvdraulic Measurement and Comnutation Book 1, United 
States Geological Survey, 1965. 

12. “Tracer Simulation of Soluble Waste Concentrations,” Journal of the Environmental 
Engineering Division, Proceedings of the ASCE, Volume 99, No. EE4, August 
1973. 
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SECTION 6 
STANDARD CLEANING PROCEDURES 

6.1 General 

6.1.1 Introduction 

The cleaning procedures outlined in this appendix are for use in cleaning sampling and other field 
equipment as well as sample containers prior to field use. Sufficient clean equipment and sample 
containers should be transported to the field so that an entire inspection or investigation can be 
conducted without the need for field cleaning of equipment. However, this will not always be 
possible when using specialized field equipment. Field cleaning procedures are included to cover 
these special areas. Emergency field sample container cleaning procedures are also included; 
however, they should not be used unless absolutely necessary. Specific cleaning procedures are 
presented in the following sections. 

These procedures are the standard operating procedures (SOP). Sampling and field equipment 
cleaned in accordance with these procedures meet the minimum requirements for DQO Level IV 
field work, i.e., the standard level for field work. Alternative field decontamination procedures may 
be substituted as outlined in Section 2.2 when samples are to be analyzed for data uses a,t a lower 
DQO level. Deviations from these procedures must be documented in the approved study plan, field 
records, and investigative reports. 

6.1.2 Cleaning Materials 

n, The cleaning materials referred to in this appendix are described in the following paragraphs. 

The laboratory detergent shall be a standard brand of phosphate-free laboratory detergent such as 
Liquinox@. The use of any other detergent must be justified and documented in the field logbooks 
and inspection or investigative reports. 

The nitric acid solution (10 percent) shall be made from reagent-grade nitric acid and dleionized 
water. 

The standard cleaning solvent shall be pesticide-grade isopropanol. However, other solvents may 
be substituted for a particular investigation if needed. Pesticide-grade acetone or methanol are both 
acceptable. However, it should be noted that if pesticide-grade acetone is used, the detection of 
acetone in samples collected with acetone rinsed equipment is suspect. Pesticide-grade methanol is 
much more hazardous to use than either pesticide-grade isopropanol or acetone, and its use is 
discouraged. Pesticide-grade hexane and petroleum ether are not miscible with water; tlherefore, 
these two solvents are not effective rinsing agents unless equipment is dry. The use of any solvent 
other than pesticide-grade isopropanol for equipment cleaning purposes must be justified and its use 
must be documented in field logbooks and inspection or investigation reports. 

Tap water may be used from any municipal water treatment system. The use of an untreated potable 
water supply is not an acceptable substitute for tap water. 

Deionized water is defined as tap water that has been treated by passing through a standard 
deionizing resin column. The deionized water should contain no heavy metals or other inorganic 
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compounds (i.e., at or above analytical detection limits) as defined by a standard Analytical Support 
Branch (ASB) inductively coupled Argon Plasma Spectrophotometer (ICP) scan. Organic-free water 
is defined as tap water that has been treated with activated carbon and deionizing units. The Milli- 
Q@ system also produces organic-free water. Organic-free water should contain no pesticides, herbi- 
cides, extractable organic compounds, and less than 5 ug/l of purgeable organic compounds as 
measured by a low level ASB GCNS scan. 

During cleaning operations, the substitution of a higher grade water (i.e., deionized or organic-free 
water for tap water) is permitted and need not be noted as a variation of this SOP. However, the 
deionized and organic-free water utilized must be subjected to the specific quality control procedures 
as outlined in Section 62.2. 

The solvents, nitric acid solution, laboratory detergent, and rinse waters used to clean equipment 
shall not be reused, except as specifically permitted in the footnote for Step 3, Section 6.3. 

6.1.3 Marking of CIeaned Sampling Equipment and Containers 

All equipment and sample containers that are cleaned utilizing these procedures shall be tagged, 
labeled, or marked with the date that the equipment was cleaned. Also, if there was a deviation from 
the standard cleaning procedures outlined in this section, this fact should be noted on the label. 

When sample containers are cleaned and prepared, they should be cleaned in standard sized lots of 
100 to facilitate the quality control procedures outlined in Section 6.2. 

6.1.4 Marking and Segregation of Used Field Equipment ,/a 

Field or sampling equipment that needs to be repaired will be identified with a red tag. Any 
problems encountered with the equipment and needed repairs shall be noted on this tag. Field 
equipment or reusable sample containers needing cleaning or repairs will not be stored with clean 
equipment, sample tubing, or sample containers. All plastic wrapped equipment, containers and 
tubing not used in the field may be placed back in stock after the following precautions are taken: 

0 Soap and water rinse plastic containers. Allow to air dry. 

0 If plastic wrapping leaks after soap/water rinse, remove equipment and place into 
cleaning process. 

6.1.5 Decontamination of Equipment Used to Collect Samples of Toxic or Hazardous Waste 

Equipment that is used to collect samples of hazardous materials or toxic wastes or materials from 
hazardous waste sites, RCRA facilities, or in-process waste streams shall be decontaminated before 
it is returned fi-om the field. At a minimum, this decontamination procedure shall consist of washing 
with laboratory detergent and rinsing with tap water. More stringent decontamination procedures 
may be required, depending on the waste sampled. 

6.1.6 Proper Disposal of Cleaning Materials 

The solvent used to rinse sampling equipment and containers shall be collected and disposed of 
through an approved hazardous waste disposal contract. Similarly, spent nitric acid shall be collected 
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and disposed of through the same disposal contract. These procedures apply whether the cleaning 
operations take place in the washroom or in the field. 

6.1.7 Safety Procedures to be Utilized During Cleaning Operations 

The materials used to implement the cleaning procedures outlined in this Section can be dangerous 
if improperly handled. Due caution must be exercised by all personnel and all applicable safety 
procedures shall be followed. At a minimum, the following precautions shall be taken in the 
washroom and in the field during these cleaning operations: 

0 Safety glasses with splash shields or goggles, neoprene gloves, and a neoprene 
* laboratory apron will be worn during all cleaning operations. When cleaning power 

augering or drill rig equipment, safety boots will be worn. 

0 All solvent rinsing operations will be conducted under a fume hood or in. the open 
(never in a closed room). 

0 No eating, smoking, drinking, chewing, or any hand to mouth contact shall be 
permitted during cleaning operations. 

6.1.8 Storage of Field Equipment and Sample Containers 

All field equipment and sample containers shall be stored in a contaminant free environment after 
being cleaned using the procedures outlined in this Section. 

6.2 Specific Oualitv Control Procedures for Cleaning Oaerations 

6.2.1 General 

This section establishes guidelines for specific quality control procedures to monitor the 
effectiveness of the sampling equipment and sample container cleaning procedures outlined in this 
Section. These procedures shall be carried out by field personnel and the results monitored by the 
Quality Assurance Officer. All quality control procedures shall be recorded in a logbook. A.11 quality 
control*data shall be maintained in a separate quality assurance file. Upon receipt of quality control 
data from the laboratory, the Quality Assurance Officer shall review these data to ide:ntify any 
abnormalities or contamination of sampling equipment or sample containers. If problems are 
detected, the Quality Assurance Officer shall immediately initiate an investigation to determine the 
cause of the problem(s) and institute immediate corrective action. 

6.2.2 Rinse Water 

The quality of the deionized and organic-free water used shall be monitored by collecting samples 
once per quarter in standard precleaned, sample containers and submitting them to the laboratory 
for a standard ICP scan. Organic-free water will also be submitted for low level pesticides, 
herbicides, and extractable and purgeable compounds analyses. When field deionizing and/or 
organic-free water units are utilized, more frequent quality control samples will be collected. An 
initial sample and samples at weekly intervals are the minimum number considered acceptable. 
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6.23 Sampling Equipment Cleaned in Washroom 
i----s 

The effectiveness of the equipment cleaning procedures used in the washroom shall be monitored 
by rinsing cleaned equipment (equipment used to collect samples for trace organic compounds and 
metals analyses) with organic-free or Milli-Q@ water and submitting the rinse water to the 
laboratory for low level analysis of extractable organic compounds including pesticides and a 
standard ICP scan. At least one piece of field equipment shall be selected for this procedure each 
month. An attempt should be made to select different pieces of equipment for this procedure, each 
time equipment is washed, so that a representative sampling of all equipment is obtained over a 12- 
month period. 

6.2.4 Sampling Equipment Cleaned in the Field 

The effectiveness of field cleaning procedures shall be monitored by rinsing field cleaned equipment 
with organic-free water and submitting the rinse water in standard sample containers to the 
laboratory for analysis as outlined in Section 6.2.3. Any time equipment is cleaned in the field, at 
least one such quality control sample shall be collected. No more than five percent of the equipment 
cleaned during large scale field studies shall be subjected to these procedures. 

Additional samples may be required to document quality assurance of field cleaning procedures. 
Any time a source of cleaning materials or rinse water is used other than that specified in Section 
6.1.2, a sample of that cleaning material or rinse water shall be submitted in standard sample con- 
tainers as specified in Section 6.2.2. 

6.2.5 Glass Disposable Sample Containers for Organic Compounds and Plastic Containers :.flx,, 
for Metals Analyses and Other Specified Organic Compounds 

The sample containers will be submitted to the laboratory for analysis utilizing the same standard 
low level analytical techniques as outlined in Section.6.2.3. The sample containers will be supplied 
to the laboratory at the rate of one percent of each kind of container used. 

6.2.6 Plastic Disposable Sample Containers for Oxygen Demand, Nutrients, and General 
Inorganics 

These containers will be filled with deionized or, organic-free water, preserved as required; and 
submitted to the laboratory for the designated parameters for each sample container. These sampIe 
containers will be selected at random from the stock at the rate of approximately one percent of each 
kind of container of the total used. 

6.2.7 Reusable Composite Sample and Organic-Free Water Containers 

These containers will be rinsed with organic-free water and the rinse water will be submitted to the 
laboratory as outlined in Section 6.2.3. Approximately one percent of all such containers cleaned 
will be subjected to this procedure. 
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6.3 Cleaniw Procedures for Teflon@ or Glass Field Samuliw Eauiument Used for the 
Collection of Samules for Trace Orpanic Comnounds And/or Metals Analve 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

* 

** 

Equipment will be washed thoroughly with laboratory detergent and hot water using 
a brush to remove any particulate matter or surface film. 

The equipment will be rinsed thoroughly with hot tap water. 

Rinse equipment with at least a 10 percent nitric acid solution.** 

Rinse equipment thoroughly with tap water. 

Rinse equipment thoroughly with deionized water. 

Rinse equipment twice with solvent and allow to air dry for at least 24 hours. 

Wrap equipment in one layer of aluminum foil. Roll edges of foil into a “tab” to 
allow for easy removal. Seal the foil wrapped equipment in plastic and date. 

Rinse the Teflon@ or glass sampling equipment thoroughly with tap water in the 
field as soon as possible after use. 

When this sampling equipment is used to collect samples that contain oil, grease, 
or other hard to remove materials, it may be necessary to rinse the equipment 
several times with pesticide-grade acetone or hexane to remove the materials before 
proceeding with Step 1. In extreme cases, it may be necessary to steam clean the 
field equipment before proceeding with Step 1. If the field equipment cannot be 
cleaned utilizing these procedures, it should be discarded. 

Small and awkward equipment such as vacuum bottle inserts and well bailer may 
be soaked in the nitric acid solution instead of being rinsed with it. Fresh nitric acid 
solution should be prepared for each cleaning session. 

6.4 ’ Cleaniw Procedures for Stainless Steel or Metal Samnlinp Eauiament Used for the 
Collection of Samnles for Trace OrPanic Comnounds And/or Metals Analwe 

1. Wash equipment thoroughly with laboratory detergent and hot water using a brush 
to remove any particulate matter or surface film. 

2. Rinse equipment thoroughly with hot tap water. 

3. Rinse equipment thoroughly with deionized water. 

4. Rinse equipment twice with solvent and allow to air dry for at least 24 hours. 

5. Wrap equipment in one layer of aluminum foil. Roll edges of foil into a “tab” to 
allow for easy removal. Seal the foil wrapped equipment in plastic and date. 
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6. Rinse the stainless steel or metal sampling equipment thoroughly with tap water in 
the field as soon as possible after use. 

* When this sampling equipment is used to collect samples that contain oil, grease, 
or other hard to remove materials, it may be necessary to rinse the equipment 
several times with pesticide-grade acetone or hexane to remove the materials before 
proceeding with Step 1. In extreme cases, when equipment is painted, badly rusted, 
or coated with materials that are diffkult to remove, it may be necessary to steam 
clean, wire brush, or sandblast equipment before proceeding with Step 1. Any metal 
sampling equipment that cannot be cleaned using these procedures should be 
discarded. 

6.5 Cleaninp Procedures for SamDle Tubiw 

6.5.1 Silastic@ Rubber Pump Tubing Used In Automatic Samplers and Other Peristaltic 
Pumps 

The Silastic@ rubber pump tubing need not be replaced in peristaltic pumps where the sample does 
not contact the tubing or where the pump is being used for purging purposes (i.e., not being used to 
collect samples). 

The Silastic@ tubing shall be precleaned as follows: 

1. Flush tubing with hot tap water and phosphate-free laboratory detergent. 
:- -. 

2. Rinse tubing thoroughly with hot tap water. 

3. Rinse tubing with deionized water. 

4. Install tubing in automatic sampler or peristaltic pump. 

5. Cap both ends of tubing with aluminum foil. 

6.52 ‘Teflon@ Sample Tubing 

Use only new Teflon@ tubing precleaned as follows for collection of samples for organic 
compounds analyses: 

1. Teflon@ tubing shall be precut in 25-foot lengths before cleaning. 

2. Rinse outside of tubing with solvent. 

3. Flush interior of tubing with solvent. 

4. Dry overnight in the drying oven. 

5. Wrap tubing and cap ends with aluminum foil and seal in plastic to prevent 
contamination during storage. 
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6.5.3 Stainless Steel Tubing 

1. Wash with laboratory detergent and hot water using a long, narrow, bottle brush. 

2. Proceed with Steps 2-6 as outlined in Section 6.4 (footnote applies). 

6.5.4 Glass Tubing 

Use new glass tubing, precleaned as follows: 

6.6 

6.6.1 

6.6.2 Submersible Pumps and Hoses Used to Purge Ground Water Wells* 

1. 

2. 

3. 

Rinse thoroughly with solvent. 

Air dry for at least 24 hours. 

Wrap tubing completely with aluminum foil and seal in plastic (one tube/pack) to 
prevent contamination during storage. 

4. Discard tubing after use. 

Miscellaneous EauiDment Cleaniw Procedures 

Well Sounders or Tapes Used to Measure Ground Water Levels* 

1. Wash with laboratory detergent and tap water. 

2. Rinse with tap water. 

3. Rinse with deionized water. 

4. Allow to air dry overnight. (doesn’t apply to field cleaning) 

5. Wrap equipment in aluminum foil (with tab for easy removal), seal in plastic, and 
date. 

6.6.2.1 Fultz Puma Cleaning. Procedure 

CAUTION: To avoid damaging the Fultz pump 

0 Never run pump when dry 

0 Never switch directly from forward to reverse mode without pausing in the “OFF” 
position 

1. Pump a sufficient amount of soapy water through the hose to fluslh out any 
residual purge water. 
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2. Using a brush, scrub the exterior of the contaminated hose and pump with 
hot soapv water. Rinse the soap from the outside of the hose with tan water. 
Next rinse the hose with deionized water and recoil onto the spool. 

3. Pump a suffkient amount of tap water through the hose to flush out soapy 
water. 

4. Pump a sufficient amount of deionized water through the hose to flush out 
the tap water, then purge with the pump in reverse mode. 

5. Rinse the outside of the pump housing and hose with deionized water 
(approximately l/4 gal.). 

6. Equipment will be placed in a polyethylene bag or wrapped with 
polyethylene film to prevent contamination during storage or transit. Insure 
that a set of rotors, fuses, and cables are attached to each cleaned pump. 

* The same procedure applies whether this equipment is cleaned in 
the washroom or in the field. 

6.6.2.2 Goulds Puma Cleaning Procedure 

1. Using a brush, scrub the exterior of the contaminated hose and pump with soapy 
water -- 

2. Rinse the soap from the outside of pump and hose with tan water. 

3. Rinse the tap water residue from the outside of pump and hose with deionized 
water - 

4. Equipment should be placed in a polyethylene bag or wrapped with polyethylene 
film to prevent contamination during storage or transit. 

6.6.3 ‘Portable Power Augers Such as the Little Beaver@ 

1. The engine and power head should be cleaned with a power washer, steam jenny, 
or hand washed with a brush using detergent (does not have to be laboratory 
detergent but should not be a degreaser) to remove oil, grease, and hydraulic fluid 
from the exterior of the unit. These units should be rinsed thoroughly with tap 
water. 

2. All auger flights and bits shall be cleaned utilizing the procedures outlined in 
Section 6.4 (including footnotes) or Section 6.7.3 (including footnotes if 
appropriate). 

6.6.4 Large Soil Boring and Drilling Rigs 

See Section 9, “Design and Installation For Permanent Monitoring Wells”. 
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6.6.5 Miscellaneous Sampling and Flow Measuring Equipment 

Miscellaneous flow measuring and sampling equipment shall be washed with laboratory detergent, 
rinsed with hot tap water, followed by a thorough deionized water rinse, and dried before being 
stored. This procedure is not used for any equipment utilized for the collection of samples for trace 
organic compounds or metals analyses. 

6.6.6 ISCO Flow Meters, Field Analytical Equipment, and Other Field Instrumentation 

The exterior of sealed, watertight equipment such as ISCO flow meters should be washed with a 
mild detergent (for example, liquid dishwashing detergent) and rinsed with tap water before storage. 
The interior of such equipment may be wiped with a damp cloth if necessary. 

Other field instrumentation should be wiped with a clean, damp cloth, pH meter probes, conductivity 
probes, DO meter probes, etc., should be rinsed with deionized water before storage. 

The desiccant in flow meters and other equipment should be checked and replaced if necessary each 
time the equipment is cleaned. 

6.6.7 Ice Chests and Shipping Containers 

All ice chests and reusable containers shall be washed with laboratory detergent (interior and 
exterior) and rinsed with tap water and air dried before storage. In the event that an ice chest 
becomes severely contaminated, in the opinion of the field investigator, with concentrated waste or 
other toxic material, it shall be cleaned as thoroughly as possible, rendered unusable, and properly 
disposed. 

6.6.8 Pressure Field Filtration Apparatus 

1. Proceed with steps 1 through 5 as outlined in Section 6.3, assembling and applying 
pressure to the apparatus after each rinse step (water and acid) to drive rinse 
material through the porous glass filter holder in the bottom of the apparatus. 

-2. Assemble the apparatus and cap both the pressure inlet and sample discharge lines 
with aluminum foil to prevent contamination during storage. 

6.6.9 Organic-Free Water Storage Containers 

1. These containers will be used only for transporting organic-free water. 

2. New containers shall be prepared as outlined in Section 6.5.5, Steps l-5, then rinsed 
thoroughly with organic-free water, filled with water and capped. 

3. Used containers shall be capped with one layer of Teflon@ paper, and one layer of 
aluminum foiI immediately after being used in the field. 

4. The exterior of the container shall be washed with laboratory detergent and rinsed 
with deionized water. 
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5. 

6. 

The interior of the container shall be rinsed twice with solvent. 

The interior of the container shall be thoroughly rinsed with organic free water. The 
container shall be filled with organic-free water and capped with one layer of 
Teflon@ paper, and one layer of aluminum foil. Organic-free water will not be 
stored in the containers longer than three days prior to a loadout. 

6.6.10 Portable Solvent Rinse System 

1. Replace Teflon@ tubing if necessary. Wash nozzle and tubing fittings with hot, 
soapy water. 

2. Rinse with D.I. water. 

3. Wrap nozzle and tubing ends with aluminum foil. 

6.6.11 Vehicles 

All vehicles utilized should be washed (if possible) at the conclusion of each field trip. This routine 
maintenance should minimize any chance of contamination of equipment or samples due to 
contamination of vehicles. When vehicles are used in conjunction with hazardous waste site inspec- 
tions, or on studies where pesticides, herbicides, organic compounds, or other toxic materials are 
known or suspected to be present, a thorough interior and exterior cleaning is mandatory at the 
conclusion of such investigations. It shall be the responsibility of the project leader and/or field 
investigators to see that this procedure is followed. 

All vehicles shall be equipped with trash bags and/or trash containers to facilitate vehicle cleaning. 
All personnel are responsible for keeping field vehicles clean by removing all trash and other debris 
before it accumulates. All contaminated trash and equipment must be kept separate from ordinary 
trash and must be properly disposed of on-site or upon return to the facility for proper disposal. 

6.7 Field Eauinment Cleaniw Procedures 

6.7.1 ’ General 

Sufficient clean equipment should be transported to the field so that an entire study can be conducted 
without the need for field cleaning. However, this is not possible for some specialized items of field 
equipment such as portable power augers (Little Beaver@), well drilling rigs, soil coring rigs, and 
other large pieces of field equipment. In addition, particularly during large scale studies, it is not 
practical or possible to transport to the field all of the precleaned field equipment required. The 
following procedures are to be utilized when equipment must be cleaned in the field. 

6.7.2 Equipment Used for Routine Sample Collection Activities 

For routine operations involving classic parameter analyses, water quality sampling equipment such 
as Kemmerers, buckets, DO dunkers, dredges, etc., may be cleaned with sample or deionized water 
between sampling locations. A-brush may be used to remove deposits of material or sediment, if 
necessary. If deionized water is used, water samplers should be flushed with the sample at the next 
sampling location before the sample is collected. It should be emphasized that these procedures 
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cannot be used to clean equipment for the collection of samples for organic compounds or trace 
metals analyses. 

Flow measuring equipment such as weirs, staff gages, velocity meters, and other stream gaging 
equipment may be cleaned with tap water after use between measuring locations, if necessary. 

6.7.3 Teflon@, Glass, Stainless Steel or Metal Equipment Used to Collect Samples for 
Organic Compounds and Trace Metals Analyses* 

1. Clean with tap water and laboratory detergent using a brush if necessary to remove 
particulate matter and surface films. 

2. Rinse thoroughly with tap water. 

3. Rinse thoroughly with deionized water. 

4. Rinse twice with solvent. 

5. Rinse thoroughly with organic-free water and allow to air dry as long as possible. 

6. If organic-free water is not available, allow equipment to air dry as long as possible. 
Do n& rinse with deionized or distilled water. 

7. Wrap with aluminum foil, if appropriate, to prevent contamination if equipment is 
going to be stored or transported 

* Portable power augers (such as the Little Beaver@) or large soil boring/drill 
rigs should be cleaned before boring or drilling operations. (See Sections 
6.6.3 and 6.6.4) 

6.8 PreDaration of Disuosable SamDle Containers 

6.8.1 General 

No sample container (with the exception of the glass and plastic cornpositing containers) may be 
reused. All disposable sample containers will be stored in their original packing containers. When 
packages of uncapped sample containers are opened, they will be placed in new plastic garbage bags 
and sealed to prevent contamination during storage. Specific precleaning instructions for disposable 
sample containers are given in the following sections. These instructions apply to precleaned 
disposable sample containers whether they are purchased from a contractor or are precleaned by SBP 
personnel. 

6.8.2 One-Pint Storemore, One-Quart Storemore, One-Half-Gallon, and One-Gallon Plastic 
Containers for Oxygen Demand, Nutrients, Classic Inorganic, Sulfide, and Cyanide 
Analyses 

ONLY NEW CONTAINERS WILL BE USED 

6-11 



6.8.3 One-Half- and One-Gallon Amber Glass Bottles (Water Samples), and 816, and 32- 
Ounce Clear Widemouth Jars (Soil, Sediment, Sludge, and Concentrated Waste) With K---h 
Teflon@ Lined Caps for Organic Compounds (Excluding Purgeables) and Metals 
Analysis 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

* 

Wash bottles and jars, Teflon@ liners, and caps in hot tap water and laboratory 
detergent. 

Rinse three times with tap water. 

Rinse with nitric acid solution.* 

Rinse three times with deionized water. 

Rinse bottles, jars, and liners (not caps) with solvent.* 

Oven dry bottles, jars, and liners at 125°C. Allow to cool. 

Place liners in caps and cap containers. 

Store containers in contaminant-free area. 

Some bottle cleaning contractors use pesticide-grade methylene chloride to solvent 
rinse sample containers. Also some contractors use 1: 1 reagent-grade nitric acid to 
rinse sample containers. For the purpose of cleaning sample containers as outlined 
in Sections 6.8.3 and 6.8.5, both of these deviations from the information contained 
in Section 6.1.2 are permitted. 

6.8.4 40-ml Glass Vials for Water Samples (Purgeable Organic Compounds Analysis) and 
250 ml Amber Glass Narrow Necked Bottles for Water Samples (TOX Analysis) with 
Teflon@ Lined Septa; and 4-Ounce (120 ml) Clear Widemouth Glass Jars with 
Teflon@ Liner for Soil Samples (Purgeable Organic Compounds Analysis) 

1. Wash vials, bottles and jars, Teflon@ liners and septa, and caps in hot tap water and 
laboratory detergent. 

2. Rinse all items with deionized water. 

3. Oven dry at 125°C. 

4. Seal vials, bottles, and jars with liners or septa as appropriate and cap. 

5. Store vials, bottles, and jars in a contaminant free area. 

6.8.5 One Liter Polyethylene Bottle for Metals and General Inorganics 

1. Wash polyethylene bottles and caps in hot water with laboratory detergent. 
n 
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2. Rinse both with nitric acid solution. 

3. Rinse three times with deionized water. 

4. Invert bottles and dry in contaminant free environment. 

5. Cap bottles. 

6. Store in contaminant free area. 

6.9 Emewencv DisDosable Samtde Container Cleaniw 

New one-pint or one-quart mason jars may be used to collect samples for analyses of organic 
compounds and metals in waste and soil samples in an emergency. These containers would also be 
acceptable on an emergency basis for the collection of water samples for extractable and pesticide 
organic analyses as well as metals analyses. These jars cannot be used for the collection of water 
samples for purgeable organic analyses. 

The rubber sealing ring should not be in contact with the jar and aluminum foil should be used, if 
possible, between the jar and the sealing ring. If possible, the jar and aluminum foil should be rinsed 
with pesticide-grade methanol* and allowed to air dry before use. Several empty bottles and lids 
should be submitted to the laboratory as blanks for quality control purposes. 

* Pesticide-grade petroleum ether or hexane may also be used. 
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SECkIdti 7 
SAMPLE SHIPPING PROCEDURES 

7.1 Introduction 

Samples collected during field investigations or in response to a hazardous materials incident must 
be classified by the project leader, prior to shipping by air, as either environmental or hLazardous 
materials samples. In general, environmental samples include drinking water, most grounawater and 
ambient surface water, soil, sediment, treated municipal and industrial wastewater effluent, 
biological specimens, or any samples not expected to be contaminated with high levels of hazardous 
materials. The guidance for complying with US-DOT regulations in shipping environmental 
laboratory samples is given in the “National Guidance Package for Compliance with Department of 
Transportation Regulations in the Shipment of Environmental Laboratory Samples” (1). A.dditional 
guidance is given in a letter to M. D. Lair, P.E., from Thomas J. Charlton, P.E., Chief Standards 
Division, Office of Hazardous Materials Regulation, Materials Transportation Bureau, US-DOT (2). 

Samples collected from process wastewater streams, drums, bulk storage tanks, soil, sediment, or 
water samples from areas suspected of being highly contaminated may require shilpment as 
dangerous goods. Regulations for packing, marking, labeling, and shipping of dangerous goods by 
air transport are promulgated by the United Nations International Civil Aviation (IATA), which is 
equivalent to UN/ICAO. The transportation of hazardous materials (dangerous goods:) by EPA 
personnel is covered by EPA Order 1000.18 

7.2 ShiDment of Dangerous Goods 

The project leader is responsible for determining if samples collected during a specific field 
investigation meet the definitions for dangerous goods. If a sample is collected of a material that is 
listed in the Dangerous Goods List, Section 4.2, IATA (3), then that sample must be identified, 
packaged, marked, labeled, and shipped according to the instructions given for that material. If the 
composition of the collected sample(s) is unknown, and the project leader knows or suspects that 
it is a regulated material (dangerous goods), the sample may not be offered for air transport. If the 
composition and properties of the waste sample or highly contaminated soil, sediment, or water 
sample are unknown, or only partially known, the sample may not be offered for air transport. 
Regulations concerning the air transport of dangerous goods are currently in flux. Dangerous goods 
must not be offered for air transport without contacting the ESD dangerous goods shipment 
designee. 

7.3 Shiument of Environmental Samoles 

Samples collected by SBP personnel and designated by the project leader as environmental samples 
shall be shipped using the method described below. However, if the environmental samples are 
preserved, the amount of preservative must not exceed the amounts indicated in Table SEC 7.3.1. 
If the amount of preservative added to a sample exceeds that listed in the table, then that sample may 
be considered dangerous goods and shall be shipped in accordance with procedures described in the 
current Dangerous Goods Regulations (IATA). In addition, the shipment of prepreserved sample 
containers or bottles of preservatives (i.e., NaOH pellets, HCI, etc.) which are designated as 
dangerous goods by IATA pursuant to the appropriate IATA regulations. The shipment of nitric acid 
is forbidden on all aircraft. 
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Environmental samples shall be packed prior to shipment by air using the following procedures: 

1. Select a sturdy cooler in good repair. Secure and tape the drain plug with fiber or 
duct tape. Line the cooler with a large heavy duty plastic bag. 

2. Allow sufficient outage (ullage) in all bottles (except VOA’s) to compensate for any 
pressure and temperature changes (approximately 10 percent of the volume of the 
container). 

3. Be sure the lids on all bottles are tight (will not leak). 

4. Place all bottles in separate and appropriately sized polyethylene bags and seal the 
bags with tape (preferably plastic electrical tape). Up to three VOA bottles may be 
packed in one Whirl-Pakb container. 

5. Optionally, place three to six VOA vials in a quart metal can and then fill the can 
with vermiculite. 

6. Place two to four inches of vermiculite in the bottom of the cooler and then place 
the bottles and cans in the cooler with sufficient space to allow for the addition of 
more vermiculite between the bottles and cans. 

7. Ptit “blue ice” (or ice that has been placed in heavy duty polyethylene bags and 
properly sealed) on top of or between the samples. Fill all remaining space between 
the bottles or cans with vermiculite. Securely fasten the top of the large garbage bag 
with tape (preferably plastic electrical tape). 

8. Place the Chain-of-Custody Record and the CLP Traffic Report Form (if 
applicable) into a plastic bag, tape the bag to the inner side of the coolers lid, and 
then close the cooler and securely tape (preferably with fiber tape) the top of the 
cooler shut. Chain-of-custody seals should be affixed to the top and sides of the 
cooler within the securing tape so that the cooler cannot be opened without breaking 
the seal. 

9. The shipping containers must be marked “THIS END UP”, and arrow labels which 
indicate the proper upward position of the container should be affixed to the 
container. A label containing the name and address of the shipper shall be placed 
on the outside of the container. Labels used in the shipment of hazardous materials 
(such as Cargo Only Aircraft, Flammable Solids, etc.) are not permitted to be on 
the outside of the container used to transport environmental samples and shall not 
be used. 
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TABLE SEC 7.3.1 

CHEMICALS LISTED IN THE DANGEROUS GOODS LIST (SECTION 4.2, IATA) 
USED FOR PRESERVING SAMPLES 

Preservative Sample Type/ pH Quantity of Preservative Wt.% 
of 

Parameter Recommendation Added Per Liter Preserv 
ation 

HCl vocs 

Analysis 

<2 ->I 4 drops cont. HCL/40 m10.22% 
(2) 

HgClz Nitrogen Species N.A. 40 mg 0.004% (1) 

Metals, Hardness -3-21 5 ml of cont. (70%) 0.35% 
(1) 

H&A Nitrogen Species a - >l 2 ml of 36N 
COD, Oil & Grease, 

P (hydrolyzable) 
Organic Carbon, 
Phenols 

0.35% (1) 

NaOH Cyanide, Sulfides >12 -113 2 ml of 1ON 0.080% 
(1) 

Freezing* Biological - Fish & N.A. 
0°C. (Dry Ice) Shellfish Tissue 

N.A N.A. 

* Dry ice (Carbon dioxide, solid) is classified as dangerous goods by IATA. Samples 
‘preserved with dry ice must be packaged, labeled, and marked as specified in the current 
IATA regulations and advance arrangements must be made between the shipper and each 
carrier. 

N.A. Not applicable. 
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7.4 References 

1. “Final Regulation Package for Compliance with DOT Regulations in the Shipment 
of Environmental Laboratory Samples,” Memo from David Weitzman, Work Group 
Chairman, Office of Occupational Health and Safety (PM-273), US-EPA, April 13, 
1981. 

2. Letter from Thomas J. Charlton, P.E., Chief, Standards Division, Office of 
Hazardous Materials Regulation, Materials Transportation Bureau, US-DOT to 
Myron D. Lair, P.E., Chief, Hazardous Waste Section, ESB, ESD, Region IV, US- 
EPA, March 22, 1985. 

3. Dangerous Goods Regulations, International Air Transport Authority (IATA). 3 1st. 
Edition, Effective January 1, 1991. 
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SECTION 8 
STANDARD FIELD ANALYTICAL METHODS 

Method 8.1 TemDerature 

8.1.1 Scope and Application 

This method is applicable to ground, surface, and saline waters as well as domestic and industrial 
wastes. 

8.1.2 Summary of Method 

Temperature measurements may be made with any high quality mercury-filled thermometer or 
thermistor with analog or digital read-out devices. 

8.1.3 Comments 

Measurement devices shall be routinely checked against a precision thermometer. 

8.1.4 Test Procedure 

1. Use only a previously calibrated mercury-tilled thermometer or thermistor that has 
been inspected according to the procedure outlined in Section 3.3.1 - Tem,perature. 

2. Allow thermometer or thermistor enough time to equilibrate to outside temperature 
when removed from a field vehicle. 

3. Insert thermometer or thermistor in-situ when possible or in a grab sample. Swirl 
the thermometer or thermistor in the sample and take the temperature reading when 
the mercury column or read-out needle stops moving; record temperature to the 
nearest 0.5 “C. 

8.1.5 Precision and Accuracy 

Precision and accuracy for this method have not been determined. 

8.1.6 References 

Standard Methods for the Examination of Water and Wastewater, 16th Edition p. 126, Method 2 12 
(1985). 

Methods for Chemical Analvses of Water and Wastes, US-EPA, 170.1 (1983). 

Method 8.2 Ph (HvdroPen Ion Concentration) 

8.2.1 Scope and Application 

This method is applicable to ground, surface, and saline waters, as well as domestic and industrial 
wastes. 
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8.2.2 Summary of Method ,- i i 
The pH of a sample is determined electrometrically using either a glass electrode in combination 
with a reference potential or a combination electrode, and a pH meter. 

8.2.3 Interferences 

1. The glass electrode, in general, is not subject to solution interferences from color, 
turbidity, colloidal matter, oxidants, reductants, or high salinity. 

2. Errors due to the presence of sodium at pH levels greater than 10 can be reduced or 
eliminated by using a “low sodium error” electrode. 

3. Coatings of oily material or particulate matter can impair electrode response. 
Remove these coatings by gentle wiping with a laboratory tissue followed by a 
distilled water rinse. 

4. Temperature effects on the electrometric measurement of pH are controlled by 
using instruments having temperature compensation or by calibrating the electrode 
meter system at the temperature of the samples. 

5. Poorly buffered solutions with low specific conductance values (less than 200 
umhos) may cause fluctuations in the pH readings. Equilibrate electrode by 
immersing in several portions of sample before taking pH measurement. 

8.2.4 Reagents 

Secondary standard buffer solutions (pH 4, pH 7, and pH 10) purchased from commercial vendors 
shall be used. 

8.2.5 Buffering 

1. Follow the instructions provided with each type of pH meter. 

2. Each meter/electrode system must be buffered at a minimum of two points which 
bracket the expected pH of the samples. The buffer solutions should be approxi- 
mately three pH units or more apart. Approximate pH values may be obtained by 
using multi-range pH paper. 

8.2.6 Test Procedure 

1. Allow the meter to equilibrate to ambient temperature when it is removed from a 
field vehicle. 

2. Buffer the meter at the temperature of the buffer solution as outlined above in 
Section 8.2.5. 

3. Check sample with pH paper to determine proper pH buffer range. Rebuffer meter 
to proper range if necessary. 
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4. If the sample temperature differs by more than 2°C from the buffer solutions, adjust 
for the temperature differences. 

5. Thoroughly rinse the electrode with distilled water. 

6. Immerse the electrode in-situ when possible or in a grab sample. Swirl the electrode 
at a constant rate until the meter reading reaches equilibrium. The rate of stirring 
used should minimize the air transfer rate at the air-water interface of the sample. 

7. Note and record sample pH; repeat measurement on successive volumes of sample 
or in-situ until values differ by no more than 0.1 pH unit. Two or three volumes are 
usually sufficient. 

8. In the case of low specific conductance samples, such as encountered with some 
ground waters, add 1 ml of 1M potassium chloride solution per 100 mls of sample 
and follow steps 6.5 and 6.6. 

9. When the meter is moved to another sampling location, recheck the meter 
calibration by inserting the probe into the pH 7 buffer solution and follow 
operational steps outlined in the owners manual. 

8.2.7 Apparatus 

0 Orion Model 399A 

0 Orion SA 250 

0 Hydrolab Surveyor II 

l YSI 3530,350O Water Quality Monitoring System 

Note -- Follow the operating instructions for the specific meters listed above. 

8.2.8 ‘Precision and Accuracy 

Under normal conditions the accuracy is + 0.1 pH unit. 

8.2.9 References 

Standard Methods for the Examination of Wastewater, 16th Edition, p. 429, Method 423 (1985). 

Instruction Manual for Models 399 A/F, 399 A/L Analog pH Meter and SA 250, Orion Research 
Incorporated. 

Instruction Manual for Surveyor II, Hydrolab Corporation. 

Instruction Manual for YSI Water Quality Monitoring System using the Model 3530 pH electrode 
assembly. 
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Annual Book of ASTM Standards, Part 3 1, “Water”, Standard D1293-78(B). Methods for Chemical 
Analvsis of Water and Wastes, US-EPA, 150. I (1983). /-% 

Procedure No. 501, pH Measurement in Low Ionic Strength Solutions, Orion Application 
Information, Orion Research Incorporated. 

Method 8.3 Dissolved Oxwen (Modified Winkler. Full Bottle Techniaue) 

8.3.1 Scope and Application 

The Winkler dissolved oxygen (DO) method with the azide modification is applicable for use with 
most wastewater and ground and surface waters that contain nitrate nitrogen and not more than 1 
mg/l of ferrous iron. Other reducing or oxidizing materials should be absent. 

The azide modification is not applicable for the following samples:(a) samples containing sulfite, 
thiosulfate, polythionate, appreciable quantities of free chlorine, or hypochlorite; (b) samples high 
in suspended soIids; (c) samples containing organic substances which are readily oxidized by free 
iodine in an acid solution; (d) untreated domestic sewage; (e) biological floes; or (f) samples with 
color which interferes with end point detection. In instances where the azide modification is not 
applicable, the DO probe should be used. 

8.3.2 Summary of Method 

The sample is treated with manganous sulfate, potassium hydroxide, and potassium iodide and 
finally sulfuric acid. The initial precipitate of manganous hydroxide (Mn(OH)2) combines with the 
DO in the sample to form a brown precipitate, manganic hydroxide (Mn(OIQ2). Upon acidification, 
the manganic hydroxide forms manganic sulfate which acts as an oxidizing agent to release free 
iodine from the potassium iodide. The iodine, which is stoichiometrically equivalent to the DO in 
the sample is then titrated with sodium thiosu!f@e or phenylarsine oxide (PAO). 

8.3.3 Interferences 

There are a number of interferences to the DO test which are mentioned above in 8.3.1. Most of the 
commofi interferences in the Winkler procedure may be overcome by ‘use o‘f*thk’ membr&e electrode 
method (8.4). 

8.3.4 Sample Handling 

Where possible, collect the sample in a 300-ml BOD bottle. Special care should be used to avoid 
entrainment of atmospheric oxygen or loss of DO. 

Sample should be collected with a DO Dunker (APHA-type) at depths less than five feet. A 
Kemmerer type sampler is recommended for depths greater than five feet. 

When a Kemmerer sampler is used, the BOD sample bottle should be filled to overflowing by 
inserting the outlet tube of the sampler to the bottom of the BOD bottle; the tube is slowly 
withdrawn as the bottle is allowed to overflow. Care must be taken to prevent turbulence and the 
formation of bubbles when filling the bottle. 
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If an APHA-type DO Dunker is not available and a shallow depth sample is needed, a bucket may 
be used to collect a sample of water. A siphon tube should be used to fill the BOD bottle. Coil the 
tube in the bucket to fill the tube. Place one end of the tube near the bottom of a BOD bottle and 
allow the water to fill and overflow the bottle as outlined in Section 8.3.4. 

8.3.5 Reagents 

Three bottles are used to contain the reagents. They are labeled (1) manganous sulfate solution, (2) 
alkaline-iodide-azide solution, and (3) concentrated sulfuric acid. Starch solution and sodium 
thiosulfate or PA0 (0.0375N) are stored in separate bottles. 

8.3.6 Test Procedure 

1. To the sample in the BOD bottle, add 2 mls of manganous sulfate solution followed 
by 2 mls of alkaline-iodide-azide solution; stopper with care to exclude air bubbles, 
and mix well by inverting the bottle several times. 

2. When the precipitate settles, add 2 mls of concentrated sulfuric acid, re-stopper the 
bottle and mix by inverting the bottle several times. Complete the analysis within 
45 minutes. 

3. Transfer the entire bottle contents by inversion into a 500-ml wide mouth :flask and 
titrate with 0.0375N thiosulfate solution or PA0 to a pale straw color. Add 1-2 ml 
of starch solution and continue to titrate to the first disappearance of the blue color. 

Note: Occasionally, a dark brown or black precipitate persists in the bottle after the 
addition of the acid. This precipitate will dissolve if the solution is kept for a few 
minutes longer than usual; or if particularly persistent, add a few more drops of 
acid. 

8.3.7 Calculation 

Each ml of 0.0375N sodium thiosulfate (PAO) titrant used is equivalent to 1 mg/l DO when the 
entire contents of the 300-ml BOD bottle are titrated. 

To express the results as percent saturation at 760 mm atmospheric pressure, the solubility data in 
Table 421:l (Whipple and Whipple, p. 413-414, Standard Methods, 16th Edition 1985), may be 
used. Carefully measure the temperature at the time of sample collection. 

8.3.8 Precision and Accuracy 

Reproducibility of this method is approximately 0.2 mg/l of DO at the 7.5 mg/l level due to 
equipment tolerances and uncompensated displacement errors. 

8.3.9 References 

Standard Methods for the Examination of Water and Wastewater, 16th Edition, p. 418, Method 42 I 
B (1985). 
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Annual Book of ASTM Standards; Part 3 1, “Water,” Standard D 158940(A). 

;, US-EPA, 360.2 (1983). 

Method 8.4 Dissolved Oxwen (Membrane Electrode) 

8.4.1 Scope and Application 

The membrane electrode (ME) probe method for DO measurements is recommended for those 
samples containing materials which interfere with the modified Winkler procedure as listed in 
Section 8.3.1 of Method 8.3. 

The ME probe method may be used as a substitute for the modified Winkler procedure provided that 
the meter itself is standardized against the Winkler method on samples free of interferences. 

8.42 Summary of Method 

The most common ME instruments for, determination. of DO in water are dependent upon 
electrochemical reactions. Under steady-state conditions, the cu&%t’orpotential can be correlated 
with DO concentration. Interfacial dynamics at the ME-sample interface are a factor in probe 
response and a significant degree of interfacial turbulence is necessary. For precision performance, 
turbulence should be constant. 

Refer to the manufacturer’s instructions for calibrating and operating each specific DO meter. 

8.4.3 Interferences 

0 Dissolved organic materials are not known to interfere in the output from DO 
probes. 

0 Dissolved inorganic salts are a factor in the performance of DO probes 

0 Reactive gases which pass through the ME probes may interfere. For example, 
chlorine will depolarize the cathode and cause a high probe output. Long-term 
exposures to chlorine will coat the anode with the chloride of the anode metal and 
eventually desensitize the probe. Hydrogen sulfide will interfere with ME probes 
if the apphed potential is greater than the half-wave potential of the sulfide ion. 

0 Dissoived oxygen ME probes are temperature sensitive, and temperature 
compensation is normally provided by the manufacturer. 

8.4.4 Apparatus 

0 YSI Model 57 DO Meter 

0 YSI 5700 Series DO Probe 

l Hydrolab Surveyor II 
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8.4.5 Sample Handling 

Refer to Section 83.4 (Method 8.3). 

8.4.6 Calibration 

1. Fill a clean bucket with uncontaminated or deionized water and place the ME probe 
into the bucket. Using the siphon method described in Section 8.3.4.4 of Method 
8.3, fill duplicate BOD bottles and determine the DO by the Winkler method. 

2. Adjust the meter according to manufacturer’s instructions. Be sure to a.djust the 
meter to the temperature of the water in the bucket, then calibrate the DO indicator 
dial to read the average DO concentration of the two samples determined by the 
Winkler test. 

8.4.7 Test Procedure 

1. When making measurements be sure that the ME stirring apparatus is working, 
adjust the temperature compensator, and read the DO dial to the nearest 0.1 mg/l. 

2. Keep the probe in water when not in use to prevent the membrane from drying out. 

3. If the sample temperature is 5 “C greater than the calibration temperature, the meter 
should be recalibrated to the temperature of the sample. 

4. Recalibrate against the Winkler test when the DO readings show a distinct change 
in DO levels, or when the probe has been in-waters high in sulfide. 

8.4.8 Precision and Accuracy 

Manufacturer’s specification claims 0.1 mg/l repeatability with rt 1 percent accuracy. 

8.4.9 References 

Standard Methods for the Examination of Water and Wastewater, 16th Edition p. 395, Method 42 1 
F (1985). 

Methods for Chemical Analysis of Water and Wastes, US-EPA, 360.1 (1983). 

Instruction Manual YSI Model 57. Dissolved Oxvnen Meter, Science Division, Yellow Springs 
Instrument Company. 

Surveyor II Operating Manual, Hydrolab Corporation. 

*  I  
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Method 8.5 SDecific Conductance 

8.5.1 Scope and Application 

n 

This method is applicable to ground, surface, and saline waters, as well as domestic and industrial 
wastes. 

8.5.2 Summary of Method 

0 The specific conductance of a sample is measured by use of a self-contained 
conductivity meter, Whetstone bridge-type, or equivalent. 

0 Samples are preferably analyzed at 25°C. If not, temperature corrections are made 
and results reported at 25°C. 

8.5.3 Test Procedure 

1. Follow instructions manual for specific field conductivity meter used. 

2. Check the meter with two standard @utipns of approximate specific conductances 
of 100 and 1,000 umhos/cm, or standards that bracket the expected sample 
conductance. If the meter does, not read within one percent of the standards, 
determine what the problem is and correct it before proceeding. Most field 
instruments read conductivity directly; with those instruments, follow the 
manufacturer’s instructions. Report the results to the nearest ten units for readings 
under 1,000 umhos/cm and the nearest 100 units for readings over 1,000 umhos/cm. 

3. Record the actual sample temperature when the measurement is made. The meter 
reading should be converted to specific conductance at 25°C using the information 
in the manufacturer’s instruction manual. 

8.5.4 Apparatus Section 

‘0 Beckman SoluBridge@ Model RB-5/RB-6 

0 YSI Model 3530 Flow Through Cell 

0 Hydrolab Corporation Surveyor II 

8.5.5 Precision and Accuracy 

The conductivity meters listed above have an accuracy of + 2 percent of reading. With satisfactory 
equipment, results within 1 percent of the true value should be obtained. 

8.5.6 References 

Standard Methods for the Examination of Water and Wastewater, 16th Edition, p. 76, Method 205 
(1985). 
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Annual Book of ASTM Standards, Part 3 1, “Water,” Standard Dll25-64, P. 120. 

Methods for Chemical Analvsis of Water and Wastes, US-EPA, 120.1 (1983). 

Instruction Manual. SoluBridP;e@ RB-5/RB-6, Beckman Instruments, Inc., Rev. January 1982. 

Surveyor II Operating Manual, Hydrolab Corporation, Rev. A February 1985. 

YSI Model 3560 Water Quality Monitoring System Instructions, July, 1988. 

Method 8.6 Chlorine, Total Residual (Titrimetric. AmDerometric) 

8.6.1 Scope and Application 

The amperometric titration method applies to all types of waters and wastes that do not contain a 
substantial amount of organic matter. 

8.6.2 Summary of Method 

Chlorine (hypochlorite ion, hypochlorous acid) and chloramines stoichiometrically liberate iodine 
from potassium iodide at pH 4 or less. 

The iodine is titrated with standard reducing agents such as sodium thiosulfate or PA0 using an 
amperometric meter to determine the end point. 

The results are calculated as mg/l Cl even though the actual measurement is of total oxidizing power. 
This is because chlorine is the dominant oxidizing agent present. 

8.6.3 Interferences 

0 Vigorous stirring can lower chlorine values by volatilization. 

0 If necessary, dilute with chlorine demand free water. Water containing organic 
compounds will reduce the chlorine. 

0 Copper and silver poison the electrode. 

8.6.4 Apparatus 

0 Fisher Porter Model 17T2000 amperometric titrator. 

l A 1 ml microburet. 

8.6.5 Reagents 

0 Phenylarsine oxide (PAO) (O.O0564N), commercially available. Standardize with 
potassium biiodate. 

0 Five percent potassium iodide (KI) solution (50 gms/l). 
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0 Acetate buffer solution (pH 4). 

8.6.6 Procedure 

1. Place 200 mls of sample in the sample container. 

2. Attach to the electrode assembly. 

3. Add 1.0 ml KI sofution. 

4. Add 1.0 ml acetate buffer. 

5. Titrate with 0.00564N PAO. 

6. As each increment is added, the needle deflects toward the left. When the needle no 
longer deflects, subtract the last drop added from the buret reading to obtain the 
mg/l Cl. Less and/or slower deflection signals that the end point is near. 

8.6.7 Calculations 

For 0.00564N PA0 and a 200-ml sample there are no calculations. The buret reading is in mg/l. The 
last increment, when the needle does not reflect toward the left, must be subtracted. 

8.6.8 Precision and Accuracy 

Precision and accuracy of the procedure is LO.03 mg/l at a concentration of 0.4 1 mg/l for domestic 
sewage and 82 percent recovery. 

8.6.9 References 

Standard Methods for the Examination of Water and Wastewater, 16th Edition, p. 303, Method 408 
C (1985). 

Annual Book of ASTM Standards, Part 3 1, “Water,” Standard D 1253-76(A). 

Methods for Chemical Analvsis of Water and Wastes, US-EPA, 330.1 (1983). 

Instruction Bulletin for Model 17T2000 Amnerometric Titrator, Fisher and Porter Company. 

Method 8.7 Chlorine, Total Residual (Titrimetric. Back-iodometric) 
(Starch or Amnerometric End Point) 

8.7.1 Scope and Application 

The iodometric back titration method is applicable to all types of waters, but is primarily used for 
wastewater because it eliminates any contact between the full concentration of liberated iodine and 
the wastewater. 
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8.7.2 Summary of Method 

0 Chlorine (hypochlorite ion, hypochlorous acid) and chloramines stoichiometrically 
liberate iodine from potassium iodide at pH 4 or less. 

0 The iodine quantitatively oxidizes a standardized reducing agent such as sodium 
thiosulfate or PAO. 

0 The excess reducing agent is then determined by titrating with a standard iodate 
(0.00564N) solution. The starch end point color change is from clear to blue. 

0 A subtraction of the excess amount of reducing agent is included in the calculations 
and the results are reported as mg/l Cl even though the actual measurement is of 
total oxidizing power. This is because chlorine is the dominant oxidizing agent 
present. 

8.7.3 Interferences 

0 Manganese, iron, and nitrite interference may be minimized by buffering to pH 4 
before the addition of KI. 

0 High concentrations of organics may cause uncertainty of the end point. This 
uncertainty can be reduced by acidifying to pH 1 .O if manganese, iron, or nitrite are 
absent. 

0 Turbidity and color may make the end point difficult to detect in the back i.dometric 
starch method. Practice runs with spiked samples may be necessary. 

8.7.4 Apparatus 

a Fisher Porter Model 17T2000 amperometric titrator. 

0 Standard laboratory glassware. 

0 A 1 .O ml microburet. 

8.7.5 Reagents 

l PA0 solution (0.00564N); standardize with potassium biiodate. 

0 Standard iodate solution (0.00564N). 

l Starch indicator. 

l Phosphoric acid (10 percent). 

l Potassium iodide (KI) five percent solution. 
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8.7.6 Procedure 

1. Analyze 200 mls of distilled water (blank) prior to the analysis of the sample. 

2. Starch - iodide end point. 

a. Pipet 5 mls of 0.00564N PA0 solution into the flask. 

b. Add 1 ml five percent IU solution and 2 mls of 10 percent phosphoric acid 
solution. 

C. Add 200 mls of sample. 

d. Mix well. 

e. Add approximately 1 ml of indicator (starch). 

f. Titrate with 0.00564N potassium iodate solution to the first appearance of 
a blue color. 

3. Amnerometric End Point 

a. 

b. 

Perform steps a through e (above) or follow the directions of the 
manufacturer of the amperometric titrator. 

Place the solution in the proper position on the amperometric titrator. 

C. Titrate with 0.00564N iodate solution. Observe the response of the meter 
needle. As the end point is approached, the needle will temporarily deflect, 
then return to or near its original position, Continue dropwise. When the 
needle deflects and remains deflected, the end point has been exceeded by 
one drop, As an insurance of the proper end point in clear solutions, add 1 
ml of starch solution before beginning the titration. The first appearance of 
a blue color should correspond to the needle deflection on the 
amperometric meter. Subtract 1120th of a ml from the buret reading and 
record the result. 

8.7.7 Calculations 

mg/l Cl = [A-B) x 200 
C 

Where: A = ml of iodate used by the blank 
B = ml of iodate used in the titration 
C = ml of sample 
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8.7.8 Precision and Accuracy 

Precision of the method is +0.09 mg/l at a concentration of 1.10 mg/l for domestic sewage and 76 
percent recovery. 

8.7.9 References 

Standard Methods for the Examination of Water and Wastewater, 16th Edition, p. 300, Method 408 
B (1985). 

Annual Book of ASTM Standards, Part 3 1 “Water,” Standard D 1253-76(C). 

Methods for Chemical Analvsis of Water and Wastes, US-EPA, 330.2 (1983). 

Instruction Manual for Model 17T2000 Amperometric Titrator, Fisher Porter Company. 

Method 8.8 Chlorine, Total Residual (Dpt Calorimetric - Hach Kit) 

8.8.1 Scope and Application 

N,N-diethyl-p-phenylenediamine (DPD) may be used for natural waters and waters treated with 
chlorine. 

8.8.2 Summary of Method 

0 Chlorine (hypochlorite ion, hypochlorous acid and chloramines) stoichiometrically 
liberate iodine from potassium iodide at pH 4 or less. 

0 A reaction between the liberated iodine and N,N-diethyl-p-phenylenediamine 
(DPD) produces a red colored solution at a pH of 6.2 - 6.5. 

0 The solution is spectrophotometrically compared to a series of standards. In the 
Hach kit calorimeter, the dial face is calibrated to give a direct readout in mg/l 
chlorine. 

8.8.3 Interferences 

0 Any oxidizing agents; these are usually present at insignificant concentrations. 
Oxidized manganese interferes with the DPD reagent (1 ug/l Mn04 - 1 ug/l C12). 

0 Turbidity and color will essentially prevent the calorimetric analysis. 

8.8.4 Apparatus 

0 Hach DR- 100 calorimeter. The Hach reagents and calorimeter or spectrophotometer 
are EPA - acceptable for NPDES monitoring if used in accordance with (approved 
procedures. The preprinted calibration scales provided by the manufacturer, based 
upon factors developed under ideal conditions, are only acceptable if verified. The 
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calibration scale must be initially verified using multiple standards and a blank. 
Bach day of use, the calibration scale or curve must be verified with a blank and at 
least one high and one low standard representative of the linear working range. 
These standard checks must agree within f 10% of the original scale or a new curve 
must be prepared. Verification data should be recorded and maintained on file. See 
Standard Methods 

l l-cm and 2.5-cm cells. 

8.8.5 Reagents or Standards 

0 

0 

0 

0 

0 

n, 

DPD total chlorine powder pillows. The DPD tablets must be discarded if there is 
evidence of decomposition. The tablets deteriorate rapidly in the presence of 
moisture, and with age become difficult to dissolve. Look for caking and brown 
color. 

NOTE: Do not handle tablets with the hands! The DPD oxalate is toxic: take care 
to avoid ingestion. 

1N sulfuric acid and 1N sodium hydroxide. 

Chlorine demand water. See Standard Methodsl, Method 408 B.3.m for directions 
for preparing or ASTM, Standard D1193, Consumption of Potassium 
Permanganate. 

ra 
Potassium permanganate stock -- Prepare a stock solution containing 89 1 mgs/lOOO 
mls. 

Potassium permanganate working stock 10 ppm -- Prepare a working stock solution 
containing 10 mg/l KMn04 by diluting 10 mls of D.8.5.4 stock solution to 1 liter. 
Stock is stable for approximately 5 days. 

Potassium permanganate calibration standards --Prepare calibration standards from 
the working stock solution and/or KMn04 calibration standard solutions each day 
of use. 

NOTE: KMn04 standards will fade rauidlv. within 15 minutes. when chlorine 
demand-free water is not used. 

Calibration Standard me/l mls of Working Stock/lOOmls 

0.05 10.0 of 0.5 mg/l Std. 
0.10 10.0 of 1 .O mg/l 
0.5 5.0 of 10 mg/l 
1.0 10.0 of 10 mg/l 
2.0 20.0 of 10 mg/l 
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8.8.6 Procedure Total Chlorine Concentration Range O-2 ug/l 

1. Fill a clean 2.5-cm cell to the lo-ml mark with sample. 

2. Samples should have a pH between 6 and 7. If necessary, adjust pH with 1N 
sulfuric acid or 1N sodium hydroxide. 

3. Open a DPD total chlorine powder pillow and add the contents to the sa:mple cell. 
Cap the cell and swirl to mix. It is not necessary for all the particles to dissolve to 
obtain an accurate reading. The pH of the sample containing the DPD-buffer pillow 
must be between 6.2 - 6.5 units. 

4. Allow at least three minutes, but not more than six minutes, before moving to the 
next step. 

5. Open the light shield, turn the right set knob fully clockwise and place the l-cm cell 
holder in the left set position of the sample well. Press down firmly to seat the cell 
holder. 

6. Hold the button down, meanwhile adjust the left set knob to align the meter needle 
with the arrow at the extreme left of the scale arc. Remove the cell holder. 

7. Fill a clean 2.5-cm sample cell with the sample. Cap the cell and place int:o the cell 
holder. Press down to seat and close the light shield. 

8. Set zero on calorimeter by holding the on button down and adjusting the right set 
knob. Open the light shield and remove the sample cell. 

9. Fill a clean l-cm sample cell with the solution from step 2, cap the cell and place 
it in the cell holder. 

10. Press the “on” button down and hold until the meter stabilizes. Read and record the 
mg/l total chlorine from the upper (2.5-cm) scale arc. 

8.8.7 Procedure - Total Chlorine Concentrations of O-3.5 mg/l 

1. For total chlorine, O-3.5 mg/l, follow steps in 8.8.6 steps l-5. 

2. Follow the directions in 8.8.6 step 6 except instead of removing the cell holder, 
rotate it to the right position. 

3. Fill a clean l-cm sample cell with the sample. Cap the cell and place it intlo the cell 
holder. 

4. Set zero as in 8.8.6 step 8. 

5. Fill a clean l-cm sample cell with the solution from 8.8.6 step 2. 
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6. Hold the on button down until the meter stabilizes. Read and record the mg/I total 
chlorine from the lower (l-cm) scale arc. 

8.8.8 Precision and Accuracy 

The precision and accuracy of the method is -1-0.03 mg/l at a concentration of 1.07 for domestic 
sewage. The recovery is 100 percent. 

8.8.9 Calculations 

No calculations are required for the kit, the readings are directly in mg/l of total chlorine. 

8.8.10 References 

Standard Methods for the Examination of Water and* Wastewater, 16th Edition, 1985, p. 292, . s. ,. 
Method 408E. 

Methods for Chemical Analysis of Water and Wastes, US-EPA, 330.5 (1979). 

Instruction Manual, DR 100 Colorimeter. Model 41100-02. DPD Method for Chlorine, Hach ^ 
Company, June 1983. 

s Part 3 1 “Water”, ASTM, Standard D 1193, Consumption of 
Potassium Permanganate. 

Method 8.9 Fluorometric Determination of Dye Tracer 

8.9.1 Scope and Application 

This method covers the determination of fluorescence as it relates to commercially available tracer 
dyes. Rhodamine dyes are fluorescent at a wave length of 590 millimicrons, making them detectable 
without major interferences in all natural waters. 

8.9.2 *Summary of Method 

Fluorescent dyes emit light upon irradiation from an external source. The emitted light is 
proportional to the tracer concentration within the sample. 

8.9.3 Sample Handling 

0 Since tracers are photoreactive, care should be taken to protect samples from light, 
sources. 

0 All samples should be stored in glass containers. 

8.9.4 Interferences 

0 Temperature shifts the fluorescent properties of the tracers; thus all samples should 
be analyzed at the same temperature as the calibration standards. 
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0 Natural conditions such as the presence of chlorophyll or tannins and lignins in the 
waters to be traced can impart background fluorescence. Calibration standards 
should be made from these ambient waters to account for any potential background. 

0 Sample turbidity may interfere. In highly turbid waters, accuracy may be enhanced 
by filtration prior to analysis. 

8.9.5 Apparatus 

0 Turner Fluorometer Model 1 O-005. 

0 Calibration glassware. 

8.9.6 Standards 

8.9.6.1 Flow-Through Configuration 

Working stocks (use water sample from study areas as dilution water). 

(A) Dilute 1 ml dye to 1 liter dilution water (solution “A” = 1 ppt). 

@I Dilute 10 mls of solution “A” to 1 liter solution “B” = 10 ppm. 

(Cl Dilute 100 mls of solution “A” to 1 liter solution “C”= 100 ppm. 

8.9.6.2 Cuvette or Pour-ThrouPh Configuration 

Working stocks (use water sample from study area as dilution water). 

(4 Dilute 10 mls dye to 1 liter: solution “A” = 10 ppt 

03 Dilute 10 mls “A” to 1 liter: solution “B” = 100 ppm 

((7 Dilute 1 ml “A” to 1 liter: solution “C” = 10 ppm 

CD) Dilute 10 mls to 1 liter: solution “D” = 1 ppm 

From these stocks 

(4 Each ml “B” to 1 liter adds 100 ppb 
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@9 Each ml “C” to 1 liter adds 10 ppb 

cc> Each ml “D” to 1 liter adds 1 ppb 

8.9.7 Procedure 

89.7.1 Turner Fluorometer: Model 1 O-005 

1. Allow fluorometer to warm up for 10 minutes. 

2. Using background water, adjust for background fluorescence by setting instrument 
on most sensitive scale (x3 1.6 and xl00 sensitivity) to read 0. 

3. Machine circuitry is designed such that one calibration standard, e.g., 100 ppb, 
produces linear responses throughout a range of 0.05 to 300 ppb. 

4. Above 300 ppb, emissions from the irradiated dye sample interfere with one another 
producing a nonlinear condition. Thus, when working above 3 00 ppb calibration 
curves are required. 

5. Even though a single 100 ppb standard produces a linear response in the range of 
0.1 to 300 ppb, a second standard, e.g., 10 ppb, should be used as a check. 

6. Depending upon sensitivity needs, a 100 ppb standard can be used to provide a wide 
range of tracer concentrations. A typical application by the Branch involves setting 
a 100 ppb standard to equal 10 on the minimum sensitivity scale (xMS and xl 00). 
With this setting, tracer concentrations in the range of 0.05 to 300 ppb can easily 
be determined. 

8.9.8 Precision and Accuracy 

Precision and accuracy for this method have not been established. 

8.9.9 * Reference 

Wilson, James F., Jr., Fluorometric Procedures for Dye Tracing: USGS Techniaues for Water- 
Resources Investigations, Book 3, Chapter Al2 (1968). 

Onerating and Service Manual. Model, 10 Series Fluorometers, Turner Designs, October 198 1. 1. . b , 

Method 8.1 Salinity 

8.10.1 Scope and Application 

This method is applicable for brackish to saline waters having a salinity range of 0 to 40 parts per 
thousand. 
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8.10.2 Summary of Method 

The salinity measurement is based upon the direct proportionality between the magnitude of an 
induced electric current and the electrical conductivity of the water in which it is induced. 

8.10.3 Comments 

Routinely check meter against a resistor which is matched to the meter. 

8.10.4 Test Procedure 

1. Follow instructions manual for Beckman RS5-3 Portable Salinometer or other 
salinometer used. 

2. Record the temperature, specific conductance and salinity as determined. Read 
salinity to nearest 0.1 ppt. 

8.10.5 Precision and Accuracy 

Beckman Model RS5-3 Portable Salinometer has an accuracy of +0.05 parts per thousand salinity, 
+O.O5”C temperature, and LO.05 millimhos/cm specific conductance. The Hydrolab Surveyor II 
Salinometer has an accuracy of kO.7 parts per thousand salinity, 1% full scale for conductivity, and 
f 0.1 “C for temperature. 

8.10.6 Apparatus 

Beckman Model RS5-3 Portable Salinometer. 

8.10.7 References 

Standard Methods for the Examination of Water and Wastewater, 15th Edition, p. 100 Method 209A 
(1980). 

Instruction Manual, RS5-3 Portable Salinometer, Beckman Instruments, Inc., Revised March 1973. 
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DESIGN AND INSTALLATION FOR PERMANE NT MONITORING WELILS 

9.1 Introduction 

The design and installation of permanent monitoring wells involve the drilling of boreholes into 
various types of geologic formations that exhibit varying subsurface conditions. Designing and 
installing permanent monitoring wells in these geologic environments may require several different 
drilling methods and installation procedures. The selection of drilling methods and installation 
procedures shall be based on field data collected during a hydrogeologic site investigation and/or 
a search of existing data. Each permanent monitoring well shall be designed and installed to function 
properly throughout the entire anticipated life of the monitoring program. When designing monitor- 
ing wells the following questions shall be considered: 

0 What are the short- and long-term objectives? 

0 How long will the monitoring program last? 

0 What contaminants are to be monitored? 

0 What types of well construction materials are to be used? 

0 What kinds of analyses are needed? 

0 What are the surface and subsurface geologic conditions? 

0 What aquifer(s) is going to be monitored? 

0 Over what depth(s) will the well be screened? 

0 What is the anticipated total depth of the well? 

0 What are the general site conditions? 

0 What are the potential health and safety hazards? 

0 Are these wells going to serve more than one purpose (i.e., monitoring, 
pump test, extraction)? 

Each of the previous questions can be expanded into many subtopics depending on the colmplexity 
of the project. In designing permanent monitoring wells, the most reliable obtainable dataL shall be 
utilized. Once the data have been assembled and the well design has been completed, a drilling 
method(s) has to be selected. The preferred drilling procedure for installing wells is the hollow-stem 
auger method. However, site conditions may not always be amenable to using the hollow-stem 
auger method. When this occurs, an alternate method shall be selected that will perform acceptably 
under the encountered site conditions. It is advisable to select several alternate methods and be 
prepared to use them if a field problem suddenly occurs that warrants a drilling change. The follow- 
ing procedures for designing and installing monitoring wells cover the different aspects of fselecting 
materials, drilling boreholes, and installing monitoring devices. This discussion is presented so that 
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standard practices and procedures will be employed by all EPA staff and contractors who are 
associated with the design, drilling, and installation of permanent monitoring wells in Region IV. 

9.2 Drillinp Methods 

The following drilling methods are listed in order of preference; however, final selection shall be 
based on actual site conditions. 

9.2.1 Hollow-stem Auger 

This type of auger consists of a hollow, steel stem or shaft with a continuous, spiralled steel flight, 
welded onto the exterior side of the stem, connected to an auger bit, which when rotated, transports 
cuttings to the surface. This method is best suited in soils that have a tendency to collapse when 
disturbed. 

A monitoring well can be installed inside of hollow-stem augers with little or no concern for the 
caving potential of the soils and/or water table. However, retracting augers in caving sand conditions 
while installing monitoring wells can be extremely difficult or impossible since the augers have to 
be extracted without being rotated. If caving sands are encountered during monitoring well 
installations, a drilling rig must be used that has enough power to extract the augers from the 
borehole without rotating them. A bottom plug or pilot bit assembly can be fastened onto the bottom 
of the augers to keep out most of the soils and/or water that have a tendency to clog the bottom of 
the augers during drilling. Potable water (analyzed for contaminants of concern) may be poured into 
the augers (where applicable) to equalize pressure so that the inflow of formation materials and 
water will be held to a minimum when the bottom plug is released. Rubber “0” rings are normally 
.furnished with new augers to make the augers water “tight”; however, rubber “0” rings are not 
acceptable for ESD drilling operations. Only Teflon@ “0” rings are acceptable. Water-tight center 
plugs are not acceptable because they create suction when being extracted from the augers. This 
suction forces or pulls cuttings and formation materials into the augers, thus defeating the purpose 
of the centerplug. Auguring without a center plug or pilot bit assembly is permitted, provided that 
the soil plug which is formed in the bottom of the auger is removed when sampling or installing well 
casings. Removing the soil plug from the augers can be accomplished by washing out the plug using 
a side discharge rotary bit, or augering out the plug with a solid-stem auger bit sized to fit into the 
hollow-stem auger. The type of bottom plug or pilot bit assembly proposed for the drilling activity 
shall be approved by SBP prior to drilling operations. Boreholes can be augered to depths of 150 feet 
or more (depending on the auger size), but generally boreholes are augured to depths less than 100 
feet. 

9.2.2 Solid-stem Auger 

This type of auger consists of a solid stem or shaft with a continuous spiralled steel flight, welded 
onto the stem, and connected to an auger bit. When rotated, cuttings are transported to the surface. 
This auger method is used in cohesive and semi-cohesive soils that do not have a tendency to 
collapse when disturbed. Boreholes can be augered to depths of 200 feet or more.(depending on the 
auger size), but generally boreholes are augured to depths less than I50 feet. 

Both of the previously discussed auger methods can be used in unconsolidated soils and semi- 
consolidated (weathered rock) soils, but not in competent rock. Each method can be employed 
without introducing foreign materials into the borehole such as drilling fluids, thus minimizing the 
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potential for cross-contamination. Minimizing the risk of potential cross contamination is one of the 
most important factors to consider when selecting the drilling method(s) for a project. 

9.2.3 Rotary Method 

This method consists of a drill pipe or drill stem coupled to a drilling bit that rotates and cuts 
through the soils. The cuttings produced from the rotation of the drilling bit are transported to the 
surface by drilling fluids which generally consist of water, drilling mud, or air. The water, drilling 
mud, or air is pumped down through the drill pipe, and out through the bottom of the drilling bit. The 
cuttings are forced to the surface between the borehole wall and the drill pipe. The drilling fluids 
not only force the cuttings to the surface but also keeps the drilling bit cool. When considering this 
method, it is important to evaluate the potential for contamination when fluids and/or air are 
introduced into the borehole. If the rotary method is selected as one of the drilling methods, water 
rotary is the preferred method, followed by air rotary and mud rotary. 

9.2.3.1 Water Rotarv 

When using water rotary, potable water (that has been analyzed for contaminants of concern) shall 
be used. If potable water (or a higher quality water) is not available, then potable water will have 
to be transported to the site or an alternative drilling method must be selected. Water rotary is the 
preferred rotary method because potable water is the only fluid introduced into the borehole during 
drilling. Water does not clog the formation materials, thus reducing well development time. The 
potable water will, however, flow out into the surrounding formation materials (if permeable) and 
mix with the natural formation water. This mixing of the drilling water and the natural formation 
water should be evaluated when determining the drilling method. Generally, most of the drilling 
water will be recovered during well development. 

9.2.3.2 Air Rotary 

When using air rotary, the air compressor shall have an in-line organic filter system to filter the air 
coming from the compressor. The organic filter system shall be regularly inspected to insure that 
the system is functioning properly. Air compressors that do not have in-line organic filter systems 
are not acceptable for air rotary drilling. A cyclone velocity dissipator or similar air containment 
system shall also be used to funnel the cuttings to one location instead of letting the cuttings blow 
uncontrolled out of the borehole. The conventional air rotary method does not control cuttings 
blowing out of the borehole, and is not acceptable unless the above mentioned cyclone velocity 
dissipator or similar containment system is employed. Any air rotary method that allows cuttings 
to blow uncontrolled out of the borehole and does not direct them to a discharge point with minimal 
disturbance shall not be acceptable. Air rotary that employs the dual-tube (reverse circulation) 
drilling system is acceptable since the cuttings are contained in the drill stems and blown to the 
surface through the cyclone velocity dissipator and to the ground with little surface disturbance. 

9.2.3.3 Mud Rotary 

Mud rotary is the least preferred rotary method because contamination can be introduced into the 
borehole from the constituents in the drilling mud, and it is very difficult to remove the drilling mud 
from the borehole after drilling and during well development. The drilling mud can also carry 
contaminants from a contaminated zone to an uncontaminated zone, thereby cross-contaminating 
the borehole. If mud rotary is selected, only potable water and pure (no additives) bentonite drilling 
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muds shall be used. Ail materials used shall have adequate documentation as to manufacturer’s 
recommendations and product constituents. The proper field QA/QC procedures shall be initiated 
before and during drilling to minimize the potential for contamination. These QA/QC procedures 
shall include, but not be limited to, sampling and analyzing of all drilling materials such as drilling 
muds, bentonite pellets, grouts, sand, etc., and the potable water to be used during drilling 
(Section 9.9). 

9.2.4 Other Methods 

Other types of drilling procedures are also available, such as the cable-tool, the jetting method, and 
the boring (bucket auger) method. These methods are used in the installation of water and irrigation 
wells, but are not common methods for monitoring well installations. If these methods are selected 
for monitoring well installations, they shall be approved by a senior staff geologist or engineer 
before field work is initiated. 

9.3 Borehole’ Reauirements 

9.3.1 Annular Space 

The borehole shall be of sufficient diameter $0 that we!! construction can proceed without major ..~ 1 II, *. . . -* 1, 
difficulties. To assure adequate size, a minimum 2-inch annular space is required between the casing 
and the borehole wall (or the hollow-stem auger wall). For example, an S-inch borehole is required 
to install a 4-inch outside diameter (OD) casing. However, if the inside diameter (ID) of the casing 
is 4 inches, the borehole will have to be larger than 8 inches to include the 2-inch antiular space and 
the outside diameter (OD) of the casing (4-inch ID plus the casing wall thickness). The 2-inch 
annular space around the casing will allow the filter pack, bentonite pellet seal, and the annular grout 
to be placed at an acceptable thickness. Also, the 2-inch annular space will allow up to a 1.5-inch 
diameter tremie tube for placing the filter pack, pellet seal, and grout at the specified intervals. An 
annular space less than the 2-inch minimum will not be acceptable. When installing a well inside 
of hollow-stem augers, the inside diameter (ID) of the augers is the area to be considered when 
determining the 2-inch annular space. 

9.3.2 Overdrilling The Borehole 

Sometimes it is necessary to overdrill the borehole so any soils that have not been removed or have 
fallen into the borehole during auger or drill stem retrieval, will fall to the bottom of the borehole 
below the depth where the filter pack and well screen are to be placed. Normally, 3 to 5 feet is 
sufficient for overdrilling. The borehole can also be overdrilled to allow for placement of a sump 
in the well below the well screen. A sump usually consists of a 5- or 1 O-foot section of well casing 
located below the well screen. Sumps serve as catch basins or storage areas for sediment that flows 
into the well and drops out of suspension and for high density non-aqueous phase liquids. Sumps 
are added to the well screens when the wells are screened in aquifers that are naturally turbid and 
will not yield clear formation water (free of visible sediment) even after extensive development. The 
sediment can then be periodically pumped out of the sump preventing the well screen from clogging 
or “silting up”. If the borehole is overdrilled too much, it can be backfilled to the designed depth 
with bentonite pellets or the filter sand that is to be used for the filter pack. 

T--%. 

K----3 

9-4 



9.3.3 Filter Pack Placement 

When placing the filter pack into the borehole, a minimum of 6 inches of the filter pack material 
shall be placed under the bottom of the well screen to provide a fum footing and an unrestricted flow 
under the screened area. Also, the filter pack shall extend a minimum of two feet above the top of 
the well screen. The filter pack shall be placed by the tremie or positive displacement method. 
Placing the filter pack by “pouring” may be acceptable in certain situations; however, this will be 
discussed in the next section. 

9.3.4 Filter Pack Seal-Bentonite Pellet Seal (Plug) 

A seal shall be placed on top of the filter pack. This seal shall consist of a high solids, pure bentonite 
material. The solids content shall be at least 20 percent. Bentonite materials that have a solids 
content of 20 percent or greater are available in powder form or in the form of pellets compressed 
to a density of 70-80 lb.&u& The preferred method of placing bentonite pellets is by the positive 
displacement or the tremie method. Use of the tremie method minimizes the risk of pellets bridging 
in the borehole and assures the placement of pellets (also sand and grout) at the proper intervals. 
Pouring of the pellets (and filter pack materials) is acceptable in shallow boreholes (less than 50 
feet) where the annular space is large enough to prevent bridging and to allow measuring (with a 
tape measure) to insure that the pellets have been placed at the proper intervals. In order to insure 
that the pellets have been placed at the proper intervals, the pellets shall be tamped, with an 
appropriate tamping tool, while the measuring is being conducted. The tamping process minimizes 
the potential for pellet bridging by forcing any pellets, that have lodged against the borelhole wall 
and/or the well casing, down to the proper interval. The bentonite seal shall be placed albove the 
filter pack at a minimum of two feet vertical thickness. The hydration time for the bentonite pellets 
shall be a minimum eight hours or the manufacturer’s recommended hydration time, whichever is 
greater. In all cases, the proper depths shall be documented by measuring and not by estimating. 
Other forms of bentonite such as granular bentonite, and bentonite chips have limited applications, 
and are not recommended for the bentonite seal unless special conditions warrant their use. In any 
case, deviation from bentonite pellets for the seal, such as a 30 percent solids bentonite grout, shall 
be approved by a senior staff geologist. If for some reason, the water table is temporarily below the 
pellet seal interval, potable water (or a higher quality water) shall be used to hydrate the pellets. 

9.3.5 *Grouting The Annular Space 

The annular space between the casing and the borehole wall shall be filled with either a high solids, 
pure (no additives), bentonite grout, a neat cement grout, or a cement/bentonite grout. Each type of 
grout to be used shall be evaluated as to its intended use and integrity. The grout shall be placed into 
the borehole, by the tremie method, from the top of the bentonite seal to within 2 feet of the ground 
surface or below the frostline, whichever is greater. The tremie tube shall have a side discharge port 
or a bottom discharge port, to minimize damage to the filter pack and/or the bentonite pellet seal, 
during grout placement. The grout shall be allowed to “set” or cure for a minimum of 24 hours 
before the concrete surface pad is installed. All grouts shall be prepared in accordance with the 
manufacturer’s specifications. Bentonite grouts shall have a minimum density of 9.4 lbs/gal to ensure 
proper set-up. The density of the bentonite grouts shall be measured while mixing and no pumping 
of grout into the borehole will be allowed until the minimum density of 9.4 Ibs/gal is attained. In 
addition, the grouting.operation shall not cease until the grout flowing out of the borehole has a 
minimum density of 9.4 lbs/gal. A mud balance shall be used to measure the specified grout density. 
Estimating the grout density shall not be acceptable. Drilling muds will not be acceptable for 
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grouting. Cement grouts shall be mixed using 6.5 to 7 gallons of water per 94-lb bag of portland 
cement (Type I). The addition of bentonite (5-to- 10 percent) to the cement grout is for elasticity and 
the reason for its use shall be documented. The specific mixtures and other types of cements and/or 
grouts shall be evaluated on a case by case basis. 

9.3.6 Above Ground Riser Pipe And Outer Protective Casing 

The well casing, when installed and grouted, shall extend above the ground surface a minimum of 
2.5 feet. In high traffic areas, the well casing may be located below grade, with a water proof cover. 
A vent hole shall be drilled or cut into the top of the well casing cap to permit pressure equalization, 
if applicable. An outer protective casing shall be installed into the borehole after the annular grout 
has “set” for at least 24 hours. The outer protective casing shall be of steel construction with a 
hinged, locking cap. Generally, an outer protective casing used over a 2-inch well casing is 4 inches 
square by 5 feet long. Similarly, a protective casing used over 4-inch well casings is 6 inches square 
and 5 feet long. Round protective casings are also acceptable. A protective casing shall have 
sufficient clearance around the inner well casing, so that the outer protective casing will not come 
into contact with the inner well casing after installation. The protective casing shall have a minimum 
of two weep holes for drainage. These weep holes shall be a minimum l/4 inch in diameter and 
drilled into the protective casing just above the top of the level of concrete inside the protective 
casing to prevent water from standing inside of the protective casing. A protective casing made of 
aluminum or other soft metals is not acceptable because it is not strong enough to resist tampering. 
The protective casing is installed by pouring concrete into the borehole on top of the grout. The 
protective casing is then pushed into the wet concrete and borehole a minimum. of 2, feet. Extra 
concrete may be needed to fill the inside of the protective casing so that the level of the concrete 
inside of the protective casing is at or above the level of the surface pad. The protective casings shall 
extend a minimum of 3 feet above the ground surface or to a height so that the cap of the inner well 
casing is exposed when the protective casing is opened. 

9.3.7 Concrete Surface Pad 

A concrete surface pad shall be installed around each well at the same time as the,outer protective /_l . 
casing is being installed. The surface pad shall be formed around the well casing. Concrete shall be 
placed into the formed pad and into the borehole (on top of the grout) in one operation making a 
contiguous unit. The protective casing is then installed into the concrete as described in the previous 
section. The size of the concrete surface pad is dependent on the well casing size. If the well casing 
is two inches in diameter, the pad shall be 3 feet x 3 feet x 6 inches. If the well casing is 4 inches in 
diameter, the pad shall be 4 feet x 4 feet x 6 inches. Round concrete surface pads are also acceptable. 
The finished pad shall be sloped so that drainage will flow away from the protective casing and off 
of the pad. In addition, a minimum of one inch of the finished pad shall be below grade or ground 
elevation to prevent washing and undermining by soil erosion. At each site, all locks on the outer 
protective casings shall be keyed alike. 

9.3.8 Surface Protection-Bumper Guards 

If the monitoring wells are located in a high traffic area, a minimum of three bumper guards 
consisting of steel pipes 3 to 4 inches in diameter and a minimum 5-foot length shall be installed to 
a minimum depth of 2 feet below the ground surface in a concrete footing and extend a minimum 
of 3 feet above ground surface. Concrete shall also be placed into the steel pipe to provide additional 
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strength. Steel rails and/or other steel materials can be used in place of steel pipe but approval must 
be granted by a senior staff geologist or engineer prior to field installation. 

9.4 Construction Techniques 

9.4.1 Well Installation 

The borehole shall be bored, drilled, or augered as close to vertical as possible, and checked with 
a plumb bob or level. Slanted boreholes will not be acceptable unless specified in the design. The 
depth and volume of the borehole, including the overdrilling if applicable, shall have been calculated 
and the appropriate materials procured prior to drilling activities. The well casings shall be secured 
to the well screen by flush-jointed threads and placed into the borehole and plumbed by the use of 
centralizers and/or a plumb bob and level. Another method of placing the well screen and casings 
into the borehole and plumbing it at the same time is to suspend the string of well screen and casings 
in the borehole by means of the wireline on the drill rig. The string of well screen and casings can 
be placed into the borehole and plumbed in one easy operation. This wireline method is especially 
useful if the borehole is deep and a long string of well screen and casings have to be set and 
plumbed. 

No lubricating oils or grease shall be used on casing threads. Teflon tape can be used to wrap the 
threads to insure a tight fit and minimize leakage. No glue of any type shall be used to secure casing 
joints. Teflon@ “0” rings can also be used to insure a tight fit and minimize leakage; however, “0” 
rings made of other materials are not acceptable if the well is going to be sampled for organic 
compounds. 

Before the well screen and casings are placed on the bottom of the borehole, at least 6 inches of filter 
material shall be placed at the bottom of the borehole to serve as a firm footing. The string of well 
screen and casing shall then be placed into the borehole and plumbed. Centralizers can be used to 
plumb a well, but centralizers shall be placed so that the placement of the filter pack, bentonite pellet 
seal, and annular grout will not be hindered. Centralizers placed in the wrong places can cause 
bridging during material placement. Monitoring wells less than 50 feet deep generally do not need 
centralizers. If centralizers are used they should be placed below the well screen and above the 
bentonite pellet seal. The specific placement intervals shall be decided based on site conditions. 
When installing the well screen and casings through hollow-stem augers, the augers shall be slowly 
extracted as the sand pack, bentonite seal, and grout are tremied and/or poured into place. The 
extraction of the augers will allow the materials, being placed through the augers, to flow into the 
borehole instead of flowing up into the bottom of the augers causing potential bridging problems. 
After the string of well screen and casing is plumb, the filter material shall then be placed around 
the well screen (preferably by the tremie method) up to the designated depth. After the filter pack 
has been installed, the bentonite pellet seal shall be placed (preferably by the tremie method) directly 
on top of the filter pack up to the designated depth or a minimum of 2 feet above the filter pack. The 
bentonite pellet seal shall be allowed to hydrate a minimum of eight hours or the manufacturer’s 
recommended hydration time, whichever is longer. After the pellet seal has hydrated for the 
specified time, the grout shall then be pumped by the tremie method into the annular space around 
the casings up to within 2 feet of the ground surface or below the frostline, whichever is greater. The 
grout shall be allowed to set for a minimum of 24 hours before the surface pad and protective casing 
are installed. After the surface pad and protective casing are installed, bumper guards shall be 
installed (if needed). The bumper guards (a minimum of 3 bumper guards per well) shall be placed 
around or incorporated into the concrete surface pad in a configuration that provides maximum 

9-7 



protection to the well. Each piece of steel pipe or approved material shall be installed into an S- to 
IO-inch diameter hole, to a minimum depth of 2 feet below ground surface, and filled with concrete. 
As previously stated, the bumper guard shall extend above the ground surface a minimum of 3 feet. 
The total length of each bumper guard shall be a minimum of 5 feet. 

After the wells have been installed, the outer protective casing shall be painted with a highly visible 
enamel paint. Care must be taken not to introduce any paint into the well. The wells shall be 
permanently marked with the well number, date installed, site name, elevation, etc., either on the 
cover or an appropriate place that will not be easily damaged and/or vandalized. 

If the monitoring wells are installed in a high traffic area such as a parking lot, in a residential yard, 
or along the side of a road it might be desirable to complete the wells flush with the ground surface 
and install water-tight traffic covers. Traffic covers are designed to extend from the ground surface 
down into the concrete plug around the we11 casing. The covers shall have seals that make the unit 
water-tight when closed and secured. The traffic covers shall be installed as far above grade as 
practical to minimize standing water and promote runoff. 

9.4.2 Double Cased Wells 

Double cased wells shall be constructed when there is reason to believe that interconnection of two 
aquifers by well construction may cause cross contamination, and/or when flowing sands make it 
impossible to install a monitoring well using conventional methods. A pilot borehole shall be bored 
through the overburden and/or the contaminated zone into the clay confining layer or bedrock. An 
outer casing ( sometimes called surface or pilot casings) shall then be placed into the borehole and 
sealed with grout. The borehole and outer casing shall extend into tight clay a minimum of five feet 
and into comnetent bedrock a minimum of two. feet. The total,,depths into the clay or bedrock will 
vary, depending on the plasticity of the clay and the extent of weathering and/or fracturing of the 
bedrock. The size of the outer casing shall be of sufficient inside diameter. (ID) to contain the inner 
casing, and the 2-inch minimum annular space. In addition, the borehole shall be of sufficient size 
to contain the outer casing and the 2-inch minimum outer annular space, if applicable. The outer 
casing shall be grouted by either the tremie method or by pressure grouting to within 2 feet of the 
ground surface. The grout shall be pumped into the annular space between the outer casing and the 
borehole wall. This can be accomplished by either placing the tremie tube in the annular space and 
pumping the grout from the bottom ofthe borehole to the surface, or placing a grout shoe or plug 
inside the casing at the bottom of the borehole and pumping the grout through the bottom grout plug 
and up the annular space on the outside of the casing. If the outer casing is set into very tight clay, 
both of the above methods might have to be used, because the clay usually forms a tight seal in the 
bottom and around the outside of the casing preventing grout from flowing freely during grout 
injection. On the other hand, outer casing set into bedrock normally will have space enough to allow 
grout to flow freely during injection. A minimum of 24 hours shall be allowed for the grout plug 
(seal) to “set” or cure before attempting to drill through it. The grout mixture used to seal the outer 
annular space can be either a neat cement, cementibentonite, cement/sand, or a pure bentonite grout. 
However, the seal or plug at the bottom of the borehole and outer casing shall consist of a Type I 
portland cement/bentonite or cement/sand mixture. The use of a pure bentonite grout for a bottom 
plug or seal is not acceptable, because the bentonite grout sets or cures to a gel and is not rigid 
enough to withstand the stresses of drilling. When drilling through the seal, care shall be taken to 
avoid cracking, shattering, and/or washing out of the seal, which will be discussed in the next 
section. If caving conditions exist so that the outer-casing cannot be sufficiently sealed by grouting, 
the outer casing shall be driven into place with a grout seal placed in the bottom of the casing. 



Removal of outer casings, which are sometimes called temporary surface casings, after well screens 
and casings have been installed and grouted is not acceptable. Trying to remove outer surface 
casings after the inner casings have been grouted could only jeopardize the structural integrity of the 
well. 
9.4.3 Bedrock Wells 

The installation of monitoring wells into bedrock can be accomplished in two ways: 

1. The first method is to drill or bore a pilot borehole through the soil 
overburden into the bedrock. An outer casing is then installed into the 
borehole by setting it into the bedrock, and grouting it into place as 
described in the previous section. After the grout has set, the borehole can 
then be advanced through the grout seal into the bedrock. The preferred 
method of advancing the borehole into the bedrock is rock coring. Rock 
coring makes a smooth, round hole through the seal and into the bedrock 
without cracking and/or shattering the seal. Roller cone bits are used in soft 
bedrock, but extreme caution shall be taken when using a roller cone bit to 
advance through the grout seal in the bottom of the borehole because 
excessive water and “down” pressure can cause cracking, 
eroding(washing), and/or shattering of the seal. Low volume air hammers 
have been used to advance the borehole, but they have a tendency to shatter 
the seal because of the hammering action. Any proposed method will be 
evaluated on its own merits, and will have to be approved by a senior staff 
geologist before drilling activities begin. When the drilling is complete, the 
finished well consists of an open borehole from the ground surface to the 
bottom of the well. There is no inner casing, and the outer surface casing, 
installed down into bedrock, extends above the ground surface, and also 
serves as the outer protective casing. If the protective casing becomes 
cracked or is sheared off at the ground surface, the well is open to direct 
contamination from the ground surface and will have to be repaired 
immediately or abandoned. In some instances, the outer surface casing is 
cut off at the surface or below the surface, depending on the design, and a 
separate outer protective casing is installed. Another limitation to the open 

. rock well is that the eniire bedrock interval serves as the monitoring zone. 
In this situation, it is very difficult or even impossible to monitor a specific 
zone, because the contaminants being monitored could be diluted to the 
extent of being nondetectable. The use of open bedrock wells are generally 
not acceptable in the Superfund and RCRA programs because of the 
uncontrolled monitoring intervals. However, some site conditions might 
exist, especially in cavernous limestone areas (Karst topography) or in 
areas of highly fractured bedrock, where the installation of the filter pack 
and its structural integrity are questionable. Under these conditions the 
design of an open bedrock well may be warranted. 

2. The second method of installing a monitoring well into bedrock is to install 
the outer surface casing and drill the borehole (by the approved method) 
into bedrock, and then install an inner casing and well screen with the filter 
pack, bentonite seal, and annular grout. The well is completed with a 
surface protective casing and concrete pad. This well installation method 
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gives the flexibility of isolating the monitoring zone(s) and minimizing 
inter-aquifer flow. In addition, it gives structural integrity to the well, 
especially in unstable areas (steeply dipping shales, etc.) where the bedrock 
has a tendency to shift or move when disturbed. Omitting the filter pack 
around the well screen is a general practice in some open rock borehole 
installations, especially in drinking water and irrigation wells. However, 
without the filter pack to protect the screened interval, sediment particles 
from the well installation and/or from the monitoring zone could clog the 
well screen and.@ fill the screened portion of the well rendering it 
inoperable. Also, the filter pack serves as a barrier between the bentonite 
seal and the screened interval. Rubber inflatable packers have been used to 
place the bentonite seal when the filter pack is omitted. This method is not 
acceptable because the packers have to remain in the well permanently and, 
over a period of time, will decompose and possibly contribute contaminants 
to the monitoring zone. 

/--a 

9.5 Well Construction Materials 

Well construction materials are chosen based on the goals and objectives of the proposed monitoring 
program and the geologic conditions at the site(s). In this section, the different types of available 
materials will be discussed. 

9.5.1 Well Screen And Casing Materials 

When selecting the materials for well construction, the prime concern shall be to select materials that L-x 
will not contribute foreign constituents, either by leaching or sorption, into the monitoring zone and 
compromising the integrity of the well and future analytical data. If the monitoring program is 
designed to analyze for organic compounds, stainless steel materials shall be used (where 

i 

applicable). If the monitoring program calls for the analyses of inorganic compounds only, then PVC 
materials may be acceptable. Generally, PVC materials are not acceptable for monitoring organic 
compounds because of their sorption and leaching properties. Another concern is to sefect materials 
that will be rugged enough to endure the entire monitoring period. Site conditions will generally 
dictate the kind of materials that can be used. A preliminary field investigation shall be conducted 
to determine the geologic conditions, so that the most suitable materials can be selected. The best 
grade or highest quality material for that particular application should be selected. Each 
manufacturer can supply the qualitative data for each grade of material that is being considered. All 
materials selected for monitoring well installation shall be evaluated and approved by a senior staff 
geologist prior to field activities. 

Well screen and casing materials generally used in monitoring well construction on RCRA and 
Superfund sites are listed in order of preference: 

(1) Stainless Steel (304 or 3 16) 
(2) Rigid PVC meeting NSF Standard 14 (NSF WC) 
(3) Other (where applicable) 

There are other materials used for well screens and casings such as black iron, carbon steel, 
galvanized steel, and fiberglass, but these materials are not recommended for use in long term 
monitoring programs on hazardous waste sites because of their low resistance to chemical attack and 
constituent distribution to the ground water. 
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In addition to material selection, the minimum diameter for well screens and casings used for 
permanent monitoring wells shall be 2 inches (inside diameter) (ID). The wall thickness has to be 
considered when selecting the 2-inch well screen and casing, because a 2-inch ID screen or casing 
having a total wall thickness greater than l/8 inch will make the outside diameter (OD) 2 114 inches 
which will reduce the required 2-inch annular space. This is especially true for PVC and Teflon@. 
Schedule 5 stainless steel, which is commonly used for permanent monitoring wells has a ‘very thin 
wall thickness (approximately l/16 inch thick) which reduces the 2-inch annular space by only 
l/8 inch. However, all minimum requirements for well design and installation shall be adhered to 
when selecting the appropriate materials. For example, if the ID of the screen or casing is 2 inches 
and the OD is 2 l/2 inches, then the borehole will have to be at least 6 l/2 inches in diameter to 
satisfy the minimum requirements. 

The length of well screens in permanent monitoring wells should be long enough to effectively 
monitor the interval or zone of interest. However, well screens designed for long-term monitoring 
purposes shall normally not be less than 5 feet in length. Well screens less that 5 feet long are 
routinely acceptable in temporary monitoring wells where ground water samples are collected for 
screening purposes only. 

9.5.2 Filter Pack Materials 

The filter pack materials shall consist of clean, well-rounded-to-rounded, hard, insoluble particles 
of siliceous composition. The required grain-size distribution or particle sizes of the filter pack 
materials shall be selected based upon a sieve analysis conducted on the soil samples collected from 
the aquifer materials and/or the formation(s) to be monitored. Filter pack materials shall not be 
acceptable unless proper documentation can be furnished as to the composition, grain-size 
distribution, cleaning procedure, and chemical analysis. If a data search reveals that there is enough 
existing data to adequately design the well screen and filter pack, then it may not be necessary to 
conduct a sieve analysis on the formation materials to be monitored. However, all data and design 
proposals will be evaluated and approved by senior staff geologist before field activities begin. 

9.5.3 Filter Pack And Well Screen Design 

The majority of monitoring wells are installed in shallow ground water aquifers that consist of silts, 
clays, and sands in various combinations. These shallow aquifers are not generally characteristic of 
sand aquifers used for drinking water. Therefore, a more technical approach rather than an estimative 
approach shall be taken in the design of filter packs and well screens for monitoring wells. The filter 
pack and well screen design shall be based (as stated above) on the results of a sieve analysis 
conducted on soil samples collected from the aquifer or the formation(s) that will be monitored. The 
data from the sieve analysis are plotted on a grain-size distribution graph, and a .grain-size 
distribution curve is generated. From this grain-size distribution curve, the uniformity coefficient 
(Cu) of the aquifer material is determined. The Cu is the ratio of the 60 percent finer material (D60) 
to the 10 percent finer material (D 10) 

D60 
cu = ----------- 

DlO 

The Cu ratio is a way of grading or rating the uniformity of grain size. For example, a Cu of unity 
means that the individual grain sizes of the material are nearly all the same, while a Cu with a large 
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number means a large range of sizes. As a general rule, a Cu of 2.5 or less shall be used in designing 
the filter pack and well screen. Before designing the filter pack and well screen, the following factors 
shall be considered: 

f---y 

0 Select the well screen slot openings that will retain 90 percent of the filter pack 
material. 

0 The filter pack material shall be of the size that minimizes head losses through the 
pack and also prevents excessive sediment (sand, silt, clay) movement into the well. 

0 A filter material of varying grain sizes is not acceptable because the smaller 
particles fill the spaces between the larger particles thereby reducing the void 
spaces and increasing resistance to flow. Therefore, filter material of the same grain 
size and well rounded is preferred. 

0 The filter pack design is based on the gradation of the finest aquifer materials being 
analyzed. 

General Steps To Consider In Designing A Filter Pack: 

1. 

2. 

3. 

4. 

5. 

Construct a grain-size distribution curve on a grain-size distribution graph from the 
sieve analysis of the aquifer materials. The filter pack design (as stated above) is 
based on the gradation of the finest aquifer materials. 

Multiply the D30 size (from the grain-size distribution graph) by a factor of four to 
nine (Pack-Aquifer ratio). A factor of four is used if the formation is fine-grained 
and uniform (Cu is less than 3), six if it is coarse-grained and non-uniform; and up 
to nine if it is highly non-uniform and contains silt. Head losses through filter packs 
increase as the Pack-Aquifer(P-A) ratios decrease. In order to design a fairly stable 
filter pack with a minimum head loss, the D30 size shall be multiplied by a factor 
of four. 

Plot the point from step 2 on the 30 per cent abscissa of a grain-size distribution 
graph and draw i smooth curve with a uniformity coefficient of approximately 2.5. 

A curve for the permissible limits of the filter pack is drawn plus or minus 8 per 
cent of the desired curve with the Cu of 2.5. 

Select the slot openings for the well screen that will retain 90 per cent or more of 
the filter pack material. 

.m 

The specific steps and procedures for sieve analysis and filter pack design can be found in soil 
mechanics, ground water, and water well design books. The staff geologists and/or engineers shall 
be responsible for the correct design of the monitoring wells and shall be able to perform the design 
procedures. 
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9.6 Safetv Procedures for Drilliw Activities 

A site health and safety plan shall be developed and approved by the Health and Safety Officer or 
designee prior to any drilling activities, and shall be followed during all drilling activities. The 
driller or designated safety person shall be responsible for the safety of the drilling team pe:rforming 
the drilling activities. All personnel conducting drilling activities shall be qualified in proper drilling 
and safety procedures. Before any drilling activity is initiated, the area shall be surveyed with the 
necessary detection equipment to locate, flag or mark, all under ground utilities such as electrical 
lines, natural gas lines, fuel tanks and lines, water lines, etc. Before operating the drill rig, a pilot 
hole shall be dug (with hand equipment) to a depth of two to three feet to check for undetected 
utilities or buried objects. Proceed with caution until a safe depth is reached where utilities normally 
would not be buried. The following safety requirements shall be adhered to while performing 
drilling activities: 

0 

0 

0 

0 

0 

0 

‘0 

0 

0 

0 

l 

0 

All drilling personnel shall wear safety hats, glasses, and steel toed boots. Ear plugs 
are required and shall be provided by the safety officer or driller. 

Work gloves (cotton, leather, etc.) shall be worn when working around or while 
handling drilling equipment. 

All personnel directly involved with the drilling rig shall know where the kill 
switches are located in case of emergencies. 

All personnel shall stay clear of the drill rods or augers while in motion, ;and shall 
not grab or attempt to attach a tool to the drill rods or augers until they have 
completely stopped rotating. 

Do not hold drill rods or any part of the safety hammer assembly while taking 
standard penetration tests or while the hammer is being operated. 

Do not lean against the drill rig or place hands on or near moving parts at the rear 
of the rig while it is operating. 

Keep the drilling area clear of any excess debris, tools, or drilling equipment. 

Do not climb on the drilling rig while it is being operated or attempt to repair the 
rig while it is being operated. The driller shall direct the work on the rig. 

Do not move or pickup any drilling equipment unless directed by the driller and/or 
the project leader. 

Each drill rig shall have a first-aid kit, and fire extinguisher located on the rig 
quickly accessible for emergencies. 

Work clothes shall be firm fitting, but comfortable and free of straps, loose ends, 
strings etc., that might catch on some moving part of the drill rig. 

Rings or other jewelry shall not be worn while working around the drill rig. 
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l The drill rig shall not be operated within a minimum distance of 20 feet of overhead 
electrical power lines and/or buried utilities that might cause a safety hazard. In ./“I 
addition, the drill rig shall not be operated while there is lightning in the area of the 
drilling site. If an electrical storm moves in during drilling activities, vacate the area 
until it is safe to return. 

9.7 Well Development 

A newly completed monitoring well should not be developed for at least 24 hours after the surface 
pad and outer protective casing are installed. This will allow sufficient time for the well materials 
to “set” and cure before development procedures are initiated. The main purpose of developing new 
monitoring wells is to remove the residual materials remaining in the wells after installation has 
been completed, and to try to re-establish the natural hydraulic flow conditions of the formation, 
disturbed by well construction, around the immediate vicinity of the well. The new monitoring well 
shall be developed until the column of water in the well is free of visible sediment, and the pH, 
temperature, and specific conductivity have stabilized. In most cases the above requirements can be 
satisfied; however, in some cases the pH, temperature, and specific conductivity stabilizes but the 
water remains turbid. In this case the well may still contain well construction materials, such as 
drilling mud in the form of a mud cake and/or formation soils, that have not been washed out of the 
borehole. Excessive or thick drilling muds can not be flushed out of a borehole with one or two well 
volumes of purge water. Continuous flushing for several days may be necessary to complete the well 
development. If the well is pumped to near dryness or dryness, the water table shall be allowed to 
sufficiently recover before the next development period is initiated. Caution should be taken when 
using high rate pumps and/or large volume air compressors during well development because 
excessive high rate pumping and high air pressures can damage or destroy the well screen and filter 
pack. The onsite geologist shall make the decision as to the development completion of each well. 
All field decisions shall be documented in the field log book. 

f--Y 

The following development procedures are generally used to develop monitoring wells: 

0 Pumping 

0 Compressed air (with the appropriate organic filter system) 

l Bailing 

0 Surging 

0 Backwashing (“rawhiding”) 

0 Jetting 

The previous methods can be used, both individually and in combination, in order to achieve the 
most effective well development. The selected development method(s) shall be approved by a 
senior staff geologist before any well installation activities are initiated. 
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9.8 Well Abandonment 

When a decision is made to abandon a monitoring well, the borehole shall be sealed in such a 
manner that the well can not act as a conduit for migration of contaminants from the ground surface 
to the water table or between aquifers. To properly abandon a well, the preferred method is to 
completely remove the well casing and screen from the borehole, clean out the borehole, and backfill 
with a cement or bentonite grout, neat cement, or concrete. In order to comply with state well 
abandonment requirements, the appropriate state agency shall be notified (if applicable) of 
monitoring well abandonment. However, some state requirements are not explicit and are very 
interpretive, so a technically sound well abandonment method shall be designed based on the site 
geology, well casing materials, and general condition of the well(s). 

.’ 9.8.1 Abandonment Procedures 

The preferred method shall be to completely remove the well casing and screen from the borehole. 
This may be accomplished by augering with a hollow stem auger over the well casing down to the 
bottom of the borehole, thereby removing the grout and filter pack materials from the hole..The well 
casing shall then be removed from the hole with the drill rig. The clean borehole can then be 
backfilled with the appropriate grout material. The backfill material shall be placed into the borehole 
from the bottom to the top by pressure grouting with the positive displacement method (tremie 
method). The top two feet of the borehole shall be poured with concrete to insure a secure surface 
seal (plug). If the area has heavy traffic use, and/or the well locations need to be permanently 
marked, then a protective surface pad(s) and/or steel bumper guards shall be installed. The concrete 
surface plug can also be recessed below ground surface if the potential for construction activities 
exists. This abandonment method can be accomplished on small diameter (one-inch to four-inch) 
wells without too much difficulty. With wells having six-inch or larger diameters, the use of hollow 
stem augers for casing removal is very difficult or almost impossible. Instead of trying to ream the 
borehole with a hollow stem auger, it is more practical to force a drill stem with a tapered wedge 
assembly or a solid stem auger into the well casing and extract it out of the borehole. Wells with 
little or no grouted annular space and/or sound well casings can be removed in this manner. 
However, old wells with badly corroded casings and/or thickly grouted annular space have a 
tendency to twist and/or break-off in the borehole. When this occurs, the well will have to be grouted 
with the remaining casing left in the borehole. The preferred method in this case shall be to pressure 
grout the borehole by placing the tremie tube to the bottom of the well casing, which will be the well 
screen or the bottom sump area below the well screen. The pressurized grout will be forced out 
through the well screen into the filter material and up the inside of the well casing sealing holes and 
breaks that are present. The tremie tube shall be retracted slowly as the grout fills the casing. The 
well casing shall be cut off even with the ground surface and filled with concrete to a depth of two 
feet below the surface. If the casing has been broken off below the surface, the grout shall be tremied 
to within two feet of the surface and then finished to the ground surface with concrete. The surface 
pad or specified surface protection shall then be installed. 

Well casings consisting of PVC material may be more difficult to remove from the borehole than 
metal casings, because of its brittleness. If the PVC well casing breaks during removal, the borehole 
shall be cleaned out by using a drag bit or roller cone bit with the wet rotary method to grind the 
casing into small cuttings that will be flushed out of the borehole by the selected drilli.ng fluid. 
Another method is to use a solid-stem auger with a carbide auger head to grind the PVC casing into 
small cuttings that will be brought to the surface on the rotating flights. After the casing Imaterials 
have been removed from the borehole, the borehole shall be cleaned out and pressure grouted with 
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the approved grouting materials. As previously stated, the borehole shall be finished with a concrete 
surface plug and adequate surface protection, unless directed otherwise. /---Y. 

9.9 Cleaning and Decontamination 

All drilling rigs, drilling and sampling equipment, backhoes, and all other associated equipment 
involved in the drilling and sampling activities shall be cleaned and decontaminated before entering 
the designated drill site. All equipment should be inspected before entering the site to ensure that 
there are no fluids leaking and that all gaskets and seals are intact. All drilling and associated 
equipment entering a site shall be clean of any contaminants that may have been transported from 
another hazardous waste site, thereby minimizing the potential for cross-contamination. Before site 
drilling activities are initiated, all drilling equipment shall be thoroughly cleaned and 
decontaminated at the designated cleaning/decontamination area. The following requirements and 
procedures are to be strictly adhered to on all drilling activities. 

Any portion of the drill rig, backhoe, etc., that is over the borehole (kelly bar or mast, backhoe 
buckets, drilling platform, hoist or chain pulldowns, spindles, cathead, etc.) shall be steam cleaned 
and wire brushed before being brought on the site to remove all rust, soil and other material which 
may have come from other hazardous waste sites. The drill rig and/or other equipment associated 
with the drilling and sampling activities shall be inspected to insure that all oil, grease, hydraulic 
fluid, etc., have been removed, and all seals and gaskets are intact and there are no fluid leaks. No 
oils or grease shall be used to lubricate drill stem threads or any other drilling equipment being used 
over the borehole or in the borehole without EPA approval. If drill stems have a tendency to tighten 
during drilling, Teflon@ string can be used on the drill stem threads. The drill rig(s) shall be steam 
cleaned prior to drilling each borehole. In addition, all downhole drilling, sampling, and associated 
equipment that will come into contact with the downhole equipment and sample medium shall be 
cleaned and decontaminated by the following procedures. 

1. Clean with tap water and laboratory grade, phosphate-free detergent, using a brush, 
if necessary, to remove particulate matter and surface films. Steam cleaning and/or 
high pressure hot water washing may be necessary to remove matter that is difficult 
to remove with the brush. Hollow-stem augers, drill rods, Shelby tubes, etc., that are 
hollow or have holes that transmit water or drilling fluids, shall be cleaned on the 
inside and outside. The steam cleaner and/or high pressure hot water washer shall 
be bapable of generating a pressure of at least 2500 PSI and producing hot water 
and/or steam (200°F plus). 

2. Rinse thoroughly with tap water(potable) 

NOTE: Tap water (potable) may be applied with a pump sprayer. All other 
decontamination liquids (D.I. water, organic-free water, and solvents), however, 
must be applied with non-interfering containers. These containers shall be made of 
glass, Teflon@, or stainless steel. This aspect of the decontamination procedures 
used by the driller will be inspected by the site geologist and/or other responsible 
person prior to beginning of operations. 

3. Rinse thoroughly with deionized water. 

4. Rinse twice with solvent (pesticide grade isopropanol). .f--x 
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5. Rinse thoroughly with organic-free water and allow to air dry. Do not rinse 
with deionized or distilled water. 

NOTE: Organic-free water can be processed on-site by purchasing or leasing a mobile 
deionization-organic filtration system. 

NOTE: In some cases when no organic-free water is available, it is permissible (with 
approval) to leave off the organic-free water rinse and allow the equipment air dry 
before use. 

6. Wrap with aluminum foil, if appropriate, to prevent contamination if 
equipment is going to be stored or transported. Clean plastic can be used 
to wrap augers, drill stems, casings, etc., if they have been air dried. 

7. All downhole augering, drilling and sampling equipment shall be 
sandblasted before Step #l if painted, and/or if there is a buildup of rust, 
hard or caked matter, etc., that can not be removed by steam and/or high 
pressure cleaning. All sandblasting shall be performed prior to arrival on 
site. 

8. All well casing, tremie tubing, etc., that arrive on-site with printing and/or 
writing on them shall be removed before Step #l. Emery cloth or sand 
paper can be used to remove the printing and/or writing. Most well material 
suppliers can supply materials without the printing and/or writing if 
specified when materials are ordered. 

9. Well casing, tremie tubing, etc., that are made of plastic (PVC) shall not be 
solvent rinsed during the cleaning and decontamination process. Used 
plastic materials that cannot be cleaned are not acceptable and shall be 
discarded. 

Cleaning and decontamination of all equipment shall occur at a designated area on the site, 
downgradient, and downwind from the clean equipment drying and storage area. The cleaning and 
decontamination area shall contain a wash water and/or waste pit excavated either with a backhoe 
or other heavy equipment. The pit and surrounding area shall be lined .with heavy duty plastic 
sheeting and designed to promote runoff of the wash/rinse water into the pit. If a pit cannot be 
excavated, a catch basin can be constructed out of wood and lined with plastic to contain the 
waste/rinse water until it can be containerized. All cleaning of drill rods, auger fights, well screen 
and casing, etc., will be conducted above the plastic sheeting using saw horses or other appropriate 
means. At the completion of the drilling activities, the pit shall be backfilled with the appropriate 
material designated by the site project leader, but only after the pit has been sampled., and the 
waste/rinse water has been pumped into 55-gallon drums for disposal. No solvent rinsates will be 
placed in the pit unless prior approval is granted. All solvent rinsates shall be collected in separate 
containers for proper disposal. 

Tap water (potable) brought on the site for drilling and cleaning purposes shall be contained in a pre- 
cleaned tank of sufficient size so that drilling activities can proceed without having to stop and haul 
water. A stainless steel water tank with a minimum capacity of 1,000 gallons is preferredl. 
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All materials used in the drilling activities shall be sampled for QA/QC purposes. These materials 
include drilling mud (dry and wet), filter pack materials, bentonite pellets, grout (wet and dry), and 
the tap water from the storage tank. Other QA/QC samples shall be collected such as equipment 
rinse blanks, field blanks, etc., in accordance with procedures described before. 

9.10 Drillinp Log 

A system of logging all pertinent data collected during drilling operations shall be maintained. The 
test hole locations should be recorded and referenced to the site map and/or datum base so that each 
location can be permanently established. It is imperative that drilling logs be concise, complete, and , 
described in a manner that is easily understood to all who read them. The following items shall be 
included in the logging data: 

hole number and location; 

description of soils and subsurface conditions (if applicable); 

type of drilling equipment, driller, and drilling company (if applicable); 

method of drilling; 

type and size of casing; 

type and size of well screen; 

depth to well screen; 

type of pump and pumping rate; 

drilling and sampling times; 

depth to water table, and date and time measured; 

type of samples taken and depths from which taken; 

volume of water purged; 

type of well (permanent or temporary); 

type of sampling equipment and/or cleaning procedure; and 

depth of sampling and description (if applicable). 
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SECTION 10 
AIR MONITORING SAFETY EQUIPMENT 

CALIBRATION PROCEDURES 

10.1 General 

10.1.1 Introduction 

This appendix gives specific procedures to be followed when calibrating air monitoring 
instrumentation. The calibrations defined in these procedures will result in instrument response 
accuracy within the capabilities of the instruments. While it is not imperative that the instruments 
be capable of operating at a high degree of analytical precision and accuracy, it is necessary that 
calibrations demonstrate proper operation of the monitor and insure that results give an acceptably 
accurate indication of conditions upon which to base safety decisions and actions. 

10.1.2 Calibration Gases 

All calibration gasses will be certified by their supplier to be of a specified and known concentration. 
The concentrations of calibration gases will be within a relevant range of response for the air 
monitors, but will not exceed any flammability or toxic exposure limits. Calibration mixtures and 
approximate concentrations for specific air monitors will be as follows: 

Monitor Gas Mixture Concentration 

Combustible Gas 

Flame Ionization 
Detector 

Pentane in Air 

Methane in Air 

0.75% 

75 mm 

Photo-Ionization 
Detector Toluene in Air 100 ppm 

Gas cylinders will not be sent to the field if they contain less than one-fifth of their full capacity. 
Cylinders below the required volume will be utilized in the warehouse for equipment checkout and 
maintenance. 

10.1.3 Calibration Equipment 

All calibrations will consist of introducing a gas of known concentration to the monitor at 
atmospheric pressure. Under no circumstances will it be acceptable to attempt calibration when the 
monitor is measuring gas concentrations below or above atmospheric pressure. 

To insure stable pressure of the calibration gas, a calibration manifold system will be used. The 
manifold will consist of a “T” fitting, a Teflon@ bag, Teflon@ tubing, and fittings. The Teflon@ bag 
is omitted for calibration of the OVA. The calibration gas cylinder will be connected to the “T” 
fitting with Teflon@ tubing so that gas will flow straight through the top of the “T” to a Teflon@ bag. 
The “T” fitting and tubing will be purged with calibration gas prior to connection of the Teflon@ 
bag. The bottom or side port of the “T” will be connected via Teflon@ tubing to a stainless steel 
quick disconnect. Once the Teflon@ bag has been filled with gas, the gas cylinder flow will be 
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turned off. The monitor’s probe will be connected to the manifold via the quick disconnect and 
allowed to sample the contents of the teflon bag. 

10.1.4 Calibration Frequency 

It is required that monitors be calibrated each time they are turned on. More frequent calibrations 
are encouraged if samplers feel that field conditions and hazards warrant. Frequent checking of 
monitor response or proper setting and operation of alai-n-s is encouraged. Prior to turning off the 
monitor, a post calibration check will be performed. This check will follow the same procedures 
as the initial calibration except that no adjustments will be made to the monitor. Instead, the 
response will simple be logged in the field book. 

10.1.5 Documentation 

Calibrations will be documented in the field log book. The entry needs to include the following 
information: 

Date 
Time 
Monitor’s ID # 
Battery Check Response 
Alarm Response 
Fuel Level (FID) 
Calibration Gas Concentration 
Instrument Response 
Operator’s Initials 

10.2 Centurv Model Ova-128 Owanic Vkuor Analvzer 

10.2.1 Introduction 

The Century Model OVA- 128 Organic Vapor Analyzer is designed to detect organic materials in 
air. It uses a hydrogen flame ionization detector (FID) as its detection principle. This detector allows 
the monitor to respond to a wide variety of organic compounds, but limits its sensitivity to around 
10 ppm under ideal circumstances. 

THE LACK OF A RESPONSE ON THIS METER DOES NOT GUARANTEE THAT THE 
ENVIRONMENT IS SAFE. 

10.2.2 Operational Checks 

1. Connect the hand readout unit’s electrical and pneumatic fittings to the side pack 
assembly. 

2. 

3. 

Connect probe to the hand readout unit. 

Place the “PUMP” switch in the ON position. Check the battery’s condition by 
placing the “INSTR” switch to the BATT position and observe the response on the 
hand readout unit. 
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4. Place the “INSTR” switch in the dN position. 

5. Set the “Calibration Switch” the the “Xl 0” position. 

6. Use the “CALIBRATE” knob to set the readout to a reading of 6. Using the Alarm 
Level Adjustment Knob on the back of the readout, obtain an audible response to 
the reading of 6. 

7. Set the “Calibration Switch” to the “Xl ” position. 

8. Use the “CALIBRATE” knob to set the readout to a reading of 0, and check that the 
flame-out alarm is audible. 

9. Place the “PUMP” switch in the ON position and observe that the “SAMPLE 
FLOW RATE” indicator shows flow. 

10. Open the “H2 TANK VALVE” and the “II2 SUPPLY VALVE” one turn each. 
Allow fuel to flow for about 1 minute. 

11. Press ignitor button and hold until readout unit indicates ignition. 

12. Use “CALIBRATE” knob to set readout to a reading of 0. (Note: a small positive 
offset above 0 may be necessary to prevent activation of the flame-out alarm.) 

10.2.3 Calibration 

1. Assemble a calibration manifold as described in 10.1.3. using methane as the 
calibration gas. (Remember to omit the use of a Teflon@ bag.) 

2. Set the “CALIBRATION SWITCH” to the appropriate position for the 
concentration of the calibration gas. (Usually X10) 

‘3. Connect the instrument’s probe to the calibration manifold and allow it to sample 
the calibration gas. 

4. The readout should indicate close to the concentration of the calibration gas plus 
any offset which may have been added. 

5. Place the “CALIBRATION SWITCH” in the “Xl” position before entering the site. 

10.3 Photovac Tk Ii Photoionization Detector 

10.3.1 Introduction 

The Photovac TIP II is designed to detect primarily organic materials in air. It uses a photoionization 
detector (PID) as its method of operation. The instrument is capable of measuring concentrations 
down to about 1 ppm sensitivity for certain compounds. It is important to realize that this sensitivity 
is not achievable for all compounds. Some materials will result in a very low response on the PID 
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in relation to their actual concentrations, while others well not respond at all to the detector’s 
ionization energy. As a general rule, the PID should not be used to _monitor for compounds whose 
structures contain only single bonds. 

THE LACK OF A RESPONSE ON THIS, METER DOES NOT GUARANTEE THAT THE . 
ENVIRONMENT IS SAFE. 

10.3.2 Operational Checks 

1. Press the “POWER” switch to turn the instrument on. After a few seconds, the 
pump motor should start running. 

2. Observe that the “LOBAT” (Low Battery) indication is not displayed on the LCD. 

10.3.3 Calibration 

1. Unlock the “ZERO” control by turning the locking ring clockwise. 

2. In a “Background” type of atmosphere, adjust the “ZERO” potentiometer until the 
LCD reads approximately zero. Return the locking ring to the locked position. 

3. Assemble a calibration manifold as described in 10.1.3 using toluene as the 
calibration gas. 

4. Connect the instrument’s probe to the calibration manifold and allow it to sample 
the calibration gas. 

5. The LCD should indicate close to the concentration of the calibration gas. If not, 
unlock the “SPAN” control by turning the locking ring clockwise. Adjust the 
“SPAN” control until the LCD reads approximately the concentration of the 
calibration gas. Return the locking ring to the locked position. 

10.4 Hnn Model Pi 101 Photoionization Detector 

10.4.1 Introduction 

The HNU model PI 101 is designed to detect primarily organic materials in air. It uses a 
photoionization detector (PID) as its method of operation. The instrument is capable of measuring 
concentrations down to about, 1 ppm sensitivity for certain compounds. It is important to realize that 
this sensitivity is not achievable for all compounds. Some materials will result in a very low 
response on the PID in relation to their actual concentrations, while others will not respond at all to 
the detector’s ionization energy. As a general rule, the PID should not be used to monitor for 
compounds whose structures contain only single bonds. 

THE LACK OF A RESPONSE ON THIS METER DOES NOT GUARANTEE THAT THE ,, / 
ENVIRONMENT IS SAFE. 
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10.4.2 Operational Checks 

1. Connect the probe to the meter case of the instrument. 

2. Place the function/range switch in the “BATT” position and note the meter’s 
response. 

3. Place the function/range switch in any of the three range positions. Listen closely 
to the probe for a humming sound which indicates that the sample fan is operating. 

10.4.3 Calibration 

1. Place the function/range switch in the “STANDBY” position. Use the: “ZERO” 
potentiometer to adjust the meter reading to zero. 

2. Assemble a calibration train as described in 3.1.3 using toluene as the calibration 
gas. 

3. Place the instrument’s function/range switch in the appropriate range for the 
calibration gas (usually o-200). 

4. Connect the instrument’s probe to the calibration manifold and allow it to sample 
the calibration gas. 

5. The readout should indicate close to the concentration of the calibration gas. If not, 
use the “SPAN” potentiometer to adjust the meter to the appropriate response. 

6. Place the function/range switch in the “O-20 ppm” position before entering the site. 
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The cotltalrlitl;ltiorl of groundwatcr by strippable substances is a significant 
prohlcrn in aI1 industrial countries. For rcmcdiating aquifers in situ technologies are 
favored to reduce the investment and operating costs. The paper presents an in situ 
melhod that can remove strippable substances, e.g. volatile chlorinated hydrocarbons, and 
Irl’EX, from the subsurface (groundwatcr zone, capillary fringe, and unsaturated zone); 
it is currently being used at numerous locations in Germany. This technology is an 
allernative to conventional hydraulic rcmcdiation measures (pumping, off-site cleaning, 
cind reinfiltration of groundwater). The contaminated groundwater is stripped in situ by 
air in a below atmospheric pressure field within a so-called “vacuum vaporizer well” 
(.Gcrman: Qnterdruck-ycrdampfer-Qrunncn, UVB). The used air, charged with volatile 
contaminants, is cleaned using activated carbon. 

The UVB technique products a vertical circulation flow in the area surrounding 
the well, which catches the total aquifer. The vertical velocity component yields ;a desired 
flow through the horizontal structure of a native aquifer. Numerical results demonstrate 
the size of the sphere of influence and the capture zone of a well or well field; extended 
field. measurements have been an4 continue to be taken (Her&g et aI. 1991a). 

The advantages of the UVB technique concerning the vertical circulatiabn system 
around the wells instigated thought about other applications, even without stripping the 
groundwater. The realization of in situ biodegradation is such an example and seems to 
be an appropriate,alternative to other existing hydraulic systems. The different nutrients 
and/or electron acceptors needed for biological activity can be added when the 
groundwater passes the well casing (Hcrrling et al. 1991b). 

This paper prdsenls the UVB technique for in situ removal of strippable 
contaminants. The circulation system, sphere of influence, and capture zone of a UVB 
or IJVB field as essential components OF the hydraulic flow system are discussed in detail. 
Further diagrams for dimensioning a UVB or UVB field are presented. 

Two extended exampies demonstrate the groundwater and soil remediation at 
different sites located in the Rhine-Ruhr area and in Berlin using different installations 
of the UVB system. The short remcdiation period and the low cost niveau for the UVB 
investment and the well operation are only two among other advantages of the UVB 
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technology which will be listed. 

IN SITU REMEDlATION OF VOLATILE CONTAMINANTS IIY TIIE UVB METHOD 

The UVB hei& to remove volatile substances from the groundwater, the 
unsaturated zone, and the capillary fringe. When using the UVB method, a special well 
with two screen sections is employed, one at the aquifer bottom and one al the 
groundwaler surface .(Fig. 1) or below an aquitard in a confined aquifer. The borehole 
reach between the two screen sections should be made impermeable. One well sfmuld 

I be used to remediate only one aquifer (phreatic or confined) and should not connect 
diffcrenl aquifers. 

fresh air activated carbon 

cleaned air cleaned air 

‘restmg water level ‘restmg water level 

additional pump to additional pump to 
support the aw bubble support the aw bubble 

‘i:.. 
.e 

T ) 

.a- extensive groundwater 

.f :, 
~circJlation 

-- . 

‘aquifer bottom 

Figure 1: Vacuum vaporizer well (UVB) with additional pump and separating plate. 

The upper, closed part of the well is maintained at below atmospheric pressure 
by a ventilator. This lifts the water level within the well casing. The fresh air for the 
upper part of the well casing is introduced through a fresh air pipe: the upper end is 
open to the atmosphere, and the lower end terminates in a pinhole plate. The height of 
the pinhole plate is adjusted such that the water pressure is lower there than the 
atmospheric pressure..Therefore, the fresh air is drawn into the system. The reach 
between the pinhole plate and the water surface in the well casing is the stripping zone, 
in which an air bubble flow develops. The rising air bubbles produce a pump effect, 
which moves the water up and causes a suction effect at the well bottotn. In recent wells, 
a separating plate and an additional pump (Fig. 1) are used to reinforce the pumping 
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contaminated unsaturated zone at many sites. Stripped air and possibly soil air are 
transported through the ventilator and aci& activated carbon, onto which the 
contamination is adsorbed. Thus, only clean air escapes into the atmosphere. 

The cleaning effect of the well is based on reduced pressure, which reinforces the 
escape of volatile contamination out of the water, and as a result of the air intermixing, 
onto the considerable surface area of the air bubbles and onto the concentration 
gradient. In this sense,.the permanent vibration caused by the air bubbles is beneficial 
to the escape process of the contamination. This vibration is transmitted as compression 
and shear waves into sediment and fluid, and presumably influences the mobility of the 
contaminants, even outside the welf. 

. _ 

The upward-streaming, stripped groundwater leaves the well casing through the 
upper screen section in the reach of the groundwater surface, which is lifted in a phreatic 
aquifer by the previously explained pump processes and the below-atmospheric pressure. 
It then returns in an extensive circulation to the well bottom. In this way, the 
groundwater surrounding the well is also remediated. The expansion of groundwater 
circulation is positively influenced by the anisotropy existing in each natural aquifer 
possessing greater horizontal than vertical hydraulic conductivities. The artificial 
groundwater circulation determines the sphere of influence of a well and is overlapped 
with the natural groundwater flow (as described below). 

The pinhole plate and all the installations within the well casing are designed as 
a float so they can adjust automaticly to changing groundwater levels. 

For special contaminants of lower density than water, a special installation within 
the well is available: the contaminated water enters the well through the upper screen, 
is stripped there, and with help of the additional pump, leaves the well through the lower 
screen., Both installations can be used within the same well casing. 

At many remediation sites, the UVB is used without an additional pump 
and separating plate (see Fig. 2). In this case, a circulation flow occurs within the well 
casing, which is produced by the strong pumping effect of the rising air bubbles,, For the 
most part, the stripped water follows the path of least resistance and flows down to the 
end of the suction pipe. Thus, a water of uniform temperature and oxygen content 
appears in the entire well casing. The water temperature is influenced by the withdrawn 
evaporation heat in the stripping zone and by the temperature of the fresh air. 
Depending on the groundwater temperature around the well, the water leaves the well 
casing through the upper screen section and contaminated water enters the UVB at the 
lower screen section. This occurs when the groundwater is colder than the circulation 
water in the well casing. On the other hand, when the water in the well is colder than the 
surrounding groundwater, an outer circulation occurs which is opposite to that shown in 
Figure 2. The water leaves the well at the lower screen section and enters it at the upper. 
Both cases, influenced by density differences of the involved water bodies, have been 
observed at different sites. 

SPIIERE OF INFLUENCE AND CAPTURE ZONE OF A UVB OR UVB FIELD 

The extended circulation field outside the well is of special interest. In this paper 
numerical results of only UVB installations .with additional pump and separation plate 
will be discussed (Fig. 1). The effect of the above-mentioned permanent vibrations, 
caused by the air bubbles, will not be considered. In principle, two different cases have 
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Figure 2 UVB 
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been considered: 
l When there is no (or negligible) natural groundwater flow, the sphere of influence 

(or the range, R) of a UVB is of interest. 
l When natural groundwater flow is significant, the extent of the capture zone has to 

be determined for locating.the well installations at a remediation site. 
The resulting flow field of one or several UVB installations differs from the 

natural groundwater flow field only in a limited area around the UVB. This is because 
sinks and sources are located at the bottom and top of the same aquifer, each at places 
with the same horizontal coordinates. The effected area can, therefore, be limited to the 
sum of the areas of influence of all the UVBs. When only confined aquifer conditions are 
considered to reduce the computational effort, the flow field of each UVB can be 
superimposed onto those of other UVBs and of the natural groundwater flow field. 

To estimate the sphere of influence and the capture zone of a UVB, numerical 
investigations have been performed. To calculate the complex three-dimensional flow 
field of a single UVB or a UVB field with minimal effort, the following simplifications 
and assumptions have been used: 

l The aquifer thickness is constant. 
. Only confined aquifer conditions arc considered in the calculation, even if the 

natural aquifer is phreatic. ic”t 

l The aquifer structure is assumed radially homogeneous to hydraulic conductivities. 
Horizontal layers, each with diffcrcrrt conductivities, can be used. The hydraulic 
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conductivities may be anisotropic, but each horizontal layer may have only one 
vertical and one horizontal conductivity. 

+ The local below-atmospheric pressure field near the wells is neglected, 
l Density effects are neglected. 
l The computations assume steady-state conditions. 
. For estimating the capture zone, only convective transport is considered. 

The three-dimensional flow field in the above-defined, limited aquifer region is 
obtained by superimposition of a horizontal uniform flow field, computed in a vertical 
cross section and representing the natural groundwater flow, and of radially symmetric, 
vertical flow fields for each UVB. The superimposition of the different flow fields with 
their own discretization is achieved by interpolating and adding the different flow vectors 
at the various nodes of a simple rectangular grid with variable grid distances that are 
independently chosen for each Cartesian coordinate. The rectangular grid can be quickly 
and simply set up and allows for some refinements near the wells and their screen 
s.ections. More details of the numerical computations are given in Herrling and 
Buermann (1990). 

Resulting Flow System 

Before going into more detail, the complex flow field near an individual UVB is 
clarified for a vertical longitudinal section in the direction of the natural groundwater 
flow (symmetry plane of the flow problem). In Figure 3, the streamlines of thrlee case 
studies are illustrated with Darcy velocities (v) of natural groundwater flow of 0,O m/day, 
0.3 m/day, and 1.0 m/day. All other parameters remain constant: the discharge (0) 
through the well casing is 20.16 m3/hr, the thickness (H) of the aquifer is 10 m, the 
anisotropic hydraulic conductivities are K,, = 0.001 m/see (horizontal) and Kv = O.ooOl 
m/set (vertical), and the lengths of the screen sections are aB = 1.2 m at the bottom and 
aT = 2.1 m at the top. 

Figures 3b and 3c show that the groundwater, flowing from the left, dives 
downward to the lower screen section and is transported upward within the well casing, 
and that the cleaned water flows out to all sides at the upper screen section. The flow 
situation can only be calculated and plotted in such. a simple way in this Jongitudinal 
section, otherwise the complex three-dimensional flow field has to be considered. 

For’a deep aquifer contaminated only in the upper groundwater zpne, a UVB 
installation tin be used at a hydraulically imperfect well. The resulting flow system is 
demonstrated in Figure 4, clarified for a vertical longitudinal section in the symmetry 
plane (Fig. 4b). The used parameters are the same as for Figure 3b. The only difference 
is that the aquifer thickness (H) is 30 m (well Iength = 10 m, as before). 

At most of the UVB installation sites, a natural, nonnegligible groundwater flow 
will exist. For a normal withdiawal well, a separating streamline can be determined: all 
the water within this line is captured by the well, and all water outside of it passes the 
well. In principle, the situation is the same when using a UVB. In contrast to a normal 
withdrawal well, where the flow can be considered horizontal, the flow around a VW 
must be regarded as three-dimensional. Thus, the water body, flowing toward the UVB 
from upstream and being captured by the lower screen section, cannot be delimited by 
a simple separating streamline, but by a curved separating stream surface. This can he 
calculated as described in Herrling and Buermann (1990): on the basis of the three- 
dimensional flow field, a three-dimensional, particle-tracking method is used. The 
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(b) 

Figure 3. Streamlines clarified for a vertica! lcpgitudinal section with natural velocities: 
(a) O.O-m/day; (b) 0.3 m/day; (c) 1.0 m/day. 
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Figure 4. Streamlines at a hydraulically imperfect well clarified for a vertical longitudinal 
section with natural velocities: (a) O.Om/day; (b) 0.3 m/day. 



w;ltcr hdy within the separating stream surface is cap(ured by the UVB, and that outside 
of il, which flows from upstream, passes the well. 

In Figure 5 the outer surface of the capture zone, calculated numerically, and the. 
surrounding horizontal aquifer bottom and aquifer ioc are plotted for two situatio:ns (the 
natural groundwater flows from the background at the right side to the UVB, as shown 
by the vectors). Figures 5a and 5b were calculated for the situation described,for Figure 
31); the only difference is that for Figure Sa the vertical hydraulic conductivity is Kv = 
0.001 m/set, which means the calculation is performed for isotropic conditions. The 
figures have a visible basis area of 50 m l 50 m (Fig. 5a) and 100 m l 50 m (Fig. 5b). 

(a) 

K,= K,,= 0.001 m/s 

(b) 

Figure 5. Separating stream surface of the capture zone for the situation of Figure 3b: 
(9 K,, = 0.001 m/set (isotropic); (b) anisotropic KJKv = 10. 

The captured ‘water is cleaned within the well and leaves it through the upper 
screen section in ail directions (not shown in Fig. 5). Parts of it are again captured by the 
lower screen section, and the rest flows directly downstream. 

If a wide plume of contaminated groundwater is to be cleaned, one UVB might 
not be enough to capture the whole plume. Different UVB installations can be arranged, 
for example, in one line normal to the natural flow. An important question concerns the 
maximum distance that allows no contaminated water to flow between two neighbouring 
wells without being cleaned. Figure 6 demonstrates such an example for the situation of 

f@+? 
7 



Figure Sb where the maximum well distance is.46 m. The visible basis area of Figure 6 
is to 150 m l 150 m. 

,.- 

UVB, 1 

i 
J uyB2 / / 

Figure 6. Separating stream surface of the capture zone for the situation of Figure 5b, 
but for two UVB installations at a maximum distance. 

/-=x, 
Figure 7. Separating stream surface of the different water bodies in the outside flow of 

a UVB: captured, circulating and flowing downstream water in (a) a real 
situation, and (b) water bodies separated for clarification. 



Figure 7 presents a view of the separating stream surfaces of all three water 
bodies in connection with the flow around a UVB. The natural groundwater flow comes 
from the left side. (In Figure 7b the three &tei bodies were artificially separated for 
clarification.) 

At the left side of Figure 7, the separating stream surface of the contaminated 
groundwater captured by the UVB can be seen. In the center a water body is shown 
which consists of cleaned groundwater and shows the circulation flow around the UVB. 
At the right side of &rre 7, the separating stream surface of the cleaned groundwater 
flowing downstream is displayed. The calculation has accounted for the falllowing 
dimensionless parameters: Q/(H%) = 30, a/H = 0.25, and K,,/Kv = 5. The screen lengths 
at the bottom and top are the same: a.,- = aa = a. 

Dingrnms for the Dimensioning of WB Instdlations 

Absence of N~ltural Groundwater Flow. At sites without natural groundwater flow, the 
sphere of influence (R) of a UVB is oE special interest. R is dependent on the anisotropy 
(horizontal over vertical hydraulic conductivity: K&C,,), on the thickness (H) of the 
aquifer, and on the length of the screen sections a, and aa at the top and bottom of the 
aquifer (see Fig. 8) or the ratio a/H (when the same length of the screen section is used 
for both, then only a is referred to). Although R is mathematically infinite, it is, in 
practice, defined as the horizontal distance from the well axis to the farthest point at 
which circulation flow is still significant. In a dimensionless description, R has been made 
dependent on the ratio Q,/Q, where Qa is that water quantity, which circulates within the 
distance R from the well. The ratio 0,/Q, which is prescribed for practical reasons, 
describes the strength of a circulation flow at the distance R from the well. 

In Figure 9a, results are presented for ratios Q,Ja = 0.98 and 0.8 and for a = aT 
* aa in a dimensionless diagram. The sphere of influence (R) is independent of the dis- 
charge through the well, but strongly dependent on the anisotropy K,&,. Withlin usual 
proportions, the length of the screen sections has only a small influence. For a UVB with 
separating plate and additional pump, a totally screened well casing should be avoided 
because of hydraulic shortcircuiting, 

Figure 9b presents a dimensionless dia$ram that describes the differences (Ah) of 
the hydratilic heads between the top and bottom of a double-screened well throqgh which 
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Figure 8. Notation in a vertical cross section. 
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Figure 9. (a) Sphere of influence (R) for a site without natural groundwater flow, (I)) 
differences (Ah) of the hydraulic heads between the top and bottom of a 
weIt. 

a discharge (Q) is pumped. Ah is dependent on the parameter Q/(I-12K,,) and the r;ltios 
K,,/Kv and a/H. Abiding by the above-described assumptions, the rise of the hydraulic 
head at the top of the well amounts to Ah/2, and the decrease is -Ah/2 at the bottom 
(both referring to the position of rest). When using the UVI3 for stripping, the failing, 
stripped water in the reactor causes a dynamic effect that will influcrvx the uppx 
hydraulic head within the well. 

For the dimensioning or examination of a site, Figure 9b is a valuable expcdicrn. 
When K,, is known (e.g., by pump test) - along with H,. Q, and a - Figure 9b. and 11~~ 
measured Ah allow an estimate of the anisotropy at a site. 

Presence of Natural Groundwater Flow. At most remediation sites a natural groundwatcr 
flow exists. Figure 11 shows numerical results represented in dimensionless form for the 
dimensioning of UVB installations under these conditions. Figure 10 introduces the 
notations for an upstream cross section through the capture zone normal to the natural 
groundwater flow direction (comparable with the open influx region to the left of the 
capture zone in Figure 7) for one and two UVB installations. It is often the case when 
remediating a wide contamination plume, that several wells are used in a line normal to 
the direction of the natural groundwater flow. The length (D) denotes the maximum well 

:- n 

distance at which the contaminated groundwater cannot pass between the wells without 
Sting cleaned. The results of Figure 11 have been calculated for an upstream distance 
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ot”51.1 from the well and for a constant ratio of a/f-l = 0.25 (screen length over aquifer 
thickness). The results are discussed for wells which pump upward. 
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Figure 10. Notations in an upstream cross section through the capture zone for one 
and two UVB installations (for wells pumping upward). 

61 

The widths 12, and B, of the upstream capture zone, measured at the aquifer top 
and bottom, are shown in Figure lla. The ratios J&/H and B$H are dependent: on the 
ratios Q/(H%), EC,,/&,, and a/H. v denotes the Darcy velocity of the natural groundwater 
flow; all other variables are explained above. For s,maii values of Q/(H%), the upper part 
of the capture zone does not reach the top of the aquifer. This implies that for 
remediating a plume, a minimum well discharge (Q) is required. Again, the results are 
quite sensitive to the degree of the anisotropy (see Fig. 5, as well). 

Figure 11 b shows the results for the influx area (A) of the upstream capture zone, 
and Figure ilc the maximum well distance (D) of two wells between which contaminated 
groundwater cannot pass without being treated. The ratios A/H* as well as D/H are 
dependent on the same parameters as the widths B.,. and B,. When a plume of width W 
is to be cteaned, the number (n) of UVB installations can be estimated by n = 
(W-&)/D+ I .* 

When a plume is remediated, the contaminated water of quantity Q, flowing into 
the capture zone of a UVB from upstream, is diluted with water that has already flowed 
through the well and circulates around the UVB. Thus, the contaminant concentration 
of the water within the well casing will be lower than in the upstream plume; near a 
contamination source the situation is contrary. Figure 1 Id illustrates the portion Q, of the 
total well discharge Q. The ratio QJQ is again dependent on the same parameters as the 
widths of the upstream capture zone. Figure 1 Id can be used to estimate the expected 
concentration value of the water within the well casing for the dimensioning of :a UVB 
installation. It may help to evaluate the progress of remediation .at a site: when 
concentration data of the upstream plutne and the water within the well are determined. 

in Figure 12 the upstream distance (S) of the stagnation point at the aquifer top 
from the well axis is described (see Fig. 3b and 3c, as well). The ratio S/H is also 
dependent on the parameters Q/&l%), K,&, and a/H. The location of the stagnation 

11 



Figure 111 (a) Widths .B.r and BB of the upstream capture zone at the aquifer top and 
bottom; (b) Infhrx area A of the upstream capture zone; (c) Maximum well 
distance (D) at which the contaminated groundwater cannot pass between the ‘/-, 
wells without being treated; (d) Upstream discharge (QJ in the capture zone, 
which is diluted with the circulating water to the total well discharge (Q). 
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pht is highly scrdive IO the ilnisotropy of the aquifer. The length rA the screen section 
is of small importance within usual proportions (as described above). The knowledge of 
the distance (S) from the stagnation point can be used to determine the positions of 
measuring equipment. The operation of a UVB can also .be supervised using depth- 
dependent measurements between the stagnation point and the well. 

The sphere of influence of the circulation around a UVB at sites with na.tural 
groundwater flow is of special interest. This sphere of circulation is limited in a quite 
different way than at a site with absence of natural flow (Fig. 9a) as can be seen in 
Figures 3b, 3c, 4h, and 7. In the direction of natural groundwater flow, this sphere has 
a milximum expansion of (S) ( see Fig. 12) to the upstream and downstream sides. 
Normal to this direction, the maximum radius of the sphere of circulation is --- 
approximated by (B,,+Br)/4 (Fig. Ila), and, in the case of several wells in one line, by 
D/2 (Fig.1 Ic). 

Figures 9, 11, and 12 can be used for the dimensioning of a UVB or LJVB field 
when the parameters K,,/K,, and Q/(H%) can be estimated, where Q depends on the well 
size md on the additional punip. For an irregular well field, a layered aquifer, or special 
critical cases, numerical calculations can be performed. 

0’ 
0 5 10 1s 20 2s 30 35 Lo Ls so Q 
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Figure 12. Upstream distanc,e (S) of the stagnation point from the well axis. 
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Vertical Circulatiok Flows Around Wells 
with Two Screen Sections for In Situ or 
On-Site Aquifer Remediation 
B. Herding, J. Stamm 
Institute of Hydromechanics, University of 
Karls@he, D- 7500 Karbuhe, Germany 

INTRODUCITION 

Three-dimensionalvertical circulation flows around wells with two screen sections in one 
/ 

aquifer, so called “groundwater circulation wells” (German: Qundwasser-Zirkuiations- 
&unnen, abbreviation: GZB), are an important subject, of numerical investigation. 
Originally this flow system has been used only for in situ remedistion of aquifers from 
strippable contaminants in so called *vacuum vaporizer wells” (German: Unterdruck- 
Verdampfer-Brunnen, abbreviation: UVB), but in the meantime the application of this 
technique has been generalized (Her&g et aL (1,Z)). Often these flow systems are 
situated at several locations beside one another and are located within a natural 
groundwater flow field. The circulation flow around the wells is initiated by vertical 
pumping measureswithin the well casing. Normafly, the two screen sections are placed at 
the bottom and top of an aquifer. 

. 
At numerous locations in Germany and recently in the United States, among 

other countries, this technology is used for physical and/or recently for biological in situ 
groundwater remediation. This includes in situ stripping of volatile organic compounds, 
e.g. chlorinated hydrocarbons, and BTEX, in the vacuum zone of the upper well casing 
of a UVB (see figure la) or in situ biodegradation by controlled addition of nutrients 
and/or electron acceptors as the groundwater passes through the well casing of a GZB 
(figure lb) thus using the aquifer as a bioreactor. The same hydraulic circulation system 
has been utilixed for special in situ cleaning treatments of groundwater between the two 
screen sections while the water passes through the well casing. 

’ When on-site remediation techniques should be used, e.g. for the elimination of 
d&solved heavy metals from the groundwater, the same technique of a GZB as explained 
before can be utilized: The groundwater entering the well is pumped above ground, 
treated, and i&&rated into the same well using the other well screen. 

’ 
Furthermore, following these ideas, the GZB can be advantageously used as a 

pump or infiltration well for standard on-site remediations (figure 2). In this case, a partial 
discharge withdrawal or infiltration is taken from or added to the total discharge through 
the well casing. There exists the possibility to extract or to infiltrate water without any 
change of heads at the well top for a special ratio between the extracted or infirtrated and 

i 
’ 

the circulating quantity of water. Of course, at a certain distance from the well a smooth 
deviation of the groundwater table from the resting position wiil be found. But in the case 

t  

.  .  _ . -  _ . . - - . . . -  . _ . - .  , - . . : . i . lY- . -  .  ._ . -  



(a) 

III trash oir octlMtod carbwl 

‘.-,m”“p “rota led - 
-s--- 

> Fig. 1 (a). Vacuum vaporizer well (UVB) for in situ stripping of volatile substances; (b) 
circulation system for in situ biodegradationusing the groundwater circulation 
well (GZB) 
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Fig. 2 Groundwater circulation wells (GZB) for (a) extraction and (3) infiltration of water 
avoiding head changes at the well top 
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of low well capacity, the pumping operation is continuous for a much higher rate and the 
infiltration can be realized for a much greater quantity even for a low distance between 
surface and groundwater table. For pumping wells, being operated as demonstrated in 
figure 2a, a strongly lowered groundwater table at ,the well can be avoided and thus the 
common problem of iron or manganese precipitation or of clogging by calcium carbonate 

? 
due to the mixing of air and groundwater within the well can be prevented to the greatest 
extent possible. 

All the technologies descrii above are patented, see acknowledgement. 

SCOPE ANTI CONCEPTION OF THE NUMERICAL INVESTIGATIONS 

Around the GZB a vertical circulation flow exists as a result of the vertical pumping in 
the well casing. The sphere of influence and the capture zone in the presence of a natural 
groundwater flow at a site are of great interest for descriiing such flow systems. For the 
latter, the distance between the well axis and stagnation point, the maximum distance 
between wells arranged normal to the natural groundwater flow direction such that no 
groundwater can pass between the wells without having been treated, and the dilution 
ratio of. the upstream discharge in the capture ulIle and the circulating water are 
important. Further, the change of heads at the well should be investigated for the case of 
pumping through the well casing alone or in combination with an additional extraction or 
infiltration of water. For the latter, the knowledge of the greatest deviation of the heads 
from the resting position and its distance from the well axis are of significance. Here, the 
case where the heads at the well top remain unchanged should be investigated. 

The great scope of numerical investigations of partial three-dimensional flow 
systems makes it absolutely essential, as a first step, to use some suitable simplifications 
and assumptions to reduce the numerical effort. The initial objective consisted of 
explaining the general features of such circulation systems and of determining universal 
results using simple dimensionless diagrams. 

The most essential simplification is that only confined aquifer conditions have 
been investigated. In this case, the circulation flow around each weli can be calculated 
radial symmetrically and the total field of different, mutually influenced wells ‘together 

. with the natural horizontal groundwater flow field can be calculated by superposition of 
the simple starting systems. For this each individual flow system must have the same 
aquifer thickness and is limited to a radial symmetric description of the hydraulic 
properties. Anisotropy and horizontal layers can exist. This is not an important restriction 
because the range of the circulation flow is limited and has a maximum extent of about 
five times the aquifer thickness around each welL The calculations are carried out for 
steady state conditions, and only convective transport is considered for estimating the 
capture zone. Furthermore, for the computation of the flow field around a LM3 the 
assumption is used that the local below atmospheric pressure field can be neglected. 

‘I& radial symmetric calculation is based on the equation 

$ ( 2nrk, -$ ) + $ ( 2xrkz z ) = 0 (1) 

formulated in cylindrical coordinates. h defines the piezometric heads, and k, and k, the 
anisotropic hydraulic conductivities (see fig. 3). Boundary conditions are 
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h - h = 0 and v++ + v = 0 (2) . 

The bar denotes prescribed values (see fig. 3). v, the veIocity vector and q the unit vector 
normal to the boundary. For the extraction or infiltration well the boundary condition at 
the right boundary of figure 3 is descn’bed by a flux condition 

v=d(h-h) (3) 

(see equation 2). This artificially enlarges the model area to reduce the influence of the 
boundary on the results.lt defines the quotient of the horizontal-hydraulic &nductivity and 
the distance between the required and the real boundary and h the groundwater head at 
the required boundary (resting water level). 

The numerical computation of the radial symmetric flow has been performed 
using a Gale&in finite element method with linear shape functions and triangular 
elements. The above mentioned superposition of the different flow fields has been realized 
on a simple rectangular three-dimensional discretization with variable grid distances by 
interpolating and adding the respective velocity vectors. Thus complex 3D flow fields, e.g. 
defined on 200,000 grid points, can be computed simply, quickly, and sufficiently exact. 

Fig. 3 Radial symmetric flow domain and boundary c&&ions 

A.simple particle tracking method has been used to calculate the capture zone, 
etc. by a large number of streamlines.The curved separating stream surface of the capture 
zone (see figure.4) is found by an automatic search process starting from the influx 
boundary. For various heights, the extreme streamlines which barely terminate in the well 
screen are searched. Each streamline is integrated with an explicit Euler method using 
small integration steps. A Runge-Kutta method of the fourth order gives the same results 
but needs much more computer time. 

%re maximal distance between wells such that no groundwater can pass between 
them without having been treated is found by an iterative scheme. Corresponding 
iterations have been realized to find the ratio between extracted or infiltrated and 
circulating water where no change of heads appears at the well top. 

NUMERICAL RESULTS 

ResultinP flow svstem of a GZB without extraction or infiltration 
The complex flow field around three GZB units is demonstrated by presenting a 
perspective view on the respective curved separating stream surfaces of all nine water 
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bodies involved (figure 4). The natural groundwater flow comes from the left side. In 
figure 4b the downstream water bodies are artificially separated for clarification. At the 
left side of figure 4, the separating stream surfaces of the contaminated groundwater 
captured by one of the three wells each can be seen. In the center, the surfaces of three 
water bodies are shown which contain cleaned or treated groundwater and demonstrate 
the circulation flow around the wells; the three wells are located in their respectke centers 
(see figure 4b). At the right side of figure 4, the separating stream surfaces of the cleaned 
or treated groundwater flowing downstream are displayed. The upper and lower surfaces 
coincide with the aquifer top.and bottom. The well distances are maximized so that no 
water can pass between the wells without having been treated. The calculation was 
performed using the parameters: Q/(H%) = 16.1, a/H = 025, and Kr& = 10. Q denotes 
the vertical discharge through one well, H the aquifer thickness, v the natural Darcy 
velocity at the site, a the Iengthbf the upper or lower screen section, and K, and Icy the 
horizontal and vertical hydraulic conductivities. 

i 

Fig. 4 Separating stream surfaces of the different water bodies in the outside flow around 
three GZB units: captured, circulating, and fiowing downstreamwater in (a) a real 
situation and @) water bodies separated for clarification 

Absence of natural moundwater flow. At sites without a natural groundwater flow, the 
sphere of influence (R) of a GZB is of special interest. The dimensionless parameter R/H 
is dependent on the anisotropy Krr/Kv and on the dimensionless screen length a/H, see 

P? 
figure Sa. Although R is mathematically infinite, it is, in practice, definedas the horizontal 
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distance from the-well axis to the farthest point at which the circulation flow is still 
significant. In a dimensionless description, R depends on the ratio 0,/Q, where Q, is the 
circulating water quantity within the range R. The ratio Q,/Q, which is only defined for 
practical reasons, describes the strength of a circulation flow at the distance R from the 
well. In figure Sa, results are presented for the ratios C&/Q = 0.98 ‘and 0.8 in a 
dimensionless diagram. The sphere of influence (R) is independent from the discharge f--Y 
through the well, but strongly dependent on the anisotropy K&,. Within usual 
proportions, the length of. the screen sections has only a small influence. A totally 
screened well casing should be avoided because of the possiiility of hydraulic short- 
circuiting. 

Figure Sb presents a dimensionless diagram which descri’bes the differences (Ah) 
of the hydraulic heads between the top and bottom of a GZB throughwhich a discharge 
(Q) is. pumped. Ah or the dimensionless parameter Ah/H is dependent on the parameter 
Q/(H&) and the ratios K&C,, and a/H. For screens arranged symmetrically, the rise of 
the hydraulic head at the top of the well amounts to Ah12, and the decrease is -Ah/Z at the 
bottom (both referring to the position of rest). When using the GZB for stripping (UVB), 
the falling, stripped water in the reactor causes a dynamic effect that will influence the 
upper hydraulic head within the welL For the dimensioning or examination of a specific 
site, figure 5b is a valuable expedient. When rC, is known (e.g. by pump test) - along with 
H, Q, and a - figure 5b, and the measured Ah allow an estimate of the anisotropy at a 
specific site. 
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Fig. 5 (a) YSphere of influence (R) for a site without natural groundwater flow, and (b) 
differences (Ah) of the hydraulic heads between the top and bottom of a GZB 

Presence of natural moundwater flow. At most remediation sites, a natural groundwater 
flow exists. Figure 6 shows numerical results represented in dimensionless form for the 
dimensioning of GZB installations under these conditions. In figure 6a, the horizontal 
distance (S) of the stagnation point from the well axis is described. The ratio S/H is 
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dependent on the parameters Q/Q-l%), l&c Mid & (fdi ‘ihe definitions of these 
variables see above). The location of the stagnation point is highly sensitive to the 
anisotropy of the aquifer. The length of the screen section is of small importance within 
usual proportions (as described above). The knowledge of the distance (S) from the 
stagnation point can t>e used to determine the positioning of the measuring equipment. 
The operation,of a GZB can also be monitored using depth-dependent measurements 
between the stagnation point and the well. 

The results of figure 6b-d have been calculated for an upstream distance of 5H 
from the well and for a constant ratio of a/H = 0.25. The results are dkussed for wells 
that pump upward. The widths B, and I&, of the upstream zone, measured at the aquifer 
top and bottom, are shown in figure 6b. The ratios I3J-i and B&I are again dependent 
on the ratios Q/@-l%), K&C,,, and a/H. For small values of Q/@-I%), the. upper part of the ’ 
capture zone does not reach the top of the aquifer. This implies that for remediating a 
plume, a minimum well discharge ((2) is required. Again, the results are quite sensitive 
to the degree of the anisotropy. 

When remediating a wide contamination plume, several wells are used in a line 
normal to the direction of the natural groundwater flow. The length (D) denotes the 
maximum well distance at which the contaminated groundwater cannot pass between the 
wells without being cleaned or treated. The ratio D/H is dependent on the same 
parameters k before. When a plume of width W is to be cleaned, the number (n) of well 
installations can be estimated by n = (W-B@+ 1. 

When a plume is remediated, the cktaminatedwater of quantity Qo, flowing into 
the capture u)ne of a single well from upstream, is diluted with water that has already 
fIowed through the well and circulates around it. Thus, the mntaminant concentration of 
the water within the welI casing will be lower than in the upstream plume; near a 
contamination source the situation is reversed. Figure 6d illustrates the portion Q, of the 
total well discharge Q. The ratio QJQ is again dependent on the same parameters as the 
widths of the upstream capture zone. Figure 6d can be used to estimate the expected 
mncentration value of the water within the well casing for the dimensioning of a welI 
installation. It may help to evaluate the progress of remediation at a site when 
concentration data of the upstream plume and the water within the well are determined. 

The sphere of influence of the circulation around a GZB at sites with natural 
groundwater flow is of special interest. In ihe direction of natural groundwater flow, this 
sphere has a maximum expansion of S (see figure 6a) to the upstream and downstream 
sides. Normal to this direction, the maximum radius of the sphere of circulation is 
approximated by &, + I&)/4 (figure 6b), and in the case of several wells in one line by 
D/2 (figure 6c). 

Figures 5 and 6 can be used for the dimensioning of one GZB or a GZB field 
when the parameters G/K,, and Q/(H%) can be estimated, where Q depends on the well 
size and!on the additional pump. For an irregular well field, a layered aquifer, or special 
critical cases, additional numerical calculations can be performed. 

Groundwater extraction or infiltration usinp a GZB 
Presently, numerical results are only available for the case of absence of natural 
grounbater flow and for confined aquifer conditions (see above). When a GZB (figure 
2a) is used to split the vertical well discharge (Q), pumped from the lower screen section, 
into a quantity (QE) which is extracted and an amount (Qc) which is infiltrated in the 
upper screen section and which generates the circulation flow around the well, the 
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possibility exists to avoid any change of heads at the well top for’a special ratio of QE/Cr, 
This ratio is only dependent on I&/K,, and a/H. Figure 7a demonstrates for a/H = 02.5, 
Qn can be about two to three times of Qc depending on the aquifer anisotropy. For this 
special ratio of Q,/Q, the decrease of the head at the well bottom (no change of the 
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Fig. 6 (4) Distances (S) of the stagnation point from the well axis, @) widths(&) and (BB) 
* of the upstream capture 2one at the aquifer top and bottom, (c) maximum well 
distance (D) at which the contamintated groundwater cannot pass between the 
wells without being treated, (d) upstream discharge (Qo) in the capture zone, 
which is d&ted with the circulating water to the total well discharge (Q) 

/-, 

- . . . . _ . - ._ _ . ._ - . _ . -+? 



: .  1 

heads at the well top) is -Ah (figure 7b). In a dimensionless $xxription, Ah/H is 
dependent on the parameters Qa/(H%&, K+&, and a/H (figure 7bz a/H = 025). Using 
this diagram, an important check of whether the danger of cavitation will be existing below 
the packer can be carried out. 
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Fig. 7 (a) Ratio Qa/Qc and Q/Q, for no head change at the well top, (b) head changes 
Ah at the well bottom, (c) distance r from the well axis with maximum head 
deviation f, arid (d) maximum head deviation f 



In case of infiltration of a quantity (0 in a GZB (figure 2b), the ratio Q,/Qc can 
be taken from the diagram of figure 7a as well, when no change of heads are demanded 
at the well top. In this case, Q leaves the GZB through the lower screen- and Qc enters 
the well through the upper screen. The increase of head Ah at the well bottom can be 
estimated from figure 7b. 

In some distance (r) from the well axis, a maximum head deviation (f) from the 
resting water level. will result at the aquifer top. The dimensionless parameter r/H is 
dependent on I&/K,, and a/H, and fZI (negative for groundwater extraction and positive 
for infiltration) depends bn Q&-I%&, I&& and a/H. Figures 7c and 7d represent 
results for a/I-I = 0.25. 

When a groundwater extraction Qa (or Qr) is prescrii the resulting changes of 
heads at the bottom and top of a GZB can be calculated for any Q by using the diagrams 
of figure Sb, 7a and 7b as individual results can be superposed Another case is to 
prescrii Q, (or Qr) and a maximum change of head at the bottom or top of a GZB and 
to estimate Q. In both cases the values of H, I(H and K,, must be known. 

CONCLUSION 

The broad applicability of vertical circulation fiow systems around groundwater 
circulation wells (GZB) have been shortIy demonstrated for various in situ and on-site 
remediation techniques. On the basis of confined aquifer conditions the resulting 3D flow 
systems for one and several GZB units have been characterized (sphere of influence, 
capture xone, head changes, etc.) by dimensionless diagrams as a result of extended 
numerical computations. By that, remediation measures can be dimensioned. One of the 
surprising results is that well extraction or infiltration is possiibie without head changes at 
the well top which wilI have considerable significance in practice. The capture xone of a . 
circulating pumping well in a natural groundwater flow field is going to be investigated 
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Modeling the Free Surface of an Unconfined 
Aquifer Near a Recirculation Well 

by Thomas R. MacDonald and Peter K. Kitanidis* ; 

Abstract 
We examine flow in an unconfined aquifer near a recirculation welt, which consists of a source and a sink of eq 

discharge, with emphasis on understanding the behavior of the free surface. The well is vertical with a pump located betwl 
an inlet above and an outlet below to induce recirculation of ground water and thus enhance mixmg. The boundary elem 
method is used to model the flow with the &e-surface boundary condition. Numerical simulations show that for I 
arrangement there is a critical pumping rate beyond which the free surface becomes unstable and is drawn down to the w  
The value of this criticrrl rate as well as the maximum drawdown of the phreatic surface were detennlned for a rang{ 
well-screen &let and outlet) separations. In addition to the numerical model, we developed an anaIytical approximation 1 
yielded an estimlite of the critical pumping rate. The analytical estimate is shown to be in reasonably good agreement whh 
numerical resuits. We also examined the effect of approxhnating the &ee-sur&ce boundary by a horizontal confining la 
The radius of influence of a single welI source-sink pair was only slightly affected by making this approximation, as lon 

. the pumping rate remained below the critical value. 

introduction fined, but it is unckar to what extent their results are a 
In situ ground-water bioremediition is becoming an cable to uncotimed formations. Another important tee 

increasingly popular option for cleanup of various contami- cal consideration is the possibility of downconing of tht 
nants. It has been applied to cases of hydrocarbon contami- sudacc to the intake screen, when the intake is dose t 
nation (Raymond et al., 1976; Thomas and Ward, 1989) and surface, allowing air into the well. This paper provides! 
more recently, to cases of halogenated organi= (Roberts et 
al, 1989; Vogel et al., 1987). In applications of enhanced in 
situ remediation, it is necessary to create a flow system to 
effectively mix nutrient-rich water with the ground water. 
Onesuchmethodinvolvestheuseofarecirculationunitthat 
consists of a well with two screen sections and a pump 
located in between. Water flows into one of the screens, 
nutrients and growth substrates are added, and the enriched 
ground water is pumped into the aquifer through the second 
screen (see Figum 1). 

An important consideration in modeling the flow 
around the rekculation unit is the free-surface boundary. 
In practice, it is convenient to approximate the free surface 
as a fled horizontal impermeable boundary because it is 
simpler to model and faster to compute. Herrling et al. 
(1991) modeled the flow of a reckulation system as con- 
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--- Fig. I. Schematic of a tedrculntion unit. 
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Fig. 2. Source/sink doublet in an unconfined aquifer. 

basic guidelines for when the free surface should be modeled 
as such and when the free surface will be drawn down to the 
well screen. 

Modelng Methdology and Cases 
Flow Domain and Nondimenstonallratlon 

Wecanmodeltheflowafor~f~~~n~ 
and diameters of well screens. However, our experience 
indicates that in practice the two most important parameters 
are the intake screen depth and the pumping rate, whereas 
thcscreendiamtttrsandltngthshavtamuchlesssignificant 
effect on the flow, except near the screens. Given that the 
objective of’ this paper is to evaluate the free-surface 
boundary, we will approximate the recirmlation unit open- 
ings as a point, sink and a point soufct of equal intensity 
(discharge). In this work, we will consider that the sink is 
above the source. 

A homogeneous, horizontally isotropic aquifer is con- 
sidered. We note that any horizontal to vertical anisotropy 
can be handled by the change of variables to an isotropic 
system with the conversion (Strack, 1989): Z = /3Z* where 
lp = dw and.@, Y, Z*) are the actual coordinates, 
and (X, Y, Z) are the coordinates in the isotropic system; the 
equivalent conductivity is K= dm. 

The system is nondimensional&d as follows: 
X x=- 
H (Ia) 

Y =- 
’ H (lb) 

Z z=- 
H (W 

* =- 
’ H W 

Q 9 =s 
where H is the undisturbed saturated thickness of the 

aquifer, K is the conductivity, + is the hydraulic head, and 

Q is the pumping rate. The nondimensional depth to the 
sink is a, and the nondimensional depth to the source is b 
(see Figure 2). The depth to the source was chosen as b = 99 
for several reasons. The greater the separation between the 
source and the sink, the Larger the radius of influence (i.e., 
the radial distance within which most of the flow passes). A 
large radius of influence is desired in treating an aquifer, so 
locatingthesouroenearthebottomoftheaquiferwillhetter 
approximate most actual remediation setups. Maintaining a 
consistent source depth also makes the effects of changing 
the sink depth clearer. 

+- 

Regional flow is neglected for several reasods: (1) the 
local flow created by the mcimulation unit will dominate 
most realistic background flows near the well, (2) we can use 
an axisymmetric model that is less computer intensive than 
afullythmedimensional model, and (3) we can focus on the 
effects of the two most important parameters, q pd a. , 

Test case 
Next, we will describe a test case, for which an analyti- 

calSolutioncanbefound,thatwillbeusefulinvalidatingthe 
results of the numerical model The equation describing the 
potential, 4, within a domain containing point sources and 
point sinks is 

V24 = - 2 qiS(X - Xi, Y - Yi, 2 - zi) (2) 
i=l 

where n is the number of point sources and sinks in the 
domain, (xi, 3, rt) is the location of the i* t&k, and qi is the 
pumping rate (positive for a sour* negative for a sink) 
(Muskat, 1982; Polubarinova-Kochina, 1962). The solution 

,m 
* 

of this equation in an infinite domain is ,“J~’ 

1 

4(X - Xi)’ + 01 - yi)l+ (2 - zi)’ 

+b (3) 

While analytical solutions to the confimed case can he found 
by the method of images, solutions for the unconfined case 
are not available except for cases with very small q. The 
solution for small q, obtained from a firstsrder perturba- 
tion, is for all practical cases the same as the solution for the 
confined case. Consider a point sink located at (xw, yw, ZW) 

in an idealized aquifer that is infinite in horizontal extent 
and in depth. A horizontal confining Layer is located at 
elevation 2 = 0. To compensate for this impermeabIe 
boundary,animagesinkisneededat(~~,y~,-zw) tomeet 
the boundary condition, (d4/dz) = 0 on z= 0. The hydrau- 
lic head is given by superposition as 

+(x,Y,z)= fy 
1 

d(x - xw)2 + (y - ywy + (2 - zw)2 

1 
+ 

d(x - xw)’ + 0, - yw)2 + (2 + zw)2 
1 + 40 (47.. 

.-.* i’ 
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Fig. 3. AnaIytic approximation to free surface created by a point 
sink at 2 = -1, q = -.Ol, in a sea&M&e aquifez. 

t#to is chosen to equal zero, and the point sink is located at 
(0, 0, - 1). Then 

d4x,Yrz)= 2 ( 
1 

d/x2 + y’ + (2 - 1)2 

1 + 
d/x2 + yl + (2 + Q2 

I (5) 

This equation is the fust term in an expansion of the 
free-surface solution with a power series in terms of q. If the 
nondimensional q is much smaller than one (i.e., Q is small, 
H is large, and/or K is large), then higher order terms can be 
neglected, and the unconfined aquifer behaves approxi- 
mately as the confincd aquifer since the free surface will be 
nearly horizontal, 

It is important to understand the validity of, these 
approximations to an aquifer that is unconfined. The largest 
deflection of the horizontal free surface due to the point 
sounxwillocnu~tabavcthispointsourccatx=Oand 
y = 0. For this approximation to be truly valid, q - 0, so 
that~=O&z=Oonthefreesurface.Fornonzeroq,the 
valueof$is 

d, q =- 
2r 

It is evident that for q 4 1, the deIlection is insignificant SO 

that the approximation should have a negligible effect on 
the computed value of 4. 

The free-surface deflection for a point sink can be 
calculated from equation (5) by setting 4 = z on the free 
surface and solving the polynomial for z using a Newton- 
Raphson routine. The analytic approximation to the free 
surface created by the presence of a point-sink is shown in 
Figure 3. This solution will be used later for comparison 
with the numerical model. 

The Axisymmetrk Boundary Element Method 
Because analytic approximations for unconfined aqui- 

fers are limited, the boundary element. method (BEM) is 
used to solve the unconfined cases. The BEM has been used 
successfully to model ground-water flow for many different 
situations,includingcaseswith afreesurface(Iennon, 1980; 
Liggett and Liu, 1983; Lennon and Du, 1986). The BEM 
involves diiretizing only the boundary of the domain and is 
particularly efficient at determining the f$e surface. Bakr 
(1986) provides details for the axisymmetric boundary ele- 
ment method. The results in thii paper are based on a code 
written by the authors. 

The main advantage of thii method is that it effectively 
reduces the domain that needs to be diretized by one 
dimension since it uses a boundary rather than a domain 
approach. This is achieved through the use of Green’s 
second identity: 

/(eW2~--~V2+)dn=/(dz-G$J-)dr 
r 

. . . . (7) 

where 4 is the hydraulic head, G is the Green’s function, Cl is 
the domain, and I’ is the boundary of the domain. Since 
V2& = 0 is the governing equation within the domain, and 
V2G = --6(x - xi, y - yi, z - zi) by definition, the 
domain integral can be simplified. 

For the axisymmetric case, equation (7) reduces to 

-a#+ zir t) + ,zi q&b, ZS) = 

tl<,g-G$-)rdr 
where qr is the strength of a source or sink located at (rS, ZS: 
n is the number of sources and sinksi, and ce is the solid angk 
The solid angle can be defined as 

where AS is the surface area of the portion of a sphere 
radius e ~entcred at (ri, Zi) that is inside the domain Thus f 
(rr, zi) inside the domain, a = ,&r, and for points on 
smooth part of the boundary, a = 2~. 

The axisymmetric Green’s function and its nom 
derivative are 

dG ,=~{[~K(m,f)- 
riro 

r: - ro’ + (zi - 2~2)~ 
rQ &ri - rd2 + (a - nd21 

E[m, 5)] nr - 

C 
qzi - zp) 

(ri - ml2 + (a - zQ)2 
E(m, ‘)I n,] 

2 

( 



where&i, zi) is the point at which (b is to be determined, 
c (rQ, ZQ@ the location on the boundary, and nr and nt are 
,the r and z components of the unit normal vector (Bakr, 
1986). K[nt, (7r/2)] is the complete elliptic integral of the first 
kind, and E[m, (n/2)] is the complete elliptic integral of the 
second kind, with modulus, m: 

26 
m= (12) 

rt + rd2 + (zi y ZQ)? 

The boundary of the axisymmettic domain is one- 
diiensional. It was discretired into a set of linear elements’ 
so that the boundary integral in equation (8) can be evalu- 
ated. If both 4 and (d+/dn) are known on the boundary, 
then 4 can be determined anywhere in the domain by use of 
equation (8). Since 4 and (d$,ldn) ate generally not both 
known everywhere on the boundary, they must first be 
determined. This is done by placiig the point (n, zi) at the 
location of the boundary nodes successively. This produces 
a set of algebraic equations for each node which can then be 
solved simultaneously. 

As already mentioned, an advantage of the BEM 
method is its ability to e&non&ally determine the free 
surface. The free-surface elevation is defined by z = q(r). 
The free+urface boundary conditions are I 

4=tl 034 

3 = - A+ (dn/aQ2 
dt 

z+W (13b) 

where W is the recharge (Lennon, 1980, I&get and Liu, 
1983). The nondimensional time term incorporates the value 
of the effective porosity, so that (&)/dt) represents theveloc- 
ity of a fluid particle on the free surface. By using equation 
(13a) to substitute 4 for 9 in equation (13b), a relation 
between 4 and (a4/dn) on the free surface is obtained. On 
the free surface, 

a4 1 a4 -=--- 
dt co@ an 

UW 

where fl is the angle of the free surface with the horizontal. 
Put in ftitedifference fofin, this equation becomes 

4 k+l = k+l 

. . . . (14b) 

where k is the time index, and B is the weighting factor 
(usually set to .7). This equation allows stepping forward 

from an initial estimate of the free surface to the final free 
surface wheretheno-flux boundarycondition,(d4/dn)=O, 
is met. Thii allows for solution of equation (8) as before. 

Results 
Valldath 

Ligget and Liu (1983) and Lennon (1980) demonstrated 
satisfactory agreement between the results of their BEM 
models and an analytical solution (Dagan, 1967) for the case 

o.ooo 

Z -a001 

I 

Mg. 4. Comparison of free surface for ont sink at h =: - 1, 
9 = -.Ol using tht BEM and the analy& approximation for a 
stmi-inflltt aquifer. 

of small, uniform circular recharge. We provide another 
comparison for the point sink in a semi-infinite aquifer. For 
q=-. 0 1, Figure 4 shows that there is excellent agreement in 
the computed free-surface elevati?n between the boundary 
element results and the analytic results. 

Downwning 
One major consideration in the design of the secircula- 

tion unit is whether the free surface will be drawn down to ;r? 
the upper semen. This could affect the remediation process 
bydrawinginairwhichcouldcausegasfoulinganddamage x 
the pump system. One might have expected that, by increas- 
ing q, the free surface would be drawn down gradually until 
it finally reached the point sink. The results indicate some- 
thing different. The free surface cannot be drawn down to a 
stable position below some critical depth which corresponds 
to a critical pumping rate. When the pumping rate exceeds 
this critical value, the free surface becomes unstable and 
drops down to the point sink. This type of instability has 
been noted (Muskat and Wjckoff, 1935; Wheatley, 1985; 
Motz, 1992) for other nonlinear boundary condition eases 
such as upconing of saline water into wells pumping in the 
fresh water above, or upconing of water into partially pene- 
trating oil wells above. 

First-Order Approximation of Critical Drawdown 
Consider again the case of the recirculation well shown 

in Figure 2. To estimate the values of the critical pumping 
rate and corresponding critical drawdown, WC make the 
following approximations: (1) We neglect the source and the 
lower confiing layer, thus treating the aquifer as semi- 
infinite with a single sink located at a depth, a, and pumping 
at a rate q; (2) We make the same firstsrder approximation 

- as we did above for the free surface (hydraulic head changes 
linearly with pumping rate). With these approximations, the:? 
hydraulic head is: 

777 
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4(w) =- 4”, ( 
1 1 

+ d8 1 + 
(a 

- 
2)’ 

42 + (a + 
2)’ 

. . ..(15) 

. 

Onthefree’surface,~(r,z)=2andthemaximum 
drawdown wilt be at r = 0. Equation (15) then becomes 

9 z=- i 
1 1 

4n (a-z) + (a + z) 1 WI 

which further reduces to a cubic polynomial expression for 
z: 

(a2-z’)z=z 

Mathematically, this equation has three possible solu- 
tions for z, but only one of these solutions is physically 
realistic. That is, for q= 0, this solution gives z ~0, and as q 
becomes more negative, this solution suggests that z 
becomes negative as we)L The solution is real ohly as long as 
q>qaitsothatz>ZQit,where 

-4na2 
quit =- 

3d 
m-2.42a2 and z&t= -as, -0Sa 

4 . . 
. . . . (18) 

These are the critical pumping rate and drawdown 
where unstable downconing occurs..Here is another way to 
arrive at the same conclusion. If the free surface is stable, 
then the slope of the free surface should equal zero at r =O, 
indicating a stagnation point. The derivative of equation 
(15)withrespecttoratr=Ois 

z’ 1-L 1 i 1 
= O 4.37 C (a - z)’ (a + 2)’ II (1% 

ThissolutionwiUbetrueifz’=O,inwhichcasethereis 
astabkstagnationpoint,orifq=q~andz=z,&nwhich 
case z’ can have any due, thus allowing for unstable 
drawdown. 

Numerlcaf Results for the Sow&Sink Pair 
The critical drawdown and the critical pumping rate 

forthesource&hpairwerede@rminednumerkaUyforsix 
Werent sinkdepths. Theundisturbed thickness of the aqui- 
fer is maintained at 1, and the source depth is at bz0.99, as 
shown in Fgure 2. The pumping rate was mueased from 
oneruntothenextifthephreaticsurfacewasstabkandwas 
deemased if the phreatic surface was unstabk. We eontinued 
tomake~untiltheratioofthelargestpumpingrate 
yieldingastablefreesurfacetothesmahestpumpingratefor 
an unstable free surface was equal to or exceeded 399~ 

A plot of the fractional drawdown, ~/a, versus the 
sink depth, a, is shown in Figure 5. The maximum fractional 
drawdowndecmases withsinkdepth.Thisdeereaseisdueto 
l t- ---..--- -C&r WA:-* cn.*-d4rh benmw i-&n&r 

zcrit a 

’ . - . 
at 0.2 05 a4 ? 05 0.6 

a 

Fig. 5. Maximum fractional drawdown for a given sin& depth. 
The dotted line npresentsthe value obtained from tbe first-order 
analytial approxhnation. 

important as the sink is located deeper and thus closer to the 
source. The values obtained numerically ~JE in reasonable 
agreement with the value found with the fust-order approx- 
imation, shown as a dotted line in Figure 5. 

The maximum pumping rate before the free surface is 
drawn down to the point sink is shown in Figure 6. The 
criticaIpumpingratemcmaseswithincreas ing sink depth, as 
expected. This is because the deeper the sink, the greater the 
required pumping rate to draw down the free surface to the 
critical depth. The&s&order analytical approximation for a 
single sink in a semi-iiite aquifer is also shown in figure 
6. For all sink depths, the analytical altproximation under- 
estimates qcrit. In most practical situations, the value of a is 
less than O.Z, for which we have satisfactory agreement 
between the analytical approximation and the numerically 
computed value of the critical pumping rate. For larger 
valuesofa,thediscnpancyincreases,t~~oftheeffectof 

I 0.2 a3 0.4 05 0.6 

a - 
Fig. 6. Maximum pumping rate for diliferent sink depths. The 
numerical results for the sour&iak doublet sre shown with the 
analytic8l approximation for a single sink in a semi-infinite 
SmtlfH. 



Fig. 7. Drawdown it different pumping ratca for sh different 
sink depths. 
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Fig. 8. Percent error versus percent flow for six sink depths. 
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Fig. 9. Percent error versus sink depth for four diierent flow 

per-ts. 

the source near the bottom of the aquifer and, to a lesser 
extent, the’presence of the confining lower boundary. 

The drawdown re+ing from pumping rates smaller 
than qair was calculated numerically and is shown in Figure 
7. The drawdown versus pumping rate curve is linear for 
small values of the pumping rate, but curves upward as the 

pumping rate increases. The slope becomes very large at the 
critical pumping rate. 

Incidentally, note that the results in Figure 7 can be 
used as an aid in estimating the hydraulic conductivity. A 
recirculation unit with a known sink depth is operated at a 
known pumping rate. This creates a drawdown of the free 
surface which can be measured. The drawdown divided by 
the sink depth is the percent drawdown on the vertical axis 
of Figure 7. The value of the nondimensional pumping rate, 
q, can then be read from tie ewe corresponding to the sink 
depth. K can then be found from 

K Q =- 
H2q 

: (21) 

Confining Bol~ndaty Approximation to the, Free 
Surface ! 

In some cases it is convenient to approximate the free- 
surface boundary by a horizontal no-flux boundary, assum- 
ing that the pumping rate is below the critical value. Here, 
we discuss the validity of this approximation. The percent of 
the total flow passing from the source to the sink within a 
given radial distance was calculated along a horizontal plane 
midway between the source and sink. The radial d@ance 
within which a given percent of the flow (such & 9&%) passes 
is defined as the radius of influene. A comparison of the 
unconfined with the confined case was made for several 
different combinations of q and a. The radii at which 10% 
309& SO%, and 90% of the flow occurs for the critical 
unconfined case were compared with the confined case. 

The percent error in the radii at which these percent- 
‘ages of flow pass caused by approximating the free surface 
as a confined boundary is 

f--y 
, 

Figures 8 and 9 show how the percent error varies with 
the flow percent and the sink depth. The confined approxi- 
mation overestimates the radius within which a given 
amount of flow passes, especially for the high percent radii 
of influence. However, this error is small, on the order of one 
percent. The error is likely to be less than the error intro- 
duced in numerical approximations to the flow field and is 
certainly less than the error due to the uncertainty in 
parameter values for any actual aquifer. Also, the above 
percent error is c&ulated for the extreme case of critical 
drawdown and will be less for other cases. Tperefore, it is 
believed that approximating the free surface as an imperme- 
able boundary is reasonable for determining the’ radius of 
influenm for designing remediion schemes. 

Conclusions 
The effect of a free-surface boundary on the operation 

of a recirculation unit was examined. The recirculation unit 
was placed in a horizontally isotropic and homogeneous 
aquifer without sign%cant background flow. The &rcula- J-N 
tion unit’s intake opening and output opening were modeled __/ 
as a point sink and point source, respectively. This simpli& 

ns 



cation allowed for exsmination of the two most important mendations expressed in this publication arc those of the 
parameters affecting the free surface: the sink depth and the authors and do .not necessarily reflect the views of the 
pumping rate. supporting olganizations. 

The free-surface boundary for a source sink doublet 
used in ground-water remediation schemes can be modeled 
efficiently and accurately with the boundary element 
method. The BEM is capable of modeling both confined 
and unconfined aquifers. Analytical approximations of the 
free surface were found using a fust-order perturbation. 
These analytical solutions are useful for gaining an under- 
standing of the expected shape of the free-surface profile. 
They also provide validation cases for the numerical model. 

The f&e-surface profile was calculated for six different 
depths to the sink in the sourc+sink doublet. An instability 
in the free surface was found to occur after a critical pump- 
ing rate is reached. At that point, the free surface is drawn 
down to the sink First-order analytical approximations for 
the critical pumping rate and drawdown were found. 
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Abstract 
A vertical circulation well is a well completed in two intervals with extraction induced in one interval and injection 

induced in.the other, generating a circulating flow field near the well. A vertical circulation well mni be used to remediate 
contaminated ground water by air stripping the extracted water and then reinjectingthe clean water; by introducing oxygen 
and/or nutrients to the extracted water before relnjecting it, thereby stimulating the natural bioremediation of the water; or 
by injecting appropriate chemicals or microbes, effecting remediation of the,circula!ed water. This paper summarizes an 
analytical technique for predicting the steady-state hydraulic head and pow fi@!, causgd by t&bl%aiion of multiple vertical 
circulation wells in a confined aquifer with a regional gradient. The me!fit$Pegins with the hydraulic head solution for a 
point sink in an infmiteaquifcr. The point sink is then,integra!ed to derive the solution for a line,sink. Linear superposition is 
applied to obtain the hydraulic head resulting from multiple line sinks and sources in a homogeneous confined aquifer. This 
solution is then differentiated to obtain the hydraulic head gradient and three-dimen&onal velocity field. The velocity field is 
numerically integrated by an adaptive Runge-Ku!!a scheme to obtain !he pathlines of three-dimensional flow. 

Introduction 
The concept of inducing a circulating flqw field from a 

single well was first introduced by petroleum engineers 
(Burns, 1969) as a technique lot measuring vertical perme- 
ability in petroleum reservoirs. More recently, hydrologists 
have applied vertically circulating flow fields as a means of 
remediating contaminated ground water. The technique is 
basically one of completing a well in two intervals and 
inducing extraction from one interval and injection from the 
other interval, thereby inducing a circulating fIow field near 
the well (Figure 1). The extracted water may then be treated 
by air stripping within the well (Herrling et al., 1991), or, by 
introducing oxygen, nutrients, or chemicals to the extracted 
water before reinjecting it, bioremediation or chemical reac- 
tion may be used to treat the extracted water. An important 
consideration in designing a remediation system bas’ed on 
vertical circulation wells is the extent of the zone of circula- 
tion. In the presence of natural ground-water flow or multi- 
ple wells, !he zone of circtilation may be quite complex. In 

these cases, the circulation pattern is inherently three- 
dimensional and lacks radial symmetry about the wells. 
Herrling and Buermann (1990) employed a Galerkin finite- 
element method to solve for the flow field induced by a 
single vertical circulation well in a layered confined aquifer 
with a regional flow gradient and demonstrated its complex 
threeditiensional nature. In this paper we present an ana- 
lytical method for simulating the flow field induced by an 
arbitrary number of vertical circulation wells in a home- 
geneous anisotropic confined aquifer with a regional gra- 
dient. The advantage of the analytical approach presented 
here is that it may be quickly and easily adaptikd to solve 
problems of significant complexity without the tedious pro- 
cesses oigeneratingcomputational meshes, assigning source 
and sink rates to specific nodes, etc. associated with a 
numerical model. Furthermore, the analytical method can 
predict near-well behavior more efficiently than a numerical 
model, which would require a very fine mesh spacing in the 
vicinity of Ihe wells to accurately represent flow near Ihe 
well. In the following sections, we will describe the theoreti- 
cal basis for the analytical approach, its actual implementa- 
tion, and some exampIes of its use. 

Theory 
The volumetric flow to a continuous point sink in an 

infinite homogeneous porous medium may be expressed as 
(Strack, 1989): 
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4 40 Meters 
Fig. I. Pathlines for vertical circulation well in stngnant aquifer. 

Q = -4dqr (1) 
where Q is the volumetric sink rate [L3/t]; r is the radial 
distance from point sink [ L]; and qr is the specific discharge 
in inward normal radial direction [L/t]. 

Substituting for qr using Darcy’s Law, 

dh 
qr= --K- 

dr (2) 

where K is the hydraulic conductivity [L/t]; and h is the 
hydraulic head [L]. Integrating with respect to r, the solu- 
tion for the hydraulic head change caused by a point sink in 
an infmite porous medium of homogeneous conductivity K 
with boundary condition [h = 0 at r = infinity] is (in 
spherically symmetric coordinates): 

h =L%.’ 
4rrK r (3) 

Note that this is the change in head in the porous medium 
caused by the point sink, so, for Q positive, h will be 
negative, indicating drawdown in the vicinity of the well. 
Transforming to cylindrical coordinates, the solution is: 

h =-Q.' ’ 
4rK J 

(4) 
f2 + (z - zo)2 

where the point sink is centered at r = 0, z = a. 
If we assume confined conditions or that the head drop 

at the wells is small compared with the saturated thickness of 
the aquifer, the principle of linear superposition may be 
applied: the solutions for a line of point sinks are integrated 
to yield the head change caused by a line sink of length 2L 
cenlered at r = 0, z = zo: 

h= 5= L (-Q’2L) 
1 

z’= -L 4rK l J r2 + (z - z0 - z’)’ 

h 6, z) =-IL. 
87rKL 

. 

Ln[ 
z~20+L+~~+(Z-zo+L)2 1 
Z- zo-L+&+(z-zo-L)’ 
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dz’ 

(5) 

Transforming to Cartesian coordinates, the solution is: 

h(x,y,z)= -Q -. 
8rKL 

Ld z-zo+L+~(x-xo)2+(y-y0)2+(z-~+L)2 

z-zo-L+J(x- xo)2+(y-y0)2+(:z-z0-L)2 
1 

. . . . (6) 

where the line sink is centered at x = x0, y = yo, z = ~0. 
This equation describes the head change at any location in 
an infinite porous medium caused by a line sink. 

To find the velocities at any point in the flow domain, 
we differentiate the hydraulic head field. Note that, as for 
the head field, the velocity lield may be determined by 
summing the individual velocity contributions from each 
well to obtain the net velocities. The velocity of flow induced 
by a single line sink in an inlinite aquifer is given by: 

-K dh -K dh -K dh 
v,=-- v, v,=- - 

n ax ' =-dy' n n dZ 

. . . . (7) 

ah - -Q(x-~0) . [‘_ I,] 
ax 8rKL Wl w2 

(84 

dh 1 1 
ay 

_ -QOr-~0) +[ ’ ---. 
8WKL WI w2 

(8.W 

dh -Q 1 -= -. 
az 87rKL d(x - xo)2 + (y - yo)2 + (2 - zo + L)2 

I 
(84 

~(x-xo)2+(y-yf$+(z-z0++)2 

WI = d(i&- xl$2+(y-yo)2+(z-zo+ L)2 l 

(z -  
zlJ+ L+d(x- xo)2+(y-yo)2+(z-z0+L)2) 

w2 = (x d -x0)‘+(y-y0)‘+(z-zo-1~ l 

(z-w- L+~(x-xo)2+(y-yo)~+(z-W-L)‘) 



where V, = x.component of velocity; V, = y component of 
velocity; V, = z component of velocity, and n = effective 
porosity. The x, y, and z velocities at any point in the flow 
domain arc described by the equations above. These equa- 
tions, a system of coupled ordinary diffefential equations, 
can be integrated to obtain: the fluid pathlines. Solution of 
the coupled equations will yield the (x, y, z) position of a 
&id particle advected by the velocity field as a function of 
time. We performed this integration numerically, using an 
adaptive fourth-order Runge-Kutta integration scheme 
(Watts, Shampine, and Davenport, 1975) that takes small 
time steps in areas of high velocity gradients and large time 
steps in areas of low velocity gradients. 

By employing the principle of linear superposition, a 
line sink centered at one location may be mated with a line 
source centered above or below it to simulate the effect of a 
vertical circulation well. Similarly, the effect of other wells 
and a regional gradient may be included by simply summing 
the solutions of the individual components. 

The presence of upper and lower confining beds may be 
.accounted for by adding image sources and sinks for each 
realline source or sink. Bear (1979) and Strack (1989) both 
provide excellent discussions of the use of image theory to 
account for boundaries to the flow domain. Because two 
boundaries are involved, an infinite number of image wells 
are required, as the images also require their own images to 
satisfy’ the boundary conditions (see Figure 2). In practice, 
however, only a finite number of images is required, since 
the influence of image wells far distant from the area of 
interest is small. In our implementation, successive pairs bf 
image wells are added until the percent change in the calcu- 
lated head or velocity fie!d falls below some small tolerance: 

w)lere h’ = head calculated after k image well pairs have 
been employed; h’ ” = head calculated after k f 1 image 
well pairs have been *employed; and t = user specified 
tolerance, 

We found that setting e equal to l.e-6 worked well for 
most cases. A tighter tolerance may be required for cases 
with very low regional gradients or when calculating flow 
path lines at large distances from the we&. If one is unsure 
whether the tolerance is small enough, one may reduce the 
tolerance and check for any differences in the predictions. 
This process is repeated until the predicted values (resulting 
from the successively more restricted tolerances) no longer 
change. 

The effects of anisotropic hydraulic conductivity are 
easily incorporated by scaling of coordinates. Essentially, 
one solves the problem in an isotropic domain and then 
scales the answer to obtain the solution for the anisotropic 
domain. Bear (1979) presents a thorough discussion of the 
relationship between isotropic and anisotropic aquifers; we 
will only briefly describe the scaling technique here. 

The first step is to determine the equivalent isotropic 
hydraulic conductivity: 

it = (K, l K, - K,)“j (10) 

Rc.t(: ldiiy 

No Flow Boundmy. -L 

I 

~~ 

A 

No Flow Bounhy. \ 
A 

f--x 

I 

B 

WC. to InBnity 
Fig. 2. Image well layout for simulation of upper and lower 
confining beds. 

where E = hydraulic conductivity in equivalent isotropic 
domain; K, = hydraulic conductivity in x direction; 
KY = hydraulic conductivity in y direction; and n 
K, = hydraulic conductivity in z direction. 

Next, determine the scaling factors for the x, y, and z 
coordinates: 
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Numerical vs. Analytical Pathlines for Fully Penetrating Well in Confmed Aquifer. 

; -6,000 

# -8,000 

Dashed Line f Computed Semianalytical Solution 

-30,ooo -25,ooo -20,ooo -15,000 -10,000 0 
Disknce Downstream From Well (cm) 

-5,OGQ 5,ooO 

Fig. 3. Comparison of actual vs. computed streamlines for fully penetrating well. 

( 
(K, l K,) 

1 

‘I6 

F, = 
tropic) solution is obtained by dividing the calculated iso- 

(R)’ . 
(La) tropic solution by the F,, F,, and F. scaling factors. 

FI = ( 
(K, l Kz) *is 

WY)’ 1 

( 
(K, l KY) 

> 
‘ia 

Fz = 
W2 

(Cc) 

All the dimensional parameters for the problem (length 
and locations of line sinks, locations of boundaries, regional 
flow velocities) are scaled into the equivalent isotropic 

1 domain by multiplying by the F., F,, and FI scaling factors. 
The problem is then solved in the equivalent isotropic 
domain using the sca!ed parameters and the equivalent 
isotropic hydraulic conductivity. Finally, the real (aniso- 

Implementation 
The theoretical approach described in the previous 

section was implemented in a FORTRAN’ 77 computer 
code. The program allows the placement of an arbitrary 
number of normal (single injection or extraction) and verti- 
cal circulation (simultaneous injection and withdrawal from 
different intervals of the same bore) wells anywhere in three- 
dimensional space. An arbitrary uniform regional flow field 
may be added and the upper and lower confining bound- 
aries can be placed at any desired z locations. Fluid pathlines 
are generated by forward or reverse tracking the movement 
of fluid particles from either user-specified locations or from 

(- RegionalFlow 4 

4 40 Meters 
Fig. 4. Patlrlines for vertical circulation well in regional flow field. 
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Figs. 5h. Isometric view of pathlines for vertical circulation well in rcgiotil flow field. 
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Fig. 10. Vari+ion of capture zone with anisotropic hydraulic conductivity. 

default locations generated by the program to most closely 
represcnl equal discharge streamtubes. 

Figure 3 illustrates a comparison between the fluid 
pathlines calculated by the computer program and the 
actual streamlines(obtained from a fully analytical solution) 
for the case of a fully penetrating well in a confmed aquifer 
with a linear regional flow gradient. The fully analytical 
solution is given by Strack (1989): 

x = y .cotangcnt 2 rr [  l ( G  +(K-y*~B)Y)] (12) 

where x = x coordinate location of streamline; y = y coor- 
dinate location of streamline; # = value of stream function; 
Q = pumping rate at well (200 cm3/sec); K = hydraulic 
conductivity (1~3 cm/set); Vh = slope of linear regional 
hydraulic head field (0.01); and B = thickness of confined 
aquifer (1000 cm). 

The semianalytical solution was obtained by specifying 
a 1000 cm line sink, bounded above and below by imperme- 
able boundaries, The fluid particles were forward tracked 
from an upstream distance of 300 meters at a depth of 5 cm 
below the upper impermeable boundary. The solution 
obtained by our computer program matches the fully ana- 
lytical solution quite well, except in the vicinity of the slag- 
nation point at the leading edge of the capture zone. This 
behavior, however, is to be expected since the stream func- 
tion is discontinuous along the x axis and the particle track- 
ing method is not designed to integrate the system of ordi- 
nary differential equations at discontinuities. 
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Examples 
Figure 1 shows across-sectional view of a single vertical 

circulation well in the absence of a regional flow field. The 
well is composed of two 1 meter screened intervals with 25 
gpm extracted from the lower screened interval and 25 gpm 
reinjected through the upper screen. The aquifer is 10 meters 
thick, with a hydraulicconductivity of l.e-3 cm/s and poros- 
ity 0.3. The flow lines represent the paths of particles that 
have entered the extraction interval of the vertical circula- 
tion well over a time period of 30 days. Therefore, fluid 
pathlines that fully connect between the extraction and 
injection intervals define a zone for which the residence time 
of water is less than or equal to 30 days. Note how the fine 
details of velocity variations very close to the well have been 
accurately reproduced. If a numerical rather than analytical 
approach had been employed, it wouid have required an 
extremely fine computational mesh in the vicinity of the well 
to obtain the same accuracy. 

Figure 4 shows a cross-sectional view of the same well, 
but with a superimposed regional flow velocity of 56 cm/day 
from right to left. Once again, the flow lines represent the 
paths of particles that have entered the ext,raction interval of 
the vertical circulation well over a time period of 30 days. In 
this case, the vertical circulation well intercepts a signifi- 
cantly larger flow from upstream than from downstream. 

Figures 5 through 9 illustrate an isometric view of the 
fluid pathlines associated with avertical circulation well in a 
60 foot thick confined aquifer with horiz~ontal permeability 
of 30 darcies and vertical permeability of 6 darcies. A linear 
regional flow gradient of 17.4 feet per mile is assumed. The 
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vertical circulation well injects 100 gpm through a 10 foot 
screen completed from 6.5 to 16.5 feet below the aquifer top 
and extracts IO0 gpm through a IO foot screen completed 
from 47.5 to 57.5 feet below the aquifer top. Particles were 
introduced at live discrete depths (each corresponding to a 
separate figure) and then forward tracked toward the verti- 
cal circulation well. As might be expected, the width of the 
capture is greatest at depth in the vicinity of the extraction 
.intervaI of the vertical circulation weI1 and smallest in the 
vicinity of the injection interval. Note, however, that the hell 
does capture a significant portion of the regional flow above 
the extraction interval of the well. This effect may be likened 
to that of a partially penetrating well which, at distance from 
the well, extracts water from the entire thickness of the 
aquifer. 

Figure 10 illustrates the effect of horizontal to vertical 
anisotropy in hydraulic conductivity on the capture zones 
associated with a vertical circulsilion well. The effective 
width of the capture zone is greater for greater ratios of 
horizontal tovertical permeability. Note that the anisotropy 
most strongly affects the capture width in the extraction 
interval of the aquifer. 

The variation of the capture zone with screen length 
and screen placement is illustrated in Figures It and, 12. 
Figure I1 shows the width of the upstream capture zone vs. 
depth of flow for vertical circulation wells with 5, IO, and 25 
foot long injection and extraction screens placed 5 feel apart 
from each other. The simulations show that longer screened 
intervals lead lo broader upstream capture zones. Figure 12 
shows the width of the upstream capture zone vs. depth of 
flow for vertical circulaiion wells with 10 foot long injection 
and extraction screens placed 2,5,10,25, and 32 feel apart 
from each other. In this case, increasing the separation 
distance between injection and extractionfnlervals increases 
the width of the capture zone. This is probably because 
increasing the separation between injection and extraction 
intervals reduces the short circuiting of flow between extrac- 
tion and injection zones. 

Multiple vertical circulation weUs may be required lo 
intercept any ground-water plumes wider than the upstream 
capture width of a single well. One difficulty in employing 
multiple vertical circulation wells is the variation of the 
capture width of such wells with depth. If the wells extract 
from deep in the formation, the capture width at shallow 
depths will be narrow and the wells will need to be closely 
spaced. If, on the other hand, the wells extract from shallow 
in the formation, the capture width deep in the formation 
will be narrow, and the wells will still need to be closely 
spaced. A more desirable design would redistribute the 
capture zones so that a moderate width could be captured 
across the entire depth of the aquifer. One possible design 
that provides a more equally distributed capture zone 
requires that vertical circulation wells be placed in a line 
perpendicular to the ground-waler flow with the wells 
extraction screens placed alternately at shallow and deep 

elevations in the aquifer. This alfows the wells with shallow 
extraction intervals to extend the shallow zone capture 
width of wells with deep extraction intervals and vice versa. 
Figures 13 throua 

‘i 
17 illustrate the capture zones al various 

depths from s. j lations of such a design. The wells 
employed 10 !bol long injection and extraction screens 
placed at the depths indicated on the figures. 

Conclusions 
Under certain conditions, the unique hydraulic charac- 

ieristics of vertical circulation wells may make them desir- 
able as a tool for remediation of contaminated ground 
water. Vertical circulation wells can be designed lo target 
intense ground-water circulation in a narrow interval of ati 
aquifer, making them advantageous for problems where 
contaminant velocities are significantly retarded with 
respect to advective ground-water velocities. Vertical circu- 
Iation wells may also provide an effective mechanism for 
adding nutrients and oxygen lo a speciiic zone of an aquifer 
for use in stimulating bioremediation. The capture zones of 
vertical circulation wells, however, will be significantly 
smaller than those associated with traditional capture wells 
of equivalent discharge. 

This paper has described a semianalytical method for 
estimating the hydraulic performance of vertical circulation 
wells given some basic aquifer parameters. The method is 
computationally simple compared to the numerical 
methods previously employed, yet can be applied easily to 
complex multiple well problems. We have found the method 
to be useful in developing insight into the process, evaluating 
interference effects between multiple wells, and testing well 
field configurations for efficiency of treating contaminant 
plumes. 
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This manual should be available t6 the 
operating personnel all the time. The in- 
structions should be read carefully before 
installation and stat-tin operation. If strict 
notice is riven to these instructions the 
blower wdl operate faultlessly for years. 

1. General remarks 
Elektror high pressure blowers are made of 
sturdy, light-weight cast aluminium the 
impellers from sheet aluminium respectively 
from sheet steel. 
They are designed for conveying medium 
air volumes at high flow resistance. 
The use of the units for aggressive and 
toxid media, for air of extremly high 
humidity as well as for media temperatures 
exceeding 80” C is limited only tind subject 
to clarification with the company. Convey- 
ing of explosive gases is not permitted. 

If the medium to be conveyes contains 
solid particles or other pollutions, they are to 
be removed before entering the blower by 
installing a filter on the intake side. Open 
discharge or intake ports should be fitted 
with suitable wire mesh guards; Attention 
should be given to careful and regular 
cleaning or replacement of clogged filters 
as the indicated performanoe data cannot 

I . :. be guaranteed otherwise. 
I  

.* 

:  . With blowers the performance curves of 
. . . , .a ‘“which are limited in the higher volume , 

I 4 ” ‘range, care must be taken so as not to 
. . , exceed the indicated maximum volume flow 
: ‘I. in order to avoid an overload of the motor. 

I ; 
: . 

+a If the resistance of the connected systems 
is too small a reduction of the volume flow 
is possible by fitting a throltle flap. The units 

I * have lo be installed in weather-protected 
I places. 

Provisions should be made for sufficient 
motor cooling. The permitted maximum 

i temperature of conveyed medium and sur- 
. roundings is 40° C. If equipped with a tem- 

. ‘perature barrier the maxiumum temperature 
* ’ ,of the conveyed medium is 180” C. The 

units should be mounted horizontally only. 

2. Technical data 
The various blower types as well as their 
technical data may be taken from our cata- 
logue ,,Eleklror High Pressure Blowers”. 

3: Installation 
3.1. Check all parts for damage during 

transportation. 
3.2. Elektrical connection is to be carried 

out according to the wiring diagram in 
the terminal box by skilled labour only. 
The respective VDE regulations and 
the direclions of the local power supply 
company are to be complied with. 

3.3. Protection of motor by overload switch; 
permitted max. current see rating plate. 

3.4. Electrical connection diagram 

Connection of three phase units 

Ll 12 L3 
u-3) u-1) 

A-connection 
lower voltage 

ii Ii2 L3 
v-3) P-1 II 

‘6connecliotl 
higher vollage 

3.5. Control of the correct rotational direc- 
tion of the impeller is-to be made by the 
air flow. The direction of the air flow 
must be in accordance with the arrow 
on the blower housing. 
Reversing of the direction of rotation 
with three phase a.c. is possible by 
interchanging Iwo wires (see connec- 
tion diagram). 

3.6. Mechanical connection of the blower. 



4. Start of operation 
4.1. If Ihe rated currenl indicaled on llie 

rating plate isi being exceeded during 
operation, it should be checked whol- 
her Ihc available supply voltage and 
frequency are in accordance wilh Ihe 
embossed data. Somo blowers cannot 
be oporaled wilh free air flow (see 
calalogue) and if in such a case Ihc 
system’s resistance is lo? zjr?X# cur- 
renl absorption will become too high 
and an overload 01 ll!e molar will occur. 
By Ming a IhroMe flap on the intake or 
discharge side of the blower the volu- 
me flow will be reduced and an ovorlo- 
ad avoided. 

5. Maintenance 
High pressure blowers are equipped with 
enclosed grooved ball bearings which do 
no\ need IubricaQon. The grease lilling is 
sufficient for Ihc whole service life of Ihe 
bearings. 

Tension conlrol of Ihe V-bells is lo be car- 
ried out in accordance wilh the indicated 
values on Ihe raiing plale. They are lixed lo 
lh~ support flange, item 0, to the blower 
flange, ilem 6, respeclively lo the blower 
base, item 5. . 

Relighlening of lhe V-bells for models 
HRD l/2 - HRD 2/S is lo be carried oul as 
follows: 
5.1. Remove cover guard, ilem IO. 
5.2. Loosen hexagonal nut, item 10. 
5.3. Increase tension of V-bells by lighten- 

ing hexagonal nut, ilem 19 
(see rating plate). 

5.4. Tighten hexagonal nul, ilem ICI. 
5.5. Reassemble cover guard, ilem 18. 

Relighlening of the V-bells for models HRD 
65/2 - HRD G/7, HRD 60/3 and HRD GO/ 
5 is lo be carried oul as follows: 

5.6. Remove drive belt guard, ilem 7. 
5.7. Adjust tension of V-belts by loosening 

or ti&&-.? c‘ MS 0;: !he threaded boll, 

Relighteniny of ttlc V-belk for models HRD 
7/12 - IWO 7/23 is lo be carried out as 
lollows: 

5.10. 
5.11. 

5.12. 
5.13. 
5.14. 

Remove drive bell guard, ilem 7. 
Looson hexagonal nul, item 10, adjusi 
tension oi V-bells by tiglrleniny or 
looser ting the adjusting screw, item 1 1 
(see inslruclion plate), accordingly. 
Tiyhlen hexagonal nul, ilem 10. 
Reassernbie drive belt guard, ilem 7. 
Allenlion should be given lo exact 
alignnlenl of Ihe V-bell pulleys. 

6. Repairs 
G.1 . Repair work on blowers should 

generally be done in the factory only. 
Exceptionally repairs may be carried 
out in a workshop f)ossessing the 
necessary qualifications and facililies. 
Unils wilh an explosion-proof rnolor .Dx 
must be repaired by the manulaclurd ’ 
only. 

7. Warranty, technicat details 
7.1. 

7.2. 

legal warrmly boyins wilh Ihe day 01 
shipmen!. 
Our warranty is valid only if Ihe inslruc- 
lions for inslallaiion and operation are 
strictly adhered lo. 

7.3. Technical details regarding installaUon, 
operatiny conditions and eleclrical 
connections may be obtained from the 
company’s experts. 

8. Spare parts list 
When ordering spare park please stale 
serial number of Ihe unil, type and par,l 
number in accordance wilh Ihe followrng 
lisls and drawings. ..-: 

. 
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Gnrndteile Part8 

Gehause Housing 
Rotor Rotor 
lamelle Blade 
Gehausedeckel End cover 
Filterpatmne Filter cartrtdge 
Dichtrfng Sealing ring 
Dichtscheibe Sealing disc 
Scheibe DISC 
Faderscheibe Spring shim 
Sz$hskantschraube Hexagon head screw 
Distanzscheibe Spacer shim 
Motor mit Motor with 
AnschluSdeckel connection cover 

EltSments de base Parti fondamenteli 

corps Corpo pompa 
qotor Rotore 
3alette Paletta 
Douvercle de corps Coperchio corpo pompa 
Dattouche filtre micronique Cartuccia filtrante microfine 
4nneau d’etanch&te Anello guamizione 
Disque d’&anch&e Disco guarnizione 
Disque Disco 
Rondelle tessott Disco elastic0 
Boulon six pans We con testa esagonale 
Rondelle entretoise Disco distanziatore 
Moteur avec Motore con 
couvercle raccordement coperchio di collegarnento 

30 
31 
32 
33 
34 
36 

Ar+auteile 

S&lauchanschlu6 
Dichtring 
VersohluBschmube 
VersohluBschraube G’/e 
Dichtring 
Ausblasschalldampfer 
Zubehor 
Vakuum-Regulierventil ZW 

Schilder 

Datensohild 
Motordatenschild 

Aseembfyparte 

Hose connection 
Sealing ring 
Plug 
Plug 0% 
Sealing ring 
Exhaust silencer 
Optional extia 
Vacuum regulating valve ZRV 

Labels 

Data plate 
Motor data label 

El6nwnts de montage 

Raccord tuyau 
Anneau d’&anch&te 
Bouche obturateur 
Bouche obturateur GVe 
Anneau dWanchei4 
Silencieux tefoulernent 
Accessoims 
Valve r6glage vide ZRV 

Elementl di mclnteggio 

Allacciamento fllessibile 
&tell0 guamizione 
Vie di chiusura 
We di chiusura 0% 
Anello guarnizione 
Silenziatore allo scarico 
ACCassOri 
Valvola regolazione vuoto ZRV 

Plaque eignaMtlques Targhette 

Etiquette caracteristique Targhetta dati 
Etiquette caracterist~ moteur Targhetta dati del motors 
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3gnung 
3ie Tvoen VTE 3. VTE 6 und VIE 8 sind 
.rock&laufende~ Vakuumpumpen und 
3ignen sich zum Fordem von Luft mit 
rormaier Feuchtigkeit und trockenen 
- --_- .:- -.. -:--- C-AA-.-L ,“b.^ I . . ..- 
I50 mbar. 
Jcy 1 ,“‘~,~;s$uwi&$ey~ 

4% 
3Meren Tempsmturen bitten wir urn 

~f%f%%e gefilhrlkhen g&nen- 
aungen (x.6. Libernll, &rem 
Ieuchte Luft, Wasserdampf aggreesi- 
re Gese oder Spuren von dl und Fetl 
angesaugt werden. 

6tandort 
Beim Einbau der Pumpe mu6 ftir War- 
tungsarbeiien vor dem Gehausedeckel 
(c) genOgend PlaQ vorhanden sein. Zu- 
&Qiich ist zu beachten, da6 der Kiihl- 
luft. Eintritt (E) und der KOhlluft-Austritt 
(F) mindestens 8 cm Abstand zur r&h- 
sten Wand haben (austretende Kuhiiuft 
dad nicht wieder angesaugt werden). 

Inbetriebnahme 
Bei Aufstellung und Betrieb ist die 
Unfallverhiitunasvorschrift +erdich- 
tern VSG 16 xu-bachten. 
1. Motordaten (Motordatenschild (P)) 

mit vorhandenem StromneQ verglei- 
then (Stromart, Spannung. Netzfre- 
queru, zukissige Stromstarke). 

!.Motor iiber MotorschuQschatter 
anschlie8en (zur Absichemng des 
Motors ist ein MotorschuQschaker 
und zur Zugentlastung eine PG-Ver- 
schraubung vorzusehen). 
Wir empfehlen die Vmendung von 
MotorschuQschaltem, deren Ab- 
schaitung zekverragert eofgt. ab- 
hangig von ejnem evtl. Uberstmm. 
Kurzzeitiger Ubemtrom kann beim 
Kalistart der Maschine auftreten. 
De4 Elektroaneohlu6~darf nur van 
ein4Kaelnrofachkraftunterseach- 
tung dar unfallvarllotungsvor- 
echrlft =Elektr4che Anbgen und 
$~~I’ VSG 4 vorgmom- 

3.Pumpe zur brehrk%u s-OberprO- 
fur (Motordatenachrld 33 ) kurz star- 

Ac&ungl VakuumanschluB mu8 offen 
sein, sonst k&men bei falscher Dreh- 
richtung die Lamellen brechen. 

4.Saugleitung an (A) anschliden. Die 
Abluft wird durch den Ausblas- 
schalld&mpfer (B) ausgeblasen. 

5. Der SchlauchstuQen hwsb&$ 
schalld8mpfende 
d8mpfer (B) konnen wahlweise such 
stimsekig an den E&lien (a) und (b) 
eingeechraubt werden. 

6. Vakuum-Regulierventil (Eubehbr): 
Die Einstellung des Vakuurns kann 
durch Drehen des Regulierknopfes 
(C) erfolgen. 

Applkatlon ( Appli- I ll..ll 
VTE 3, VTE 6 and VTE 8 model? -- r(-* r - --- -aa 
runnrng vacuum pumps and & ..-rrJ 
ned for handling air with normal relative 
humidity and dry gase- ,  , -  l r  I I  ,  ,Ui-“- 

, _, . . - ., - . . - - --. .- ---..- r-. ., 
~~~@nent-o~.cfi aria avente.un tassc 

~ic4;~m10~~iter tm- 
No dangerous mixtume (i.e.‘solve@, 
excessive humid air, water vapour, or 
aggrwsive gases or traces of oil or 
graaaeintheaircanbehandled. 

lair% teneur d’humidite normaie alnsi 
que des gas sets. 
Attention: La tern- amblante 
nedoltpaelTJ6pam4ooc.Pour~lee 
tm&&$Jtu~plue 6lev6ee Veulllex 

“I “8 8 WxIa normae 8 gas seccm TImI a ut- 
vuoto finale (ass.) di 150 mbar. 
Attenzione! La temperatura ambler& 
non devere superare i 40%. Nel ceec 
deve di tempe+ure pi0 site vi pv 
hz? di comunlcarcelo preventnra~ 

a 
. “ .  

~?t%$rrnp is buitt-in there must be 
enough space in front of end cover (c) 
for maintenance. Also coolin 

a 
air entries 

(E) and cooling air exits (Fj s ould have 
at least 8 cm distance from any walk. 
Do not recirculate heated up cooling air. 

Initial start 
WhenfittingandoperatingtJmcom- 
preeeor the t4e&h and Sefqty 1~4s et 
work should always be applied. 
1. Check the incoming voltage and fre- 

quency to see that they correspond to 
the motor (motor data label 89). 

2.Connect the motor to the incoming 
supply. it is advisable to use a motor 
starter to protect the motor. 
We recommend that motor starters 
should be used that are fmed with a 
time delayed trip resulting from run- 
ning beyond the amperage setting. 
When the unit is started cold over am- 
perage may occur for a short time. 
Elecbwel comeMom should only 
be mede by a qualified ekctrkian. 

3.Check direction of rotation by swit- 
ching the motor on and off (motor 

$&?%t!?\o prevent the rotor bla- 
des being damaged do not connect 
the vacuum pipe until the correct di- 
rectlon of rotation is achieved. 

4. Connect vacuum pipe at (A). The air is 
exhausted through the exhaust silen- 

5. %3%se connection (A) and exhaust 
silencer (B) can be fitted alternativeiy 
in the front cover in the positions (a) 

Installetfon 
Pour permettre les operations de con- 
tr6le et de maintenancer le couvercle de 
coepe (c) doit rester facrlernent accessi- 

Lors de l’implantation il y a lieu de fake 
en sotte que rent& 0 et la sortie (F) 
d’air de refroidissement soient sit&es 
au minimum a 8 cm des parois environ- 
nantes. (Lair de refroidissement refoule 
ne doit pas pouvoir 6tre r&spire). 

lnstallando la pompa blsogna prevede 
re uno spazio sufficiente davanti al co 
perchio corpo pompa (c) per la manu 
teruione. Inoltre le entrate (E) e le us&c 
(F) dell’aria di raffreddamento devonc 
distare almeno 8 cm. daila parete piu vi 
cina (I’aria servka per il raffreddamentc 
non deve essere riaspirata). 

Meesa in servizio 
Durante il monteggio ed il funxio 
nemento 0eservarGie norme antifor 

Ylseeneervke tunistische. 
Lors de I3nstalla6on et utilisatfon, il l.Verificare the i dati del motors (da! 
faut mpectw lee coneeils d’utilkati- del motore (P)) corrispondano ai valo 
onetdeprotectlon. ri di rete (tensione, frequenza, corren 
1. Verifier que la tension, la frequence et te nominale). 

l’amp4rage de I’installation Blectrique 2.Awiare il motore tramite salvamotom 
soient adapteS au moteur (etiquette I cavi di allacciamento vanno ancora. 
caracterist. moteur (P)). ti a mezzo di apposite fascette di fis 

2. Les moteurs #ectriques doivent 8tre saggio. 
proteges a I’aide dun diijoncteur. Le Raccomandiamo I’impiego di salva. 
cable Oectrique sera blcque a I’aide motori la cui disinsenione viene ri, 
d’un presse-btoupe. tardata in presenza di una eventualc 
Nous recommandons un diioncteur sovracorrente. Una sovracorrente d 
6 coupure ternports% independa- breve durata B riscontrabile nel 
ment dune surtension Bventuelle. ‘awiamento a freddo della macchina 
Lors dun dernarrage a froid. peut in- L’allaciamento elettrko pub essen 
te&en~irurt~on momerltarl6e. eeeguito soltanto da elettricist 

7 speciallxxati. 

Non devonto essere aspirate mis, 
de perkolose (ad. es. solventi), arir 
molto umida, vepore acqueo, gaz 
aggreesivl o tracce di olio o grass0 

lnstaliaxione 

M doivent 6fre effect&r 3,Awiare lbrevemente la pompa pe 
parun6lectrklenegr66. controllare il sense di rotazione (dat 

3.V&ifier la sens rotation (etiquette ca- del motore (P)). 
~ri~oigl par une mrse en Attenzione: II collegamento della tu 

Attention1 Corifice’ d’aspiratlon 
b&one aspirante dev’essere aperto 

doii altrimentt, nel case di rotazione ir 
rario,iesaIenem=kben 
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der spannungsfiihrende leile ae- 
ihrdet werden kllnnen, ist die 
umpe durch Zbhen des Netz- 
teckers oder Ebtgtigen des Haupt- 
chslters vom E-Netz zu trennen und 
egen Wiedeminsohalten au skhem. 
chmierung: 
Ile Typen hebsn eine Dauerfettschmie- 
;;$end brauchen nicM geschmiert 

uftfll&ung: 
ilterpatrone (t) mu6 monatiich gereinigt 
nd j&hrlich ausgewechselt warden @ei 
xtremen Bedin 
Vartungsintetvai e je nach Notwendig- 9 

ungen mOssen diese 

all vwkOrzt wet&n. 
‘iiterwechsei: 
iehgusedeckel (c) absbhm 
&one M mit DicMunqen au; Filter: 
aum (g) herausnehmen: Filter reinigen 
Ind Dichtungen ii-en. Der Einbau 
!$folgt in umgekehrter Reihenfolge. 

lie Typen VTE haben vier Kohlelamel- 
sn. Die etste Kontrolle sol1 nach 6ooO 
Setriebsstunden, danach alle 3000 Be- 
riebsstunden erfolgen. 
amellenwechsel: Geh&xedqkel (c) 
Ibschrauben. Lamellen (d) zur Uberpr@ 
ung herausnehmen. Alle Lamellen rniis 
;en eine H6he (Xj von gr66er als 12 mrr 
&en. Verdichtergehause ausblaser 
ind Lamellen in Rotorschlbe einiegen. 
kim Einlegen ist darauf N achten, dal! 
Se Lsmellen ml der schtigen Beiie (Y 
rach au6en zei 

8 
en und diese Bchtige ir 

)rehricMung ( ) mit dem Gehtiradi. 
IS (7J Obereinstimmt. Geh&usedeckel (c: 
eicM anschrauben. Pumpe kurz ein. 
rchalten und den freien Lauf der LameI. 
en Llberpriifen. Gehtiusedeckelschr 
m fest anziehy 

laintananca 
wing maintenance, which could en- 
anger psrsonnel because of moving 
arts or live connections the pump 
as to be separated from the inco- 
ring power supply. The power Supp- 
r connection should be completely 
disconnected or turn off the main iso- 
tior, making -sure that it can not be 
up&n mthwt the abpmpriete 

. 
ubridon: 
rll models are assembled with sealed 
)r lie bearings and need no lubrication. 
Lir Filtration: 
he filter cartridge (f) should be checked 
nd cleaned monthly and replaced onde 
I year deoendina on operating conditi- 
I&. To change iiner reinove end cover 

AfIt 
3, remove filter cartrid 

ermom(g).l%efi ereaftbeclea- 8 
e (f) with gasket 

led by using oil free low pressure com- 
brassed air. Check the gasket and reas- 
;emble all parts. 

/TE models have four carbon blades. 
:heck vanes after the first 6000 opera- 
ing hours and thereon after every 3000 
operating hours. 
;hanging blade% Remove end cover 
c). Take out vanes (d) for control. All 
ranes must have a heigM (X) of larger 
han 12 mm. Clean the cylinder, replace 
iew blades into the rotor slot with the 
:urved side of the blade (v) in line with 
he radius of the rotor (2) and direction 
>f rotation (0). Replace end cover (cl 
md slightly tigMen the screws. stari 
Jump and check for free and smooth 
unning blades. Then firmly tighten enc 
Jovsfs scmws. 

Idltenanoe 
lesures de Mcurit6. Lonx#~ des 
ersonnes pewent 6tre expos6es su 
ontad de parties 6lecMi&s, ii faut 
6brsncher la pompe soit em retirant 
I fiche soit en actionnant la sec- 
onneur et s6curiser tout rebranohe- 
lent 
ubrification: 
DUS CBS appareils sent @uip&s de 
,ulements a graissage permanent. 
iltration de I’air: 
a cartouche filtrante (fj doit Btre net- 
w6e mensuellement et remplac6e an- 
Liellement. Won le degrb d’impuret8 
e I’air asoir6. ces intervalles d’intetven- 
on devront Btre r&uits. 
lemplacement de la cattouche filtrante: 
3tirer la cartouche (f) avec les joints 
p&s avoir retire le cowercle de corps 
:) enlevb la bagua.0. v 
oufflage ou par tapotement. 

es mod&s8 VE comprennent 4 paiet- 
es graphites. Leur premier contrdle 
;‘effsctus apr& 6000 h de service puis 
outes les 3000 heures de service 
;uppl8mentaires. 
Iemplacement de palettes: Enlever le 
xxvercle de corps (c), retirer ies palet. 
es (d) pour contr8le. Leur hauteur mini. 
num est de 12 mm. Nettoyer la charn 
we de compression par soufflage. Le 
tiettes doivent &ti mises eri plact 
k%ns les rainums du rotor de telle ma, 
We que leur c&e biiutb (v) soit ori 
mt6 vers le haut et que leur chanfreir 
@ouse le rayon du corps (2) dans If 
ions de rotation (0). Resserer 14&e 
nent le couvercie de corps (c). Mettre Ii 

i3zil~z~~~~~~~h~ 
:es puis bloquer le couvercle de corps 

IanutenAone 
i facoie ettenzione the qualunqus 
perazione di manutenzione sulle 
ompe venga effettuata solamente in 
BSMZS di tensione! 
gbrificazione: 
Mi questi tipi son0 ingrassati a vita e 
on richiedono pertanto alcun ulteriore 
Igrassaggio. 
ikri ark 
3 cartucce (f) dei dispositivi filtranti 
3nno pulite mensilmente e sostiiuite 
nnualmente. abbreviando comunque 
pporhinamente questi intelvalli in con- 
itioni di servizio gravose. 
ostiiuzione del filtro: Stare il co- 
erchio corpc pompa (c), la cartuccia (t) 
on le uarnizioni. Pulire il filtro con un 
offio 6! aria scuotendolo. e controllare 
) guemizioni. Per i montaggio. esegui- 
3-Qu*e wioniin sequenza inv? 
a 

e pompe per vuoto VlX hanno quattrc 
talette in graftie. II prim0 controllo ve 
ffettuato dope 6000 ore di servirio, ir 
eguito ogni 3000 ore. 
kxtituzione delle oalette: svitare il co- 
erchio corpo ponipa (c). Estrarre le pa. 
atte (d) per il controllo. Tutte le palette 
lella pompa devono avere un’altenz 
ninima di 12 mm. Pulire con un soffic 
l’aria I’intemo del corpo pompa e in 
erire le palette nelle fessure del rotorf 
acendo attenzione the la smussatun 
r) dello spigolo conisponda al raggic 
lel rotore (2). Riawitare il coperchio (c) 
Iwitare leggermente il coperchio corps 
mompa (c). Awiere brevemente Ii 
mmpa per verif~care the le palette scar 
ano liberamente. &mare le viti de 
=v pompa. 

. .’ 
3 

._ . . . . . 
fib 
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! 
:P ,’ 

. . . ,.. 6bnr 4.4 I 

1’,; 
I Y.0 

bar 1.0 I 0.6 (1-j I 1 .O (3-l 
3- 2OlS-2!55/346440 v (w/W Hz) 
l- 23OVi 10%(50/6OHz~ 
kWnow 3- 0,12 0,25 0.31 

I- 0,12 0.25 0.35 
kwww 3- 0,145 

l- 0.146 
:,ii O/t4 

0.42 
AWW 3- 1,1/0,63 W/O,81 2.42/l ,4 

l- 1.3 2.3 

3- Al@W 0.9/0,52 1.44/0,83 2,zl.3 l- 1.4 2.5 3.4 
min-l 50 Hz 2750 

6OHZ 3300 
d&V 50 Hz 57 60 64 

6OHZ 58 61 66 
kg 6,3 7.9 9,1 

ZRD 6 6 12 
ZRK 6 (03) 12 (03) 12(@3) 

ZMsaow 3- 16/10 lWl0 40/16 l- 16 24 40 ’ 
ZMSWJW 3- 10110 lWl0 24/l 6 

4c I l- I 40 I 
Volumenstrcm 
&erdruck 
Motorausffihrung 
Motorlelstutlg 

Ezi%lrn” 
;~y$$$lW 

ZU& 
Druck-Aeguliientil 
FGckschlacwentil 

Prwsure rating 
MotorversIon 
Motor rating 
Current drawn 

Exeartionmoteur 
Puiksanoe motaur 

Speed 
AV?r2igenoia.&Vel 

g$&y~m 

Pressure regulating valve 
Non return vahm 

40 

Pottata volumetrica 
Sompmsbe 
Ewcuzbrm motors 
Potanza motor8 

Cg$mi”ab 

-msdlia 

lnvl’ 

0 0;2 0;4 Ok 0.8 1 .o 

bar 

60Hz 

8 
I 

. 

0 0,2 0,4 0.6 03 1.0 



Economical deep bed units may be refilled or discarded with spent adsorbent, Model numbers 
designate maximum flow in CFM. W feature TIGG’o patkted vapor distibutors to permit full 
adsorbent utlliretfon md park removal rrfffclency, at low pressure drop and low operating coat. Rafrr 
shields and condensate drains are standard. Standard construction Is corrosion resIstant steel with 
statnless distributor, XP mod& are built of oruss-lln!ced polyethylene for exuaordlnarfly corrosive duty, 
NSO end NlOO are double epoxy/phenol& lined D.0.T SB drums, N20 Is D.O.T. 17H. . 
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FLOW RESBTANCE 
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TfGG CORPORATION 
BOX 11661 

PITTSBURQH, PA 15228- 

TELEPHONE: (412) 663-4300 
TILLCX: 262312 (RCA) 4 
FAX: 412~56%6165 
CABLC: TIQGOOR PIT-IWWWH 
MANUFACTURiNO: TlGG SOUTHUENTRAL ~PeRATWJS “A,WF ‘L C.-w . 
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